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Objectives: Electric motor cortex stimulation has been reported to be effective for many cases 

of neuropathic pain, in the form of epidural stimulation or transcranial direct current stimulation 

(tDCS). A novel technique is transcranial random noise stimulation (tRNS), which increases 

the cortical excitability irrespective of the orientation of the current. The aim of this study was 

to investigate the effect of tRNS on neuropathic pain in a small number of subjects, and in a 

case study explore the effects of different stimulation parameters and the long-term stability 

of treatment effects.

Methods: The study was divided into three phases: (1) a double-blind crossover study, with 

four subjects; (2) a double-blind extended case study with one responder; and (3) open con-

tinued treatment. The motor cortex stimulation consisted of alternating current random noise 

(100–600 Hz), varying from 0.5 to 10 minutes and from 50 to 1500 µA, at intervals ranging 

from daily to fortnightly.

Results: One out of four participants showed a strong positive effect (also compared with 

direct-current-sham, P = 0.006). Unexpectedly, this effect was shown to occur also for very weak 

(100 µA, P = 0.048) and brief (0.5 minutes, P = 0.028) stimulation. The effect was largest during 

the first month, but remained at a highly motivating level for the patient after 6 months.

Discussion: The study suggests that tRNS may be an effective treatment for some cases of 

neuropathic pain. An important result was the indication that even low levels of stimulation 

may have substantial effects.

Keywords: neuropathic pain, central pain, transcranial direct current stimulation, motor cortex 

stimulation, random noise stimulation

Introduction
Central neuropathic pain
Central neuropathic pain is associated with lesions of the brain or spinal cord. A range 

of proposals regarding the pathological mechanisms has been put forward. In a recent 

review of research it was argued that current evidence points towards reverberation 

in a loop between the primary somatosensory cortex (S1) and the sensory thalamus, 

resulting in over excitation of the cortical region.1 A related proposal is the concept of 

“thalamocortical dysrhythmia,” by Llinás.2 According to this model, deafferentation 

results in a functionally deactivated area of the S1, which may show pathological slow 

wave oscillations with the thalamus (#9 Hz).3–5 In this model the actual sensation of 

pain is the result of an “edge effect,” ie, hyperactivation of the border of the deactivated 

cortical region, with spontaneous gamma oscillation in cortical columns which have lost 

the normal GABAergic collateral inhibition.4,6 The amplitude of gamma oscillations 
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(60–95 Hz) in the S1 has been reported to be closely related 

to the subjective experience of nociceptive pain.7

Neuromodulation as treatment  
of neuropathic pain
Chronic neuropathic pain often shows insuff icient 

response to pharmacological treatments. An alternative 

approach is electrical neuromodulation, in various forms. 

Transcutaneous electrical nerve stimulation (TENS) and 

spinal cord stimulation are two methods which, however, 

result in long-term relief only in a few cases of central 

neuropathic pain.1 Deep brain stimulation (DBS) of thalamic 

nuclei has become relatively widely used, but the success 

for treating central pain has not fulfilled the initial hopes.1,8 

The effects appear to depend on excitation of neurons, 

with increased blood flow in the thalamus and in the S1.1 

Yet another method is cortical stimulation, which will be 

discussed in more detail below.

Cortical stimulation, M1 and S1
Epidural motor cortex stimulation (EMCS)
In EMCS the relevant area of the primary motor cortex (M1) 

