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Abstract: Neck pain is defined as perceived pain, originating in an area bounded above by the
nuchal line, below by an imaginary line passing through the spinous process of T1 and laterally
by the sagittal plane tangent to the lateral edges of the neck. Our purpose is to investigate the
effectiveness of transcutaneous electrical nerve stimulation (TENS) in patients suffering from both
acute and chronic cervical pain syndromes. The literature research was conducted by consulting the
following databases: PubMed, PEDro, Cochrane, and Google Scholar. To formulate the scientific
question correctly, the PICO model was used. This umbrella review includes all systematic reviews
with or without meta-analysis, in English, which analyze the use of TENS in subjects suffering from
acute or chronic cervical pain. To evaluate the methodological quality of the studies, the AMSTAR
model. A total of eleven systematic reviews with or without meta-analyses were included. The
results of the study show how TENS seems to have an effect in reducing the intensity of acute and
chronic cervical pain, especially in the short term. However, it was not possible to provide precise
recommendations in this regard. Based on our result, it is desirable to carry out further studies that
support the effectiveness of using TENS in patients suffering from acute and chronic neck pain.

Keywords: TENS; electrotherapy; neck pain; myofascial pain syndrome; upper trapezius myalgia;
mechanical neck disorders

1. Introduction

Neck pain is defined as “perceived pain, originating in an area bounded above by
the nuchal line, below by an imaginary line passing through the spinous process of T1
and laterally by the sagittal planes tangent to the lateral edges of the neck” [1-3]. It affects
approximately 30-50% of the general population each year, constituting the 4% of causes of
patients referring to Italian Physical Medicine and Rehabilitation (PRM) outpatients [4]. The
course is generally benign and acute episodes tend to resolve spontaneously within a few
weeks. Relapses are frequent but in 10% of cases the symptoms tend to become chronic [5].
This pathology has a strong impact in the workplace as 11-14% of workers encounter a
limitation of work activities [6,7]. The multifactorial etiology includes non-modifiable
factors (age, sex, familiarity, general health conditions, previous traumatic outcomes) and
modifiable (postural, behavioral, psychosocial) factors. Often the cause is not identifiable,
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and we tend to attribute a dysfunctional origin to the onset of pain (“non-specific” or
“common” neck pain), which includes inflammatory, muscular, biomechanical, postural,
and neurological components [8,9]. Joint facets are a potential source of axial and peripheral
pain. Facet joint pain has a prevalence of 54% to 67% in patients treated for neck pain.
Furthermore, facet spondylosis has been associated with cervical radiculopathy and facet
joint osteoarthritis accounts for up to 45% of chronic low back pain cases [10-12]. The main
symptoms are pain, stiffness, reflex contracture of the cervical muscles, limitation of the
cervical range of motion (ROM), irradiation to the upper limbs, increased fatigue, dizziness,
and headache. Symptoms are often accompanied by visual and auditory disturbances, sleep
disturbances, cognitive, and emotional problems (anxiety and depression) [13]. Several
treatments have been proposed for cervical pain, including pharmacological therapies (e.g.,
nonsteroidal anti-inflammatory drugs, paracetamol, steroids, opioids, tramadol, muscle
relaxants, psychotropics, anxiolytics, and hypnotics) and other conservative approaches, as
the oxygen—ozone therapy [14]. In the rehabilitation process, physiotherapy treatment and
instrumental physical therapies are commonly used. Among the latter, the transcutaneous
electrical nerve stimulation (TENS) has the greatest evidence of efficacy in the treatment
of neck pain (chemical effect, vasodilation, analgesic effect, and thermal effect) and it is
the most widely used analgesic electrotherapy (symmetrical or asymmetrical rectangular
waves, spike, continuous, or packet-burst). The TENS impulses, due to their short duration,
are able to selectively activate the A beta fibers and block nociceptive impulses through the
Gate-Control mechanism [15].

The aim of our article was to investigate the effectiveness of TENS in patients suffering
from both acute and chronic cervical pain syndromes.

