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The mechanism of pain reduction involves bidirectional processes of pain blocking (nociception) and reductions in the levels of
proinflammatory cytokines in the blood. Does transcutaneous electrical nerve stimulation (TENS) reduce blood levels of
proinflammatory cytokines? For this systematic review, we searched in six databases to identify randomized controlled trials
with the criteria: humans older than 18 years (adults), use of TENS in the experimental group, and having at least one pre- and
postintervention blood level of at least one proinflammatory cytokine. The risk of bias and the level of evidence were assessed.
Five studies were included involving 240 participants. The heterogeneity of the studies was high (I*: 85%); therefore, we used a
random-effects meta-analysis. It was observed through the meta-analysis synthesis measures that there were statistically
significant differences following the use of TENS to reduce the general group of cytokines. When grouped by chronic
disease, by postoperative settings, or by individual studies in the case of IL-6, it was observed that the significant
reduction of cytokines related to the use of TENS was maintained. The use of TENS reduced the blood levels of
proinflammatory cytokines (we observed a protective factor of TENS in relation to inflammation). The protocol of the
systematic review was registered in PROSPERO, CRD42017060379.

1. Introduction

Pharmacological therapies for pain and inflammation are
recognized and accepted by international medical guidelines
as the first line of treatment. However, due to intolerable side
effects (e.g., gastritis, nausea, and vomiting) [1] or the ineffec-
tiveness of these interventions in some individuals, analgesic

and nonpharmacological treatments with minimal side
effects are necessary [2]. In this case, transcutaneous electri-
cal nerve stimulation (TENS) is a physiotherapeutic resource
that has been increasingly studied as an alternative therapy.

TENS has been used since 1970 as adjunctive therapy for
acute and chronic pain management in various medical and
surgical conditions [3]. Currently, evidence on the efficacy
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of TENS in clinical practice has not yet provided a definitive
conclusion as to the clinical effects TENS is capable of gener-
ating, whether analgesic or nonanalgesic [1, 4].

Regarding analgesia, studies [1-5] show a reduction in
pain intensity when compared to control groups in a variety
of diseases. However, the evidence on the best parameters for
application and their dose-response relationships in disease-
related outcomes (e.g., in low back pain, osteoarthritis, and
cancer) are not yet definitive, mainly due to the different clin-
ical protocols performed.

Although TENS has been shown to be effective in con-
trolling pain in several pathologies or after several surgical
procedures [3], in some situations, such as thoracotomy or
some types of cancer, the control of pain remains contro-
versial [6].

In an attempt to understand the mechanisms of pain and
the possible effectiveness of TENS in enabling increasingly
effective treatments, recent studies have noted that in addi-
tion to analgesia, TENS may have an effect on the circulatory
[7, 8], healing [9, 10], and inflammatory systems [6, 11].

In addition to the discovery of these systemic effects
(which may be useful for treatments when accessibility to
treatment sites is limited or for allowing other nonanalgesic
approaches to TENS use), research indicates that the rela-
tionship between pain and inflammation is a possible mech-
anism explaining persistent pain [12-14]. In various clinical
situations (e.g., osteoarthritis [15], postoperative recovery
[14, 16], and breast cancer [17, 18]), the present proinflam-
matory cytokines are described as some of the main media-
tors of the pain process [18, 19].

Inflammatory mediators, once released, promote a
change in the peripheral transduction mechanisms of the
pain stimulus, leading to a change in the pain perception
threshold. When a cascade of proinflammatory cytokines is
initiated by a given stimulus, it induces the production and
secretion of later or distal cytokines that perpetuate the
inflammatory response. They cause sensitization of nocicep-
tors, and in interaction with the central nervous system, they
increase the perception of pain (hyperalgesia) [19, 20].

After pain is present, there are two mechanisms of action
that may be involved in an analgesia mechanism: (i) noci-
ception blockade that reduces the production of proinflam-
matory cytokines or (ii) a reduction of proinflammatory
cytokines that decreases pain intensity [14, 19, 21].