is stimulated by electrodes which typically are placed outside 

the dura. Compared with DBS this method is less invasive 

and poses fewer risks. Reports of long-term efficacy have 

been relatively encouraging. In a study of 32 patients with 

neuropathic pain, the average pain ratings on the visual 

analog scale (VAS) was reduced from 86 before surgery 

to 40 about 2 years later.10 Six of these patients showed a 

progressive loss of effect during the first months, but for 

five of them a repositioning of the electrodes with bet-

ter somatotopical match restored the effect. In a study of 

15 patients with peripheral neuropathic pain, the follow-up at 

9–12 months showed a 58%–95% reduction of VAS scores in 

eight patients, a 31%–45% reduction in two, and a 0%–11% 

reduction in five.11 EMCS for trigeminal neuropathic pain has 

been claimed to show clinically significant long-term results 

in more than 70% of the patients.8

Typical stimulation parameters for EMCS are 40 Hz of 

60 µs direct current (DC) pulses at 2V,11 which is far below 

the threshold for muscle contraction.12 It has been proposed 

that the optimal placement can be determined by finding the 

optimal location for anodal elicitation of a motor response in 

the relevant body part. This location is used for the cathode 

in pain treatment, with the anode above or just posterior to 

the central sulcus.13,14 Other authors give less weight to the 

exact placement of the electrodes, and in some studies the 

electrodes have been placed also above S1.1

Repetitive transcranial magnetic stimulation (rTMS)
rTMS induces electrical currents in the cortex. The effect 

depends on the frequency of the pulses, with high frequency 

($5 Hz) rTMS over M1 resulting in cortical excitation15 and 

pain reducing effects.16–18 The typical coil is focal, with about 

1 cm core stimulation. This allows very specific stimulation, 

but also requires exact navigation. The typical duration of 

the pain reduction has been reported as between 5 minutes 

and 8 days, but some studies suggest longer effect (about 

2 weeks) after several consecutive sessions.1 There seems to 

be a paucity of reports of long-term treatment using rTMS. 

It has been shown that reduction of pain after a single session 

of rTMS predicts a positive response to epidural stimulation, 

whereas lack of response to rTMS has no value as a criterion 

for exclusion from surgery.19

Transcranial DC stimulation (tDCS)
tDCS is a comparatively recent noninvasive method, in which 

electrodes are applied to the surface of the head. The constant 

DC (#2 mA) is virtually unnoticeable. It has been shown 

that the anode and the cathode have opposite effects on the 

excitability of the underlying cortex, with increase under the 

anode and decrease under the cathode.20

Several double-blind studies of chronic pain have shown an 

effect of anodal tDCS over M1,21–24 typically with 20 minutes 

of stimulation during 5 consecutive days. At a group level 

these studies have shown a decrease of VAS ratings down 

to between 42% and 87% compared with baseline, with 

relatively long duration. In ten patients with neuropathic pain 

due to multiple sclerosis the average improvement was 63%, 

which largely outlasted the follow-up period of 4 weeks.23 

Among 12 patients with neuropathic pain of mixed etiology 

eight showed at least 30% reduction of pain, and about half 

of the effect remained 4 weeks later.22 Studies of neuropathic 

pain in spinal cord injury have shown mixed results, with large 

differences between individuals.21,24

M1 tDCS may be a non-invasive alternative to epidural 

stimulation in some cases. One difference between the 

methods is that tDCS is less focal, so that the electric field 

will affect a large portion of the M1 and S1.

Transcranial random noise stimulation (tRNS)
tRNS is a novel method, using alternating current with 

randomly varying frequencies, resulting in a “white noise” 

waveform. It has been shown that 10 minutes of 1 mA 

transcranial stimulation with 100–640 Hz random noise results 

in increased excitability of M1 in healthy persons, lasting more 

than 1 hour.25,26 In contrast to tDCS, both electrodes have an 
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activating effect, and it is assumed that neurons will become 

activated regardless of orientation.25 A putative mechanism is 

that the alternating electric field results in repeated opening and 

closing of voltage-gated sodium channels, resulting in multiple 

ionic influxes and a shift of membrane potential towards the 

action potential.25,27,28 The safety of tRNS has been evaluated 

by measurements of neuron-specific enolase (NSE, a sensitive 

marker for neuronal damage, with increase in epilepsy), and 

electroencephalography (EEG). No effects on NSE or EEG 

have been found.25 tRNS is well suited for blinded studies since 

the stimulation as such typically is not noticed, and the threshold 

for cutaneous sensation is higher for tRNS than for tDCS.29 

In a study of visual discrimination, tRNS over visual cortex 

improved performance, compared with tDCS and sham.30

To the best of our knowledge a recent case study on major 

depression31 is the first report of the use of tRNS as treatment 

for a pathological condition. The patient had shown poor 

response to pharmacological treatment and psychotherapy. 