2. Materials and Methods
2.1. Research Strategy

The literature search for articles published in the last 20 years was conducted by
consulting the following databases: PubMed, PEDro, Cochrane, and Google Scholar. The
keywords used were “TENS”, “electrotherapy”, “neck pain”, “myofascial pain syndrome”,
“upper trapezius myalgia”, and “mechanical neck dis-orders”. The following mesh terms
were used for the research: TENS AND/OR neck pain AND/OR myofascial pain syndrome,
electrotherapy AND/OR mechanical neck disorders AND/OR upper trapezius myalgia.
The titles and abstracts of the initially identified studies were selected, and then the full

text of the potential articles eligible for the study.

2.2. P1.C.O.

To formulate the scientific question correctly, the PICO model was used: Population:
Patients with acute or chronic cervical pain syndrome, whether of mechanical, myofascial,
or other origin; Intervention: TENS; Comparison: Comparison with conventional therapies
or with other methods applied individually or combined with TENS; Outcome: Pain,
disability, and function [16].

2.3. Inclusion/Exclusion Criteria

This umbrella review includes all systematic reviews with or without meta-analysis, in
English, which analyze the use of TENS in subjects suffering from acute or chronic cervical
pain, published in the last 20 years. Studies with an AMSTAR score of less than 6 were
excluded [17].

2.4. Quality of Study Evaluation

To evaluate the methodological quality of the studies, the AMSTAR model (Assess-
ment of Multiple Systematic Review) was used, which is a checklist consisting of 11 items to
which you can answer “Yes”, “No”, “You cannot answer”, or “Not applicable”. Each item
is assigned a score of 1 if the answer is “Yes”, while the score is null if all the other answers
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are given. The AMSTAR model characterizes the quality of the systematic review at three
levels: Low quality score 0-3, medium quality score 4-7, high quality score 8-11 [17].

3. Results

A total of 11 systematic reviews with or without meta-analyzes were included (1 acute
neck pain; 6 chronic neck pain; 4 acute and chronic neck pain) (Figure 1) [18-28].

Records identified through Additional records identified
database searching through other sources
(n=307) (n=8)

I |

Records after duplicates removed
(n=237)

I

Records screened

(incusion/exclusion creteria Records excluded
applied) (n=179)
(n=58)

l

il e art!c!et.s .aSSESSEd Full-text articles excluded
for eligibility (n=11)
(n=11)

:

Study included in the
qualitative synthesis
(n=11)

Figure 1. Flow chart.

Among the systematic reviews (SR) included, there is not a complete homogeneity.
Some of them include studies that do not specifically treat TENS in acute or chronic neck
pain, but also analyze other rehabilitation approaches in other areas of the body. In these
cases, in the discussion of the results, the data relating to the individual RCTs reported
in the reference review were extrapolated. It was decided to distinguish the systematic
reviews in which TENS is treated not specifically (Table 1) from those in which TENS is
always reported in relation to neck pain (Table 2). Table 3 shows the methodological quality
of the included reviews, assessed according to the Amstar criteria, while Table 4 shows the
main TENS and treatment parameters used in the included articles.
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Table 1. Characteristics of the systematic reviews (SR) included in which few studies speak of transcutaneous electrical nerve stimulation (TENS).
Authors, Year Type TENS Study Evaluation Results Limits AMSTAR Score
Vernon et al Amsterdam-Maastricht There is limited evidence of the efficacy of ra[}:iec?lgr?tzeirs?ivl\?cilédsetijtujcl}e\iseizga
v SR Nordemar et al., 1981 [29] . TENS in patients suffering from acute neck P par ! Y 6/11
2005 [18] Consensus List . . . - high-quality score, only one study talks
pain not associated with whiplash about TENS
. . . . . - Low methodological quality of the
Haines et al., SR Soderlund et al., 2001 [30] The 'Me.thodologlcal Quality  There is no evidence of.the superiority of included studies; only one study talks 8/11
2009 [19] criteria Van Tulder et al. educational strategies over TENS
about TENS
There is sparse evidence regarding the
various forms of TENS, with only one
Leaver et al., -, study in this review reporting insignificant Only one study included in the review
2010 [21] SR Vitiello etal,, 2007 [31] PEDro scale results, in general few investigated talks about TENS 7/
interventions have shown better long-term
effects than placebo
The quality of the evidence varies from
There is very low-quality evidence that low to very low in the short term; there is
Passos Nunes Score developed by TENS is effective in chronic trapezius no evidence of the effectiveness of the
etal,, 2015 [22] SR and MA Ardic et al., 2002 [32] Cochrane Back Review muscle pain. This review found no treatment in the medium and long term; 8/11
v Group (CBRG) evidence of an effective treatment to low methodological quality of the
reduce pain in the medium to long term included studies; only one study talks
about TENS
Many studies are characterized by a high
TENS appears to be effective in chronic risk of bias, in some of them the risk of bias
Dameaard et al Chiu et al., 2005 [33]; Cochrane nonspecific neck pain, however there is is unclear; the various interventions are
2§1 3 [24] v SR Smania et al., 2005 [34]; Collaboration’s tool insufficient evidence for the application of complex, multifaceted, and with various 7/11
Soderlund et al., 2001 [30] a specific physiotherapy intervention in a interventions; the various interventions
specific subgroup of patients have been administered to you in different
ways and in different contexts
Low number of RCTs included low quality
Resende et al., SR and MA Sahin et al., 2011 [35] Cochrane The effects of TENS in chronic neck pain of RCTs included; heterogeneity of 10/11