In this case, TENS therapy acts on afferent nerve fibres,
blocking nerve transmission of pain—an effect known as gat-
ing theory [22]—or stimulating the release of opioids by the
central nervous system [22, 23], both of which have been
described as mechanisms in pain reduction.

Considering the interaction between pain and inflam-
mation that has been described, what is the evidence
regarding the effect of TENS on reducing the levels of pro-
inflammatory cytokines in patients undergoing this ther-
apy? Which current application parameters (frequency,
pulse size, and application interface) might cause this? Is
there a relationship between pain reduction and a reduc-
tion in cytokines?

To fill this gap, we have performed a systematic review
that is aimed at analysing the effect of TENS on the reduction
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TaBLE 1: Inclusion criteria.

Study design

(i) Randomized clinical trials
Participants

(1) Humans older than 18 years of age
Intervention/control

(i) Transcutaneous electrical nerve stimulation (TENS)

(i) Studies that present the following correspondences between
the experimental group and controls to homogenize the
effects of the current included the following studies:

(1) TENS with application by electrodes x TENS placebo
with application of electrodes

(2) TENS associated with pharmacological therapy x TENS
placebo associated with pharmacological therapy

(3) TENS applied by electrode associated with pharmacological
therapy x drug therapy

(4) TENS applied by needles (electroacupuncture) x acupuncture

Outcomes

(i) Primary: blood dosage of proinflammatory cytokines
[13, 15, 18, 21]

(ii) At least one predose and one TENS intervention of at
least one of the major proinflammatory cytokines

(iii) Cytokines: interleukin 1 (IL-1p), interleukin la (IL-1a),
interleukin 2 (IL-2), tumor necrosis factor (TNF-a),
interleukin 6 (IL-6), and interleukin 8 (IL-8)

Secondary: pain assessed by the visual analogue scale (VAS)

in blood levels of proinflammatory cytokines and the rela-
tionship of this reduction with a decrease in pain in adults
and, secondarily, at assessing how the current application
parameters might influence this outcome. The results of this
review may contribute to changes in clinical practice (evi-
dence-based physiotherapy) by indicating if and how TENS
reduces the levels of proinflammatory cytokines and pain
indicators in individuals exposed to this therapeutic resource.

2. Methods

2.1. Protocol and Registry. A systematic review of clinical tri-
als was developed following the guidelines of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Statement (PRISMA) [24], as presented in Supplementary
Material 1. The protocol of the systematic review was regis-
tered in the International Prospective Register of Systematic
Reviews (PROSPERO) on March 28, 2017 (registry number:
CRD42017060379). This complete review followed all proce-
dures described in the review protocol [25].

2.2. Eligibility Criteria. The details of the search and the eligi-
bility criteria were presented in a previous publication [25].
Articles published in peer-reviewed journals, which are not
limited to a specific language or year of publication and
which are in accordance to the following criteria (based on
the PICOS strategy [26, 27]), were considered eligible as
described in Table 1.

2.3. Information Sources. In June 2017, after publication
of the protocol of this systematic review, articles were
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searched in six electronic databases (Medline, Scopus, Web
of Science, Physiotherapy Evidence Database (PEDro),
Cochrane Clinical Trials, and EMBASE).

As a strategy to increase the scope of the search, we con-
sulted the list of references of the articles included in the
review, searched clinical trial repositories (Clinical Trials
and Brazilian Registry of Clinical Trials), and contacted eligi-
ble work authors with results not yet published to obtain data
necessary for the analyses that were not available in the orig-
inal article.

2.4. Search Strategy. The search strategy of the studies was
established based on 4 groups of descriptors: population,
intervention, type of study, and outcome. The Boolean oper-
ator “AND” was used for the combination of groups of
descriptors, while the Boolean operator “OR” was used in
the combination between the synonyms of the descriptors
of the same group.

