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Abstract

Background: Transcutaneous electrical nerve stimulation (TENS) has emerged as a significant intervention
in rehabilitating spinal cord injury (SCI). It has shown promising results in restoring function and improving
outcomes for individuals with SCI throughout the current evidence.

Objectives: To give a thorough recapitulation of the most recent systematic reviews (SRs) on the role of
TENS in the rehabilitation of SCI.

Method: Several medical databases including MEDLINE (PubMed), Scopus, Web of Science, and Cochrane
Library were searched systematically for citations published up until June 2023.Two reviewers thoroughly
screened the research, gathered pertinent data, and assessed the caliber of the retrieved evidence. The
quality of the SRs was evaluated using the JBI checklist for SRs.

Results: Following an initial screening of 736 articles, 16 satisfied the inclusion criteria. TENS showed
promising effects for various rehabilitative purposes, including spasticity, pain, motor function, erectile
function, and cognitive function with no major adverse effects in SCI patients.

Conclusion: This comprehensive overview of the literature outlines the currently available data for the
use of TENS in SCI. However, to establish standardized procedures for improving the rehabilitation of SCI,
further high-quality investigations are required.

Keywords: Spinal cord injury, Transcutaneous electrical nerve stimulation, TENS, Rehabilitation,
Umbrella review, Systematic review

Introduction

Spinal cord injury (SCI) is damage to the spinal cord caused by disease, degeneration, or trauma
(such as a car accident). The yearly incidence of SCI is believed to be between 40 and 80 cases per
million people, while the world health organization (WHO) notes that a precise worldwide prevalence
is unknown. Up to 90% of SCI cases have traumatic etiology, however the proportion of spinal cord
injuries that are not traumatic seems to be increasing [1]. As a result of the disruption of the neuronal
connections between the centers in the upper and lower central nervous system, SCI causes severe,
long-lasting neurological damage that leads to including sensory and motor dysfunction, aberrant
reflexes, and autonomic abnormalities [2,3]. Despite the high incidence, mortality, and severe
outcomes in survivors, no definite treatment has been identified for this condition.
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Further, SCI has a significant impact on the number of years spent
with a disability, especially among younger people [4,5]. Hence, in
order to enhance the functional results and quality of life (QoL) for
people with SCI, it is crucial to find efficient rehabilitation methods
[6,7]. The process of SCI rehabilitation is difficult and complex,
necessitating creative thinking to support functional recovery per
individual needs. Also, early rehabilitation is also essential to avoid
bone loss, muscular atrophy, joint contractures, and to maintain
healthy digestive and respiratory systems [8].

One well-known method that has been used extensively in
rehabilitative medicine is transcutaneous electrical nerve stimulation
(TENS) [9-14]. TENS consists of delivering electrical impulses to
the nerves through the skin for modulating the neuronal activity and
therapeutic purposes [15]. The stimulation protocol is modifiable
in terms of rate delivery, intensity and duration [16]. This method
has gained attention from researchers due to its non-invasiveness,
relative cost-effectiveness, and benefits for a wide range of conditions.
Application of TENS in SCI patients has been the subject of several
studies for controlling different SCl-associated outcomes, including
pain [17,18], motor function [19], spasticity [20,21], dysesthesias
[22], bladder control and sexual function [23].

Umbrella reviews are a type of systematic review (SR) conducted
with the intention of contrasting existing SRs and providing a
comprehensive picture of a body of knowledge centered on a
particular issue. Therefore, the strong degree of evidence provided
by these studies can benefit both doctors and policymakers [24]. In
the current study, we aimed to systematically review the current SRs
regarding the application of TENS with rehabilitative purposes in
SCI patients.

Methods

This umbrella review was conducted in accordance with the

Joanna Briggs Institute (JBI) and Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) criteria [25].
Registration and protocol

The protocol was entered into PROSPERO/NHS, the
International Prospective Register of Systematic Reviews (ID:

CRD42023449882).
Review question

In order to establish the search strategy, the following research
question was developed: “What evidence is currently available from
SRs about the rehabilitative effects of TENS on SCI patients?”

