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ABSTRACT 

Study design: A systematic review and meta-analysis of clinical trials.  

Objectives: To determine the effect of non-invasive transcutaneous spinal direct current 

stimulation (tsDCS) on spasticity, activity limitations and participation restrictions in various 

upper motor neuron diseases. 

Methods: Six databases including CINAHL plus, Cochrane CENTRAL, Embase, MEDLINE, SCOPUS 

and Web of Science were searched for the relevant records from January 2008 to December 

2022. Two reviewers independently selected and extracted data on spasticity, activity limitations 

and participation restrictions. The risk of bias was evaluated using the PEDro scale while the 

GRADE approach established the certainty of the evidence.   

Results: Eleven studies were identified of which 5 (45.5%) were rated as having a low risk of bias 

and 8 (72.7%) were meta-analyzed. The meta-analyses did not show any significant differences 

between cathodal (SMD = -0.67, 95% CI = -1.50 to 0.15, P = 0.11, I2 = 75%, 6 RCTs) or anodal (SMD 

= 0.11, 95% CI = -0.43 to -0.64, p = 0.69, I2 = 0%, 2 RCTs) and sham tsDCS for spasticity. There was 

also no significant difference between active and sham tsDCS for activity limitations (SMD = -

0.42, 95% CI = -0.04 to 0.21, p = 0.2, I2 = 0%, 2 RCTs) and participation restrictions (MD = -8.10, 

95% CI = -18.02 to 1.82, p = 0.11, 1 RCT).  

Conclusions: The meta-analysis of the available evidence provides an uncertain estimate of the 

effect of cathodal tsDCS on spasticity, activity limitation and participation restriction. It might be 

very helpful, or it may make no difference at all. However, considering the level of the evidence 
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and the limitation in the quality of the majority of the included studies, further well-designed 

research may likely change the estimate of effect. 

Registration: PROSPERO CRD42021245601 

Keywords: Spasticity, Spinal cord stimulation, Neuromodulation, Neurological rehabilitation, 
Neuronal plasticity, Systematic review 
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INTRODUCTION 

Spasticity is one of the cardinal signs of upper motor neuron (UMN) diseases such as stroke, spinal 

cord injury, multiple sclerosis, cerebral palsy, traumatic head injury, amyotrophic lateral 

sclerosis, brain tumor and spastic paraplegia. It is defined as ‘disordered sensorimotor control 

resulting from an UMN lesion, presenting as intermittent or sustained involuntary activation of 

muscles [1]. This muscle over-activity is characterized by velocity and length-dependent 

hypertonia due to the hyperexcitability of tonic stretch reflexes [2].  The hyperexcitability of the 

stretch reflex results from adaptive changes in the spinal neural networks and intrinsic 

properties of spinal motor neurons following chronic lesions to descending spinal pathways, 

including the dorsal reticulospinal tract [3]. These changes lead to a decrease in disynaptic 

reciprocal inhibition, pre-synaptic inhibition of Ia terminals [4], post-synaptic inhibition, and/or 

autogenic Ib inhibition [5, 6] The net effect of the aforementioned changes is that the α-motor 

neurons will be uninhibited and discharge spontaneously to the extrafusal fibers of stretched 

muscles causing continuous contraction.  

The prevalence of spasticity differs between disease conditions. It is said to be about 40% in 

stroke, 80% in multiple sclerosis, 65% in spinal cord injury, 17% to 50% in traumatic brain injury 

and 90% in cerebral palsy [7-9]. In addition, patients with spasticity experience pain, spasms, limb 

contracture and deformity. These can lead to impairment of dexterity, mobility, and self-care, 

and ultimately to limited functioning and restricted participation [10]. Furthermore, when 

spasticity is untreated or poorly managed, it can be a cause of physical and economic burden for 

patients and their Caregivers [11]. The cost of treatment for patients with spasticity has been 
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reported to be four times higher than for those without spasticity during the first 12 months after 

cerebral infarct [12]. As such, spasticity, together with other factors including pain, bladder 

problems, fatigue, and sleep, may have significant negative effects on health-related quality of 

life in patients with UMN conditions [13]. For instance, in an international survey of 427 patients 

with spasticity and their caregivers, 90% of the participants reported that spasticity affected at 

least one aspect of their quality of life [14]. 

There are many treatment approaches for spasticity including oral medications such as baclofen, 

tizanidine and dantrolene; focal injection of botulinum toxin, alcohol or phenol; baclofen 

delivered intrathecally through a pump; and surgical resection of selected dorsal roots of the 

spinal cord [15]. However, the surgical procedure is expensive and associated with complications 

such as sensory loss, urinary incontinence, low-back pain, and spinal deformity [16]. The 

medications are also not devoid of systemic side effects such as hyperthermia, hypotension, 

seizures, altered mental status and hallucination [17]. Other approaches such as physical 

management interventions do not treat the neuronal cause of spasticity [18]. They focus mainly 

on improving performance, relieving discomfort, and pain, and preventing secondary 

complications including contractures and pressure ulcers [19]. The optimal spasticity 

management has continued to elude practitioners. A relatively new form of intervention, 

transcutaneous spinal direct current stimulation (tsDCS), has been trialed. 

The tsDCS has been established as a procedure to modulate spinal cord activity [20], and early 

experiments have indicated hope in its utilization as a tool to treat the neuronal cause of 

spasticity [21, 22]. The tsDCS consists of a constant direct current over the spinal cord through a 
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pair of sponge electrodes, cathode, and anode, one placed over the spinal cord and the other 

(the reference) over the right arm [23]. The direct current intensity is in the range of 1.5–2.5 mA 

which is below the perceptual threshold, and the effects last from minutes to hours [21]. Studies 

have shown that the electric fields induce differential polarization of the spinal motor neurons 

so that a persistent dendritic Ca2+ inward current modulates motor neuron excitability [24-26]. 

Several studies have already demonstrated the efficacy of this modality in reducing spasticity and 

improving α-motor neuron recruitment in patients with spinal cord injury [27-30], stroke, [31, 

32] and hereditary spastic paraplegias [33]. However, this technique has been limited to the 

laboratory for research purposes only. It is also pertinent to note that there is no systematic 

review that primarily investigates the effectiveness of this novel technique in treating spasticity. 

This would better inform future studies and its clinical application.  

As highlighted above, the pathophysiology of spasticity in all UMN diseases is the same and it is 

integrated in the transverse segments of the spinal cord [2]. It entails hyperexcitation of the 

stretch reflex arch following a period of shock or flaccidity and the absence of descending 

inhibitory drive due to the damaged dorsal reticulospinal tract [3]. Though the severity of the 

spasticity is higher when the affectation of the above extrapyramidal tract is at the spinal cord or 

brain stem level than at an internal capsule or cortex [34], the spinal segments are the targets of 

the stimulation, and the proposed mechanisms of action are the same for the two electrodes 

[21]. Thus, we aimed to carry out a comprehensive systematic review of the available evidence 

on the effectiveness of tsDCS in any condition leading to upper motor dysfunction including spinal 

cord injury, s t r o k e ,  multiple sclerosis, cerebral palsy, traumatic head injury, amyotrophic 

lateral sclerosis, brain tumor and spastic paraplegia. Specifically, we sought to determine the 
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effectiveness of tsDCS in the reduction of spasticity, based on any valid and reliable outcome 

measure and the subsequent effects on activity limitations and participation restrictions. 

METHODS 

Eligibility criteria 

PECOS structure (P-patients, E-exposure, C-comparison, O-outcome, and S-study design) was 

used to establish the following inclusion criteria: 1) patients with upper motor neuron diseases, 

(2) non-invasive spinal direct current stimulation was given as an intervention, regardless if there 

were other interventions provided (3) outcomes included assessment of spasticity, and (4) the 

studies were Randomized Controlled Trials (RCT) or Cross-over Clinical Trials (CCT). We excluded: 

(1) studies that used spasticity interventions together with tsDCS in the same group of 

participants without subjecting the sham group to similar intervention to cancel out its effect and 

(2) studies not reported in the English language including tables and abstracts. However, we 

included one study, (Savenkova et al., 2019) [35], reported in Russian language because both the 

abstract and the tables were comprehensively written in English. 