2018 [25]

Collaborations tool are unclear

included studies; only one study speaks of
TENS in chronic neck pain

Legend: SR: Systematic Reviews; MA: Meta-analysis.
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Table 2. Characteristics of the systematic reviews (SR) included in which few studies speak of TENS.
Authors, Year Type Evaluation Results Limits AMSTAR Score
TENS seems to have an immediate effect in reducing
Critical evaluation list of the intensity of myofascial pain in the neck and in the =~ Heterogeneity of included studies; small intervention
Rickards, 2006 [20] SR methodological quality (20 items) ~ “PPe" back area, however there is insufficient data to ~ and comparison groups; the strength of the evidence 6/11
gicatq y determine the effectiveness of TENS beyond the is limited in most cases
immediate post-treatment
. No de.ﬁmtlve declaratlons can ‘t.>e 1ssged regarding the Lack of studies; low quality included studies;
Kroeling et al., P efficacy of TENS in mechanical disorders of the . . .
SR Jadad et al.’s criteria . . . . ; . heterogeneity of subtypes of cervical disorders and of 7/11
2005 [23] cervical spine. Current evidence is lacking, limited,
- the methods used
and conflicting
In patients with chronic headache of cervicogenic
origin, TENS appears to be less effective than cervical
manipulation in reducing pain in the short term. In Many studios are small in size; lack of blinding of
Cochrane handbook for . . . e L .
Gross et al., SR svstematic re-views of patients suffering from chronic and subacute neck participants and therapists in most of the included 10/11
2015 [26] A . . pain, TENS appears to produce the same effects as studies; high risk of “detection bias”; there are no
interventions criteria . . . . .
cervical mobilization with regard to the improvement long-term follow-up studies
of pain, function, quality of life, and patient
satisfaction up to an intermediate follow-up period
Kroeling et al., Crlgerla recttﬁnmenc}ed by thli It is not possible to issue definitive statements on the SnIau size of ihe StthOS; heterrogenelty of the .
2013 [27] SR and MA Cochrane Collaboration and the efficacy of TENS and its clinical use in cervical pain populations analyzed, interventions and outcomes; 10/11
Cochrane Back Review Group 70% of the studies were not conducted properly
Lack of data on the outcomes of interest; quality of the
. . . . included studies limited by the lack of “blinding” and
This systematic review reported very low-quality . .
T . R . the lack of allocation concealment; estimated effects
Martimbianco Cochrane criteria Handbook for  evidence regarding the difference between TENS and influenced by different degrees of “publication bias”;
SR Systematic Reviews sham TENS in pain relief. There is insufficient ’ 11/11

etal., 2019 [28]

of Interventions

evidence regarding the use of TENS in people with
chronic neck pain

very low certainty of evidence for all outcomes
analyzed within each comparison; heterogeneity of
the analyzed outcomes; small number of participants
in each study

Legend: SR: Systematic Reviews; MA: Meta-analysis.
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Table 3. Methodological quality of the included studies.