Search strategy

A systematic search strategy was designed to retrieve the
publications on the application of TENS on SCI patients.
MEDLINE (via PubMed), Scopus, Web of Science, and Cochrane
library were searched using English search terms from inception to
June 2023.

The search strategy included the terms for target population
(SCI), intervention (TENS), and study design (Systematic review).
Different combinations of the terms were made using “OR”
and “AND” to achieve a specific selection of literature (Table 1).
To maximize retrieval of relevant studies, we did not include the
“outcome” and “comparison” sections of the PICOS strategy.

All included studies’ bibliographies were carefully searched, and
authors of studies on electro-rehabilitation for SCI who had more
publications detected during the search were manually located.

Inclusion and exclusion criteria
The following criteria were used for inclusion:

*  Studies involving adult subjects (218 years old) who have full
or partial lesions with a traumatic or nontraumatic etiology of

SCL

Table 1. Different key terms and combinations used in designing the search strategy. "

Population Intervention

Study design

Spinal cord injury

Transcutaneous electrical nerve stimulation

Systematic review

Meta-analysis

Paraplegia Transcutaneous electrostimulation
Quadriplegia Transcutaneous neuromodulation
Tetraplegia Transcutaneous nerve stimulation

Spinal cord transection

Transcutaneous tibial nerve stimulation

Spinal cord disease

Transcutaneous spinal cord stimulation

Myelopathy Functional electrical stimulation
Myelitis Neuromuscular electrical stimulation
Cord injury Electrostimulation

Scl Electrical stimulation

Neuromodulation

TENS

FES

TSCS

* Note: The OR Boolean operator was used between the terms in each column, while AND was used to combine the columns.
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*  Studies using any transcutaneously applied electrical
stimulation, including transcutaneous spinal cord stimulation
(TSCS) and transcutaneous tibial nerve stimulation (TTNS).

*  Studies that reported the therapeutic (i.e. long-term) or
orthotic (i.e. immediate) effects of electrical stimulation with
rehabilitative purposes.

. SR studies, with or without a meta-analysis.
. Published in English.
The following were the exclusion criteria:

*  Applying any other form of invasive or minimally invasive
electrostimulation or other rehabilitation technique in the

absence of TENS.

. Research on animal subjects and basic experiments, original
publications, overviews, letters, summary of meetings, etc.

¢ Unpublished or duplicate literature.
¢ Unavailable full text.

Furthermore, SRs with mixed clinical populations were

considered eligible if they specifically provided data for the SCI.
Selection process

After removing duplicate records, two unbiased reviewers
evaluated the titles and abstracts of the articles (S.E, ET). To
determine eligibility, the whole texts of publications relevant to
the study’s objectives were then carefully examined. The same two
reviewers had a discussion to settle any disagreements over the study
selection.

Data extraction

After data extraction, two reviewers worked separately to provide
results on standardized spreadsheets. The overall and methodological
characteristics of SRs were retrieved, which included the following

items: Bibliographic information (First author, year of publication,
and origin), design (SR +/- MA), searched databases, number and
type of the included studies, type of the intervention, method of
quality appraisal and whether they graded the evidence, outcomes,
adverse events (AEs), and the main results.

Appraising the quality

Two independent reviewers (R.GH, S.S) evaluated the
methodological quality of the included SRs using the JBI criteria
for SRs (Appendix). Eleven questions are on this checklist to help
in evaluating SRs. ‘Yes’, ‘no’, ‘unclear’, and not applicable ‘NA’
can be used to respond to each question. If there were 0-1, 2-3, or
more than 3 no/unclear responses, the SRs were classified as high,
moderate, or low quality, accordingly. A third reviewer was consulted
in case there was any dispute.

Data synthesis

A quantitative data analysis was not feasible for this research
due to the fact that the included SRs encompassed a wide range of
intervention techniques and outcome measures. This heterogeneity
made it challenging to perform a re-analysis and calculate summary
effect sizes. A narrative synthesis method was utilized to analyze
and interpret the data extracted from included SRs. This approach
involved a comprehensive examination of the findings and key
themes identified across the selected studies, allowing for a qualitative
synthesis of the evidence.