To improve the search sensitivity, the search strategy
for each of the following databases is described and is pre-
sented in detail in the supplementary material: Medline (Sup-
plementary Material 2), Scopus (Supplementary Material 3),
Web of Science (Supplementary Material 4), Physiotherapy
Evidence Database (PEDro; Supplementary Material 5),
Cochrane Clinical Trials (Supplementary Material 6), and
EMBASE (Supplementary Material 7).

The searches were carried out without the limit of lan-
guage or year of publication. In the databases that had search
filters, we used as limits the type of article (clinical trial), spe-
cies (humans), and age group (18+ years). The keywords
were selected according to the Medical Subject Headings
(MeSH) at the National Library of Medicine. The definitions
of the biochemical terms for the search were determined after
consulting studies that addressed the subject inflammatory
cytokines [13, 21, 28-31].

2.5. Study Selection. After performing all the searches in the
proposed databases, the selection phase was managed by
libraries in EndNote X8. The process was performed inde-
pendently by two reviewers, and in case of disagreement as
to the inclusion and exclusion reasons, a third party was con-
sulted until a final consensus was reached.

After the exclusion of duplicates, the selection process
was carried out on two levels considering the eligibility
criteria: (1) reading of titles and abstracts, with titles
excluded for different reasons (Supplementary Material
8), and (2) reading the complete text and excluding studies
that did not meet the eligibility criteria (Supplementary
Material 9).

In the search of clinical trial repositories, the studies
found were read and selected by the same eligibility criteria.
The reasons for exclusion are described in Supplementary
Material 10.

2.6. Data Extraction. Data extraction and management of the
included articles were done in duplicate (two reviewers inde-
pendently). At the end of the entire extraction process, a
third reviewer was consulted to resolve disagreements.

The following variables were extracted from the articles
considered eligible for the systematic review:

(1) Characteristics of the population: age, sex, primary
diagnosis, and medical specialty

(2) Characteristics of the intervention (TENS parame-
ters): frequency, intensity, pulse duration, modality,
application area, duration of treatment, application
interface, and follow-up time

(3) Biochemical parameters: type of proinflammatory
cytokine, evaluation of its expression in blood (pre-
and postintervention level), and method of measure-
ment used

(4) Methodological information: sample size, secondary
outcome, other results, randomization, blinding,
and eligibility criteria

2.7. Assessment of Risk of Bias and Quality of Evidence. Two
independent reviewers assessed the risk of bias in the studies
using the clinical trial assessment detailed in the Cochrane
Manual of Systematic Reviews [32] and made available in
the Review Manager 5.3 (RevMan) program. Disagreements
between reviewers were resolved by a third reviewer. For this
evaluation, six items of bias risk assessment were considered:
randomization, blindness of participants, professionals and
evaluators, incomplete outcomes, reports of selective out-
comes, and other possible sources of bias. For each item,
one can attribute the concept of low risk, high risk, or risk
of uncertain bias [32].

2.8. Analysis of Results. The level of evidence was set
according to the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) [33-38]. For each
outcome of the study, we assessed the quality of the evidence
according to the study design, risk of bias [33], inconsistency
[36], indirect evidence [37], imprecision [35], and publica-
tion bias [34].

The procedures for the meta-analysis were performed
using the Review Manager 5.3 program. The effect size
(ES) of the intervention with TENS versus IL-1, IL-6,
and TNF-a was calculated for each study using the standard-
ized mean difference and its respective 95% confidence inter-
val (95% CI), according to the equations used in the software.
It was also decided to carry out a meta-analysis on a general
effect, since all cytokines are part of the proinflammatory
group and since, within a cascade of cytokines, each
exerts an influence on the other in production and secre-
tion [20, 21]. The random-effects method was considered
for ES estimation [32]. ES was classified according to the
Cohen test scale [39] as very small (<0.20), small (0.20 to
0.49), intermediate (0.50 to 0.79), and large (>0.80).