In this non-blind trial tRNS was compared with tDCS, 

resulting in a stronger treatment effect for tRNS. The ratio-

nale for the stimulation was to induce increased activity in 

the left dorsolateral prefrontal cortex.

The studies reviewed in previous sections suggest that 

neuromodulation for pain is related to excitation of M1 

and/or the thalamus.1,15–18,21–24 Considering this background, 

tRNS may be a potentially effective method for treatment 

of neuropathic pain. Some potential strengths of tRNS are 

the same as for tDCS, being a method that is noninvasive, 

easy to use, and with the possibility that inexpensive devices 

for home treatment can be manufactured. In addition, if the 

excitatory effect of tRNS is unrelated to the orientation of the 

neurons in relation to the current, tRNS may have the effect 

of exciting a larger number of cortical neurons compared 

with tDCS, independent of the cortical folding, and in both 

hemispheres. This excitatory effect may also include the 

M1 of the medial wall (related to the lower extremities), and 

possibly also the thalamus.

The purpose of this study was to investigate the possible 

use of tRNS for treatment of neuropathic pain in a small 

number of subjects, and in the case study, explore the effects 

of different parameters and long-term stability.

Materials and methods
Study design
The study consisted of three phases. Phase 1 was a double-

blind crossover study, in which all participants received 

periods of full stimulation (10 minutes) and “intended 

sham” (0.5 minutes, determined by the design of the 

stimulation device). Each period consisted of sessions during 

5 consecutive days, with at least a 2-week interval between 

the periods. The order of sham versus active stimulation was 

balanced, with randomization in pairs of participants.

In phase 2 responders were offered continued stimulation. 

This was done in the form of a double-blind sham-controlled 

time-series case study, in which the principal investigator 

could change the settings based on the response of the partici-

pants, while the person operating the stimulator was unaware 

of the settings of the stimulator (the display of the device was 

partly masked). Phase 2 was started with a baseline period, 

without sessions, before the first stimulation. Phase 3 was 

an open trial in which the stimulation continued with the 

purpose of best effect.

Participants
Patients with epilepsy, cranial damage, metal implants in the 

head, or a cardiac pacemaker were excluded from the study. 

The participants in phase 1 were four males suffering from 

spinal cord injury and neuropathic pain, age 32 to 62 years, 

with mean age 44 years.

Three of these cases did not continue to phase 2, due to 

lack of response. Their pain was related to spinal cord injuries 

4, 8, and 20 years before the trial. One participant, age 38, 

continued to phase 2. He was suffering from neuropathic pain 

with allodynia in the left hand and arm, originating from a 

traumatic incident 5 years before the start of the trial. The 

trauma resulted in brain contusions and spinal cord injuries at 

multiple locations. Also, the motor functions of the left arm 

were affected, with hand dystonia and occasional twitches. 

In addition, he experienced relatively constant pain on the 

right side of the back, and paresis of the right leg. Due to 

the multiple lesions, the exact origin of the neuropathic pain 

was not clear. Before and during the trial, he was treated with 

225 mg pregabalin daily.

All treatments were given with written informed consent, 

and the study was approved by the Regional Research Ethics 

Committee.