Information Sources 

An electronic search of titles and abstracts of articles was conducted in the following databases: 

CINAHL Plus, Cochrane CENTRAL, Embase, MEDLINE, SCOPUS and Web of Science. In addition, 

the following trial registers were searched: the Pan African Clinical Trial Registry, 

ClinicalTrials.gov, and the International Clinical Trials Registry Platform (ICTRP). Principal 
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investigators of the relevant completed trials were contacted for data where applicable. Finally, 

the reference lists of the included studies were manually searched for eligible papers. 

Search Strategy 

The following search terms were developed based on the titles of the relevant studies obtained: 

“trans-spinal cord stimulation” or “spinal direct current stimulation” or “non-invasive spinal 

stimulation” or “Transvertebral direct current stimulation” or “electrical spinal stimulation” or 

“neuromodulation” or “spinal cord stimulation” and “spasticity” or “hypertonia”. The 

aforementioned terms were entered into all databases and trial registries. To improve the 

precision and specificity of the search, we used three filters: “publication dates” (January 2008 

to December 2022), “species” (Humans) and “Language” (English). Publication dates were used 

as a filter because tsDCS was first proposed in humans in 2008. The review protocol was 

registered in the International Prospective Register of Systematic Reviews (PROSPERO) with a 

registration number: CRD42021245601. This report was written according to the Preferred 

Reporting Items for Systematic Reviews and Meta-analysis (PRISMA). 

Selection process 

EndNote software (version 20.2) was used to remove duplicates among the identified records. 

The remaining records were imported into Covidence software for screening, quality assessment 

and data extraction. The software detected and removed more duplicates. Covidence was 

designed by researchers familiar with the systematic review process in order to make reviews 

more efficient [36]. It is the primary screening and data extraction tool for Cochrane authors. 

Two reviewers logged into the software and independently screened the titles and abstracts of 
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the remaining records for any evidence of non-invasive spinal direct current stimulation and/or 

assessment of spasticity. After the exclusion of the irrelevant records, the full-texts of the 

remaining records were retrieved and imported into the software. The two independent 

reviewers assessed the full-texts of the studies against the eligibility criteria of the review. The 

studies that qualified were moved to the next stage of data extraction and quality assessment. 

At each stage, the two reviewers discussed and reached a consensus on conflicts, with the help 

of a third reviewer (MSD), before moving ahead and the software assessed the level of inter-rater 

agreement using Cohen’s kappa (ӄ) statistic [37]. 

Data collection process 

The leading reviewer designed a customized data extraction template in Covidence software. 

Two independent reviewers extracted the required data from the included studies. In the case 

of conflicts, a consensus was reached among the reviewers and the software assessed the level 

of the disagreement using Cohen’s Kappa (ӄ).  

Data items 

In this review, based on the International Classification of Functioning, Disability and Health (ICF), 

spasticity was considered as an impairment that can lead to activity limitation and participation 

restriction in individuals with UMN disease conditions. For spasticity, we focused on clinical 

measures such as the Modified Ashworth Scale (MAS), Modified Tardieu Scale (MTS), and more 

objective tools such as Wartenberg’s Pendulum Test (WPT) and Hoffmann’s reflex (H-reflex) 

parameters. MAS entails grading the increased muscle tone on an ordinal scale of 0-4 (with an 
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additional grade of +1) based on resistance to passive movement across a relaxed joint [38]. MTS 

quantifies muscle tone at a specified speed, as slow as possible and as high as possible, to 

determine the dynamic component of the muscle contracture [39]. WPT of spasticity entails 

letting the lower leg swing freely under the influence of gravity while recording joint kinematics 

using an electrogoniometer [40].  H-reflex is an electrically induced reflex analogous to the 

mechanically induced spinal stretch reflex. The primary difference between the two is that H-

reflex bypasses the muscle spindle [41] by activating Ia-afferent (sensory) fibers to reach the α-

motor neuron pool of the corresponding muscle to the efferent (motor) fibers [42]. The efferent 

portion of the H-reflex pathway results from action potentials generated by the α-motor neurons, 

traveling along the efferent fibers until they reach the neuromuscular junction and produce a 

twitch response in the electromyography (EMG) (the H-reflex) corresponding to a synchronized 

contraction [43]. 

For activity limitation and participation restriction, generic measures that can be used for the 

general population such as Functional independence Measure, Barthel Index, Gross Motor 

Function Measure, 10-Meter Walk Test, 6-Minute Walk test, Short Form-36, WHO Quality of Life 

– BREF, etc, were considered. We also included disease-specific measures such as Spinal Cord 

Independence Measure III and Spastic Paraplegia Rating Scale. The main variable extracted for 

this review was the mean ± standard deviation of spasticity, activity limitation and participation 

restriction measures for study and control groups immediately after the last tsDCS session. Other 

variables extracted were study design, number of participants, patients’ conditions, outcome 

measures, active and sham interventions, and parameters of stimulation, results and number of 

follow-ups. 
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Methodological Quality Assessment 

The methodological quality (internal validity) of the included studies was assessed using 

Physiotherapy Evidence Database (PEDro) scale. The scale was developed by Verhagen et al. 

(1998) [44] based on the Delphi consensus technique to develop a list of criteria thought by the 

experts in the field to measure the methodological quality. The number of items in the scale and 

the design of the included studies were used to guide the scoring of the PEDro scale. Item 1 refers 

to the external validity of the included studies and thus, was not included in the total PEDro 

scores [45]. Items 2 - 9 are related to the internal validity of studies and items 10 and 11 refer to 

statistical analysis, ensuring sufficient data to enable appropriate interpretation of the results. 

Generally, studies scoring ≥ 6 out of 10 were considered high-quality, while studies scoring < 6 

out of 10 were considered low-quality [46]. None of the included studies was available on the 

PEDro website. Hence, two independent reviewers performed the assessment and discussed 

their scores to reach a consensus. 

Effect measures 

For the meta-analysis, due to the variations in the scale of the outcome measures used in the 

included studies, we considered the standardized mean difference (SMD) of spasticity and 

activity limitations measures immediately after the intervention for the experimental sessions 

(anodal or cathodal tsDCS), compared to sham tsDCS sessions. Though many of the included 

studies assessed spasticity using MAS, a short ordinal scale, SMD as a summary statistic for 

continuous data was used for the analysis as recommended by Cochrane [47], because the 

authors expressed the data as Mean and SD. In addition, we used common standard deviations 
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of the control groups to calculate Cohen’s d for the effect sizes because we pooled weighted 

mean difference from both RCTs and CCT [48]. 

Syntheses Methods 

The data syntheses for the quantitative analysis were done by considering homogeneity among 

the studies in terms of active electrodes used in spinal cord stimulation. Meta-analysis was done 

for at least two homogenous studies. Five groups emerged: Group 1 consists of six studies; four 

assessed spasticity with Modified Ashworth Scale [35, 49-51] and the remaining two with 

pendulum test [52, 53] following cathodal stimulation. Group 2 consists of two studies [33, 54] 

that assessed spasticity with Modified Ashworth Scale following anodal stimulation. Group three 

consists of two studies [50, 51] that assessed activity limitations using the Spinal Cord 

Independence Measure III (SCIM III) and Gross Motor Function Measure (GMFM-88) following 

cathodal stimulation. Group four consists of one study [33] that assessed activity limitations using 

SPRS after anodal stimulation. Group five consists of one study [51] that assessed participation 

restrictions using WHO-QOL-BREF following cathodal stimulation. 

The means ± SDs of the spasticity data were extracted for the analysis. When the data was not 

clear, the corresponding authors were contacted for clarification. We excluded studies [55-57] by 

authors that failed to reply to the emails sent to them. In one of the included studies,41 the result 

was reported using Median (IQR). We calculated the mean using the following equation by Hozo 

et al. (2005) [58]: Mean = , where a = the smallest value (minimum); b = the largest value 

(maximum); n = the sample size; m = Median. According to the Cochrane guidelines, the standard 

deviation was calculated by taking a quarter (1/4) of the difference between the maximum and 
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minimum values of IQR [47]. Three studies presented results in terms of the standard error of 

the mean (SEM). Each was converted into standard deviation using the following equation: SD = 

SEM * (√ ) [59]. 