The variability of the effects of the intervention was tested
for statistical heterogeneity using the chi-square test (x?)
with the corresponding p value (Cochrane test) and through
the I” statistic. The heterogeneity of the studies was consid-
ered high when I? > 50% [40].
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FIGURE 1: Search process results according to the PRISMA flow diagram

In addition to the general effect, a subgroup analysis was
performed to identify ES according to laboratory or clinical
characteristics (postoperative or in patients with chronic
diseases, i.e., rheumatoid arthritis). A subgroup analysis
according to the TENS parameters was not performed,
due to the distinctions between the studies in the form
of application of the therapy (ie., different types of fre-
quency and pulse size). An evaluation of publication bias
was not performed with graphical/statistical features (e.g.,
funnel plot) because of the low number of studies included
in the meta-analysis [32].

The results are presented in a forest plot chart, arranged
in alphabetical order, considering the main author, and
in chronological order by year of publication. The results
not used in the meta-analysis are described in a narrative
synthesis.

3. Results

3.1. Study Selection. In the initial literature search, we
identified 369 publications in databases and 10 publica-
tions in clinical trial repositories (Figure 1). After

removing duplicates, 356 studies had their titles and
abstracts read (exclusion lists of articles after applying
the eligibility criteria were presented as Supplementary
Materials 8 and 10). After this first step, 31 articles
remained to be read in their entirety (exclusion list as
Supplementary Material 9). At the end of the research, 5
studies [6, 41-44] were included in the systematic review.
Of these, 4 studies [6, 42-44] had data for a cytokine meta-
analysis of IL-1 [43], IL-6 [6, 43, 44], and TNF-« [6, 42].

3.2. Risk of Bias from Individual Studies. The main methodo-
logical failures were related to sample size and risk of bias.
The main aspects related to risk of bias (Figure 2) were the
blindness of participants and evaluators (2 articles) [42, 43],
report of a selective outcome (1 study) [45], and concealment
of allocation (1 study) [44]. The details of bias risks in each
study are available in Figure 3. Despite the specific biases,
no studies with a high risk of bias were observed.

3.3. Characterization of Studies and Interventions. The gen-
eral characteristics of the participants, interventions, and
outcome studies are presented in Table 2.
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Allocation concealment (selection bias) _

Blinding of participants and personnel (performance bias) _:—
Blinding of outcome assessment (detection bias) _ |
Incomplete outcome data (attrition bias) _-

Selective reporting (reporting bias) -
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FIGURE 2: Risk of bias in the studies included in the systematic review.
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FiGUrE 3: Risk of bias in the individual studies.

In relation to the year of publication, the 5 papers
included [6, 42-4] were published from 2008 to 2012. For
the language of publication, 2 studies were written in English
[6,41] and 3 studies in Chinese [42-44]. Regarding the coun-
tries of origin of the studies, 1 was carried out in Italy [6] and
the other 4 studies were carried out in China [41-44].

In total (including intervention and control groups), 240
participants were studied, 108 males and 132 females. The
sample size in the studies ranged from 18 [41] to 63 partici-
pants [42, 43]. As for the average age, the youngest group
was age 49 [42-44] and the older populations were over 73
years old [41].

Regarding TENS parameters, 4 of the 5 studies [41-44]
used a needle interface for the application of TENS (elec-
troacupuncture). TENS application parameters (referring
to frequency and pulse size) were heterogeneous between
the studies.

Regarding the types of proinflammatory cytokines, all
were analysed by the ELISA method, and we found as pri-
mary outcomes the levels of the following cytokines: IL-1
[43], TL-6 [6, 43, 44], IL-8 [41], and TNF-« [6, 41, 42].
Although not used as an outcome in this review, 2 articles
[6, 43] presenting levels of IL-10 (anti-inflammatory cyto-
kine) were presented. Pain assessment (secondary outcome)
was found only in one article [6].

Regarding the clinical diagnoses found, 3 studies were on
[41-43] chronic diseases (rheumatoid arthritis [42, 43] and
chronic obstructive pulmonary disease [41]), while 2 studies
[6, 44] were in oncological postoperative settings. This infor-
mation was described in Supplementary Material 11.

Regarding TENS application sites, we found two arti-
cles that used the same acupoints [42, 43] (Supplementary
Material 11).