Ratings
The level of pain was estimated using a VAS scale from 0 

to 10 (where 10 meant worst possible pain) directly before 

and after each stimulation, and at follow-up 1 week after 

each period. During phase 2 and 3, the responder provided 

VAS ratings each morning and evening, separate for pain 

in the left hand/arm and for the right side of the back, and 

for the motor function of the right leg with paresis (0 = no 

impairment; 10 = the worst level of paresis for you).
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Stimulation
Stimulation was delivered from a battery-driven stimulator 

(DC-Stimulator PLUS, The Magstim Company Limited, 

Whitland, Wales, UK), with saline-soaked surface sponge elec-

trodes, 6 × 4 cm. One electrode was placed approximately over 

the hand area of the right M1, contralateral to the side of the 

dominating pain. The other electrode was placed approximately 

over the face area of M1, on the other side of the head. The other 

electrode was placed on the contralateral side anterior to the 

upper part of the ear, approximately over the face representation 

of M1. The full stimulation consisted of 10 minutes of high 

frequency bipolar Gaussian random noise (100–600 Hz), at the 

level of 1500 µA with 10 seconds of fade in/out. The “intended 

sham” in phase 1 was determined by the built-in study-mode of 

the stimulator, and consisted of 0.5 minutes of 1500 µA tRNS, 

plus 10 seconds of fade in/out. In addition, during the remainder 

of the time during sham stimulation, short pulses occurred for 

the purpose of impedance control: 110 µA, with pulse duration 

of 15 ms (3 ms maximum level), and 550 ms pulse interval. 

The total charge during this “intended sham” was 7% of the 

charge for full stimulation.

Because there were strong indications that the 0.5 minute 

stimulation intended as sham also had an effect on the pain, 

a primary aim of phase 2 was to establish a valid sham, 

which did not have any significant positive effects on the 

pain. Therefore, different levels of current, duration, and 

stimulation types were tested. The sham used in the statistical 

analyses consisted of 30 seconds of 25 µA DC stimulation, 

in double-blind trials. Because this level of stimulation was 

assumed to be inactive, the polarity of the electrodes during 

the DC sham was not recorded.

Statistics
The time series were tested for autocorrelation using the 

Ljung-Box test, showing no significant autocorrelation (based 

on asymptotic chi-square approximation). The Ljung-Box 

test was applied using the IBM SPSS Statistics software (IBM 

Corporation, Armonk, NY, USA). Thereafter, the statistical 

significance of treatment effects was tested using the Mann–

Whitney U test, because a normal distribution could not be 

assumed. These tests were performed using the software 

Statistica 10 (StatSoft Inc, Tulsa, OK, USA).

Results
Phase 1: double-blind crossover study
VAS ratings
Three of the four participants showed no systematic indica-

tions of pain reduction related to the stimulation. The fourth 

person showed strong positive results, however, including 

during the “intended sham” condition: see Figure 1. He also 

reported that the motor functions of the right leg had 

improved. The fact that this participant also responded to the 

“intended sham” condition is consistent with a placebo effect. 

However, an alternative interpretation is that the 0.5 minute 

stimulation was sufficient to reduce pain. This interpretation 

is supported to some extent by the tendency toward a dose–

response relationship: see Figure 1.

Side effects
Side effects were evaluated by means of a questionnaire 

after each stimulation, and by an interview before the next 

stimulation. Mild cutaneous sensations were reported after 

15% of the sessions. Patient 4, also showing reduced pain, 

was the only participant reporting other side effects after 

the 10-minute stimulation: headache lasting 2 hours on one 

occasion, and mild dizziness on two occasions.