Our meta-analysis included both within and between-subjects designed studies. Cross-over 

clinical trials are within-subject studies otherwise called repeated measure designs because all 

the participants were subjected to both experimental and control conditions, usually in random 

or counterbalanced orders to minimise carryover [48]. In such studies, there is a high correlation 

between the repeated measures due to the test-retest application of outcome measures [60]. As 

such, there is the possibility of overestimating effect size if the normal method of calculating 

effect size is used [51]. Therefore, the SD of the control group was used in the computation of 

the effect size [48]. 

Analysis 

The result of the meta-analysis for each group was graphically presented using a forest plot 

containing each study’s weighted effect size, 95% CI, and an overall pooled effect size depicted 

as a big diamond all in one concise table. From this plot, we can observe the distribution of effect 

sizes and determine crudely if there is variation between the studies. Review Manager Software 

(RevMan; version 20.2) was used to pool effect sizes for analysis. I2-statistic was calculated to 

determine the proportion of heterogeneity among the studies and to guide the choice of 

statistical model for the analysis in accordance with Cochrane guidelines. Studies were 

considered to be homogenous when the ρ-value was greater than 0.05 and the heterogeneity 

index (I2) is ≤ 50% and the fixed-effect model was used for the meta-analysis. Studies with 
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heterogeneity index (I2) > 50 % and a p-value of less than 0.05 were considered to be 

heterogeneous and a random-effects model was used for analysis. 

Certainty assessment 

Grading quality of evidence and strength of recommendation (GRADE) criteria were employed to 

assess the certainty (confidence) in the body of evidence for each meta-analyzed outcome [61]. 

The quality of evidence was determined by considering four elements in each group: study 

quality, consistency, precision, and directness. The quality of the evidence was rated as either 

high-quality, moderate-quality, low-quality or very low quality (Appendix 1).  

RESULTS 

Study selection 

A total of 890 records were obtained from the search in the databases; MEDLINE (56), Embase 

(398), Scopus (287), CINAHL (9), Cochrane CENTRAL (44) and Web of Science (96). In addition, a 

search in the trial registries and reference lists of the included articles yielded five and two 

records respectively. Endnote and Covidence software were used to remove 388 duplicates from 

the records. After screening the remaining 509 titles and abstracts, 453 were excluded based on 

the eligibility criteria. Cohen’s Kappa revealed nonsignificant inter-rater agreement (ӄ = 0.48, P > 

0.05). As pre-specified, differences were resolved through consensus. The full texts of the 

remaining 56 records were reviewed and 45 records were excluded for not fulfilling the eligibility 

criteria. One study [30], however, appeared to have fulfilled the criteria but was excluded 

because the subjects in the experimental group received tsDCS paired with peripheral nerve 

stimulation which compounded the result. Cohen’s Kappa revealed significant inter-rater 
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agreement (ӄ = 0.83, P < 0.05) at this stage. A total of 11 eligible studies [33, 35, 49-57] were 

included in the review. Two studies [55, 56] that assessed spasticity and activity limitations using 

MAS and GMFM-88 reported incomplete data. Another study [57] reported a raw score of 

spasticity using MAS without assigning a score for the low muscle tone category. The 

corresponding authors of those three studies [55-57] were contacted for unpublished data or 

clarification but did not reply to the emails and subsequent reminders. Consequently, those 

studies were excluded from the meta-analysis. However, eight studies [33, 35, 49-54] provided 

sufficient data to be included in the meta-analysis (Figure 1).   

Methodological Quality Assessment 

The methodological quality assessment was conducted using the PEDro scale (Table 1). Overall, 

five studies were found to be of high quality (score of ≥ 6/10). The remaining six studies have a 

low quality (score of < 6/10). Specifically, most of the studies reported samples being 

randomized, but only 18% of the studies stated the method of concealed allocation to groups. 

Patients were not blinded to the treatment they received in 55% of the studies. As expected, no 

studies blinded those that administered the intervention to the patients’ groups. Outcome 

assessors were also not blinded to the group of patients in 45% of the studies. Lastly, intention-

to-treat analysis was performed in only 27% of the studies. 

Study characteristics 

The total study sample comprised 177 patients with various UMN disorders; 106 men and 71 

women, and 41 participants where gender was not specified. The age of the patients ranged from 

6 – 65 years. The majority of the patients (50.8%) had spinal cord injury, while the remaining had 
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cerebral palsy (30.5%), multiple sclerosis (19.8%), stroke (16.9%), and hereditary spastic 

paraplegia (6.2%) (Table 2). 

Effects of stimulation 

The cathode was used as an active electrode in 9 studies, while the anode was active in the other 

two studies. In the studies that sought to induce effects in the lower limb [33, 35, 49, 50, 52-54, 

56, 57], the active electrode was placed at the lower thoracic (T10-T12) or upper lumber 

interspinous spaces (L1-2). For the purpose of effects on upper extremities, the active electrode 

was placed at the cervical spine (C5-C6) in three studies [35, 51, 55]. Among the studies that 

applied cathodal stimulation, seven studies assessed spasticity using MAS with three of them; 

Inanici et al. (2021) [51], Freyvert et al. (2018) [56], and Shapkova et al. (2020) [57], reported 

significant improvement in the score of the outcome measure in patients with SCI. The other four 

studies by Savenkova et al. (2019) [35], Picelli et al. (2015) [49], Solopova et al. (2017) [50], and 

Ikoeva et al. (2016) [56] reported no change in the outcome in SCI, CP, and stroke patients 

respectively. In the other two studies by Estes et al. (2017) [52] and Estes et al. (2021) [53], 

spasticity was assessed using the first swing excursion of the pendulum test in patients with SCI 

following cathodal stimulation and reported significant and nonsignificant improvement 

respectively.  

Only two studies administered anodal stimulation and monitored spasticity using MAS. Ardolino 

et al. (2021) [33] reported Significant improvement, while Berra et al. (2019) [54] reported no 

change in patients with multiple sclerosis. Two studies assessed the excitability of α-motor 

neurons using Hoffmann’s reflex (H-reflex) and reported varying findings. Ardolino et al. (2021) 
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[33] did not find a significant difference between sham and experimental conditions based on H-

reflex amplitude and H-max/M-max ratio in their study on patients with hereditary spastic 

paraplegias. However, Shakpova et al. (2020) [57] reported an increase in excitation following 

stimulation in patients with SCI.  

Concerning the activity limitations, Ardolino et al. (2018) [33] reported no improvement in SPRS 

scores with anodal stimulation. Conversely, Solopova et al. (2017) [50] and Ikoeva et al. (2016) 

[56] reported significant improvements in GMFM-88 scores following a combination of 

locomotive training and cathodal stimulation in cerebral palsy patients. Similar findings have 

been reported by Inanici et al. (2021) [51] in patients with SCI based on improvements in SCIM III 

scores following cathodal stimulation. Furthermore, this is the only study in this review that 

assessed participation restriction. They reported improvements in psychological well-being and 

physical health domains of WHO-QOL-BREF. 

Meta-analyses comparisons 

The first meta-analysis included six studies [35, 49-53] of 110 patients to determine the effect of 

cathodal tsDCS as an adjunct intervention to exercise on spasticity as assessed with the MAS and 

WPT. The outcome indicated no significant difference between the experimental and the control 

groups (pooled SMD = -0.67, 95% CI = -1.50 to 0.15, P = 0.11). There was also significant 

heterogeneity among the studies (I2 = 75%) and a sensitivity analysis was conducted to find the 

source of the heterogeneity. The sensitivity analyses by removing Picelli et al. [49] and Savenkova 

et al. [35] supported the meta-analysis finding of no significant difference (pooled SMD = -0.03, 

95% CI = -0.49 to 0.42, P = 0.89) with no observed heterogeneity (I2 = 0%) (Figure 2).  
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Although the above result indicated that cathodal tsDCS does not have a statistically significant 

effect on spasticity and the 95% CI crosses the line of no effect, the outcome may not be without 

any clinical relevance. Firstly, SMD is reported in the units of the standard deviation of the Mean 

Difference (MD) rather than that of any of the measurement scales used in the studies; thus 

allowing direct interpretation. Generally, an SMD of zero (0) indicates that the intervention may 

not have had any effect. SMD above zero (+ve) indicates that the intervention increased the 

outcome, while that below zero (-ve) means the intervention reduced the outcome. Since the 

desired impact of the cathodal tsDCS was the reduction of spasticity, then an SMD of -0.67 

indicated that the stimulation was moderately to largely effective in reducing the spasticity in the 

experimental group compared to the control by more than half of the Mean Difference (MD). 

