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ABSTRACT 

Background: Sensory discrimination training (SDT) is a form of feedback guided sensory 

training used in the treatment of chronic musculoskeletal pain (CMP). 

Objective: This systematic review aimed to investigate the efficacy and safety of SDT for 

CMP. 

Methods: MEDLINE, CINAHL, EMBASE, AMED, CENTRAL, PsycINFO, Scopus, OT 

Seeker, PEDro, ETHOS, Web of Science, and Open Grey were searched for appropriate 

randomized controlled trials (RCTs). Included papers were assessed for risk of bias, and 

evidence was graded using the GRADE approach. The protocol was published on 

PROSPERO (CRD42018110796). 

Results: Ten RCTs met the inclusion/exclusion criteria. There was conflicting evidence from 

seven RCTs for the efficacy of SDT for chronic low back pain (CLBP). There was very low-

quality evidence from two studies supporting the efficacy of SDT for phantom limb pain 

(PLP). There was very low-quality evidence from one RCT for the efficacy of SDT for 

Fibromyalgia. No adverse effects of SDT were identified.  

Conclusions: SDT has been delivered in multiple forms in the literature. SDT does not appear 

to be associated with any adverse effects and shows potential regarding its clinical efficacy. 

However, there is a lack of high-quality evidence upon which to make any firm clinical 

recommendations.  
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INTRODUCTION 

Chronic musculoskeletal pain (CMP) is a global healthcare problem affecting a fifth of 

adults worldwide (International Association for the Study of Pain, 2004). In the United 

Kingdom, it is estimated that 28 million adults live with chronic pain (Fayaz et al., 

2016), costing over 2.1 billion for chronic low back pain (CLBP) alone (NICE, 2009). 

The economic cost of chronic pain is estimated at 3-10% of the gross domestic product 

(GDP) in the UK and wider Europe (Breivik, Eisenberg and O’Brien, 2013).  CMP 

substantially impacts on all areas of functioning across physical, emotional and social 

domains (Baker et al., 2016; Karos, Williams, Meulders and Vlaeyen, 2018; Turk et al., 

2008). It is not fully understood why some individuals develop CMP while others, with 

similar histories, do not.  Studies have shown, however, that neuronal activity, in 

specific brain regions, differs between people with CMP and healthy controls (Diers et 

al., 2010; Kikkert et al., 2019; Lotze et al., 2001; Makin, Filippini et al., 2015; Makin, 

Scholz et al., 2015; Wand et al., 2011; Wrigley et al., 2009). Differences occurring in 

the somatosensory cortex - often referred to as cortical reorganisation, or 

disorganisation - have received particular attention. It has been proposed that alterations 

to the somatosensory cortex in people with pain may play a part in the development 

and/or maintenance of CMP (Andoh, Milde, Tsao and Flor, 2018; Kikkert, Johansen-

Berg, Tracey and Makin, 2018; Mancini et al., 2019; Weiss, 2016). Conversely, the 

very neural plasticity that underlies the phenomenon of cortical reorganisation may 

facilitate the efficacy of specific, targeted, sensorimotor retraining treatments (Moseley 

and Flor, 2012) in which behaviourally relevant stimulation and training alters the 

somatosensory cortices (Robson and Gifford, 2013). It has also been reported, in 

healthy participants, training periods of at least 35 minutes daily, over five days 

improves both sensory and spatial discrimination ability (Weiss et al. 2007; Walter-
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Walsh et al. 2009). As a result, a number of novel therapeutic approaches have been 

devised for the treatment of CMP based upon feedback guided sensory training. Such 

interventions include mirror therapy (Foell, Bekrater-Bodmann, Diers and Flor, 2014), 

sensorimotor retraining (Mueller et al., 2018), proprioceptive rehabilitation (Paolucci et 

al., 2016) and sensory discrimination training (SDT) (Flor, Denke, Schaefer and 

Grusser, 2001). These approaches all aim to trigger beneficial changes, at a cortical 

level, through reorganisation of the neuronal pathways underlying CMP.  