Phase 2: double-blind extended time 
series case study
Patient 4 was highly motivated to continue stimulation, and 

was started on phase 2, consisting of 12 tRNS sessions during 

a 3-week period. VAS ratings morning and evening during 

a 9-day baseline period (no sessions) resulted in a baseline 

mean VAS of 8.5 (standard deviation = 1.3).
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Figure 1 VAS ratings for patient 4 during phase 1, double-blind crossover study.
Notes: Two periods of five daily stimulation sessions, 10 minutes versus 0.5 minutes 
(intended sham), respectively. Squares indicate VAS ratings before stimulation (pre) 
and triangles indicate ratings directly after (post).
Abbreviations: FU, follow-up at 1 week; min, minute; VAS, visual analog scale.
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Achieving inactive sham
In order to verify the effect of stimulation on pain, one intention 

was to see if it was possible to find a level of stimulation that 

did not result in reduced VAS ratings. To be able to distribute 

the sham with very low levels of current, the display of the 

device was masked for the operators. However, running the 

device with low current proved difficult, because it sometimes 

interrupted stimulation due to high impedance. In addition, 

the VAS ratings continued to be reduced despite very low 

levels of tRNS. Therefore, the settings for sham were changed 

to DC at 25 µA for 30 seconds. This DC-sham was used 

on five occasions, without indications of a treatment effect 

(mean immediate change of VAS ratings: –0.1, with standard 

deviation = 0.8).

However, during the last of these five sessions with the 

DC-sham, the subject reported headache and increased pain, 

and the session was interrupted. For the next 24 hours the 

pain ratings increased from the mean level of 2.6 during 

the previous week to about 7.7. The patient was convinced 

that the increase of pain was caused by the stimulation, 

and it was decided that the trial should change from blind 

to open sessions (phase 3). After one additional session 

of tRNS the pain ratings stabilized around 3.5.20 (Based 

on data from healthy individuals20 tDCS of 25 μA for 30 

seconds is far below the threshold for any physiological 

effects, and therefore the polarity of this sham stimulation 

was not recorded. The adverse response of the patient after 

the last session with DC-sham may be pure coincidence. 

However, it can not be excluded that a pathological unstable 

neural circuit can be affected by minute electrical perturba-

tions which do not affect a healthy stable circuit. Because 

the polarity of the sham DC stimulation was not recorded 

it can not be excluded that the differences in responses 

to DC-sham were related to different polarity, possibly 

with increased pain after inhibiting cathodal stimulation. 

No similar sudden episodes of increased pain have been 

reported by the patient.)

Placebo effect
A key question is whether the electrical stimulation had any 

real effect on the subjective pain, or if it was just random or 

placebo effects. Table 1 shows a strongly significant immedi-

ate effect of blind tRNS sessions in phase 1 and 2, compared 

with the DC-sham.

Effect of low current tRNS
Low current tRNS versus DC-sham
The attempts to use tRNS with low current as an intended 

sham indicated that current from 200 µA and below may show 

an effect on pain. Comparison of low current tRNS sessions 

(n = 7) with DC-sham sessions (n = 5) showed a significant 

treatment effect of low current tRNS (P = 0.048 for VAS 

improvement, Mann–Whitney U Test), with effect size 

Cohen’s d = 1.7. The mean current and duration for these 

tRNS sessions was 79 µA and 6.1 minutes.

Low current versus high current tRNS
For comparison of the effect of low current tRNS (mean 

100 µA) and high current tRNS (1500 µA), the sessions were 

selected so they were matched for (1) length of stimulation, 

(2) the time-period for stimulation during the study, and (3) 

pre-stimulation VAS-ratings (sessions with pre-stimulation 

rating ,2.5 were excluded): see Table 2. The effects of low 

and high current tRNS were very similar, both regarding 

immediate effect and effect by the next day. In fact, the mean 

effects were slightly higher for the low current sessions, 

though this difference was not statistically significant.

Effect of short duration tRNS
Short duration tRNS versus DC-sham
Figure 1 suggests that short duration tRNS (30 seconds) 

may have had an effect on pain for patient 4. Short duration 

tRNS sessions (n = 9) showed a significant effect on imme-

diate VAS improvement (P = 0.028, Mann–Whitney U Test) 

compared with DC-sham sessions (n = 5), with effect size 

Cohen’s d = 1.5.

