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Introduction
Osteoarthritis (OA) is frequent, costly, and a 
leading cause of disability. It is the most frequent 
joint disease,1 one of the most common chronic 
health conditions in adults2 and among the most 

frequent diseases managed in primary health 
care.3 It affects around 10% of men and 18% of 
women aged over 60 years4 and dramatically 
increases with age5 and with the overweight/obe-
sity worldwide epidemic for knee osteoarthritis 
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Abstract
Introduction: Despite their poor tolerance, especially in the elderly, weak opioids (WO) remain 
commonly prescribed for patients with knee osteoarthritis (KOA). We compared the efficacy 
and safety of a new wearable transcutaneous electrical nerve stimulation (W-TENS) device 
with WO for the treatment of moderate-to-severe, nociceptive KOA chronic pain.
Methods: The study was a non-inferiority, multicentric, prospective, randomized, single-blind, 
controlled, 2-parallel groups Trial. A total of 110 patients with KOA were included (Kellgren-
Lawrence radiographic grade ⩾2; American College of Rheumatology criteria), with chronic 
moderate-to-severe nociceptive pain (mean 8-day pain intensity (PI) ⩾ 4 on an 11-point 
numerical rating scale), in failure to non-opioid analgesics, including nonsteroidal anti-
inflammatory drugs (NSAIDs). Patients with neuropathic pain were excluded. The co-primary 
endpoints were mean PI at 3 months (M3) and number of potentially treatment-related adverse 
events (TRAEs). Secondary outcomes included Western Ontario MAC Master University function 
subscale (range, 0–68), additional pain and quality of life measures, and responder rates.
Results: The non-inferiority of W-TENS was demonstrated in both the per protocol (PP) and 
intent-to-treat (ITT) populations. At M3, PI in PP population was 3.87 (2.12) compared with 
4.66 (2.37) [delta: −0.79 (0.44); 95% CI (−1.65, 0.08)] in W-TENS and WO groups, respectively. A 
planned superiority analysis showed a significant superiority of W-TENS over WO on PI at M3 
(p = 0.0124). The number of TRAEs was significantly lower in the W-TENS group (n = 7) than in 
the WO group (n = 36) (p < 0.001). Other secondary outcomes also favored W-TENS.
Conclusion: W-TENS was more effective and better tolerated than WO in the treatment 
of chronic nociceptive KOA pain and offers an interesting non-pharmacological analgesic 
alternative in the management of KOA.
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(KOA). The most prevalent site of osteoarthritis 
is the knee.6 Pain is the most frequent symptom 
of KOA.1 It is a major cause of disability7 and is 
frequently moderate to severe/very severe. Quality 
of life (QOL) is highly affected by chronic pain8,9 
and negatively correlated with its intensity.10 
Approximately 40–60% of people living with 
KOA pain report inadequate pain relief despite 
their treatments.11,12

There are discrepancies across the OA treatment 
guidelines published by the American College of 
Rheumatology (ACR),13 Osteoarthritis Research 
Society International (OARSI),14 the European 
League Against Rheumatism (EULAR), and the 
European Society for Clinical and Economic 
Aspects of Osteoporosis, Osteoarthritis and 
Musculoskeletal Diseases (ESCEO).15

The EULAR recommendations for the manage-
ment of knee OA16 state that acetaminophen, opi-
oids, and coxibs are recommended based on 
evidence (1B), while transcutaneous electrical 
nerve stimulation (TENS), with the same level of 
evidence, is not recommended. However, the use 
of acetaminophen as a first-line analgesic is 
debated because it is conditionally not recom-
mended by OARSI14 and only conditionally rec-
ommended by ACR.13

Previous guidelines16,17 stated that weak opioids 
(WO) could be recommended (level 1B). 
However, OARSI14 strongly recommends against 
the use of both oral and transdermal opioids, 
ESCEO15 recommends only short-term use of 
WO such as tramadol, and ACR conditionally 
recommends the use of tramadol for the manage-
ment of KOA pain.13

In all guidelines, non-pharmacological treatments 
are currently recommended as the first line of 
therapy in the management of KOA. Among 
them, TENS is recommended against only by 
ACR, due to the lack of a high-quality study with 
an appropriate sample size and control group.

TENS is the therapeutic application of the ‘Gate 
Control’ theory, which was developed more than 
50 years ago. TENS devices are designed to 
deliver electrical stimulation through adhesive 
electrodes applied to the skin. TENS reduces 
pain intensity (PI) by activating a complex neu-
ronal network involving peripheral, spinal, and 
supraspinal mechanisms.18 TENS-induced anal-
gesia can be explained by two mechanisms.19 

Conventional TENS, using high-frequency stim-
ulation (80–100 Hz), acts at the segmental level 
and induces non-painful paresthesia at the site to 
which it is applied. These pain-free sensations20 
inhibit ascending pain messages in the posterior 
horn of the spinal cord, at the corresponding met-
americ level. The analgesic effect persists shortly 
after stimulation is discontinued.21 The endo-
morphinic mode, using low-frequency stimula-
tion (2 Hz), acts at the supraspinal level and 
induces delayed analgesia (after 15–30 min). The 
analgesic effect intensifies during stimulation and 
persists after stimulation is discontinued.21

Cochrane reviews on TENS reach different con-
clusions. One highlighted the efficacy of TENS in 
the management of KOA pain,22 while another 
was inconclusive.23 A recent review was unable to 
draw any conclusions on the efficacy of TENS.18 
These divergent results may be due to limited data, 
methodological limitations, and small sample sizes 
in trials.18 However, when used as recommended, 
TENS induces a clinically significant reduction in 
PI in patients with KOA.24 As the efficacy of TENS 
for the management of chronic nociceptive pain is 
still controversial,25 we felt it was necessary to con-
duct a controlled trial on an appropriate patient 
sample using a high-standard methodology.

The primary objective of our study was to evalu-
ate the efficacy and safety of an innovative wear-
able transcutaneous electrical nerve stimulation 
(W-TENS) device compared with WO in KOA 
patients with chronic moderate-to-severe nocice-
ptive pain.

Methods

Trial design
The study protocol was approved by the Nord-
Ouest 1 Institutional Ethics Review Board (France) 
and prospectively registered as NCT03902340 on 
ClinicalTrials.gov (The protocol is in supplemental 
file). Participants provided their written informed 
consent.