SDT (of which there are many variations) involves the delivery of a particular, defined and 

controlled stimulus to the body, the recipient is then asked to make a judgement on an aspect 

of the stimuli (e.g. the location); feedback is then provided to the patient on the accuracy of 

their judgement (Flor, Denke, Schaefer and Grusser, 2001; Ryan, Harland, Drew and Martin, 

2014). There is a growing body of evidence showing sensorimotor discrimination deficits in 

CMP conditions (a clinical signature of cortical reorganisation) provides a reasonable 

platform to suggest that retraining of these deficits through SDT may be a useful treatment 

approach for people with CMP (Catley et al., 2014). SDT has been applied to a variety of 

CMP conditions such as CLBP (Ryan, Harland, Drew and Martin, 2014), complex regional 

pain syndrome (CRPS) (Moseley and Wiech, 2009; Moseley, Zalucki and Wiech, 2008; 

Pleger et al., 2006; Pleger et al., 2005) and phantom limb pain (PLP) (Flor, Denke, Schaefer 

and Grusser, 2001).  

Two systematic reviews (Daffada, Walsh, McCabe and Palmer, 2015; Kälin, Rausch-Osthoff 

and Bauer, 2016) have investigated the efficacy and safety of SDT for people with CLBP, 

but, to date, no systematic reviews have investigated the efficacy and safety of SDT in the 

wider adult CMP population. Such a systematic review is needed to guide clinical practice 

and direct future research in this field. Thus, the aim of this systematic review was to 

investigate the efficacy and safety of SDT for adults with CMP. This aim was met via the 
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following objectives: 

1/ Systematic review of the literature in order to identify RCTS that have used SDT as an 

intervention for CMP conditions. 2/ Appraisal of the identified studies to assess their risk of 

methodological bias. 3/ Evaluate the efficacy of the intervention in a meta-analysis or 

presented as a narrative synthesis and identify any safety issues. 

 

METHODS 

Procedure  

The Cochrane handbook for systematic reviews of interventions (Higgins and Green, 2011) 

was used to guide this work, and the review is reported in line with PRISMA guidelines 

(Moher et al., 2009). The review was registered with the International Prospective Register of 

Systematic Reviews (PROSPERO) (reference number CRD42018110796). The PICOS 

model was used to structure the systematic search and develop inclusion/exclusion criteria. 

Studies that included adults (18+) with chronic pain defined as ‘pain without apparent 

biological value that has persisted beyond the normal tissue healing time, usually taken to be 

3 months (International Association for the  Study of Pain, 2003), were included. The review 

also considered studies where a strict ≥3months duration of pain has not been clearly stated 

within the inclusion criteria, but the chronic nature of the condition implied that participants’ 

pain was of a persistent nature (e.g. osteoarthritis). The review considered studies that 

included participants diagnosed with CMP conditions such as CLBP, chronic neck pain, 

osteoarthritis or rheumatoid arthritis, in addition to those with widespread musculoskeletal 

pain.  

Included studies had to have investigated SDT that met all three of the following criteria: (1) 

the initial delivery of a particular, defined and controlled stimulus (e.g. electrical or tactile) to 



  

6 
 

the patient’s body, (2) the recipient makes a judgement on an aspect of the stimulus (e.g. the 

location) and (3) feedback is then provided to the recipient on the accuracy of their 

judgement, usually by a trainer/therapist. SDT requires the active participation of the patient, 

rather than simply the passive receipt of stimulation. Any form of SDT, in compliance with 

the operational definition above, was eligible for inclusion. The review included RCTs that; 

compared the intervention with no treatment (true control), usual care, or placebo, 

concomitant studies in which SDT was delivered in addition to another intervention (and that 

other intervention was received by both groups), head-to-head studies, in which SDT was 

compared to another active intervention.  In addition, studies that compared one form of SDT 

to another were included in order to explore the evidence that efficacy may differ for 

different SDT protocols.  