Table 1 Immediate pain-reducing effect of tRNS (varying duration and current) versus DC-sham (25 µA for 30 seconds), in double-
blinded sessions for patient 4

n Mean immediate pain 
reducing effect

SD, 
%

Range P Cohen’s d, effect size

VAS unit %

tRNS, all blind 20 1.9 40% 21% 0% to 75% 0.006 1.8
DC-sham 5 0.1 2% 22% -11% to 41%

Notes: Effect calculated as percentage reduction of VAS ratings for arm/hand, directly before and after stimulation. P-value from Mann–Whitney U Test. Effect size was 
calculated as Cohen’s d.
Abbreviations: DC, direct current stimulation; SD, standard deviation; tRNS, transcranial random noise stimulation; VAS, visual analog scale.
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Short versus long duration tRNS
For comparison of the effect of short sessions of tRNS 

(30 seconds) and long sessions (10 minutes) the sessions were 

selected so that they were matched for (1) current level, (2) 

the time-period for stimulation during the study, and (3) for 

pre-stimulation VAS-ratings (sessions with pre-stimulation 

rating ,2.5 were excluded): see Table 3. The mean effects 

were higher for long tRNS, though this was not statistically 

significant with this sample size.

All phases, including phase 3 (not blind)
Effects of long-term treatment
The main effects of tRNS on arm pain are shown in Table 4. 

The VAS ratings for all periods are significantly lower than 

baseline (Mann–Whitney U test, P , 0.0001).

Correlation between symptoms
The VAS ratings of the pain in the arm were highly correlated 

with the ratings of the pain in the back and the paresis of the 

leg (P , 0.01, r
back

 = 0.89, r
leg

 = 0.76). This provides support 

for the reliability of the study, and indicates that the tRNS 

stimulation also affected the pain in the right side of the back 

and the right leg paresis.

Duration of after-effects
Analysis of the after-effects during pauses indicates a linear 

decrease of the effect, with a total duration in the magnitude 

of weeks. In the beginning of the study (phase 2) the slopes 

were relatively steep, with around 5 points of increase in pain 

per week, while the slope was flatter during phase 3, around 

1 point of increase in pain per week.

Discussion
Main results
As far as we know this is the first study of the effects of tRNS 

on neuropathic pain. The double-blind case study showed a 

strong positive effect on pain as well as the paresis for one 

of the four participants. Unexpectedly, a significant positive 

effect compared with the DC-sham was shown for very weak 

(100 µA) as well as brief stimulation (0.5 minutes). In fact, the 

mean effect of low current sessions was somewhat higher than 

the mean effect of high current sessions (1500 µA), though this 

was not significantly different. The initial effects were large, 

with pain reduction from a baseline of 8.5 down to about 2 on 

the VAS. After about 1 month of stimulation the effects became 

smaller, with an average VAS score of 5.6 over 5 months. The 

study suggests that frequent stimulation may result in reduced 

long-term effect. The optimal parameters remain to be deter-

mined, and may vary between individuals.

Limitations and strengths of the study
The main limitations of the study come from the explorative 

ad hoc procedures in phase 2 and 3, which were motivated by 

the indications in phase 1 that brief stimulation intended as a 

sham may also have had a significant effect for the responding 

case. The added blind data from phase 2 provides support for 

this contention, with statistically significant differences both for 

brief and weak tRNS stimulation compared with the DC sham. 

There is a need for replication of this finding, but it suggests 

that studies using tRNS for neuropathic pain ideally should use 

sham stimulation consisting of no current at all. tRNS stimula-

tion typically does not result in cutaneous sensations,29 making 

blinding with zero-current sham a realistic alternative.

Another limitation of the study comes from the varying 

stimulation intervals during phase 2, which may result 

in varying cumulative effects of stimulation. However, 

a prerequisite for varying cumulative effects is that the 

stimulation actually had an effect, otherwise there will be no 

accumulation of effects. This means that varying cumulative 

effects may have influenced the exact figures in the results, 

but are unlikely to have resulted in false positive findings.