The trial lasted from 19 December 2018 (first patient 
in) through 5 June 2020 (last patient, last visit).

This was a prospective, multicenter, randomized, 
single-blinded (for the primary efficacy endpoint), 
2-parallel group, non-inferiority, controlled phase 
III trial comparing W-TENS with WO. The trial 
comprised two stages: a 3-month controlled 
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period and an optional 3-month follow-up for the 
W-TENS group.

Patients
Eligible participants were French ambulatory 
KOA patients ⩾55 years of age, recruited by pri-
vate-practice or hospital-based rheumatologists, 
or rehabilitation medicine physicians. All had a 
Kellgren-Lawrence radiographic grade ⩾226 and 
chronic (⩾3 months) moderate-to-severe nocice-
ptive pain, defined as a PI ⩾4, assessed over the 
8 days preceding Day 0 (D0)27 using an 11-point 
numerical rating scale (NRS) where 0 = no pain 
and 10 = maximal pain. All could benefit from a 
WO prescription after treatment with non-opioid 
analgesics [acetaminophen and nonsteroidal anti-
inflammatory drugs (NSAIDs)] had failed. The 
patients were informed about TENS, shown how 
to use the device, and given the option to try this 
non-pharmacological analgesic alternative. To be 
included in the study, patients had to understand 
how to use W-TENS and WO prescriptions and 
had to have a smartphone to download the appli-
cation enabling them to control the intensity of 
TENS stimulation.

Patients with neuropathic pain, defined as a 
global DN4 score ⩾4,28 were excluded.

Randomization and blinding
Randomization was performed using LifeSphere 
software [Lifesphere EDC (Electronic Data 
Capture) system, ArisGlobal, USA] and was bal-
anced with permuted blocks of four patients strat-
ified by study centers. The patients were screened 
and randomized at baseline (D0) and assessed at 
D0, Month (M) 1, and M3 (study endpoint). 
Patients in the W-TENS group were also assessed 
at M6 follow-up. A phone call was planned at 
Day 15 to evaluate patients’ motivation and iden-
tify potential technical and therapeutic issues.

Except for the primary efficacy endpoint, which 
was collected by phone by a blinded evaluator 
before each visit, the study was open label.

In the W-TENS group, an advanced, 2-channel, 
mobile app-enabled, wearable TENS device 
(actiTENS®, Sublimed SAS, Moirans, France) 
was used. To ensure the accurate placement of 
electrodes, the positioning was standardized 
according to the ‘neurostimulation method for 
the treatment of moderate to severe chronic 

nociceptive pain in knee osteoarthritis’ described in 
United States Patent Application 2020014737829 
as presented in Figure 1. High- and low-frequency 
stimulations were delivered as follows:

 • High-frequency (100 Hz) stimulation (i.e. gate 
control mode) delivered on channel 1 through 
two square electrodes (50 mm × 50 mm) posi-
tioned on the infrapatellar branch of the 
saphenous nerve innervating the joint.

 • Low-frequency (2 Hz) stimulation (i.e. 
endomorphinic mode) delivered on chan-
nel 2 through two rectangular electrodes 
(50 mm × 90 mm) positioned on the 
quadriceps.

The intensity and duration of stimulation were 
self-controlled by patients using a mobile applica-
tion on their smartphone, which was connected 
to the W-TENS stimulator via Bluetooth. When 
using high-frequency stimulation, patients had to 
adjust the intensity so that the stimulation pro-
duced a perceptible and not unpleasant tingling 
feeling. When using low-frequency stimulation, 
they had to adjust the intensity so that the stimu-
lation produced a not uncomfortable feeling of 
muscular contraction.30

In the WO group, investigators were authorized 
to prescribe the most suitable drug and daily dose 
(DD), and to switch to another WO and adapt 
DD when necessary. The five authorized WO 
were immediate release (IR) or slow release (SR) 
tramadol; dihydrocodeine and fixed acetami-
nophen-codeine; acetaminophen-tramadol; and 
acetaminophen-opium powder combinations 
with and without caffeine. For treatments deliv-
ery in pharmacies, the investigators provided 
patients with a detailed prescription.

Non-analgesic pharmacological and non-phar-
macological treatments remained unchanged. 
The following rescue analgesics were allowed: 
acetaminophen prescribed for ⩽5 days/month; an 
analgesic DD of NSAID, that is, equivalent to 
1200 mg/day of ibuprofen for ⩽5 days/month; an 
anti-inflammatory DD of NSAID in case of flare-
up; or arthrocentesis with an intra-articular injec-
tion of a corticosteroid, if performed at least 
4 weeks before pain assessment.

All other analgesics or anesthetics – for example, 
treatments for neuropathic pain [antidepressants, 
antiepileptics (pregabalin, gabapentin), topical 
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treatments (lidocaine or capsaicin patches)], 
strong opioids and other WO, systemic corticos-
teroids, viscosupplementation and injectable cor-
ticosteroids administered less than 4 weeks before 
pain assessment – were prohibited.

Baseline and outcome measures
Baseline evaluations included questionnaires on 
demographics, past medical and surgical history, 
and all medications taken, knee OA characteris-
tics (including Kellgren-Lawrence grade) and ini-
tial scorings of all outcome measures.

Main outcome. The co-primary endpoints were 
mean PI at M3 – assessed over the preceding 8 days 
using an 11-point NRS – for efficacy, and the num-
ber of potentially treatment-related adverse events 
(TRAEs) during the 3-month follow-up control 
period – assessed by investigators as unlikely, pos-
sibly, or probably related – for safety.