The primary outcome measure of interest was pain recorded using any valid and reliable 

outcome measures such as a visual analogue scale (VAS) or numerical rating scale (NRS) 

(Turk and Melzack, 2001).  Secondary outcome measures were broad in nature and included 

any measures that evaluated health and well-being including, but not limited to, physical 

function, sensorimotor function, patient satisfaction, quality-of-life (QoL) and disease 

specific measures. Additionally, assessment of safety issues via adverse effects (AEs) 

reporting were included as an outcome of interest as they are important for clinical decision 

making (Loke, Price and Herxheimer, 2008).  

Search Strategy 

A search strategy was designed, with support from an information specialist, in keeping with 

the Cochrane collaborations’ processes (Higgins and Green, 2011).  To ensure a thorough 

search, large databases and subject specific databases were used (Bettany-Saltikov, 2010; 

Dickersin, Scherer and Lefebvre, 1994; Lefebvre, Manheimer and Glanville, 2011) namely 
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MEDLINE, CINAHL, EMBASE, Allied and Complementary Medicine Database (AMED), 

Cochrane Central Register of Controlled Trials (CENTRAL), PsycINFO, Scopus, OT Seeker, 

PEDro, ETHOS and Web of Science (science and social science citation index) and 

OpenGrey. Hand searching the reference lists of key studies for additional trials was also 

undertaken (Dickersin, Scherer and Lefebvre, 1994). No language or date restrictions were 

applied, and the search was conducted on the 17 October 2018. The review was updated on 

22.04.2020; while there were an additional 1,089 hits, no new papers - meeting the inclusion 

criteria - were identified.  

The search terms integrated into the systematic search were developed from the review 

question using the PICOS components (Bettany-Saltikov, 2010; Lefebvre, Manheimer and 

Glanville, 2011). Terms from the PICOS model were identified, and then, synonyms for the 

population and intervention components were identified (Table 1). Examples of the specific 

search strategies used can be seen in Appendix A. The relevant intervention, outcome, and 

study components were then applied either as limiters or during the screening process of the 

studies identified. Search filters for RCTs were applied to the MEDLINE, CINAHL and 

PsycInfo searches. Other limiters applied were to include only adult human participants. The 

titles and abstracts of the search results were initially screened, merged, and duplicates 

removed using reference management software, by the first author. After an initial sift of title 

and abstracts (conducted by two of the authors, AG and JA), a second sift was undertaken, 

where each article was read in full and retained or removed depending upon the 

inclusion/exclusion criteria (as agreed by two of the authors, AG and JA). Any discrepancies 

that could not be resolved by discussion, were resolved by a third author (CR).  

Methodological quality assessment 

The Cochrane collaborations’ tool for assessing risk of bias in RCTs (Higgins, Altman and 

Sterne, 2011) was independently applied to each included study by two reviewers (AG and 
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CR). Where there was insufficient information for appraisal of bias the original authors were 

contacted for further information. A domain-based evaluation of potential biases in RCTs 

was carried out in which seven risk of bias questions were marked for a low, high or unclear 

risk of bias.  

Data collection process 

A Data extraction template was developed by one of the authors (AG) using an adapted 

version of the Cochrane Collaboration’s template for data collection. The data extraction 

forms obtained data relating to study eligibility, methodological characteristics of included 

studies, participant characteristics (age and gender), intervention group characteristics 

(number of groups, specifics of the intervention, dosage/timings), outcome characteristics 

(names of primary and secondary outcome measures and upper/lower limits), risk of bias 

assessment, data analysis (mean differences and estimates of effect with confidence intervals; 

p-values), and key study conclusions. Data extraction was undertaken by four of the authors 

(AG, NL, JA, SO), with two extractors for each study.  