This was more apparent when the SMD was converted to the units of the most predominant 

spasticity measure, MAS, by multiplying it with the pooled standard deviation of spasticity 

baseline scores in one of the studies as recommended by Cochrane [47]. We used an SD of 0.24 

reported in a study by Picelli et al. (2015) [49] because it gives a higher positive outcome 

compared to other studies. We obtained an MD of -0.16 indicating that the MAS spasticity score 

in the intervention group was on average 0.16 lower than that in the control group. Considering 

the 95% CI = -1.50 to 0.15, it appears that the intervention will have some true clinical in the 

wider world population of people with spasticity. The lower arm of the 95% CI shows that the 

true effect might be double that moderate effect (150% SD or 1.5*0.24 = 0.36), though the upper 

arm indicates that it might have a weak or no effect or even a mildly harmful effect of increasing 

the spasticity (15% SD or 0.15*0.24 = 0.036).  
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The second meta-analysis comprised two studies, [33, 54] with 55 patients, investigating the 

effect of anodal tsDCS on spasticity as measured by the MAS. The outcome indicated no 

significant difference between the experimental and control groups (pooled SMD = 0.11, 95% CI 

= -0.43 to 0.64, p = 0.69), with no observed heterogeneity (I2 = 0%) (Table 3). A positive SMD 

(0.11) indicates that the anodal tsDCS mildly increased spasticity in the intervention group by a 

value of 0.13 on MAS when we considered the SD of 1.2 in the study by Berra et al. (2019) [54]. 

In the world population, however, the 95% CI shows that the intervention may have worthwhile 

effects in either direction (-0.43 = moderate favourable effect, through to 0.69 = moderate 

unfavourable effect). Therefore, the true clinical impact is uncertain as it might be helpful, be 

harmful, or have negligible effect.  

The third analysis involves two studies [50, 51] with 40 patients to assess the effect of cathodal 

tsDCS on activity limitations in patients with spasticity impairment. The outcome indicated no 

significant difference between the experimental and control groups (pooled SMD = -0.42, 95% CI 

= -1.04 to 0.21, p = 0.2), with no observed heterogeneity (I2 = 0%) (Table 3). However, the negative 

SMD (-0.42) indicates that the cathodal tsDCS reduced the activity limitation in the intervention 

group by a value of 21.55 on GMFM-88 scale when we considered the SD of 51.3 in the study by 

Solopova et al. (2017) [50]. Based on the 95% CI, the decrease could be as much as 53.35 in the 

world population, but the limitation could also be marginally increased by 10.77. Thus, cathodal 

tsDCS may have some clinical impact on disability due to a reduction in spasticity, but with a slight 

risk of increase.   
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Single study comparisons 

A single study comparison was conducted for studies that provided sufficient data. The outcome 

indicated no significant difference between the experimental and control groups for activity 

limitation in 22 patients following anodal stimulation (MD = -1.00, 95% CI = -11.32 to 9.32, p = 

0.85) [33], and participation restriction in 12 patients following cathodal stimulation (MD = -8.10, 

95% CI = -18.02 to 1.82, p = 0.11) (Table 3). The 95% CI indicated an inconclusive effect of the 

intervention on the outcomes. Cathodal stimulation might improve participation restriction in 

patients with SCI as measured using WHO-QOL-BREF or not be beneficial at all. Anodal 

stimulation might increase activity limitation or improve it in patients with Spastic Paraplegia as 

assessed using SPSS.  

Certainty of evidence 

We assessed the quality of evidence for each meta-analysis using the grading quality of evidence 

and strength of recommendations (GRADE). After discussion, we agreed that there was low-

quality evidence for the relative effects of cathodal spinal cord stimulation compared to sham 

stimulation on spasticity, activity limitations and participation restrictions. However, the overall 

effects did not favor any intervention. For anodal spinal cord stimulation compared to sham 

stimulation, we agreed that there was moderate-quality evidence for the nonsignificant effects 

on spasticity and activity limitations (Table 3). 
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DISCUSSION 

The present study systematically searched for and reviewed the effect of non-invasive direct 

current spinal stimulation on spasticity in various upper motor neuron conditions. Overall, there 

is respective low-quality and moderate-quality evidence that neither cathodal tsDCS (c-tsDCS) 

nor anodal tsDCS (a-tsDCS) was effective in the improvement of spasticity. The nonsignificant 

effects of tsDCS on spasticity in our review contradict the findings of a previous systematic review 

that included 13 studies to analyze the feasibility and efficacy of tsDCS on motor function in 

individuals with spinal cord injury [62]. The differences in the findings could be attributed to the 

fact that they included only three studies that examined the effects of the stimulation on spinal 

spasticity syndrome and the meta-analysis was not conducted due to the high degree of 

heterogeneity among the studies.  

The results of our meta-analysis indicate that there is no enough evidence to support the 

effectiveness of tsDCS in reducing spasticity using any type of electrode. Nevertheless, the results 

of cathodal tsDCS applied by Picelli et al. (2015) [49], Savenkova et al. (2019) [35], Inanici et al. 

(2021) [51] and Estes et al. (2017) [52] showed high effect sizes favorable to tsDCS. Conversely, 

the studies by Ardolino et al. (2018) [33] and Berra et al. (2019) [54] that used anodal tsDCS 

showed inconclusive effect sizes. Thus, these outcomes have further supported the most 

prevailing theory that the modulatory effects of tsDCS on spinal segmental excitation are polarity 

dependent; [21] with cathodal and anodal tsDCS having different effects.  

The effects of the c-tsDCS could be attributed to induced changes at both presynaptic and 

postsynaptic levels in the stretch reflex arc. At the presynaptic level, c-tsDCS reduces the 



22 
 

excitability of the Ia–αmotor neuron synapse by reducing the release of excitatory 

neurotransmitters [63]. The increase in excitation at these synapses has been implicated in the 

pathophysiology of spasticity [2]. Level of excitation at the synapse has been studied 

electrophysiologically using Hoffman’s reflex (H-reflex), utilizing parameters such as H-reflex 

amplitude and homosynaptic depression (HD) [21, 22, 64-68]. In particular, HD, representing a 

reduced H-reflex amplitude within 8 – 12 seconds following activation of Ia–αmotor neuron, has 

been reported to decrease in spastic patients [63]. Thus, the ability of c-tsDCS to increase HD in 

normal individual supports its positive effects on spasticity [21]. On the other hand, a-tsDCS 

decreases HD in healthy individuals; which may explain its ineffectiveness in reducing spasticity. 

While c-tsDCS reduces the excitability of Ia–αmotor neuron synapse presynaptically, it increases 

the excitation of the motor neurons postsynaptically via direct inhibition of the spinal GABAergic 

system [69], and/or increases glutamate release at the spinal cord [70].  

Apart from the effects of tsDCS on spasticity, we also analysed the subsequent changes in activity 

limitations and participation restrictions. We found low-certainty evidence that the stimulation 

did not improve the disability and handicap. However, only four studies assessed activity 

limitations and only those by Solopova et al. (2017) [50] and Inanici et al. (2021) [51] that used 

GMFM-88 and SCIM III following c-tsDCS provided enough data to be included in the analysis. 

Thus, future studies may change our confidence in the results since the analysed studies 

displayed high effect sizes in favour of stimulation. Only Inanici et al. (2021) [51] assessed 

participation restrictions after applying c-tsDCS. A single study comparison revealed 

nonsignificant improvement; even though the effect size favored the stimulation. These findings 
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indicate that reduction of spasticity alone without other factors such as pain, bladder 

dysfunction, fatigue and sleep problems may not improve disability and quality of life [13]. 