Secondary outcomes. Secondary efficacy out-
comes collected at M1, M3, and M6 (in the 
W-TENS group only) were (1) patients’ func-
tional status, assessed using the Western Ontario 
and McMaster University Osteoarthritis Index 

(WOMAC, Likert-type-format, 0-4) (Global: 
range 0–96; function subscale: range 0–68);31 (2) 
PI; (3) PI differences (PIDx = PIinclusion – PIx); (4) 
sum of PID (SPID: SPID0-x = Σ [T(x) − T(x − 1)] ×  
PID(x); (5) pain relief (PAR), using a 0–100 mm 
visual analogue scale (VAS); (6) total pain relief 
(TOTPAR: TOTPARt0-tx = Σ [T(x) − T(x − 1)] ×  
PAR(x), where x corresponds to M1 or M3 evalu-
ation times; (7) QOL, assessed using EuroQol 5 
Dimensions (EQ-5D);32 and (8) Patient Global 
Impression of Change (PGIC).33

The number of patients with a decrease in PI 
⩾30% or ⩾50% was calculated at M1 and M3 to 
provide a responder-to-treatment rate. Since pre-
senting results of therapeutic trials at the patient 
level using responder rate definitions is now 
widely recommended by international groups and 
commonly used in rheumatology trials, post hoc 
analyses were performed. The proportion of 
OMERACT-OARSI responders,34 the propor-
tion of patients with a Minimum Clinically 
Important Improvement [MCII relative improve-
ment, i.e. ⩾20%, and absolute improvement, i.e. 
5 (0–100 scale) or ⩾2 (NRS 0–10)], and the 
Patients Acceptable Symptom State (PASS, i.e. 
patients at ⩽40) for pain and WOMAC function 
were also calculated using normalized 0–100 pain 
and function scales.35

In addition, the type and number of all AEs, and 
the number of patients concerned, were recorded 
throughout the entire duration of the study.

In the W-TENS group, the number of patients 
who asked to have the treatment extended for a 
further 3 months was also recorded.

Statistical analysis
All analyses and generation of individual data list-
ings were performed using statistical software (SAS® 
version 9.4, SAS Institute Inc., Cary, NC, USA).

The sample size was calculated based on a non-
inferiority analysis of the co-primary efficacy end-
point, hypothesizing a clinically relevant difference 
in means (SD) between the W-TENS and WO 
groups of over 1.0 (1.3) for PI on the 11-point 
NRS,36,37 with a non-inferiority margin of 0.825, 
a statistical power of 85%, a two-tailed alpha level 
of 5%, and anticipating protocol deviations in 
15% of the patients. Based on the calculation, 
110 patients (55 per treatment group) had to be 

Figure 1. Standardized positioning of W-TENS electrodes. W-TENS is 
an advanced, mobile app-enabled, wearable TENS delivering electrical 
stimulation through adhesive electrodes applied to the skin and connected 
to the box. 50 mm × 50 mm square electrodes are positioned on the path 
of the infrapatellar nerve, branch of the saphenous nerve and innervating 
the joint. 50 mm × 90 mm rectangular electrodes are positioned on the 
quadriceps.
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recruited to obtain 92 patients in the per protocol 
(PP) set.

For the primary outcome, the main analysis was 
performed on the PP population (patients with-
out major protocol deviations), followed by an 
analysis of the intent-to-treat (ITT) population, 
that is, all randomized patients in the study who 
received at least one prescription or attended at 
least one patient education session.

Non-inferiority analyses (co-primary efficacy 
endpoint) were performed on the ITT and PP 
populations. Then, if appropriate – that is, if the 
absolute value of the 95% confidence interval 
(CI) of the between-group difference at 3 months 
was >0 – a superiority analysis of the primary and 
secondary endpoints was performed on the ITT 
population.38

For missing data (MD), the following rules were 
applied:39 (1) MD at baseline were not replaced; 
(2) MD at M1 and M3 were replaced by baseline 
values (baseline observation carried forward – 
BOCF); (3) MD at M1 only was replaced by the 
mean of baseline and M3 values; and (4) MD at 
M3 were replaced by M1 data (last observation 
carried forward – LOCF).

Quantitative data were expressed as mean, SD, 
minimum (Min), median, and maximum (Max) 
values. Categorical data were expressed as num-
bers (n) and frequencies (%) and their 95% CI.

The non-inferiority analysis of the co-primary 
efficacy endpoint (PI at M3) was performed using 
a one-way analysis of covariance (ANCOVA) 
with study group (W-TENS/WO) and baseline 
values as covariates. The non-inferiority of 
W-TENS was demonstrated if the lower limit of 
the two-sided 95% CI of the mean between-group 
difference was above 0.825. In the ITT popula-
tion, for the co-primary safety endpoint, a chi-
square test or Fisher’s exact test was used to 
compare the proportions of TRAEs between 
groups.

For the secondary outcomes, the same analyses 
were performed [i.e. analysis of variance 
(ANOVA/ANCOVA) with study group and 
baseline values as covariates, and for qualitative 
secondary criteria, chi-square or Fisher’s exact 
tests]. If needed, a time factor and time-by-treat-
ment group interactions were considered in the 
model.

Results

Patient disposition and  
demographic characteristics
At D0, 113 patients were screened by 15 centers 
in France (median: 7 patients/center; range: 
2–16). Due to screening errors, 3 patients were 
not randomized, leaving 110 randomized patients 
in the ITT population (55 per treatment group). 
As shown in the study flow chart (Figure 2), 11 
patients had major deviations (3 in the W-TENS 
group and 8 in the WO group), leaving 99 patients 
(52/55 in the W-TENS group and 47/55 in the 
WO group) in the PP population.

Forty-eight patients in the W-TENS group 
(87.3%) and 44 patients in the WO group (80.0%) 
completed the 3-month controlled follow-up. The 
main reasons for discontinuation before the 
3-month follow-up visit were lack of efficacy [four 
patients (7.3%) in the W-TENS group and three 
in the WO group (5.5%)] and withdrawal of con-
sent [two in the W-TENS group (3.6%) and three 
in the WO group (5.5%)] (Figure 2).

Demographic and baseline characteristics were 
well balanced across the groups (Table 1).

Treatments received in the WO group
The proportions of prescriptions for IR WO were 
balanced: 25.4% of the prescriptions were for 
codeine (median DD (MDD): 90 mg), 30.1% for 
opium powder with or without caffeine (MDD: 
35 and 75 mg, respectively), and 22.2% for tram-
adol with or without acetaminophen (MDD: 
112.5 and 100 mg, respectively). SR tramadol 
accounted for 17.5% of the prescriptions (MDD: 
100 mg). WO were mainly prescribed as analgesic 
monotherapy. Five patients received a combina-
tion of SR WO with IR intakes as interdoses. The 
three patients who were excluded for insufficient 
DD were on monotherapy. Ten patients (18.5%) 
had treatment adaptations: five (8.5%) were 
switched to another WO, six (11.1%) had a DD 
adjustment, and one had both adaptations.