3.4. Effects of TENS on Proinflammatory Cytokines. Of the
included studies, one [41] of five did not report a signifi-
cant result (p > 0.05) for the reduction of IL-8 and TNF-q,
and this study also did not describe the biochemical results
because they did not detect these markers in any subject eval-
uated. The other four studies [6, 42-44] showed a reduction
in cytokine levels (IL-1, IL-6, and TNF-«) that was significant
in the TENS group, as compared to the control group.
Fiorelli et al. [6] showed significant reductions in IL-6
(p=0.001) and TNF-a (p=0.001), and this was the only
study of the 5 that evaluated pain by the visual analogue
scale. The TENS group had lower pain scores (p < 0.001).
Ouyang et al. [43] showed that both IL-1 and IL-6
showed a greater reduction (p < 0.05) in the electroacupunc-
ture group when compared to the acupuncture group. The
reduction in TNF-a in the study by Ouyang et al. [42]
was also higher in the TENS group than in the control
group (p <0.05). The study of Wang et al. [44] showed
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Study or subgroup TENS Control Weight Std. mean difference Std. mean difference
Mean SD  Total Mean SD  Total 1V, random, 95% CI 1V, random, 95% CI
I1L-6
Fiorelli et al. [6] (1) 251 61.26 23 299 435 23 14.9% —0.89 [-1.50, —0.28] e
Ouyangetal. [43] (2) —6.84 425 32 -37 7018 31  182% —0.54[-1.04,-0.03] —a—
Wang et al. [44] (3) —05 092 25 03 0922 25 157% -0.85[-1.44,-0.27] —e—
Subtotal (95% CI) 80 79 48.8% -0.73 [-1.06,—0.41] L
Heterogeneity: tau? = 0.00; chi? = 1.00, df = 2 (p = 0.61); I* = 0%
Test for overall effect: Z = 4.45 (p < 0.00001)
TNF-«
Fiorelli et al. [6] 776 119.26 23 930 141.69 23 14.3% -1.16 [-1.78, —0.53] e
Ouyangetal. [43] (4) -7.07 1417 32 -576 147 31  186%  -0.09 [-0.58,0.40]
Subtotal (95% CI) 55 54 32.9% —0.60 [-1.65, 0.44] J
Heterogeneity: tau® = 0.49; chi® = 6.83, df = 1 (p = 0.009); I = 0%
Test for overall effect: Z =1.13 (p = 0.26)
IL-1
Ouyang et al. [43] —49.13 44.77 32 -30.77 45.66 31 18.4%  —0.40 [-0.90, 0.10] —aT
Subtotal (95% CI) 32 31 18.4% —0.40 [-0.90, 0.10] S 1
Heterogeneity: Not applicable
Test for overall effect: Z =1.57 (p =0.12)
Total (95% CI) 167 164 100.0% -0.62[-0.93,-0.31] ‘
Heterogeneity: tau? = 0.07; chi? = 9.36, df = 5 (p = 0.10); I> = 47% T T T —
Test for overall effect: Z =3.96 (p < 0.0001) —4 -2 0 2 4
Test for subgroup differences: chi? = 1.20, df = 2 (p = 0.55); I = 0% TENS group Control group

Footnotes
(1) unit pg/mL
(2) unit pg/mL

(3) unit ng/mL
(4) unit ng/L

FIGURE 4: Meta-analysis of the general effect of TENS on proinflammatory cytokines.

a significant reduction in IL-6 in the TENS group in rela-
tion to the control (p <0.01).