Data analysis and synthesis  

A narrative synthesis approach was used throughout as the heterogeneity of the studies 

rendered meta-analysis inappropriate (Bettany-Saltikov, 2010; Deeks, Higgins and Altman, 

2011). Nevertheless, to help interpret the clinical relevance of the mean treatment effect of 

the specific intervention in each individual study, the standardised mean difference (effect 

size) of each intervention (between group difference/standard deviation of the baseline 

values) was calculated, with effect sizes of 0.2, 0.5, and 0.8 considered to be small, medium 

and large, respectively (Cohen, 1988). In addition, the between-groups mean differences and 

p-values that were reported in each study were presented where possible. A clinically 
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important between-groups mean difference was defined as 10% (1-point decrease on a 0-10 

scale for pain severity) (NICE, 2016). The GRADE approach, as specified in the Cochrane 

Handbook (Schunemann et al., 2011) was used by three authors (AG, CR and AM) to assess 

the certainty (or quality) of evidence based on the consideration of four domains: risk of bias, 

inconsistency, indirectness and imprecision. This allowed for an overall judgement to be 

made across the studies.  

RESULTS 

The electronic search yielded 11,444 records and hand searching yielded an additional one 

record. Duplicates were removed leaving 5,486 records, of which study titles and abstracts 

were screened against the set eligibility criteria. 32 full texts were accessed. Of these, 12 

studies were excluded due to the studies not being RCTs, nine studies did not meet the 

operational definition for SDT, and one was a multi-modal intervention study (see Table 2 for 

excluded studies). Ten studies were included in the final review (Table 3 and Figure 1).   

Characteristics of included studies 

A total of 350 adult participants with CMP were included in the review with the number of 

participants per study ranging from eight to 75. The gender ratio was reported in eight of the 

ten studies, of which one study (Paolucci et al., 2016) included only female participants. The 

mean age of participants ranged from 39 to 65 years. Seven studies investigated SDT for 

patients with CLBP (Barker, Elliott, Sackley and Fairbank, 2008; Morone et al., 2012; 

Paolucci et al., 2012; Ryan, Harland, Drew and Martin, 2014; Trapp et al., 2015; van Baal, 

Schwarz, Ehrenbrusthoff and Gruneberg, 2018; Vetrano et al., 2013), two investigated SDT 

for people with chronic PLP (Flor, Denke, Schaefer and Grusser, 2001; Wakolbinger et al., 

2018) and one study looked at SDT for women with Fibromyalgia (Paolucci et al., 2016).  
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Nine studies were conducted in Physiotherapy outpatient departments with one study (Flor, 

Denke, Schaefer and Grusser, 2001) being laboratory based. Studies were conducted in the 

UK, Germany, Italy and Austria. The stimulus used as part of the intervention varied; 

electrical pulse stimulation (n = 2), perceptive surfaces equipment (n = 4) and manual/tactile 

stimulation methods (n = 4). The duration of individual SDT sessions ranged from 15 to 90 

minutes, with a range of three to 14 sessions, with treatment periods from 2 to 4 weeks in 

duration. 

All ten studies assessed pain intensity, with the VAS being the most commonly used tool 

(five out of 10 studies). Secondary outcome measures assessed included physical 

function/disease-CMP-specific measures, emotional/psychological functioning, sensorimotor 

function, and quality of life (QoL) (see Table 5). All studies recorded a measure at baseline 

and immediately post treatment. The follow-up outcome measurement period ranged from 

two weeks (short term) (Wakolbinger et al., 2018) to six months (moderate term) (Morone et 

al., 2012) post treatment. There were no included studies with long-term outcome measures 

(>1 year).  