We used GRADE to assess the level of evidence supporting our findings [61]. There was low-

quality and moderate-quality evidence for the lack of effects of cathodal and anodal tsDCS on 

spasticity respectively. Factors such as high heterogeneity among the studies, few studies with 

small sample sizes, and the use of subjective spasticity outcome measures might have reduced 

the quality of the evidence. We found substantial heterogeneity among the studies following the 

meta-analysis for the c-tsDCS group. As a result of the small number of studies, we did not 

calculate Q-statistic to determine whether the variation was due to sampling error alone or to 

some other yet unexplained factor. However, there is an indication that the different conditions 

of the patients in the studies might have caused the heterogeneity. This is because, among the 

six studies included in that group, four included spinal cord injured patients, [35, 51-53] while the 

remaining included those with stroke [49] and cerebral palsy [50]. After the analysis, we observed 

that the mean of one study [51] was an outlier because they summed up all the MAS scores of 

some selected muscles in the upper and lower limbs with a range from 0 to 40 points. In addition, 

the outcomes were measured using different scales. These variations, therefore, informed our 

choice for the standardized mean difference in the meta-analysis.  

Generally, the decision to include any study that reported assessing spasticity in UMN conditions 

following tsDCS is a limitation in the review procedure since the level of severity of spasticity 

varies across the conditions. We did that in order to include many studies since the 

pathophysiological mechanisms of spasticity are similar in all conditions. Therefore, there is a 
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need for future reviews to be conducted for each condition. In the majority of the included 

studies, spasticity was assessed using the MAS. This tool is widely used to measure spasticity in 

the clinic due to ease of application and has been reported to be reliable [71]. However, it is not 

considered suitable to be used in mechanistic research due to its inability to differentiate the 

components of muscle tone (viscoelastic versus reflex activation of the contractile elements) 

[72]. In addition, the assignment of a score using this tool is subject to bias as it can be performed 

at different velocities and by different investigators. Nevertheless, few studies assessed spasticity 

using the preferred WPT which can objectively measure both the electrophysiological and 

biomechanical factors of spasticity. In addition, H-reflex was used to assess spasticity in two 

studies [33, 57], but these did not provide enough data to be included in the meta-analysis. Our 

review was further limited by the study design of the trials that were included. Some of the 

studies were cross-over designed trials with a small number of participants. Even the RCTs were 

not statistically powered to enable the generalization of their findings. Furthermore, we did not 

consider the variation in the stimulation protocol in the data synthesis due to the small number 

of eligible studies. A future review should cover that, as well as the possible persistence of the 

effects on follow-up since tsDCS can induce neuroplastic changes. 

CONCLUSION  

Overall, the meta-analysis of the available evidence provides an uncertain estimate of the effect 

of cathodal tsDCS on spasticity, activity limitation and participation restriction. It might be very 

helpful or it may make no difference at all. Therefore, the present evidence does not support the 

use of tsDCS in isolation or as adjuvant therapy in the management of spasticity. However, 
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considering the level of the evidence and the limitation in the quality of the majority of the 

included studies, further research may likely change the estimate of effect. Hence, there is a need 

for well-designed and statistically powered RCTs to assess the effect of this intervention in 

different UMN conditions using objective outcome measures.  

DATA AVAILABILITY 

The datasets analysed during this review are openly available within the article and its 

supplementary files. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



26 
 

REFERENCES 

1. Pandyan, AD, Gregoric, M, Barnes, MP, Wood, D, Van Wijck, F, Burridge, J, et al. Spasticity: 

clinical perceptions, neurological realities and meaningful measurement. Disabil Rehabil. 

2005; 27 (1-2): 2–6. 

2. Sheean, G. The pathophysiology of spasticity. Eur J Neurol. 2002; 9(Suppl. 1): 3-9. 

3. Ivanhoe, CB, Reistetter, TA. Spasticity: the misunderstood part of upper motor neuron 

syndrome. Am J Physl Med Rehabil. 2004; 83: S3-S9.  

4. Faist, M, Mazevet, D, Dietz, V, Pierrot-Deseilligny, E. A quantitative assessment of presynaptic 

inhibition of Ia afferents in spastics. Differences in hemiplegics and paraplegics. Brain. 1994; 

117 (6): 1449–1455.  

5. Crone, C, Johnsen, LL, Biering-Sørensen, F, Nielsen, JB. Appearance of reciprocal facilitation 

of ankle extensors from ankle flexors in patients with stroke or spinal cord injury. Brain. 2003; 

126 (2): 495–507.  

6. Boulenguez, P, Liabeuf, S, Bos, R, Bras, H, Jean-Xavier, C, Brocard, C, et al. Down-regulation 

of the potassium-chloride cotransporter KCC2 contributes to spasticity after spinal cord 

injury. Nat Med. 2010; 16: 302–307.  

7. Holtz, KA, Lipson, R, Noonan, VK, Kwon, BK, Mills, PB. Prevalence and effect of problematic 

spasticity after traumatic spinal cord injury. Arch Phys Med Rehabil. 2017; 98 (6): 1132-1138. 

8. Pérez-Arredondo A, Cázares-Ramírez E, Carrillo-Mora P, Martinez-Vargas, M, Cardenas-

Rodriguez, N, Coballase-Urrutia E, et al. Baclofen in the therapeutic of sequele of traumatic 

brain injury: Spasticity. Clin Neuropharmacol. 2016; 39(6): 311-319.  



27 
 

9. Harb A, Kishner S. Modified ashworth scale. InStatPearls [Internet] 2022 May 8. StatPearls 

Publishing.  

10. Ghai, A, Garg, N, Hooda, S, Gupta, T. Spasticity–Pathogenesis, prevention and treatment 

strategies. Saudi J Anaesth. 2013; 7(4):453-460.  

11. Martin, A, Abogunrin, S, Kurth, H, Dinet, J. Epidemiological, humanistic, and economic burden 

of illness of lower limb spasticity in adults: a systematic review. Neuropsychiatr Dis Treat. 

2014; 10: 111–122.  

12. Lundström, E, Smits, A, Borg, J, Terént, A. Four-fold increase in direct costs of stroke survivors 

with spasticity compared with stroke survivors without spasticity: the first year after the 

event. Stroke. 2010; 41: 319–24.  

13. Sandstedt, P, Johansson, S, Ytterberg, C, Ingre, C, Holmqvist, LW, Kierkegaard, M. Predictors 

of health related quality of life in people with amyotrophic lateral sclerosis. J Neurological Sci. 

2016; https://doi.org/:10.1016/j.jns.2016.09.034  

14. Patel, AT, Wein, T, Bahroo, LB, Wilczynski, O, Rios, CD Murie-Fernandez, M. Perspective of an 

International Online Patient and Caregiver Community on the Burden of spasticity and impact 

of botulinum neurotoxin therapy: survey study. JMIR Public Health Surveill. 2020; 6(4): 

e17928.  

15. Kheder, A, Nair, KPS. Spasticity: pathophysiology, evaluation and management. Practical 

Neurol. 2012; 12: 289–298.  

16. Grunt, S, Becher, JG, Vermuelen, RJ. Long-term outcome and adverse effects of selective 

dorsal rhizotomy in children with cerebral palsy: a systematic review. Dev Med Child Neurol. 

2011; 53: 490-498.  



28 
 

17. Chang, E, Gosh, N, Yanni, D, Lee, S, Alexandru, D, Mozaffar, T. A review of spasticity 

treatments: pharmacological and interventional approaches. Crit Rev Phys Rehabil Med. 

2013; 25(1-2): 11-22.  

18. Dietz V, Sinkjaer T. Spasticity. In: Verhaagen J, McDonald JW (eds). Handbook of Clinical 

Neurology. 3rd ed. Elsevier; 2012. pp. 197 – 211.  