Results
Search results

A total of 735 citations were retrieved through the systematic
search of databases and 1 from the manual search, 510 citations
remained after removing duplicates and were assessed based on their
title and abstract. Of these, 30 articles were selected to undergo
full evaluation. Finally, 16 SRs entered the study [19,26-40]. The

selection process is demonstrated in Figure 1.
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Figure 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers, and other sources.
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Reports of included studies
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Overall characteristics

Overall, meta-analysis was conducted by 6/16 SRs
[30,32,35,36,39,40]. Studies were conducted from 2014 [34] to
2022 [32,37,40], originating from all over the globe, including the
United States [34,37], Canada [33,35], Switzerland [26,29], Brazil
[28,39], UK [32], Spain [19,27], Australia [30], Ireland [38], New
Zealand [36], and China [31]. All the SRs reported the use of a form
of TENS. TSCS was investigated through 4 SRs [19,32,37,38] and
TTNS by 2 SRs [29,35].

There were no serious AEs, buta few SRs did reportbrief cutaneous
irritation where the electrodes were placed, [19,33,34,36,38].
One patient in one of the trials did not tolerate stimulation and
therefore exited the study [29]. One SR noted a little increase in
tone 24 hours following treatment, unintentionally activating the
micturition reflex and urinating while standing, experiencing pain
during intense stimulation, and experiencing asymptomatic changes
in blood pressure and pulse rate, in addition to modest side effects
that might be caused by cervical stimulation, such as dizziness,
flushing, seasickness, metallic taste, “sharp” breathing sensation,
neck soreness, and sore throat [38].

Further details are demonstrated in Table 2.
Application of TENS for various rehabilitative purposes

Spasticity: Six SRs investigated the use of TENS for managing
spasticity [27,28,32,33,37,39]. Garcia et al. [28] investigated the
use of somatosensory electrical stimulation for relieving spasticity
with various etiologies. According to the 3 studies that investigated
the SCI patients, an overall improvement was reported by these
studies. One of these studies reported that TENS failed to modulate
Hoffman (H)-reflex. Further, one trial showed that the efficacy of
TENS on spasticity depends on repeated sessions.

Millsand Dossa [33] summarized the randomized controlled trials
(RCTs) reporting the effects of TENS for managing limb spasticity
with different etiologies (SCI in 3/14 RCTs). Three categories were
created by them to group intervention protocols: 1) TENS vs no
TENS or placebo TENS, 2) TENS versus another TENS treatment
or another spasticity management intervention, and 3) TENS as
an adjuvant to another spasticity management strategy. In the first
group, according to only one double-blinded RCT, the use of The
International Classification of Functioning (ICF) body structure
and function domain showed better outcome measures after a single
60-minute TENS treatment over the common peroneal nerve of the
limb with dominant spasticity, but not in the Achilles tendon jerks
or ankle clonus [21]. The results of one RCT in the second group,
which compared 15 daily consecutive treatments of 15 minutes of
TENS on the tibial nerve to baclofen, revealed equal outcomes in
all end measures, but not in the Hmax/Mmax ratio, H-reflex delay,
clonus score, or the plantar stimulation response score [20]. In the
final group, 60 minutes of TENS before 15 sessions of standardized
physical therapy interventions decreased immediate and short-term
Composite Spasticity Scale scores compared to physical therapy
alone, per one high-quality RCT on people with SCI-induced lower
limb spasticity [41].

Massey et al. [32] investigated the use of different
electrostimulation techniques, including TENS and TSCS, on SCI-
induced spasticity. Of the 29 research, 10 examined the impact
of TENS on spasticity—9 focusing on the lower limbs and 1 on

the upper limbs—while 6 utilized TSCS, all of which targeted the
lower limbs. The other studies employed various forms of functional
electrical stimulation (FES). Their findings indicate that non-invasive
electrostimulation to reduce spasticity requires, at minimum,
afferent fiber activation, as demonstrated by the application of TSCS
and TENS, which did not result in a muscular contraction.