Figure 4 presents the results of the meta-analysis in this
review regarding the effect of TENS on proinflammatory
cytokines. Of the six effect sizes (ES) calculated for the
individual studies, four were statistically significant (IL-6
[6, 43, 44] and TNF-« [6]). The meta-analysis of the studies
indicated that TENS had a significant effect on the reduction
of proinflammatory cytokines (standardized mean difference
(SMD) =-0.62, 95% CI: —0.93, —0.31). The reduction of IL-6
(3 studies, SMD = —0.73, 95% CI: —1.06, —0.41) was statisti-
cally significant in the comparison of participantsin the inter-
vention versus the control groups. The TNF-« (2 studies,
SMD = -0.60, 95% CI: -1.65, 0.44) and IL-1 (1 study, S
MD =-0.40, 95% CI: —-0.90, 0.10) reductions were not
significant. There was a high ES heterogeneity between
studies for TNF-a (I = 85%) and a low heterogeneity in the
general cytokine group (I* = 47%) and IL-6 (I* =0%). In the
ES classification found in the individual studies, the effect
sizes ranged from very small [42] to large [6] (0.09 to 1.16).

In the analysis by subgroups, considering studies of the
postoperative period with application of TENS (IL-6 [6, 44]
and TNF-« [6]) as described in Figure 5, the three calcu-
lated ESs were statistically significant. The reduction in
this postoperative group was significant, and the size of
the achievement was classified as large (SMD =-0.96,
95% CI: —1.31, —0.61). There was heterogeneity between
the studies (I = 0%). It was observed that TENS had a sig-
nificant effect on IL-6 reduction (2 studies, SMD = —0.87,

95% CI: —1.29, —0.45). The effect on TNF-a reduction
was also significant (SMD =-1.16, 95% CI: —1.78, —0.53),
even though it was evaluated in only one study.

In the subgroup of studies that evaluated TENS in
patients with chronic diseases as described in Figure 6,
only one study evaluated each outcome: IL-6 [43], TNF-«
[42], and IL-1 [43]. Only Ouyang et al. [43] found a
significant effect of TENS on IL-6 (SMD =-0.54, 95%
CL: -1.04, —0.03) in a patient with rheumatoid arthritis.
The reduction in this chronic disease group was signifi-
cant; the size of the achievement was classified as small
(SMD =-0.34, 95% CI: —-0.63, —0.05) and presented low
heterogeneity between studies (I* = 0%).

3.5. Assessment of Pain as Outcome. Only one study was
found [6] that assessed pain (visual analogue scale (VAS))
as an outcome. The mean pain scores of the TENS group
were lower when compared to those of the control group
during the entire postoperative period (6h, 12h, 24h, 48h,
72h, 96, and 120 h). The difference in VAS scores between
the groups was statistically significant (p < 0.001).

Without other studies to evaluate the consistency of this
effect, it was not possible to determine if there is a relation-
ship between cytokine reduction and pain reduction in the
groups after TENS application.

3.6. Level of Evidence. The level of evidence of the effect of
TENS on proinflammatory cytokines was estimated consid-
ering the four outcomes (Table 3). In three of them, a group
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Postoperative
TENS Control Std. mean difference Std. mean difference

Study or subgroup Weight

Mean SD  Total Mean SD Total 1V, random, 95% CI 1V, random, 95% CI
IL-6
Fiorelli et al. [6] (1) 251 61.26 23 299 43,50 23 33.0% —-0.89 [-1.50, —0.28] ——
Wang et al. [44] (2) -0.5 0.92 25 03 092 25 36.1% —0.85 [—1.44, —0.27] ——
Subtotal (95% CI) 48 48 69.1%  —0.87[-1.29, -0.45] X 2

Heterogeneity: tau? = 0.00; chi® = 0.01, df = 1 (p = 0.94); I*> = 0%
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(1) unit pg/mL  (2) unit ng/mL

FIGURE 5: Meta-analysis subgroup postoperative.

Chronic disease
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Test for overall effect: Z =2.31 (p < 0.02) -4 -2 0 2 4
Test for subgroup differences: chi? = 1.63, df = 2 (p = 0.44); I = 0% TENS group Control group
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FIGURE 6: Meta-analysis subgroup chronic disease.
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of proinflammatory cytokines [6, 42-44], IL-6 [6, 43, 44], and
TNF-« [6, 42] showed a low level of evidence of the effect of
TENS on these outcomes. This was due to the low number of
studies and inconsistency in results between studies. Regard-
ing the outcome of IL-1 [43], a very low level of evidence was
observed. This outcome only was evaluated by one study, and
with a small sample size, there was no significant effect of
TENS on IL-1.