Adverse effects reporting 

Only two of the studies formally planned to assess, and explicitly asked their participants 

about, AEs (Barker, Elliott, Sackley and Fairbank, 2008; van Baal, Schwarz, Ehrenbrusthoff 

and Gruneberg, 2018). The study on SDT for patients with Fibromyalgia (Paolucci et al., 

2016) reported that no patients discontinued the rehabilitation due to acute exacerbation of 

pain. In one study (Morone et al., 2012), five participants dropped out of the intervention 

group, compared to zero from the control group, with three stating a lack of time and two not 

providing a reason. In one study (Vetrano et al., 2013) no dropouts were recorded but the 

participants were encouraged to report unpleasant sensations at particular sites so they could 

be removed at subsequent sessions.  
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Deviations from the original protocol 

Meta-analysis was not carried out as the interventions were delivered in such a diverse 

manner to different study populations that combining the results for the different studies was 

inappropriate. We considered meta-analysing standardised effect sizes but found that not only 

the treatment effects but the sample variability (indicated by the between-subjects SD) varied 

between studies considerably. In addition, the poor quality of the studies and low number of 

studies were additional factors for not undertaking a meta-analysis (Moher et al., 1998). 

Methodological quality summary 

The methodology across the studies was evaluated for risk of bias. This is presented as the 

proportion of studies with a judgement of high or low risk of bias and a summary of 

judgements for each of the 10 studies (Figure 2 and Figure 3, produced by using RevMan 

software [Review Manager. Version 5.3. Copenhagen: The Nordic Cochrane Centre. The 

Cochrane Collaboration, 2014]). Based on this, the methodological quality of the 10 included 

trials could be interpreted as low quality.  

A key methodological issue in all of the included studies was the lack of blinding of 

participants and personnel. For example, in Flor, Denke, Shaefer, and Grusser (2001) the 

participants and personnel delivering the intervention were not blind to the intervention 

which involved electrodes being attached to the participants residual limb, which was 

obviously different to the standard care treatment received by the control group. Thus, the 

differences between groups may have been attributable to non-specific intervention effects 

such as the placebo effect. The lack of participant and personnel blinding illustrates the 

methodological challenges of blinding physical interventions such as SDT. Similarly, only 

two studies had adequate blinding of assessors, this is because they adequately blinded 

participants and the outcome measurement was self-report based. Where participants are not 

blind and the outcome measure is self-reported, it is impossible to have blinded outcome 
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assessment. Attrition bias could not be ruled out in half of the included studies. For example, 

in Morone et al., (2011) five (20%) participants in the intervention group dropped out 

compared to none in the control group. This imbalanced drop-out rate may have masked 

issues with the intervention. Finally, seven studies did not publish/register a protocol prior to 

the study thus selective reporting could not be ruled out. 

The outcome of the overall quality of evidence evaluation (undertaken in accord with the 

Cochrane Grading of Recommendations Assessment, Development and Evaluation 

[GRADE] approach) is presented in Table 6. 

 

Narrative synthesis of included studies 

The pain outcomes from the ten studies are discussed in the following paragraphs and found 

in Table 4, and the non-pain (secondary outcome) measures are presented in Table 5.  

Chronic Low Back Pain   

Seven studies (Barker, Elliott, Sackley and Fairbank, 2008; Morone et al., 2011; Paolucci et 

al., 2012; Ryan, Harland, Drew and Martin, 2014; Trapp et al., 2015; van Baal, Schwarz, 

Ehrenbrusthoff and Gruneberg, 2018; Vetrano et al., 2013), assessed the efficacy of SDT in 

people with CLBP.  

Three of these studies (Morone et al., 2011, Paolucci et al., 2012, Vetrano et al., 2013) used 

the Surface for Perceptive Rehabilitation [Su-Per] treatment (intervention group) which 

comprises deformable cones with a small top that are fixed to a rigid surface. Patients lie 

supine on these cones and positional changes and active exercises are performed in response 

to therapist guidance, resulting in many intensive perceptive stimuli. In a three arm RCT, 

Morone et al. (2011) showed a large effect size in favour of SDT compared to a control 

group, with a back-school education group also demonstrating a large effect size over the 

control group (Table 4). There was no difference between SDT and back school education. In 
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contrast, Paolucci et al. (2012) found no difference between an SDT group and a control 

group. Vetrano et al. (2013) compared two forms of this model (Su-Per) of SDT - the 

difference being whether the participants received higher tactile-pressure stimulus at the 

interspinous midline or not. There was a small effect size in favour of the SDT group that did 

not have to concentrate on the direct stimulation of the body midline, suggesting superiority 

of this form of Su-Per SDT.  