19. Rayegani SM, Babee M, Raeissadat SA. Rehabilitation Medicine Management of Spasticity. In: 

Larrivee D, Rayegani SM (eds). Neurostimulation and Neuromodulation in Contemporary 

Therapeutic Practice. London, United Kingdom: IntechOpen Limited; 2020. pp. 87–109. 

20. Eccles, JC, Kostyuk, PG, Schmidt, RF. The effect of electric polarization of the spinal cord on 

central afferent fibres and on their excitatory synaptic action. J Physiol. 1962; 162: 138–50. 

21. Winkler, T, Hering, P, Straube, A. Spinal DC stimulation in humans modulates post-activation 

depression of the H-reflex depending on current polarity. Clin Neurophysiol. 2010; 121: 957–

61.  

22. Cogiamanian, F, Vergari, M, Schiaffi, E, Marceglia, S, Ardolino, G, Barbieri, S, et al. 

Transcutaneous spinal cord direct current stimulation inhibits the lower limb nociceptive 

flexion reflex in human beings. Pain. 2011; 152 (2): 370–5. 

23. Priori, A, Ciocca, M, Parazzini, M, Vergari, M, Ferrucci, R. Transcranial cerebellar direct current 

stimulation and transcutaneous spinal cord direct current stimulation as innovative tools for 

neuroscientists. J Physiol. 2014; 592: 3345–3369.  

24. Ahmed, Z. Effects of cathodal trans-spinal direct current stimulation on mouse spinal network 

and complex multi joint movements. J Neurosci. 2013; 33(37): 14949-14957.  



29 
 

25. Ahmed, Z. Trans-spinal direct current stimulation alters muscle tone in mice with and without 

spinal cord injury with spasticity. J Neurosc.i 2014; 34: 1701–9.  

26. Wieraszko, A, Ahmed, Z. Direct current-induced calcium trafficking in different neuronal 

preparations. Neural Plast. 2016; https://doi.org/10.1155/2016/2823735 

27. Hofstoetter, US, Mckay, WB, Tansey, KE, Mayr, W, Kern, H, Minassian, K. Modification of 

spasticity by transcutaneous spinal cord stimulation in individuals with incomplete spinal cord 

injury. J spinal Cord Med. 2014; 37(2): 201-211.  

28. Grecco, LH, Li, S, Michel, S, Castillo-Saavedra, L, Mourdoukoutas, A, Bikson, M, et al. 

Transcutaneous spinal stimulation as a therapeutic strategy for spinal cord injury: state of art. 

J Neurorestoratology. 2015; 3(1): 73-82. 

29. Powell, ES, Carrico, C, Raithatha, R, Salyers, E, Ward, A, Sawaki, L. Transvertebral direct 

current stimulation paired with locomotor training in chronic spinal cord injury: A case study. 

NeuroRehabil. 2016; 38: 27-35.  

30. Gomez-Soriano, J, Megia-Garcia, A, Serrano-Munoz, D, Osuagwu, B, Taylor, J. Non-invasive 

spinal direct current stimulation for spasticity therapy following spinal cord injury: 

mechanistic insights contributing to long-term treatment effects. J Physiol. 2019; 597 (8): 

2121-2122. 

31. Paget-Blanc, A, Chang, JL, Saul, M, Lin, R, Ahmed, Z, Volpe, BT. Non-invasive treatment of 

patients with upper extremity spasticity following stroke using paired trans-spinal and 

peripheral direct current stimulation. Bioelectronic Med. 2019; 5(1):1–10. 

32. Chenery B. Effect of transcutaneous spinal cord stimulation on spasticity, mobility, pain and 

sleep in community dwelling individuals post-stroke: a single case withdrawal design. Thesis 



30 
 

for the degree of Master of Science in Movement Science. School of Health Sciences, 2019, 

University of Iceland. 

33. Ardolino, G, Bocci, T, Nigro, M, Vergari, M, Di Fonzo, A, Bonato, S, et al. Spinal direct current 

stimulation (tsDCS) in hereditary spastic paraplegias (HSP): a sham-controlled crossover 

study. J Spinal Cord Med. 2018; 44(1): 46-53.  

34. Burke, D. Spasticity as an adaptation to pyramidal tract injury. Advances in Neurology. 1988; 

47: 401-422. 

35. Savenkova, AA, Sarana, AM, Shcherbak, SG, Gerasimenko, YP, Moshonkina, TR. Noninvasive 

spinal cord electrical stimulation in the complex rehabilitation of patients with spinal cord 

injury. Problems of balneology, physiotherapy, and exercise therapy. 2019; 96(5):11-18. 

36. Couban, R. Covidence and Rayyan. JCHLA/ JABSC. 2016; 37: 124-126.  

37. Landis, JR, Koch, GG. The measurement of observer agreement for categorical data. 

Biometrics. 1977; 33(1): 159–74.  

38. Puzi, AA, Sidek, SN, Khairuddin, IM, Yusof, HM. Inter-rater and intra-rater reliability of 

quantitative upper limb spasticity evaluation based Modified Ashworth Scale tool. 2018 IEEE-

EMBS Conference on Biomedical Engineering and Sciences (IECBES). 2018: 126-130. 

39. Boyd, R, Graham, H. Objective measurement of clinical findings in the use of botulinum toxin 

type A for the management of children with cerebral palsy. Eur J Neurol. 1999; 6:S23-S35. 

40. Nordmark, E, Anderson, G. Wartenberg pendulum test: objective quantification of muscle 

tone in children with spastic diplegia undergoing selective dorsal rhizotomy. Developmental 

Medicine & Child Neurology. 2002; 44: 26–33. 



31 
 

41. Schieppati, M. The Hoffmann reflex: a means of assessing spinal reflex excitability and its 

descending control in man. Prog Neurobiol. 1987; 28: 345–376. 

42. Capaday, C. Neurophysiological methods for studies of the motor system in freely moving 

human subjects. J Neurosci Methods. 1997; 74:201–218. 

43. Palmieri, RM, Ingersoll, CD, and Hoffman, MA. The Hoffmann Reflex: Methodologic 

considerations and applications for use in sports medicine and athletic training research. J 

Athletic Training. 2004; 39(3):268–277. 

44. Verhagen, AP, de Vet, HCW, de Bie, RA, Kessels, AGH, Boers, M, Bouter, LM, et al. The Delphi 

list: A criteria list for quality assessment of randomized clinical trials for conducting systematic 

reviews developed by Delphi consensus. J Clin Epidemiol. 1998; 51(12):1235–41.  

45. Sherrington, C, Herbert, RD, Maher, CG, Moseley, AM. PEDro. A database of randomized trials 

and systematic reviews in physiotherapy. Man Ther. 2000; 5(4): 223–6.  

46. Moseley, AM, Herbert, RD, Sherrington, C, Maher, CG. Evidence for physiotherapy practice: 

A survey of the Physiotherapy Evidence Database (PEDro). Aust J Physiother. 2002; 48(1):43–

9.  

47. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. (eds). Cochrane Handbook 

for Systematic Review of Interventions. 2nd ed. Chichester (UK): John Wiley & Sons; 2019. 

48. Dunlap, WP, Cortina, JM, Vaslow, JB, Burke, MJ. Meta-analysis of experiments with matched 

groups or repeated measures designs. Psycholog Methods. 1996; 1(2): 170-177.  

49. Picelli, A, Chemello, E, Castellazzi, P, Roncari, L, Waldner, A, Saltuari, L, et al. Combined effects 

of transcranial direct current stimulation (tDCS) and transcutaneous spinal direct current 



32 
 

stimulation (tsDCS) on robot-assisted gait training in patients with chronic stroke: A pilot, 

double blind, randomized controlled trial. Restor Neurol Neurosci. 2015; 33(3): 357–368. 

50. Solopova, IA, Sukhotinab, IA, Zhvanskya, DS, Ikoeva, GA, Vissarionov, SV, Baindurashvili, AG, 

et al. Effects of spinal cord stimulation on motor functions in children with cerebral palsy. 

Neurosci Letters. 2017; 639:192–198.  

51. Inanici, F, Brighton, LN, Samejima, S, Hofstetter, CP, Moritz, CT, et al. Transcutaneous spinal 

cord stimulation restores hand and arm function after spinal cord injury. IEEE Transactions 

on Neural Systems and Rehabilitation Engineering. 2021; 29:310-319.  