Rescue analgesics were more frequent in the WO 
group than in the W-TENS group [12 patients 
(22.2%) and 4 (7.3%), respectively].

Co-primary efficacy and safety outcomes
The non-inferiority of W-TENS was demon-
strated in both the PP and ITT populations 
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(Table 2). In the PP population, PI at M3 was 
3.87 (2.12) in the W-TENS group and 4.66 
(2.37) in the WO group [delta: −0.79 (0.44); 

95% CI (−1.65, 0.08)]. Since the absolute value 
of the 95% CI of the mean between-group differ-
ence in PI [−1.71, −0.12] was >0 in the ITT set, 

Figure 2. Consolidated standards of reporting trials (CONSORT) flow diagram showing the patients’ course 
during the study.
D0, Inclusion day; DN4, Neuropathic Pain Diagnostic Questionnaire–4 Questions; ITT, intent to treat; PP, per protocol; WO, 
weak opioid; W-TENS, wearable transcutaneous electrical nerve simulation.
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Table 1. Baseline patient characteristics at randomization.

W-TENS group
n = 55

WO group
n = 55

Age (years)

Mean (SD) 66.9 ± 8.1 66.0 ± 7.8

 95% CI
 ⩾75 years, n (%)

[64.7–69.1]
8 (14.5)

[63.9–68.2]
6 (10.9)

 Min–Max 55–89 55–89

Sex (female)

 N (%) 37 (67.3) 34 (61.8)

 95% CI [54.9–79.7] [49.0–74.7]

Weight (kg) (W-TENS group, n = 54)

 Mean (SD) 77.4 (14.4) 83.0 (18.3)

 95% CI [73.5–81.3] [78.1–87.9]

 Min–Max 45–106 57–147

Height (cm) (W-TENS group, n = 54)

 Mean (SD) 166.4 (8.5) 166.9 (10.2)

 95% CI [164.1–168.7] [164.1–169.6]

 Min–Max 150–188 150–193

BMI (kg/m2) (W-TENS group, n = 54)

 Mean (SD) 28.0 (5.0) 29.8 (5.8)

 95% CI [26.6–29.3] [28.2–31.4]

 Min–Max 19.2–40.9 20.4–45.4

Studied knee (right)

 N (%) 28 (50.9) 30 (55.6)

 95% CI [37.7–64.1] [42.3–68.8]

DN4 global score (0–10)

 Mean (SD) 1.0 (1.2) 1.0 (1.0)

 95% CI [0.65–1.28] [0.76–1.32]

 Min–Max 0.0–5.0 0.0–4.0

PI (NRS: 0–10)

 Mean (SD) 5.9 (1.3) 5.8 (1.3)

 95% CI [5.5–6.2] [5.5–6.2]

 Range 4.0–9.0 4.0–8.0

(Continued)
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the planned superiority analysis was performed, 
and demonstrated that W-TENS was significantly 
superior to WO at M3 (p = 0.0124).

In the ITT population, the number of potentially 
TRAEs was significantly lower (p < 0.001) in the 
W-TENS group (n = 7) than in the WO group 
(n = 36) during the 3-month controlled follow-up 
(Table 3). Details of the AEs are provided in 
Table 4.

Secondary outcomes
All secondary outcomes favored the W-TENS 
group at M1 and M3 (Table 5).

WOMAC function was significantly lower in the 
W-TENS group than in the WO group at M3 
–22.7 (14.0) and 28.9 (12.9), respectively 
(p = 0.0083) – but not at M1 (p = 0.0631). The 
same trend was observed for WOMAC global 
scores and stiffness subscores, but not for pain 

W-TENS group
n = 55

WO group
n = 55

WOMAC (global score 0–96) (WO group, n = 53)

 Mean (SD) 47.2 (15.5) 46.7 (13.5)

 95% CI [43.0–51.4] [42.9–50.4]

 Range 17–74 13–80

WOMAC (pain sub-score 0–20) (WO group, n = 53)

 Mean (SD) 10.9 (2.5) 10.6 (2.8)

 95% CI [10.2–11.6] [9.9–11.4]

 Range 6–17 3–16

WOMAC (function sub-score 0–68) (WO group, n = 54)

 Mean (SD) 32.0 (12.1) 31.9 (10.5)

 95% CI [28.7–35.2] [29.1–34.8]

 Range 7–53 3–58

WOMAC (stiffness sub-score 0–8) (WO group, n = 54)

 Mean (SD) 4.3 (2.0) 4.3 (1.8)

 95% CI [3.8–4.9] [3.8–4.8]

 Range 0–8 0–8

EQ-5D (global score 5–12) (WO group, n = 54)

 Mean (SD) 8.2 (1.4) 7.7 (1.5)

 95% CI [7.8–8.5] [7.4–8.1]

 Range 6.0–11.0 6.0–12.0

BMI, body mass index; CI, confidence interval; DN4, Neuropathic Pain Diagnostic Questionnaire–4 questions; EQ-5D, 
EuroQol 5 Dimensions; NRS, Numerical Rating Scale (0 = non-pain; 10 = Maximal pain as you can imagine); PI, pain 
intensity; SD, standard deviation; WOMAC, Western Ontario and McMaster University Osteoarthritis Index; WO, weak 
opioid; W-TENS, wearable transcutaneous electrical nerve stimulation.
Global score: 0–96 (24 items, 0–4), Pain subscore: 0–20 (5 items, 0–4), Function subscore: 0–68 (17 items, 0–4), and 
Stiffness subscore: 0–8 (2 items, 0–4); EQ-5D = EuroQol 5 dimensions (Global score: 5–12, Mobility: 1–3, Self-care, 1–2, 
Usual activities: 1–2, Pain/Discomfort: 1–3; Anxiety/Depression: 1–2).

Table 1. (Continued)
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subscores, which failed to reach statistical signifi-
cance at M3.