Barker, Elliott, Sackley, and Fairbank (2008) applied SDT, via stimulation in the form of 16 

vibrators closely arranged to one another on the lumbar spine and compared this to 

Transcutaneous Electrical Nerve Stimulation (TENS). There was no difference between 

groups (Table 4). This study was severely limited by malfunctioning of the SDT devices 

used. Ryan, Harland, Drew, and Martin (2014) delivered tactile acuity training and 

graphesthesia training using corks and pen tops compared to a sham (control) arm. The study 

showed a trend to greater reduction in pain intensity for the sham control compared to the 

intervention group, however this pilot study raised significant questions about the fidelity of 

the intervention delivery. Trapp et al. (2015) compared tactile acuity training using a plastic 

calliper ruler to usual standard physiotherapy care. Van Baal, Schwarz, Ehrenbrusthoff, and 

Gruneberg (2018) also used a manual touch approach using both tactile acuity and 

graphesthesia techniques, compared to standard physiotherapy care. Both studies showed no 

statistical difference between SDT and standard care.  

In summary, there was conflicting evidence from seven RCTs, conducted with people with 

CLBP, for the clinical efficacy of SDT compared to a control or sham treatment group on 

pain intensity in the immediate to medium term. The quality of the evidence was downgraded 

to very low quality due to very serious limitations with risk of bias and serious limitations 

with inconsistency, imprecision and indirectness (Table 6). 
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Phantom Limb Pain 

Two studies investigated the efficacy of SDT for PLP in comparison with standard care that 

comprised a comprehensive psychophysiological assessment (Flor, Denke, Schaefer and 

Grusser, 2001) or residual limb massage (Wakolbinger et al., 2018). Both studies used the 

West-Haven Yale Multi-Purpose Inventory (WHYMPI) to record pain intensity (0-6, 0 = no 

pain, 6 = very intense pain) and both demonstrated a large effect size in favour of the SDT 

group (Table 4). However, the sample size in both studies were very low (n≤10). 

In summary, there was very low-quality evidence from two studies supporting the efficacy of 

SDT for phantom limb pain (PLP) compared to a control/sham treatment, on pain intensity in 

the immediate to medium term. The quality of the evidence was downgraded due to a very 

serious limitation in terms of risk of bias and serious limitations with inconsistency, 

imprecision and indirectness (Table 6). 

Fibromyalgia 

One study investigated the efficacy of SDT on Fibromyalgia, in comparison with an exercise 

group and a control group who received one brief educational session (Paolucci et al., 2016). 

Pain intensity was measured via the Self-Assessment Pain Scale (SAPS) on a 0-10 scale.  A 

medium effect size in favour of the SDT groups was shown compared to the control group 

(Table 4). There was no difference between the SDT and the exercise group. 

In summary, there was very low-quality evidence from one study supporting the efficacy of 

SDT for pain in people with Fibromyalgia compared to a control group. The quality of the 

evidence was downgraded due to serious limitations with risk of bias, inconsistency, 

imprecision and indirectness (Table 6). 
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Secondary Outcome Measures  

There were several outcome measures reported that, under our protocol, were classified as 

secondary outcome measures, including physical function/disease specific measures, 

emotional functioning, sensorimotor function and Quality-of-Life (QoL) (Table 5).  The 

outcome measures used throughout these domains were disparate, hence, no clear narrative 

could be made on SDT versus a control/comparator, thus no evidence statements regarding 

these secondary outcome measures have been made. The only secondary outcome measure 

that showed commonality was Two-Point Discrimination (TPD) testing, within the 

sensorimotor function domain. Van Baal, Schwarz, Ehrenbrusthoff, and Gruneberg 2018 and 

Trapp et al, 2015 demonstrated large effect sizes in favour of SDT, indicating an 

improvement in tactile acuity post SDT intervention (Table 5). None of the 10 studies 

measured Quality-of-Life (QoL) as an outcome measure.  