Authors, Year
Vernon et al., 2005 [18]

0
ot
Q
[=)}
Q
N

Q10 011

X

Haines et al., 2009 [19]

Rickards, 2006 [20]

Leaver et al., 2010 [21]

Passos Nunes et al., 2015 [22]

Kroeling et al., 2005 [23]

Damgaard et al., 2013 [24]

Resende et al., 2018 [25]

Gross et al., 2015 [26]

NENENEN PN PSRN RN ENES
NENENENENEN RN RN ENES
NENENEN EN PSRN RN ENES
S]] X XXX XS X

NENENEN P IENEN PP

Kroeling et al., 2013 [27]

NENENENENEN YRR RN RN
NENENENENENENENENEN YL
SIX| XX X X X XXX X|®
NENENENEN IR YRR
NENENEN YR RN EN D YEN
NENENEN DAY RN EN RSN L)

v v v v

Legend: X = No/Cannot be answered /Not applicable; V' = Yes. (Q1) Was an ‘a priori” design provided? (Q2)
Was there duplicate study selection and data extraction? (Q3) Was a comprehensive literature search performed?
(Q4) Was the status of publication (i.e., grey literature) used as an inclusion criteria? (Q5) Was a list of studies
(included and excluded) provided? (Q6) Were the characteristics of the included studies provided? (Q7) Was the
scientific quality of the included studies assessed and documented? (Q8) Was the scientific quality of the included
studies used appropriately in formulating conclusions? (Q9) Were the methods used to combine the findings of
studies appropriate? (Q10) Was the likelihood of publications bias assessed? (Q11) Was the conflict of interest
included?

Martimbianco et al., 2019 [28] v

Table 4. Main parameters of TENS and treatment used in included RS.

Session Treatment

Authors, Year Frequency Intensity Pulse Duration Duration Sessions Duration Follow-Up
Vernon et al.,
2005 [18] / / / / 6 2 weeks /
Haines et al.,
2009 [19] / / / / 12 / 3 months
. Immediately in the
Rickards, 100 Hz / 250 ps / / / post-treatment
2006 [20] .
(3-5 min)
Leaver et al., )
2010 [21] 60-100 Hz <10 mA 50-100 ps 15 min 12 6 weeks /
Passos Nunes / / / 20 min 14 2 weeks 3 months
etal., 2015 [22]
Modulable between
Kroeling et al. “below the
2005 v 0.5-160 Hz sensory threshold” (0.3 / 10-30 min 1-15 1 day-3 months 6 weeks—12 months
[23]
mA) and “just below the
nociceptive threshold “
Modulable from “below
Damgaard et al., the local sensory . Post
2013 [24] 80-100 Hz threshold” to 150-250 ps 30 min 412 2-6 weeks treatment-6 months
“antioxidant sensation”
Resende et al Modulable from “low
e 2-100 Hz intensity” to 40-250 s 15-60 min 19 2-5 weeks /
2018 [25] “high i s
igh intensity’
Gross et al Immediately in the
M 10-100 Hz / 250 ns—-<150 us 20-30 min 5-10 3 weeks-1 month post-treatment—
2015 [26]
6 months
Kroeling et al Modulable from “low
2013g M 4-143 Hz intensity” to 40 us-150 ms 14-30 min 1-12 1 gg—6 months 6 weeks—6 months
(7] s
igh intensity
Martimbianco 2-100 Hz <70 mA 50-250 ps 15-60 min 1-60 1 gg—6 weeks 1 week-6 months

etal., 2019 [28]

Legend: ns = nanoseconds; us = microseconds; ms = milliseconds; mA = milliAmpere; Hz = Hertz; /= unspecified parameter.
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The systematic review of Vemon et al. [18] includes four studies, only one [29] deal-
ing with TENS, used as a comparator treatment. The group that received TENS had a
significant reduction in pain 3 weeks after the end of the rehabilitation program. In the
study by Haines et al. [19], the efficacy of TENS is included in a multimodal comparison
treatment [30], which did not demonstrate significant differences between the experimental
and control groups, both as regards pain and general function.

The systematic review by Rickards [20] demonstrates that TENS appears to have an
immediate effect in reducing the intensity of myofascial pain in the neck and upper back,
however, there are insufficient data to determine the efficacy of TENS beyond immediate
post treatment.