Stampas ez al. [37] evaluated the rehabilitative methods for the
prevention of spasticity in SCI. They gathered evidence from both
human and animal trials. In human trials, only 1/8 of the study
examined spasticity as the primary endpoint with a sample size
big enough to test the theory. In this study, compared to controls,
neuromodulation of the spinal cord using electric stimulation of the
common peroneal nerve decreased stiffness in the lower limbs. Other
trials covered this trial as well [41].

Two TENS trials were included in Thomaz ez 2/ SR’s [39]
investigation of the impact of electrical stimulation on skeletal
muscle volume and spasticity in SCI. However, both of these trials
were already covered by other SRs [20,41]. Similarly, Ferndndez-
Tenorio et al. study investigated the effects of application of TENS
for spasticity with different etiologies, including two trials on SCI
patients [27]. Both of these trials were covered by the previous
publications [20,21].

Pain: Applicating TENS for managing pain in SCI was
mentioned in 3 SRs [30,34,40]. In Moreno-Duarte et al. [34] SR,
different electrical and magnetic neural stimulation techniques for
treating chronic pain in SCI were examined. They included only
one crossover, unblinded, clinical trial that applied high frequency
(HF)-TENS vs low frequency (LF)-TENS for two weeks. The results
of these trials suggest that with no discernible difference between
HF and LF, TENS deserves investigation as an adjunctive therapy
in SCI patients suffering from neuropathic pain [42]. The goal
of Harvey ez al. [30] was to evaluate the efficacy of 22 frequently
used physiotherapy methods for SCI patients. TENS was reported
in 2 of their included trials [17,43]. In one, TENS was found to
significantly reduce pain in people with SCI [17]; while in the other,
LF-TENS was proposed as a potential treatment for SCI pain [43].
Yang et al. [40] conducted a meta-analysis of 6 RCTs with 165
SCI patients. The visual analog scale (VAS) and short-form McGill
pain questionnaire ratings were lower in the experimental group as
compared to the control, according to the results of a meta-analysis
(Mean difference [MD] = -1.52, 95%CI, -2.44 to -0.60, P = 0.001,
MD = -0.70, 95% CI, -1.03 to -0.25, P = 0.002, respectively).

Motor function: Three SRs reported outcomes related to the
rehabilitation of motor function in SCI [28,31,32] which can be
categorized into upper and lower motor function.

Among the included studies on upper motor function, the results
were conflicted; in one research, two patients with traumatic spinal
cord injuries (tSCls) who received TENS in addition to their usual
rehabilitation therapy exhibited improvements in hand function,
motor control, and finger muscle strength [44]. The other reported
that applying TENS modulated cervical spinal circuitry to improve
volitional control of upper motor function in tetraplegic individuals
[45]. Another study found that giving SCI patients a 12-week TENS
treatment over their wrist extensor muscles boosts their fatigue
resistance regardless of their exercise regimen. Nevertheless, only the
high-resistance protocol increased muscle strength and was shown to
improve muscle aerobic metabolism after training compared to the
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low-resistance protocol [46]. Nevertheless, a different RCT revealed
that tetraplegic people’s voluntary wrist strength does not enhance
when TENS is added to progressive resistance training programs

[47].

Regarding lower motor function, in one trial the subjects executed
two types of ankle movements: irregular ankle movements along a
predefined trajectory with and without tonic TSCS, and rhythmic
ankle movements (plantar and dorsiflexion) at a predefined pace.
The effects of TSCS on aided over-ground walking were investigated
in a subgroup of eight individuals. The outcomes demonstrated
that ankle movement coordination remained unaltered throughout
stimulation. The measured polysynaptic spinal reflex showed a
considerable reduction of pathogenic activity unique to SCI,
indicating that TSCS at 30 Hz regulated spinal reflex activity. In
the three with the lowest walking function scores as well as the one
with the highest, the subgroup showed positive stimulation effects,
such as increased maximum walking speed or more continuous and
faster stepping at a self-selected speed [48]. For self-assisted standing
following chronic motor and sensory full paralysis with no AEs,
TSCS modified lumbosacral spinal networks in a study including
fifteen SCI patients [49].