A major strength of the study is the long-term follow-up. 

As far as we know, this is the first long-term report of tRNS/

tDCS for neuropathic pain. The preliminary data from this 

study point to the possibility that frequent stimulation (eg, 

every day) may be negative for the long-term sustainability 

of a treatment effect. For the clinical utility of tRNS/tDCS, 

Table 3 Mean effects of matched sessions with long versus short 
tRNS (10 minutes versus 30 seconds) for patient 4

n Mean 
improvement

SD Mean VAS  
improvement  
by next day

SD

tRNS 10 min 11 2.21 1.9 1.28 1.5
tRNS 0.5 min 8 1.49 0.4 1.16 1.7

Abbreviations: SD, standard deviation; tRNS, transcranial random noise 
stimulation; VAS, visual analog scale.

Table 2 Mean effects of matched sessions with high versus low 
current tRNS (1500 µA versus on average 100 µA) for patient 4

n Mean 
immediate pain 
reducing effect

SD Mean VAS 
improvement  
by next day

SD

VAS unit %

tRNS high 10 1.38 34% 1.0 0.55 1.0
tRNS low 4 1.53 39% 1.0 0.95 1.7

Abbreviations: SD, standard deviation; tRNS, transcranial random noise 
stimulation; VAS, visual analog scale.
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it is essential to conduct further long-term studies of optimal 

treatment parameters.

Cellular mechanisms
The mechanisms of voltage-gated ion channels are com-

paratively well understood, but the implications for cortical 

neuromodulation are not yet clear. It is possible that pub-

lished data from in vitro studies of voltage-gated ion chan-

nels may be informative regarding the effects of different 

stimulation parameters, and may motivate further in vitro 

experiments.

tRNS for neuropathic pain
Screening before surgery
tRNS and tDCS have the potential of becoming cost-

effective treatment methods, with inexpensive stimulation 

modules for home use being programmed by the caregiver. 

Another possible use is single sessions of tRNS to predict 

the effect of epidural stimulation before surgery. Compared 

with rTMS19 the stimulation of rTNS is less focal and may 

therefore be easier to use for prediction of the effect of 

surgery.

Predicting the response to tRNS: duration  
and stability of symptoms
In this study, only one out of four persons with neuropathic 

pain showed an effect during phase 1. A possible factor influ-

encing the effect may be the time since the lesion occurred. 

In a previous study of tDCS for neuropathic pain after spinal 

cord injury, only participants with a duration shorter than 

4 years showed a clear effect.21 In the present study, the cases 

which did not respond had durations of 4, 8, and 20 years, 

which might have contributed to the lack of response. It may 

be the case that persons with fluctuating symptoms have the 

best prognosis for effect, because the fluctuations indicate 

that the state is not fixed.

tRNS versus tDCS, parameters
It has recently been shown that anodal tDCS resulted in 

large positive effects on neuropathic pain due to multiple 

sclerosis, with long duration of the after-effect.23 It would 

be of interest to compare the effects of tDCS and tRNS in 

double-blind crossover studies. Participants may be included 

in such a study based on their responses to a single stimula-

tion session, in order to avoid repeated ineffective  stimulation. 

 Furthermore, neuropathic pain is a disorder that is well suited 

for double-blind case studies to investigate the effects of 

varying stimulation parameters, for example using stimula-

tion with different parameters once a week.

tRNS for lower body pain
Motor cortex stimulation for lower body regions poses a 

problem, because the cortex is hidden within the medial 

wall of the hemispheres. Electrodes for epidural stimula-

tion cannot be applied close to the cortex. The orientation 

of the medial cortex makes it more complicated to predict 

the effects of tDCS. Because the effects of tRNS appear to 

be insensitive to the orientation of the neurons, it may well 

be possible to apply tRNS stimulation also for body regions 

represented on the medial wall.
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