4. Discussion

4.1. Risk of Bias on Individual Studies. After evaluation of the
included articles, selection bias (allocation concealment),
performance bias (participant and professional blinding),
and reporting bias (outcome of interest with incomplete data
were not used in the meta-analysis) were assessed.

The main problem in assessing TENS in a clinical trial is
the blinding method of the subjects involved. Considering
that TENS is an electrical current that causes a perceptible
sensory stimulus [3], any reporting or questioning that
addresses sensation may determine whether the patient is
using the rated current. In contrast, biochemical outcomes
(proinflammatory cytokines) evaluated by blood levels are
unlikely to be influenced by a lack of blinding or identifica-
tion of allocation in the study, so that this bias does not
impact the causality of the study.

On the other hand, studies were concerned with aspects
that could compromise the results, such as randomization (less
probability of error to clarify a cause-effect relationship between
two events) [46] and the description of follow-up losses for a
correct analysis fit. Although there are problems with
some criteria, the studies did not present a high risk of bias.

4.2. Effects of TENS on Proinflammatory Cytokines. The
results found in the meta-analysis of the studies showed that
even with a high heterogeneity between studies, TENS caused
a significant effect on the reduction of proinflammatory cyto-
kines among participants of the intervention group com-
pared to the controls in the general group (intermediate
ES). When the results were analysed under specific postoper-
ative conditions (large ES) and chronic diseases (small ES), it
was observed that the significant reduction effect was main-
tained, but there was a reduction in the heterogeneity of the
studies. Only IL-6 showed a significant reduction in the three
conditions evaluated.

Despite the small number of studies and low levels of evi-
dence, the results were significant probably because they were
quantitative and objective measures (cytokine blood levels).
The diseases that were evaluated in each study may be the
main factor in limiting sample sizes.

In studies evaluating TENS as a strategy for pain control,
cytokine levels have been used as an objective measure of the
outcome. This is because cytokines play a key role in the
acute inflammatory phase and immune response [6].

Levels of IL-6 and TNF-a are well known to reflect the
degree of surgical trauma because they are markers of the
inflammatory response [6, 21]. In this review, the reductions
in IL-6 were statistically significant in the postoperative and
chronic disease groups. Reductions in TNF-a were also
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observed postoperatively, but as we found a result in only
one article, it was not possible to determine the consistency
of the effect between studies.

In rheumatoid arthritis, IL-6 has the function of increas-
ing the effect and secretion of IL-1 and TNF-& and is also the
main marker that is associated with disease activity [42, 43].
The effect of IL-6 reduction, even in a single study, was signif-
icant. It should be noted that further research is needed to
ensure the consistency of the effect found.

In spite of these findings in a limited number of stud-
ies on a reduction effect on proinflammatory cytokines, it
is still unknown what mechanism of action is responsible
for this effect.

Studies indicate that acupuncture or electroacupuncture
facilitates the release of certain neurotransmitters, especially
opioids [47]. Release of opioids is also described as the mech-
anism of action of TENS current by electrodes [16, 22]. Opi-
oids act on the central nervous system and activate the
sympathetic or parasympathetic nervous system [22, 47].

An increase in sympathetic activity increases circulat-
ing catecholamines in the blood, favouring the reduction
of proinflammatory and anti-inflammatory cytokines such
as IL-10 [48, 49].

Activation of the parasympathetic nervous system releases
acetylcholine (the main neurotransmitter), which by stimulat-
ing macrophages can inhibit the production of various proin-
flammatory cytokines (TNF-a, IL-1, and IL-6) [14, 48].

In addition to the mechanisms related to the autonomic
nervous system, authors have noted that the pain blocking
that occurs at the level of the central nervous system may
be responsible for reducing blood levels of proinflammatory
cytokines [14, 19, 21, 22].

4.3. Strengths and Limitations of the Review. The main limi-
tations of this review are related to sample size (which com-
promises the accuracy of the data) and a low number of
studies (which impacts consistency and does not permit anal-
ysis of publication bias). The presence of these limitations
directly contributed to the poor quality of the evidence.