As shown in Table 5, PI was lower at M1 and M3 
in the W-TENS group [4.1 (2.1) and 3.8 (2.1), 
respectively] than in the WO group [5.3 (1.9) and 
4.7 (2.3), respectively], and between-treatment 
differences were significantly different [Mean 
(95% CI), −1.3 (−2.0, −0.5), p = 0.0010 and 
−0.9 (−1.7, −0.2), p = 0.0174] (Table 5). 
Consequently, PI reductions from baseline, eval-
uated by PID at M1 and M3, were higher in the 
W-TENS group [1.8 (2.1) and 2.1 (2.3)] than in 
the WO group [0.5 (1.8) and 1.1 (2.1), respec-
tively], and between-treatment changes were sig-
nificantly different [Mean (95% CI), 1.3 (0.6, 
2.0) p = 0.0007 and 0.9 (0.2, 1.7), p = 0.0247] 
(Table 5). Results for SPID, PAR, and TOTPAR 
are available in Table 6.

The proportions of patients with a decrease in PI 
⩾30% and ⩾50% (responder patients – RP) were 
higher at M1 and M3 in the W-TENS group, but 
the differences were only significant at M1 
[RP30%: 31/55 (56.4%) versus 10/55 (18.2%), 
p < 0.0001; RP50%: 19/55 (34.5%) versus 5/5 
(9.1%), p = 0.0012; Table 5]. OMERACT-OARSI 
responder rates were significantly higher in the 
W-TENS group than in the WO group at M1 
(43.6% and 23.6%, respectively; p = 0.0264) and 
at M3 (54.5% versus 32.7%; p = 0.0211). Other 

responder definitions showed significantly higher 
percentages in the W-TENS group at M1 [MCII 
for pain (relative/absolute), MCII for WOMAC 
function (relative), and PASS for pain] and at M3 
(PASS for WOMAC function) (Table 5).

In the W-TENS group, improvement in QOL 
was significantly greater at M1 and M3. PGIC 
scores were also significantly higher in the 
W-TENS group (Table 6).

Thirty-nine patients (70.9% of randomized 
patients) asked to have the W-TENS treatment 

Table 2. Non-inferiority analyses on PI at M3 (main criterion): ITT and PP populations.

Group population Pain intensity at Month 3 
p within-group change

Between-group 
difference

 

 W-TENS WO W-TENS-WO  

PP Population (n) 52 47  

 Mean (SD) 3.87 (2.12) <0.001 4.65 (2.37) <0.001 –0.79 (0.44) Non-inferioritya 
demonstrated
95% CI <0.825

 95% CI [3.28, 4.46] [4.03, 5.28] [–1.65, 0.08]

ITT Population (n) 55 55  

 Mean (SD) 3.84 (2.08) <0.001 4.73 (2.28) <0.001 –0.92 (0.40) Non-inferioritya 
demonstrated
95% CI <0.825

 95% CI [3.27, 4.40] [4.18, 5.30] [–1.71, –0.12]

CI, confidence interval; ITT, intent to treat; PI, pain intensity; PP, per protocol; SD, standard deviation; WO, weak opioid; W-TENS, wearable 
transcutaneous electrical nerve stimulation.
Least squares means for each study group and study group difference estimate. Corresponding 95% CI.
aNon-inferiority margin was 0.825 for pain intensity on numerical rating scale and non-inferiority was demonstrated when 95% CI <0.825.

Table 3. Total and potentially treatment-related numbers of adverse events 
over the 3-month controlled period.

Treatment groups p

W-TENS WO

ITT Population (N) 55 55  

Total number of  AE 24 55  

  Number of potentially 
treatment-related AEs: n (%)

7 (29.2) 36 (65.5) <0.0001

 95% CI [11.0, 47.4] [52.9, 78.0]  

AEs, adverse events; CI, confidence interval; n, number; %, percentage; WO, weak 
opioid; W-TENS, wearable transcutaneous electrical nerve stimulation.
Percentages and corresponding 95% CI.
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Table 4. Number and description of adverse events and serious adverse events collected during the 3-month 
follow-up period: ITT population.

W-TENS group 
n = 55

WO group 
n = 55

p-value

Events
n

Patients
n (%)

Events
n

Patients
n (%)

Adverse events (AEs), n 24 55  

Potentially treatment-related AEs 7 36  

 Patients with at least one AE

  n (%) 7 (12.7) 16 (29.1) 0.0348

  95% CI [3.9, 21.5] [17.1, 41.1]

Serious AE 0 (0) 0 (0)  

AE potentially related to study treatments (by body system)

 Gastro-intestinal disorders 0 0 19 12 (21.8)  

  Abdominal pain 0 0 1 1 (1.8)  

  Constipation 0 0 7 7 (12.7)  

  Dry mouth 0 0 1 1 (1.8)  

  Dyspepsia 0 0 1 1 (1.8)  

  Hemorrhoids 0 0 1 1 (1.8)  

  Nausea 0 0 7 6 (10.9)  

  Vomiting 0 0 1 1 (1.8)  

  General disorders and at the 
application site

1 1 (1.8) 3 3 (5.5)  

  Erythema at the application site 1 1 (1.8) 0 0  

  Fatigue 0 0 3 3 (5.5)  

 Clinical examination 0 0 1 1 (1.8)  

  Weight gain 0 0 1 1 (1.8)  

 Musculoskeletal disorders 2 2 (3.6) 2 2 (3.6)  

  Arthralgia 1 1 (1.8) 0 0  

  Lombalgia 0 0 1 1 (1.8)  

  Arthrosis 0 0 1 1 (1.8)  

  Plantar fasciitis 1 1 (1.8) 0 0  

 Central nervous system disorders 4 4 (7.3) 8 7 (12.7)  

  Dizziness 0 0 3 3 (5.5)  

  Cephalagia 1 1 (1.8) 1 1 (1.8)  

  Hypoesthesia 2 2 (3.6) 0 0  

  Hypotonia 1 1 (1.8) 0 0  

(Continued)
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Table 5. Secondary outcomes at M1 and M3: ITT population.