52. Estes SP, Iddings JA and Field-Fote EC. Priming Neural Circuits to Modulate Spinal Reflex 

Excitability. Front Neurol.  2017; 8: 17.  

53. Estes S, Zarkou A, Hope JM, Suri C, Field-Fote EC. Combined transcutaneous spinal stimulation 

and locomotor training to improve walking function and reduce spasticity in subacute spinal 

cord injury: a randomized study of clinical feasibility and efficacy. J Clin Med. 2021; 10: 1167. 

54. Berra E, Bergamaschi R, De Icco R, Dagna  C, Perrotta A, Rovaris M, et al. The effects of 

transcutaneous spinal direct current stimulation on neuropathic pain in multiple sclerosis: 

clinical and neurophysiological assessment. Front Hum Neurosci. 2019; 13: 31.  

55. Freyvert, Y, Yong, NA, Morikawa, E, Zdunowsk, S, Sarino, ME, Gerasimenko, Y, et al. Engaging 

cervical spinal circuitry with non-invasive spinal stimulation and buspirone to restore hand 

function in chronic motor complete patients. Sci Rep. 2018; 8: 15546.  

56. Ikoeva, GA, Nikityuk, IE, Kivoenko, OI, Moshonkina, TR, Solopova, IA, Sukhotina, IA, et al. 

Clinical, neurological, and neurophysiological evaluation of the efficiency of motor 

rehabilitation in children with cerebral palsy using robotic mechanotherapy and 



33 
 

transcutaneous electrical stimulation of the spinal cord. Pediatr Traumatol, Orthop Reconstr 

Surger. 2016; 4(4): 47-55. 

57. Shapkova, EY, Pismennaya, EV, Emelyannikov, DV, Ivanenko, Y. Exoskeleton walk training in 

paralyzed individuals benefits from transcutaneous lumbar cord tonic electrical stimulation. 

Fronti Neurosci. 2020; 14:416.  

58. Hozo, SP, Djulbegovic, B, Hozo, I. Estimating the mean and variance from the median, range, 

and the size of a sample. BMC Med Res Methodol. 2005; 5(1):1-10. 

59. Altman, DG, Martin, BJ. “Standard deviations and standard errors”. BMJ. 2005; 331(7521): 

903.  

60. Lam M, Webb KA, Donnell. “Correlation between two variables in repeated measures,” in 

proceedings of the American Statistical Association Biometrics Section. Alexandria, VA, USA: 

1999; 213-218.   

61. Atkins, D, Best, D, Briss, PA, Eccles, M, Falck-Ytter, Y, Flottorp, S, et al. Education and Debate: 

Grading Quality of Evidence and Strength of Recommendations. BMJ. 2004; 328: 1490.  

62. Garcia, AM, Serrano-Muñoz, D, Taylor, J, Avendaño-Coy, J, Gómez-Soriano, J. Transcutaneous 

Spinal Cord Stimulation and Motor Rehabilitation in Spinal Cord Injury: A Systematic Review. 

Neurorehabil Neural Re. 2020; 34(1): 3–12.  

63. Grey, MJ, Klinge, K, Crone, C, Lorentzen, J, Biering-Sørensen, F, Ravnborg, M, et al. Post-

activation depression of soleus stretch reflexes in healthy and spastic humans. Exp Brain Res. 

2008; 185: 189-197.  

64. Lim C-Y, Shin H-I. Noninvasive DC stimulation on neck changes MEP. Neuroreport. 2011; 

22:819–23.  



34 
 

65. Lamy J-C, Ho C, Badel A, Arrigo RT, Boakye M. Modulation of soleus H reflex by spinal DC 

stimulation in humans. J Neurophysiol. 2012; 108:906–14.  

66. Hubli, M, Dietz, V, Schrafl-Altermatt, M, Bolliger, M. Modulation of spinal neuronal excitability 

by spinal direct currents and locomotion after spinal cord injury. Clin Neurophysiol. 2013; 

124:1187–95.  

67. Bocci, T, Vannini, B, Torzini, A, Mazzatenta, A, Vergari, M, Cogiamanian, F, et al. Cathodal 

transcutaneous spinal direct current stimulation (tsDCS) improves motor unit recruitment in 

healthy subjects. Neurosci Letters. 2014; 578: 75-79.  

68. Dongés, SC, D’Amico, JM, Butler, JE, Taylor, JL. The effects of cervical transcutaneous spinal 

direct current stimulation on motor pathways supplying the upper limb in humans. PLoS ONE. 

2017; 12: e0172333.  

69. Schmitt, DE, Hill, RH, Grillner, S. The spinal GABAergic system is a strong modulator of burst 

frequency in the lamprey locomotor network. J Neurophysiol. 2004; 92: 2357-2367. 

70. Ahmed, Z, Wieraszko, A. Trans-spinal direct current enhances corticospinal output and 

stimulation-evoked release of 2 glutamate analog, D-2, 33H-aspartic acid. J Appl Physiol. 

2012; 112: 1576-1592.  

71. Puzi, AA, Sidek, SN, Khairuddin, IM, Yusof, HM. Inter-rater and intra-rater reliability of 

quantitative upper limb spasticity evaluation based Modified Ashworth Scale tool. 2018 IEEE-

EMBS Conference on Biomedical Engineering and Sciences (IECBES). 2018: 126-130.  

72. Sunnerhagen, KS. Stop using the Ashworth scale for the assessment of spasticity. J Neurol, 

Neurosurg Psychiatry. 2010; 81(1): 2-2. 

 



35 
 

Acknowledgement: Nil 

Author Contribution Statement: ABH conceived and designed the study with inputs from MSD, 

ATS and AA. ATS searched the literature and uploaded the records to Covidence. ABH and MAM 

screened the studies against the eligibility criteria, extracted the data and assessed the 

methodological quality of the included studies, while MSD settled the disagreements. ABH did 

the qualitative synthesis, and MSD and ATS did the meta-analysis. ABH wrote up the Manuscript 

which was critically reviewed by AA and MSD. The project was supervised by JM, HG and RYA. All 

authors contributed to the article and approved the submitted version. 

Funding: Authors did not receive any funding for this work. 

Ethical approval: Not applicable 

Conflict of Interests: The authors declare that the research was conducted in the absence of any 

commercial or financial relationships that could be construed as a potential conflict of interest. 

Figure 1: PRISMA Flow Chart 

Figure 2: Sensitivity analysis 

Table 1. Rating of trials on the PEDro methodological quality scale 

Table 2: Characteristics of the included studies 

Table 3: Assessment of quality of evidence using Grading Quality of Evidence and Strength of 

Recommendation (GRADE) criteria 

 







Table 1. Rating of trials on the PEDro methodological quality scale 

Studies  1 2 3 4 5 6 7 8 9 10 11 Total 

Ardolino et al. 

(2018)33 

Y Y N N Y N Y Y Y N Y 6 

Berra et al. 

(2019)46 

Y Y N Y Y N Y Y N Y Y 7 

Estes et al. 

(2017)44 

Y Y N Y N N N N N N Y 3 

Estes et al. 

(2021)45 

Y Y N Y N N N Y N Y N 4 

Freyvert et al. 

(2018)47 

Y N N Y Y N Y Y N N N 4 

Ikoeva et al. 

(2016)48 

Y N N Y N N N N N Y Y 3 

Inanici et al. 

(2021)43 

Y N N Y N N N Y N N Y 3 

Picelli et al. 

(2015)41 

Y Y Y Y Y N Y Y Y Y Y 9 

Savenkova et al. 

(2019)34 

Y Y N Y Y N Y Y N Y N 6 

Shapkova et al. 

(2020)49 

Y N N N N N N Y N Y Y 3 

Solopova et al. 