Leaver et al. [21] compare two types of TENS (conventional and ENAR TENS) with
the “sham TENS” and demonstrate the absence of significant differences between the
experimental groups and the control group regarding pain and disability, in each time
period reported [short, medium, and long term].

In the study by Alexandre Mauricio Passos Nunes et al. [22], only one RCT [32]
analyzes TENS and demonstrates its greater efficacy in reducing pain symptoms compared
to stretching exercises, however, it does not report important clinical differences regarding
pain reduction in the short term.

Kroeling et al. [23] affirm that the treatment with TENS is lacking and limited conflict-
ing, so no definitive statements can be issued regarding the efficacy of TENS in mechanical
disorders of the cervical spine.

In the systematic review by Damgaard et al. [24], 42 RCTs were included, involving a
total of 3919 subjects. TENS is discussed in one study characterized by low risk of bias [30]
and in two characterized by high risk of bias [30,34]. TENS appears to have effects on
pain in patients with chronic nonspecific neck pain, however there is no evidence for the
application of a specific physiotherapy modality in a specific subgroup of patients.

Of the 9 studies included in the review by Resende et al. [25], only one analyzes TENS
in relation to chronic neck pain [35], the latter compares three types of TENS (H-TEMS,
L-TENS, BURST-TENS) with placebo and shows the lack of significant differences between
the various treatment groups both as regards pain and secondary outcomes.

In the review by Gross et al. [26], 5 RCTs [36—40] state that in patients suffering from
chronic headache of cervicogenic origin, TENS appears to be less effective than cervical
manipulation in reducing pain in the short term. In patients suffering from subacute and
chronic neck pain, TENS appears to produce the same effects as cervical mobilization with
regard to the improvement of pain, function, quality of life, and patient satisfaction up to an
intermediate follow-up period. The systematic review by Kroeling et al. [27] demonstrates
that in patients with acute and chronic neck pain, TENS may be more effective in pain
relief than EMS and placebo, but not as effective as therapeutic exercise, infrared radiation,
manual therapy, or ultrasound. No additional benefits have been shown when TENS
is combined with other therapies such as infrareds, therapeutic exercise, hot packs, or a
combination of neck collar, therapeutic exercise, and dressings. In patients with myofascial
neck pain, TENS appears to reduce pain better than placebo. However, it is not possible to
issue definitive declarations on the efficacy of TENS and its clinical use in cervical pain.
Martimbianco et al. [28] show that there are no substantial differences between all the
types of TENS used in the study and the sham TENS, especially in the short term. When
compared with other interventions, the latter appear to be more effective in pain reduction,
but without significant differences with respect to all other outcomes.

4. Discussion

Neck pain has a multifactorial etiology. The precise identification of the structure
causing the pain is very difficult, not only because the various structures are innervated by
several segments, but also because facilitation-convergence and sensitization mechanisms
favor the phenomenon of referred pain [41]. Psycho-social factors are frequently found in
subjects with persistent pain and judged responsible for a reduction in the pain threshold,
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which is why, given the current conception of cervical pain, it is recommended to consider
the bio-psycho-social unity of the subject with neck pain, paying attention not only to the
clinical aspects (severity and duration), but also to the personal, cultural, and social (envi-
ronmental) dimensions that characterize the patient, as well as to the impact of the problem
on daily life activities [42,43]. The presence of numerous visceral and nervous structures
requires careful collection of information in order to exclude the presence of “red flags”,
or signs and symptoms attributable to the presence of other pathologies, which can cause
symptoms similar to that of neck pain [44,45]. In the presence of chronic musculoskeletal
pain, both alterations in the processing of information by the central nervous system and
an increased reactivity of central neurons were found, all of which predisposes to central
pain sensitization; in this condition each new peripheral lesion can become a new source of
nociceptive input that maintains or aggravates the painful condition [46,47]. The patho-
physiological mechanisms underlying most conditions associated with chronic pain are
still unclear. In 90% of cases, however, the disorder is non-specific; only in 0.4% is it related
to serious pathologies and in 3% to fractures derived from trauma. In case of referred pain,
distant from the cervical region, the presence of irradiated symptoms must be assumed [47].
Muscles are also able to cause the onset of pain in areas distant from the cervical region,
due to the presence of trigger points. The trigger point is a relatively small, contracted
nodular type tissue modification, which is located within a taut band of a muscle fiber, it
is quite sensitive to touch and can generate pain locally and in distant areas called target
areas. Trigger points can be both active and latent; primary if they concern the muscle
directly subjected to overload, or secondary if activated in a distant muscle. The muscles
that most frequently develop trigger points are the trapezius, the sternocleido-mastoid, the
sub-occipital muscles, the spleni, and the levator scapula [1]. A further cause of neck pain
can be facet joint syndrome, which can affect the cervical or lumbar spine. The articular
facets are vertebral bone structures that have the function of connecting the vertebrae to
each other allowing the movements of the spine [10,11]. When joint damage occurs as a
result of trauma or arthritic phenomena, pain occurs. The mechanism of onset is due to the
cartilage damage that causes a “rubbing” between the two bone surfaces, with consequent
inflammation; this in turn can lead to the formation of osteophytes. The same physiological
deterioration of cartilage, which occurs with advancing age, can irritate the nerves that
innervate the facet joints, thus contributing to the onset of pain [10-12].