Outcomes
Mean (SD)

Month 1 Month 3

W-TENS 
group

WO group Between-group 
difference

p-value W-TENS 
group

WO group Between-group 
difference

p-value

WOMAC: Global score

 Mean (SD) 38.4 (16.8) 42.9 (15.5) –4.8 (2.6) 0.0635 33.9 (19.8) 42.2 (17.2) –8.5 (3.3) 0.0106

 95% CI [33.8, 42.9] [38.7, 47.7] [–9.8, 0.3] [28.6, 39.3] [37.5, 46.9] [14.9, –2.0]  

WOMAC: Pain subscore

 Mean (SD) 9.0 (3.5) 9.5 (3.5) –0.6 (0.6) 0.3047 7.9 (4.4) 9.2 (3.6) –1.5 (0.8) 0.0570

 95% CI [8.0, 9.9] [8.5, 10.4] [–1.8, 0.6] [6.8, 9.1] [8.2, 10.2] [–2.9, 0.0]  

WOMAC: Physical function subscore

 Mean (SD) 25.7 (12.4) 29.1 (11.6) –3.5 (1.8) 0.0631 22.7 (14.0) 28.9 (12.9) –6.2 (2.3) 0.0083

 95% CI [22.3, 29.0] [25.9, 32.3] [–7.2, 0.2] [18.9, 26.5] [25.4, 32.4] [–10.8, –1.6]  

WOMAC: Stiffness subscore

 Mean (SD) 3.7 (2.0) 4.3 (1.7) –0.6 (0.3) 0.0708 3.2 (2.3) 4.0 (1.9) –0.8 (0.4) 0.0296

 95% CI [3.2, 4.3] [3.9, 4.8] [–1.2, 0.0] [2.6, 3.8] [3.5, 4.5] [–1.5, –0.1]  

Pain intensity (PI, NRS)

 Mean (SD) 4.1 (2.1) 5.3 (1.9) –1.3 (0.4) 0.0010 3.8 (2.1) 4.7 (2.3) –0.9 (0.4) 0.0174

 95% CI [3.5, 4.6] [4.8, 5.8] [–2.0, –0.5] [3.3, 4.4] [4.1, 5.4] [–1.7, –0.2]  

Pain intensity differences (PID)

 Mean (SD) 1.8 (2.1) 0.5 (1.8) 1.3 (0.4) 0.0007 2.1 (2.3) 1.1 (2.1) 0.9 (0.4) 0.0247

 95% CI [1.3, 2.4] [0.0, 1.0] [0.6, 2.0] [1.4, 2.7] [0.5, 1.7] [0.2, 1.7]  

W-TENS group 
n = 55

WO group 
n = 55

p-value

Events
n

Patients
n (%)

Events
n

Patients
n (%)

  Drowsiness 0 0 4 4 (7.3)  

 Skin disorders 0 0 3 3 (5.5)  

  Eczema 0 0 1 1 (1.8)  

  Pruritus 0 0 2 2 (3.6)  

AE, adverse event; CI, confidence interval; % percentage; WO, weak opioids; W-TENS, wearable transcutaneous electrical 
nerve stimulation.
Number and percentages and corresponding 95% CI.
Numbers of AEs in each body system are in bold.

Table 4. (Continued)

(Continued)
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Outcomes
Mean (SD)

Month 1 Month 3

W-TENS 
group

WO group Between-group 
difference

p-value W-TENS 
group

WO group Between-group 
difference

p-value

Patient-responders (PR) rates

 PI reduction ⩾30%: n (%)

  n (%) 31 (56.4) 10 (18.2) < 0.0001 29 (52.7) 19 (34.5) 0.0545

  95% CI [43.3, 69.5] [8.0, 28.4] [39.5, 65.9] [22.0, 47.1]  

 PI reduction ⩾50%: n (%)

  n (%) 19 (34.5) 5 (9.1) 0.0012 21 (38.2) 13 (23.6) 0.0988

  95% CI [22.0, 47.1] [1.5, 16.7] [25.3, 51.0] [12.4, 34.9]  

 OMERAC-OARSI

  n (%) 24 (43.6) 13 (23.6) 0.0264 30 (54.5) 18 (32.7) 0.0211

  95% CI [41.4, 67.7] [12.4, 34.9] [41.4, 67.7] [20.3, 45.1]  

 MCII Pain (absolute)

  n (%) 31 (56.4) 14 (25.5) 0.0010 30 (54.5) 20 (36.4) 0.0555

  95% CI [43.3, 69.5] [13.9, 37.0] [41.4, 67.7] [23.7, 49.1]  

 MCII Pain (relative)

  n (%) 34 (61.8) 14 (25.5) 0.0001 33 (60.0) 25 (45.5) 0.1266

  95% CI [49.0, 74.7] [13.9, 37.0] [47.1, 72.9] [32.8, 58.6]  

 MCII WOMAC Function (absolute)

  n (%) 18 (32.7) 13 (24.1) 0.3167 21 (38.2) 13 (24.1) 0.1119

  95% CI [20.3, 45.1] [12.7, 35.5] [25.3, 51.0] [12.7, 35.5]  

 MCII WOMAC Function (relative)

  n (%) 28 (50.9) 17 (31.5) 0.0394 29 (52.7) 19 (35.2) 0.0651

  95% CI [37.7, 64.1] [19.1, 43.9] [39.5, 65.9] [22.4, 47.9]  

 PASS (pain)

  n (%) 29 (52.7) 14 (25.5) 0.0034 29 (52.7) 23 (41.8) 0.2519

  95% CI [39.5, 65.9] [13.9, 37.0] [39.5, 65.9] [28.8, 54.9]  

 PASS (WOMAC Function)

  n (%) 31 (56.4) 22 (40.7) 0.1028 36 (65.5) 22 (40.7) 0.0097

  95% CI [43.3, 69.5] [27.6, 53.8] [52.9, 78.0] [27.6, 53.8]  

ANOVA, analysis of variance; CI, confidence interval; MCII, minimum clinically important improvement (⩾15 on a 0–100 scale or ⩾2 on a 0–10 NRS for absolute 
improvement, and ⩾20% for relative improvement on pain and WOMAC function); NRS, Numerical Rating Scale (0 = non-pain; 10 = Maximal pain as you can imagine); 
OMERAC-OARSI, criteria: improvement in pain or physical function ⩾50% and an absolute change ⩾20 mm; or improvement of ⩾20% with an absolute change ⩾10 mm 
in at least two of the following three categories: pain, physical function, and patient’s global assessment; PASS, patient acceptable symptom state (⩽40 on a 0–100 
scale or ⩽4 on 0–10 NRS for pain and WOMAC Function); PI, pain intensity; PID, pain intensity difference; SD, standard deviation; WO, weak opioid; WOMAC, Western 
Ontario and McMaster University Osteoarthritis Index, Global score: 0–96 (24 items, 0–4), Pain subscore: 0–20 (5 items, 0–4), Function subscore: 0–68 (17 items, 0–4) and 
Stiffness subscore: 0–8 (2 items, 0–4); W-TENS, wearable transcutaneous electrical nerve stimulation.
Study group: one-way ANOVA on outcomes (rank data) at M1 and M3, Least squares means, ITT population. Study group: p-value < 0.0001.
Between-study group differences: one-way ANOVA on outcomes (rank data) at M1 and M3. Means (SD) and corresponding 95% confidence interval (CI).
For quantitative data, values are scores (SD) and 95% CI; for responders analyses, results are given as numbers (%) of responders (YES) and 95% CI. Chi-square test or 
Fisher exact test at M1 and M3.