Neurogenic lower urinary tract dysfunction (NLUTD):
NLUTD was addressed by 2 SRs [29,36]. Gross et al. SR [29]
reported use of TENS for NLUTD, originated from different
conditions, including SCI. Their research suggests that TENS
is a safe and efficient therapeutic option for those with NLUTD.
The other SR by Parittotokkaporn [36] explicitly investigated the
SCl-induced NLUTD. Through the meta-analysis of 6 RCTs with
353 individuals, they showed that TENS significantly increased

maximum cystometric capacity (standardized mean difference

[SMD]: 1.11, 95% confidence interval [CI]: 0.08-2.14, p = 0.03,
12 = 54%) in acute SCI with no AE. However, it did not affect the

maximum detrusor pressure.

Erectile dysfunction: Only one SR was retrieved in this
category, which included one trial regarding the application of
TENS in the management of post-SCI erectile dysfunction [26].
According to this trial, for patients with partial suprasacral SCI,
TENS of the pelvic floor muscles is a promising, cost-efficient, safe,
and effective physical therapy approach [50]. Although this trial
reported measures of urinary function, it was not included in the
SRs regarding NLUTD, mentioned in the previous category.

Cognition: Same as the previous category, cognitive function
was addressed by one SR in one trial. The impact of therapies for
post-injury cognitive impairment in people with tSCI was analyzed
by Pacheco ez al. SR [35]. In one study, Stampas ez al. [37] looked at
the effectiveness of TTNS in patients with acute SCI who also had
NLUTD. Regarding the safety of TTNS, one of the main findings
of this study was cognition. At the time of inpatient rehabilitation
release, which occurred on average 16 days after admission, there
were no statistically significant changes in cognitive scores between

patients who got TTNS therapy and those who did not.
Quality assessment for included studies

As shown in Table 3, based on the JBI quality assessment tool,
9/16 SRs had a low quality [19,27,28,30-32,34,37,40], 5/16 had
moderate quality [26,29,33,38,39], and only 2/16 SRs were high
quality [35,36]. The main category in which SRs lacked in quality
was the assessment of the publications bias which was only reported

by 3/16 [36,39,40].

Table 3. The quality of the included systematic reviews, based on the JBI checklist. *

Citation Q1** | Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 |Q11 |Overall quality
Moreno-Duarte et al. (2014) [34] Y Y N N Y U Y Y N U Y Low

Lu (2015) [31] Y N Y Y Y U U Y N Y N Low
Gross et al. (2016) [29] Y Y U Y N U Y Y N Y Y Moderate
Mills et al. (2016) [33] Y Y Y Y Y Y Y Y N U N Moderate
Harvey et al. (2016) [30] U Y N Y Y Y Y Y N u Y Low
Garcia etal. (2019) [28] Y U Y N N N N N N U N Low
Thomaz et al. (2019) [39] Y Y N Y Y U Y Y Y Y N Moderate
Fernandez-Tenorio et al. (2019) [27] |Y Y U Y Y U U Y N N Y Low
Afferi et al. (2020) [26] Y Y u N N N u Y N u Y Moderate
Megia Garcia et al. (2020) [19] Y U N Y Y u u Y N u Y Low
Pacheco etal. (2021) [35] Y Y Y Y Y Y Y Y N Y Y High
Taylor etal. (2021) [38] Y Y Y Y Y Y Y Y N N Y Moderate
Parittotokkaporn et al. (2021) [36] Y Y U Y Y Y Y Y Y Y Y High
Yang et al. (2022) [40] Y Y U Y Y U U Y Y Y N Low
Massey et al. (2022) [32] Y Y N Y Y N U Y N Y Y Low
Stampas et al. (2022) [37] Y N N Y Y Y U Y N N N Low
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* JBI critical appraisal checklist questions:

Q1. Is the review question clearly and explicitly stated?

Q2. Were the inclusion criteria appropriate for the review question?

Q3. Was the search strategy appropriate?

Q4. Were the sources and resources used to search for studies adequate?

Q5. Were the criteria for appraising studies appropriate?