Another limitation of importance is the heterogeneity of
the clinical protocols, in terms of the evaluated diseases and
the TENS application parameters (interface, frequency, and
pulse size), making some analyses impossible.

To minimize possible selection biases, the search was
extended to assess results not yet published (clinical trial
repositories). Even having made these contacts, we could
not obtain data with the authors.

As a strength of the review, we emphasize that we have
undertaken a comprehensive search including other lan-
guages to identify potentially eligible studies. In the case of
this review, we included three Chinese articles.

The selection criterion regarding correspondence between
the intervention and control groups was established to
eliminate possible confounding factors and to ensure that
the results were related to TENS.

Another strong point was the comprehensive analysis,
considering aspects of methodological quality and the level
of evidence of the studies. This allowed us to assess the
research implications and clinical practices related to TENS.
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4.4. TENS Practical and Research Implications. What is
known so far is that studies that have observed a pain/cyto-
kine relationship found that patients reporting less severe
pain demonstrated a lower production of proinflammatory
cytokines [50, 51].

Regardless of the path of this relationship, if the biologi-
cal effect of TENS is characterized by a significant reduction
in cytokine levels, the most important clinical outcome of
TENS therapy is pain relief [6].

In the study by Wang et al. [44], for example, which
addressed brain surgeries, the use of TENS showed a
reduction in cytokines intraoperatively, while the control
group showed an increase. Taking into consideration that
inhibiting the inflammatory response in the brain (reduc-
tion of proinflammatory cytokines) may minimize brain
damage, TENS treatments may improve prognosis after
surgery [44].

Regarding practical implications, we find that clinically
this reduction response of proinflammatory cytokines can
be applied in some diseases and bring benefits, mainly in
terms of reducing pain and even as a protective factor
for inflammation. With more studies proving this effect,
we could use TENS at all time points surrounding surgical
intervention (pre-, intra-, and postoperative) as a method
of decreasing inflammation as well as of helping to control
chronic inflammatory diseases such as arthritis and osteo-
arthritis or even neuropathic pain due to inflammation.

Implications for research on TENS can also be obtained
with the present review.

TENS studies have shown several clinical effects. For
this reason, it is a resource of physiotherapy that has been
applied to various diseases and for different purposes.
Clinically, this allows a diversity of approaches, but scien-
tifically, it results in a heterogeneity of methods that hin-
ders some conclusions.

In the case of this review, we were unable to identify
which application parameters led to the cytokine reduction
effect. As a recommendation for other studies, clinical trials
with detailed protocols and groups with defined parameters
to be compared (dose-response) are required.

The diversity of scientific methods, the low number of
articles, the methodological failures, and the lack of data
described did not allow a complete attainment of the objec-
tive or a TENS recommendation that has the power of
evidence. For further studies, it would be important to calcu-
late the sample size and follow the CONSORT (Consolidated
Standards of Reporting Trials) guidelines to reduce method-
ological failures. Through studies with levels of high evidence,
therapies gain power of evidence and their recommenda-
tion in clinical practice is strengthened.

In summary, more clinical studies are needed to deter-
mine the consistency of the effect, the mechanism of
action involved, and the best parameters to optimize
dose-responses. Construction of an evidence-based physio-
therapy will allow an assessment of the effects of TENS in
diseases that would benefit from a reduction in proinflam-
matory cytokines.

We observed a reduction in proinflammatory cytokines
after the use of TENS; however, we did not find strong
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evidence due to the low number of included articles. Ana-
lysing more specifically the largest effect size was observed
in the postoperative group, and only IL-6 showed a signif-
icant reduction in all the conditions evaluated. We were
not able to identify which application parameters (fre-
quency, pulse size, and application interface) led to this
effect due to the heterogeneity of the methods of the articles
included in this review. Regarding the relationship between
cytokine reduction and pain reduction, we did not find
enough articles to test the consistency of this relationship.
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