Table 5. (Continued)
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extended for a further 3 months, and only one 
patient discontinued treatment during this non-
controlled period (lost to follow-up). For the 38 
patients who completed the 3-month extension, 
the efficacy results obtained at M3 remained sta-
ble through M6 [mean PI: 3.32 (0.33) at M6 in 
the ITT population].

The proportion of patients who reported at least 
one AE was significantly higher in the WO group 
than in the W-TENS group [16 (29.1%) and 7 
(12.7%), respectively; p = 0.0348]. In the WO 

group, AEs were systemic and those commonly 
reported with opioids, that is, dry mouth, consti-
pation, nausea, vomiting, dizziness, drowsiness, 
and pruritus. In the W-TENS group, AEs were 
local and related to the use of the device, that is, 
cutaneous reactions (erythema) (Table 4).

No serious AEs were reported during the con-
trolled period.

No AEs potentially related to W-TENS were 
reported during the additional 3-month period.

Table 6. Secondary outcomes at M1 and M3: ITT population.

Outcomes Month 1 Month 3

W-TENS group WO group p-value W-TENS group WO group p-value

Sum of pain intensity difference (SPID)

 Mean (SD) 54.5 (7.7) 16.3 (7.7) 0.0007 176.6 (22.7) 83.4 (22.7) 0.0046

 95% CI [39.2, 69.8] [0.9, 31.6] [131.4, 221.6] [38.3, 128.5]  

Pain relief (PAR, VAS)

 Mean (SD) 55.9 (4.0) 45.5 (4.2) 0.0749 55.8 (4.0) 46.6 (4.2) 0.1154

 95% CI [48.0, 63.8] [3.3, 53.8] [47.9, 63.8] [38.2, 55.0]  

Total pain relief (TOTPAR)

 Mean (SD) 55.9 (4.0) 45.6 (4.2) 0.0749 56.2 (3.9) 46.2 (4.3) 0.0861

 95% CI [48.0, 63.8] [37.3, 53.8] [48.3, 64.1] [37.8, 54.6]  

EQ-5D: global score

 Mean (SD) 7.3 (0.1) 7.8 (0.1) 0.0171 7.0 (0.2) 7.7 (0.2) 0.0058

 95% CI [7.0, 7.6] [7.5, 8.0] [6.7, 7.4] [7.4, 8.0]  

PGIC: degree of change (NRS)

 Mean (SD) 3.6 (1.4) 4.2 (1.7) 0.0584 3.4 (1.8) 4.4 (2.3) 0.0031

 95% CI [3.2, 4.0] [3.7, 4.7] [3.0, 3.9] [3.7, 5.1]  

PGIC: description of change (NRS)

 Mean (SD) 4.0 (1.7) 3.3 (1.9) 0.0392 4.4 (1.8) 3.2 (2.0) 0.0203

 95% CI [3.5, 4.5] [2.7, 3.8] [3.9, 4.9] [2.6, 3.]  

ANOVA, analysis of variance; CI, confidence interval; EQ-5D, EuroQol 5 dimensions (Global score: 5–12; subscores: Mobility: 1–3, Self-care, 
1–2, Usual activities: 1–2, Pain/Discomfort: 1–3; Anxiety/Depression: 1–2); NRS, Numerical Rating Scale; PAR, Pain Relief; PGIC, Patient Global 
impression of Change. Degree of change (NRS: 0 = much better; 10 = worst) and description of change (NRS: 1 = no change or worst; 7: much 
better); PID, Pain Intensity Difference; SD, standard deviation; SPID, Sum of Pain Intensity Difference; TOTPAR, Total Pain Relief; VAS, visual 
analogue scale (0 = no pain relief; 100 = maximal pain relief); WO, weak opioid; W-TENS, wearable transcutaneous electrical nerve stimulation.
Study group: One-way ANOVA on outcomes (rank data) at M1 and M3, Least squares means, ITT population.
Between-study group difference: One-way ANOVA on outcomes (rank data) at M1 and M3. Estimate and corresponding 95% confidence interval (CI).
Study group: p-value <0.0001 except for PID and SPID in WO group: <0.05 at M1 and <0.01 at M3.
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Discussion
Pain is the main symptom in patients with KOA. Its 
mechanisms include pain sensitization and increased 
responsiveness of peripheral nociceptors.40,41 To 
our knowledge, this is the first prospective, rand-
omized, controlled trial comparing a standardized 
use of TENS (electrode positioning and a predeter-
mined type of stimulation on each channel) with 
WO analgesics in patients suffering from chronic, 
moderate-to-severe nociceptive KOA pain.

Our trial showed that, in terms of efficacy, W-TENS 
not only demonstrated non-inferiority to WO in 
both the PP and ITT populations, but also superi-
ority in the ITT population. At M1 and M3, the 
W-TENS group reached the absolute minimal clin-
ically important difference (MCID) for an analgesic 
[1.8 (2.1) and 2.1 (2.3), respectively], correspond-
ing to a 20 mm reduction in PI (interquartile range: 
15–30) on a 0–100 mm VAS – that is, 2 points on a 
NRS42 – which equates to ‘much better’.42 
Conversely, in the WO group, a 0.5 (1.8) and a 1.1 
(2.1) reduction in PI were observed at M1 and M3, 
respectively, while a 1-point reduction in PI is 
required to be considered as a ‘slightly better’ 
improvement.42 Consequently, in the W-TENS 
group compared with the WO group, there were 
higher proportions of (1) responders to treatment 
⩾30% and ⩾50% at M1 [RP30%: 31/55 (56.4%) 
and 10/55 (18.2%), respectively; p < 0.0001; 
RP50%: 19/55 (34.5%) and 5/55 (9.1%), respec-
tively; p = 0.0012] and M3 (although not signifi-
cant); (2) OMERACT-OARSI responders at M1 
and M3; and (3) patients achieving MCII relative/
absolute for pain, MCII relative for function and 
PASS for pain at M1, or PASS for function at M3. 
As relative MCID was estimated as a 32% reduc-
tion in PI (interquartile range: 15–41),43 a 30% 
reduction in PI reflects a moderately clinically rele-
vant change in chronic pain, while a 50% reduction 
reflects a more substantial improvement.44