DISCUSSION 

This systematic review aimed to investigate the efficacy of SDT for people with CMP. Ten 

RCTs were included in the final review including 350 participants incorporating three distinct 

CMP conditions; CLBP (seven studies), PLP (two studies) and Fibromyalgia (one study).  

This is the first comprehensive review of SDT to include CMP rather than just CLBP. This 

review can be viewed as updating and building upon the two existing systematic reviews of 

SDT for people with CLBP (Daffada et al. 2015; Kalin et al. 2016) by including a further five 

RCT studies; two focussed on PLP (Flor, 2001 and Wakolbinger, 2018), one on Fibromyalgia 

(Paolucci et al., 2016) and two further studies with CLBP patients (Trapp et al., 2015 and 

Van Baal Schwarz, Ehrenbrusthoff, and Gruneberg, 2018). This study, therefore, fills an 

important gap in the literature and provides much needed, up-to-date guidance for clinicians 

on the current state of the evidence with regard to efficacy and safety. The high risk of bias of 
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the studies in the review reduces the capacity to make any firm recommendations about the 

efficacy of SDT, although from the limited available evidence the intervention demonstrates 

promise, particularly for people living with PLP. Given the paucity of RCTs, investigating 

the efficacy of SDT in CMP, it is appropriate to briefly explore the non-RCT evidence 

identified within our search (Table 7). Thirteen non-RCTs were identified, five in people with 

CRPS, four in people with CLBP, three in people with PLP and one in people with knee 

osteoarthritis (OA). Eleven out of the 13 studies were of a single case/single group design 

where SDT was combined with other interventions (Table 7). Of note, are two well 

controlled, within-subject repeated design studies in people with CRPS, which both reported 

statistically and clinically meaningful improvements in pain, when SDT was compared to a 

well-matched control (Moseley et al. 2008; Moseley and Wiech, 2009). The majority of these 

studies (see Table 7) demonstrated clinically worthwhile improvements; however, given the 

design, no claims of cause and effect can be attributed to SDT. Thus, in keeping with our 

registered protocol, these non-RCTs were not used to inform our clinical recommendations. 

In nine of the 10 included RCT studies SDT was delivered by a healthcare professional or 

caregiver while in the study by Barker et al. (2008) an automated SDT device was employed, 

facilitating self-application. In seven of the studies (Flor, Denke, Schaefer, and Grusser, 

2001; Morone et al., 2001; Paolucci et al., 2012, Paolucci et al., 2016; Trapp et al., 2015; van 

Baal, Schwarz, Ehenrenbrusthoff, and Gruneberg, 2018, and Wakolbinger et al., 2017) 

individuals within the intervention group, whilst receiving SDT, indirectly received more 

contact time with a therapist than individuals in the control group. Paolucci et al. (2016) 

argued that the one-to one-relationship between the therapist and participant in the SDT 

group may have contributed to the positive findings in comparison to the control group. 

Paolucci et al. (2016) argued that the one-to one-relationship between the therapist and 
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participant in the SDT group may have contributed to the positive findings in comparison to 

the control group.  