Q6. Was critical appraisal conducted by two or more reviewers independently?

Q7. Were there methods to minimize errors in data extraction?
Q8. Were the methods used to combine studies appropriate?

Q9. Was the likelihood of publication bias assessed?

Q10. Were recommendations for policy and/or practice supported by the reported data?

Q11. Were the specific directives for new research appropriate?

**Abbreviations: Q: Question; Y: Yes; N: No; U: Unclear

Discussion

The main output of the current umbrella reviews is a systematic
and uniform assessment of all the evidence, available through SRs

and MAs, on the application of TENS in the rehabilitation of SCI.

The rehabilitation procedure for SCI patients must consider
various aspects of the disease that reflect the diverse needs of
patients. For instance, age and condition, mechanism of injury,
spinal cord lesion site and extent, etc. must all be taken into
account when strategizing the rehabilitation plans [8]. In addition
to physical rehabilitation, several studies discuss the importance of
psychological rehabilitation approaches which have secondary effects
on health, social participation, and QoL [51-53]. Use of electrical
neuromodulation for rehabilitative purposes in SCI individuals
has been the subject of many studies. James ez al. [54] discussed
the use of neuromodulation techniques to activate isolated neuronal
circuitry below the injury site. This approach aims to compensate for
the loss of supraspinal input and facilitate the transmission of sensory
information for processing by higher centers. They also highlighted
the range of approaches in neuromodulation for restoring function
after spinal cord injury, including electrical stimulation of peripheral
muscles, spinal cord, and brain. Gerasimenko ez @/ [55] described
a novel technique of TSCS that neuromodulates the physiological
state of the injured spinal cord. In those with motor-incomplete
SCI, this method has demonstrated potential in regulating central
excitability during voluntary treadmill stepping. Furthermore,
Hofstoetter et al. [56] presented initial data on the use of non-
invasive TSCS to augment voluntary locomotor activity in motor-
incomplete SCI individuals. The study demonstrated the potential
of TSCS in modulating the central state of excitability during
voluntary stepping.

The promising effects of electrical stimulation in the context
of SCI can be investigated in the context of both the intervention
and the condition. To begin with, there is evidence of persistent
supraspinal connections below the damage site after SCI. This
indicates that the sub-lesioned neuronal circuitry continues to
receive supraspinal inputs, but these residual inputs are inadequate
to induce function. Hence, due to this preserved connection, it is
possible that it is affected by external stimulation [57]. Furthermore,
electrical stimulation can also affect the neuronal regeneration

post-SCI [58,59]. For instance, in a study by Singh ez al. [60] low-
frequency electrical stimulation improved axon regeneration and
recovery of motor and sensory function following sciatic nerve
damage.

It is noteworthy to mention that this rehabilitative strategy
comes with several limitations. First, while electrical stimulation
can activate isolated neuronal circuitry below the injury site, it may
not be able to precisely target specific muscles or movements. This
lack of specificity can reduce the efficacy of electrical stimulation
in obtaining intended functional results [54]. Another limitation is
that the effectiveness of this modality can vary widely among the
patient based on individual factors such as the severity and location
of the injury. As a result, it is difficult to anticipate and maximize
the consequences of electrical stimulation therapy. Also, while
some studies have shown positive effects of electrical stimulation
on voluntary movement and standing in individuals with SCI
[61], others have found limited efficacy in preventing bone loss or
improving bone density [62]. Therefore, further research is needed to
better understand the mechanisms underlying the effects of electrical
stimulation and to optimize its long-term benefits.

Conclusion

Rehabilitation plays a vital role in the recovery process following
injury. By maximizing function and minimizing secondary problems,
it promotes patients independence and improves their overall
quality of life. According to current available SRs, TENS holds
promise for the rehabilitation of different SCl-associated conditions,
including spasticity, pain management, and NLUTD. However, this
conclusion is primarily based on low- to moderate-quality SRs. In
addition, the application of TENS in SCI routine rehabilitation is
bound to several limitations that can be addressed by future research,
including lack of specificity, variability in individual responses,
limited understanding of long-term effects, and practical challenges
of implementation.
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