In this trial, W-TENS had a rapid positive effect, 
from M1. However, although patients in the 
W-TENS group continued to improve after M1, 
between-treatment group differences in responder 
rates were lower and not significant at M3. The 
fact that 10 (18.5%) patients had treatment 
adjustments (switch in WO and daily dose adjust-
ment) could explain these results. Besides, a 
higher proportion of WO patients received a res-
cue analgesic (22.2% versus 7.3%).

All secondary outcomes favored the W-TENS 
group, including the WOMAC index, which is 

commonly used in KOA trials.45 In this study, 
between-treatment differences in WOMAC 
global scores were statistically significant at M3, 
mainly due to improvements in ‘function’ and 
‘stiffness’ subscores. The WOMAC question-
naire seemed less effective than PI evaluation 
using a NRS in discriminating between the two 
analgesic treatments. The reduction in PI in the 
W-TENS group was associated with a significant 
improvement in the EQ-5D global score at M1 
and M3, confirming the negative correlation 
between pain severity and QOL.36

At M3, around 70% of the randomized patients 
in the W-TENS group asked to prolong the treat-
ment for a further 3 months, and only one patient 
discontinued before M6. This uncontrolled 
period confirmed the long-term efficacy and 
safety of W-TENS.

The clinically and statistically significant efficacy 
of W-TENS demonstrated in this study is proba-
bly due to the specific positioning of the elec-
trodes and the unique design of the actiTENS® 
product, which encourages and facilitates patient 
compliance.

Analgesic prescriptions comprised an even bal-
ance of the WO recommended for the treatment 
of KOA pain.46 In addition, there were few pre-
mature drop-outs during the 3-month controlled 
follow-up, which further substantiates the rele-
vance of our results. Although several new pain 
treatments are under development,47 choosing 
the best treatment for pain in KOA remains a 
challenge. Controversy surrounding the use of 
WO was revived after several recent meta-analy-
ses reported that WO might produce symptom 
relief and even improve function in patients with 
KOA.48–51 However, opioids are poorly tolerated 
and associated with an increase in the number of 
AEs, especially in the elderly, hence a Number-
Needed-To-Harm of 5.49,52,53 Besides, their clini-
cal relevance is questionable due to a disputed 
benefit (mean effect size between 0.3 and 0.7). 
Previous guidelines16,17 stated that WO could be 
recommended (level 1B). In recent guidelines 
endorsed by the American College of 
Rheumatology/Arthritis Foundation, tramadol is 
conditionally recommended and non-tramadol 
opioids are conditionally recommended against.13 
The use of oral opioids is strongly recommended 
against in the updated OARSI guidelines.14 
Nevertheless, WO are still often used in patients 
with KOA – when other treatments have failed or 
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are contraindicated – and in patients awaiting a 
total knee replacement. In our setting, the co-pri-
mary safety outcome largely favored W-TENS: 
the number of patients with at least one poten-
tially TRAE in the W-TENS group (n = 7) was 
significantly lower than in the WO group (n = 16), 
which is promising and suggests an interesting 
balance between the benefits and risks of this 
treatment.

As symptomatic KOA occurs frequently in elderly 
patients, and because chronic pain requires long-
term treatment, safety is a key issue.54,55 Recently, 
major concerns have been raised regarding the 
overuse and misuse of opioids in painful chronic 
conditions and their consequences on safety.49,56

The AEs observed in the W-TENS group were 
mainly local cutaneous reactions (erythema, 
5.5%) due to the TENS technique, while those 
observed in the WO group were systemic and well 
known (dry mouth: 1.8%; constipation: 12.7%; 
nausea: 10.9%; vomiting: 1.8%; dizziness: 5.5%; 
drowsiness: 7.3%; and pruritus: 3.6%) and limit 
their use and effectiveness in clinical practice.57

The strengths of our study are its high-standard 
methodology and the sample size, which was cal-
culated in advance to demonstrate the non-inferi-
ority of W-TENS – and its superiority – with a 
power of 85%.

There are also some limitations to our study: (1) 
As the intensity and duration of TENS stimula-
tion was self-managed by patients according to 
their feelings, the time of day, and their habits, 
the exact daily ‘dose’ administered was not stand-
ardized; (2) we did not use a sham TENS device; 
and (3) the study was not double-blind, and sev-
eral outcomes were collected in an open fashion. 
However, it is important to emphasize that the 
last mean 8-day PI, which was the primary effi-
cacy outcome, was collected by a blind independ-
ent assessor at each time point.

Further studies should certainly be performed to 
assess W-TENS efficacy versus a sham TENS or 
other treatments and, also, to evaluate the dura-
tion of the efficacy in reducing pain intensity in 
patients with KOA over 12 months and more.

It should be noted that the Food and Drug 
Administration (FDA) has provided its clearance 
to market W-TENS as a Class II device under the 

classification name: Transcutaneous Electrical 
Nerve Stimulator for Pain Relief. It is ‘available 
for prescription only and intended to be used as: 
symptomatic relief and management of chronic, 
intractable pain ... Relief of pain associated with 
arthritis’.58

In conclusion, W-TENS achieved significance for 
both co-primary outcomes and demonstrated a 
better efficacy and safety profile than WO. Given 
the age and comorbidities of the KOA popula-
tion, often prone to polypharmacy and sensitive 
to adverse reactions, W-TENS could be a rele-
vant non-pharmacological therapeutic alternative 
to pharmacological analgesics for the manage-
ment of KOA pain. Its efficacy is certainly further 
enhanced by standardizing the W-TENS proto-
col and educating patients on the use of the 
device.

Overall, our results highlight the good benefit-to-
risk ratio of W-TENS in patients with KOA and 
strongly support the use of W-TENS as a non-
pharmacological alternative for the management 
of KOA.
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