(2017)42 

Y Y Y Y N N Y Y N Y Y 7 

Total 11 7 2 9 5 0 6 9 3 7 8  

Key: Y=Yes, N=No. PEDro = Physiotherapy evidence database. 1 = External validity; 2 = Random 

allocation to groups; 3 = Concealed allocation to groups; 4 = Baseline similarity; 5 = Blinding of subjects; 

6 = Blinding of therapists; 7 = Blinding of assessors; 8 = Measures of at least one key outcome from > 

85% of the subjects; 9 = Intention to treat analysis; 10 = Between group comparison; 11 = Point 

measures and measures of variability from at least one key outcome 

 

 

 



Table 2: Characteristics of the included studies 

Study Design Number of 

participants 

Condition 

of the 

patients 

Variables Comparison Intervention Number of 

sessions 

Follow-up Results 

Ardolino 

et al. 

(2021)33 

CCT 11 (7 Female) HSP Spasticity: MAS 

and H-reflex 

 

Disability: SPRS 

Sham tsDCS Anodal tsDCS 2.0 mA, 20 

min twice a 

day 

stimulation 

for five 

days   

1 week, 1 

month and 

2 months 

Anodal tsDCS group showed 

a significant improvement in 

MAS score while that of 

SPRS did not change 

Berra et 

al. 

(2019)46 

RCT 33 (25 

Female) 

MS 
 

Spasticity: MAS 

 

Sham tsDCS Anodal tsDCS 20-mins of 

2 mA 

stimulation

, every  

working 

day for 2-

weeks 

4 weeks There was no significant 

change in MAS  

Estes et 

al. 

(2017)44 

CCT 10 (2 Female) SCI Spasticity: FSE in 

a Pendulum Test 

Sham tsDCS Cathodal tsDCS Single 

session of 

30 minutes 

50 Hz 

stimulation 

45 minutes 

after 

intervention 

tsDCS was associated with a 

significant mean change 

in FSE compared to sham-

control 

Estes et 

al. 

(2021)45 

RCT 18 (4 Female) SCI Spasticity: FSE in 

Pendulum Test 

Sham tsDCS + 

Locomotor 

training 

Cathodal tsDCS + 

Locomotor 

training 

2 weeks 

wash in 

locomotor 

training 

followed 

by addition 

of 30 

minutes 50 

Hz 

stimulation

________ Neither group had 

significant changes in 

spasticity 



, every day 

for 2 weeks  

Freyvert 

et al. 

(2018)47 

CCT 6 (2 Female) SCI Spasticity: MAS Sham tsDCS Cathodal tSCS + 

Drug (buspirone) 

+ Grip strength 

exercises 

5–30Hz 

and 20–

100mA 

stimulation 

NS/6 

weeks 

3-6 months The aggregate MAS reduced 

with each study phase 

throughout the course of 

the study 

Ikoeva et 

al. 

(2016)48 

RCT 26  CP Disability: 

GMFM-88 

 

Spasticity: MAS 

 

Sham tsDCS Cathodal tsDCS 

Participants in 

both groups 

received robotic 

mechanotherapy 

15 

stimulation

s lasting 45 

minutes 

each 

_________ The gross motor functions 

and spasticity significantly 

improved in the 

experimental group 

compared to control 

Inanici et 

al. 

(2021)43 

CCT 6 (2 Female) SCI Spasticity: MAS 

Disablity: SCIM III  

Handicap: WHO-

QOL-BREF 

 

Functional 

task training 

Functional task 

training and 

Cathodal tsDCS 

30 Hz of 

stimulation 

for 120 

minutes for 

1 month. 

3 months tsDCS group showed 

significant improvement in 

MAS, SCIM III and WHO-

QOL-BREF scores compared 

to control group 

Picelli et 

al. 

(2015)41 

RCT 30 (8 Female) STR Spasticity: MAS 

 

Anodal tDCS 

+ sham tsDCS 

Anodal tDCS + 

cathodal tsDCS 

Participants in 

both groups 

received robot-

assisted gait 

training 

2.5mA for 

20 min, 

five days a 

week, for 2 

consecutiv

e weeks 

2 weeks and 

4 weeks 

post-

treatment 

The MAS did not change 

significantly, but there was 

improvement in walking 

functions   



Savenkova 

et al. 

(2019)34 

RCT 15  SCI Spasticity: MAS Sham tsDCS Cathodal tsDCS 

Participants in 

both groups 

received 

standard 

rehabilitation 

Stimulation 

was given 

every 

working 

day for 2 

weeks 

_________ There was no significant 

improvement in MAS score.  

Shapkova 

et al. 

(2020)49 

RCT 35 (10 

Female) 

SCI Spasticity: MAS, 

H-reflex 

 

EWT   EWT + Cathodal 

tsDCS 

3mA 

stimulation 

and EWT 

for 2 weeks 

________ There was significant 

improvement in spasticity in 

tsDCS group 

Solopova 

et al. 

(2017)42 

RCT 28 (13 

Female) 

CP Spasticity: MAS 

 

Disability: 

GMFM-88 

Sham tsDCS + 

Locomotor 

training 

Cathodal tsDCS + 

Locomotor 

training 

40 min 20-

150 mA 

stimulation 

for 15 

sessions  

________ No change in MAS in either 

group. The GMFM-88 score 

increased significantly in 

tsDCS group compared to 

control 

RCT = randomized controlled clinical trial, CCT = cross-over clinical trial, SCI = spinal cord injury, CP = cerebral palsy, tsDCS = transcutaneous spinal direct 

current stimulation, EWT = exoskeleton walk training, MAS = modified ashworth scale, GMFM-88 = gross Motor Function Measure scale, STR = stroke, FSE = 

first swing excursion, MS = multiple sclerosis, HSP = hereditary spastic paraplegia, SPRS = Spastic Paraplegia Rating Scale, SCIM III (Spinal Cord Independence 

Measure III); WHO-QOL-BREF (WHO Quality of Life – BREF) 

 

 

 

 

 

 

 



Table 3: Assessment of quality of evidence using Grading Quality of Evidence and Strength of Recommendation (GRADE) criteria 
 Quality assessment Summary of findings 

     No of patients Effects 

No of studies Quality Consistency Precision Directness Study Control Relative 

(95% CI) 

Absolute Quality Comments 

Cathodal spinal stimulation + exercise compared to sham stimulation for individuals with spasticity 

Estes et al. (2017)44 Serious 

limitations* 

No important 

inconsistency  

Imprecision of 

results† 

None 53 57 SMD -0.67 (-1.50 to 0.15) No difference Low Effect did not 

favour any 

intervention 

Estes et al. (2021)45           

Inanici et al. (2021)43           

Picelli et al. (2015)41           

Savenkova et al. (2019)34           

Solopova et al. (2017)42           

 

                           
                     

Anodal spinal cord stimulation compared to sham stimulation for individuals with spasticity 

Ardolino et al. (2018)33 No serious 

limitation 

No important 

inconsistency 

Imprecision of 

results† 

None 30 25 SMD 0.11 (-0.43 to 0.94) No difference Moderate Effect did not 

favour any 

intervention 

Berra et al. (2019)46           

                 



Cathodal spinal stimulation compared to exercise for activity limitations in individuals with spasticity 

Solopova et al. (2017)42 Serious 

limitations* 

No important 

inconsistency 

Imprecision of 

results† 

None 19 21 SMD -0.42 (-1.04 to 0.21) No difference Low Effect did not 

favour any 

intervention 

Inanici et al. (2021)43           

                    

Anodal spinal cord stimulation compared to sham stimulation for activity limitations in individuals with spasticity 

Ardolino et al. (2018)33 No serious 

limitation 

No important 

inconsistency 

Imprecision of 

results† 

None 11 11 MD -1.00 (-11.23 to 9.32) No difference Moderate Effect did not 

favour any 

intervention 

                  

Cathodal spinal stimulation compared to exercise for participation restrictions in individuals with spasticity 

Inanici et al. (2021)43 Serious 

limitations* 

No important 

inconsistency 

Imprecision of 

results† 

None 6 6 MD -8.10 (-18.02 to 1.82) No difference Low Effect did not 

favour any 

intervention 

               

                    

SMD = Standardized Mean Difference, MD = Mean Difference, 
*

Less than 75% of trials scoring less than 6 on PEDro scale, †Sparse data of <400 participants per 

comparison. 