With regard to the safety of SDT, none of the included studies reported any AEs.  The 

analysis of studies that were excluded from our review (see Table 2), showed that only three 

(Schmid et al., 2017; Walti, Kool, and Luomajaki, 2015; Wand et al., 2013) made any 

reference to safety issues or AEs. Specifically, Wand et al., (2013) discussed that the 

application of a stimulus using a penetrating needle should be avoided, and a plausible, safer 

and equally effective treatment could be discrimination training using non-penetrative 

stimulation but did not report any AEs. Schmid et al., (2017) and Wälti, Kool and Luomajoki 

(2015) also reported no AEs for a two-week home-based sensory-motor self-training 

intervention with people with CRPS and a sensory retraining tool which used a home training 

interface via the web, respectively.  In summary, our review found that SDT, as delivered 

within the parameters of this review, would appear to be safe. 

Strengths and limitations 

A strength of this review is its adherence to the Cochrane Collaboration methodology 

(Higgins and Green, 2011). Attempts were made to contact all authors in which the published 

study did not provide sufficient explanation to make a judgement in accordance with the 

GRADE risk of bias questions. This was necessary for seven of the ten studies with all 

authors replying, and the risk of bias judgements (Figure 2 and Figure 3) were updated 

accordingly. However, it should be noted that the GRADE process could not be fully applied 

here, as meta-analysis was not warranted given the heterogeneity of the population and the 

application of the intervention. Furthermore, there were too few studies to enable 

subgrouping into differing CMP conditions as part of the data pooling meta-analysis process.  

The lack of an agreed upon definition for SDT in the literature also made the systematic 
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reviewing process difficult, in terms of a wide search strategy that produced imprecise 

results. Overall, the primary limitation of this review was the quality of individual studies 

included, all of which were small studies with a high risk of bias.  

Clinical implications 

Given the high risk of bias within the included studies no firm clinical recommendations can 

be made. GRADE rated recommendations show all studies to be of very low certainty (or 

quality) of evidence, with the rationale shown in Table 6. Given that the studies included 

were small and largely underpowered, the standardised mean effect sizes have been 

calculated for each study to explore the potential magnitude of the effect for this intervention. 

The effect sizes ranged from medium in the direction of the control group to large in favour 

of SDT. We have also identified which studies reported a statistically significant finding and 

a between groups difference above the MCID. However, we have not attempted to interpret 

the data any further to avoid simply counting the number of studies demonstrating a 

statistically significant effect or a large effect size, which can lead to erroneous conclusions. 

The absence of any reporting of AEs has important clinical implications, as it suggests SDT 

could potentially be more appealing than other interventions in certain circumstances, for 

example in the treatment of people with PLP where pharmacological treatments have shown 

limited efficacy and are associated with high levels of AEs (Alviar, Hale and Lim-Dungca, 

2016). 

Future research  

This review highlights the lack of high quality published RCT’s on SDT for people with 

CMP and the need for adequately powered high quality RCTs to be carried out addressing the 

existing key study limitations around issues such as blinding and controlling for patient-

therapist contact time. In addition, SDT is delivered within the existing literature in a 
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heterogeneous manner, future work should investigate which modes of SDT are most 

effective (e.g. electrical stimulation vs. tactile stimulation) along with key delivery 

parameters such as optimising dosage.  

CONCLUSION 

In this systematic review, ten RCTs (consisting of 350 participants) of very low quality were 

identified that have investigated the efficacy of SDT for people with CMP. There was 

conflicting evidence from seven RCTs for the efficacy of SDT for CLBP. There was very 

low-quality evidence from two studies supporting the efficacy of SDT for PLP. There was 

very low-quality evidence from one RCT for the efficacy of SDT for Fibromyalgia. No AEs 

of SDT were identified. However, the high risk of bias within the existing literature means 

that no firm conclusions can be made at this time. Overall, there is a lack of high-quality 

evidence investigating the efficacy and safety of SDT to guide its use in the clinical 

management of CMP.  
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Figure 1: Flow (PRISMA) diagram of the study selection process  
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Figure 2: Risk of Bias Graph 
 

 

Figure 3: Risk of Bias Summary 
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Table 3: Summary of Included RCT Studies 
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