The 11 systematic reviews included in the umbrella review show that TENS is able to
reduce pain but does not appear to be more effective than other routinely used therapies.
Some studies shown that TENS is effective in managing neck pain, but only in the short
term. TENS showed no lasting effects over time. One review [25] provides inconclusive
evidence of the benefit of TENS in patients suffering from chronic neck pain due to the low
quality of the studies and the heterogeneity of the same.

The studies show that no type of TENS application prevails over the others, more-
over, when administered together with other therapies, it does not bring further benefits.
Furthermore, when the administration of TENS is administered together with another
intervention, it does not seem to show substantial differences with the comparison group
in all the outcomes considered, both in the short and in the medium term.

All patients who underwent TENS were suffering from acute or chronic neck pain
with mechanical, myofascial, and traumatic (whiplash’s syndrome) etiology. TENS is one of
the possible therapeutic strategies that can be proposed to the patient with acute or chronic
cervical pain, although it is not the therapy that allows us to achieve the best results.

Eight systematic reviews analyze the frequency parameter, and most of them use
values included in the range from 2 to 100 Hz [20,21,24-26,28]. The two extremes of this
range represent the frequencies, respectively, used in the endorphinic TENS (1-5 Hz) and
in the conventional TENS (60-100 Hz), that is the two most used modalities of application
in clinical practice.

The data reported regarding the current intensity are lacking and inaccurate, and
none of the revisions reports specific intensity values, thus limiting the search for the
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most suitable current intensity value for the treatment of patients with acute or chronic
neck pain.

The duration of the pulse was in the range 40 ps-250 ps [20,21,24,25,28]. The extremes
of this range represent, again, the pulse duration values usually used, respectively, in the
endorphinic TENS (<60 ps) and in the conventional TENS (>60 ps).

The duration of the single session, in most of the studies, varies from 10 to 30 min,
while the duration of the entire treatment program is usually between 2 and 6 weeks.
Further studies are needed to define more precisely the duration of the treatment.

Some studies carry out the follow-up evaluation up to 6 months later [24,26-28],
others at 3 months [19,22], others still carry out it immediately after treatment [21] or up to
12 months after the end of the therapeutic program [17].

The positioning of the electrodes represents therapeutic information often neglected
in the various reviews; despite this it is good practice that they are placed on the painful
region. There is very low-quality evidence that demonstrates the efficacy of TENS in
chronic pain in the trapezius muscle.

The heterogeneity of the rehabilitation protocols used during the development of the stud-
ies remains a fundamental problem to standardize and protocol the rehabilitation treatment.

Implications for Future Research and Clinical Practice

It is important to seek clear scientific evidence and high-level recommendations due
to their relevance in clinical practice. The main limitation of the study is due to the
excessive heterogeneity of the studies, especially in relation to the different methods and
rehabilitation protocols in patients suffering from acute and chronic neck pain.

5. Conclusions

Taken together, results of this umbrella review of systematic reviews show how TENS
seems to have an effect in reducing the intensity of acute and chronic cervical pain, espe-
cially in the short term. However, it was not possible to provide precise recommendations
in this regard. Based on our result, it is desirable to carry out further studies that support
the effectiveness of using TENS in patients suffering from acute and chronic neck pain.
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