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ABSTRACT   

Background: Fibromyalgia syndrome (FMS) is a chronic condition that causes pain, stiffness, and tenderness in 

muscles, tendons, and joints. It is also characterized by disturbed sleep, fatigue, anxiety, depression, and disturbances 

in bowel function. Management of FMS is at present very challenging as it contains multiple etiological factors and 

psychological tendencies; though, a patient-centered approach is essential to deal with this problem. 

Objective: To compare the efficacy of repetitive transcranial magnetic stimulation (rTMS) and transcranial direct 

current stimulation (tDCS) in improving pain and related disabilities in patients with primary (1ry) FM. 

Patients and Methods: Thirty patients with 1ry FM, 18 to 50 years old were randomized into 2 groups. Group I 

included 15 patients, who received 8 sessions (2/week for 4 consecutive weeks) of high frequency rTMS (10 Hz 

frequency) and Group II included 15 patients received 8 daily sessions of anodal tDCS (2 mA for 20 minutes) applied 

over the left primary motor cortex (M1).  

Results: Pain visual analogue scale (VAS), the revised Fibromyalgia Impact Questionnaire (FIQR), tender point 

scale, and Hospital Anxiety and Depression Scale (HADS) showed a significant decrease between baseline and 

follow-up assessments for both groups. Moreover, a significant change in all assessment scales was observed post-

treatment when compared between both groups with more significant improvement in the group that received rTMS. 

Conclusion: Both rTMS and anodal tDCS of the left primary motor cortex showed marked improvement in 

symptoms of pain, functional disabilities and psychological status in patients with 1ry fibromyalgia. Both 

neuromodulator techniques can be considered as promising alternatives therapeutic options in the management of 

pain and related disabilities in FM. 

Keywords: Chronic pain, Fibromyalgia, Neuromodulator techniques, Repetitive transcranial magnetic stimulation, 

Transcranial direct current stimulation. 

 

INTRODUCTION 

Fibromyalgia (FM) is one of the most 

challenging chronic pain syndromes with regard to 

treatment, affecting 3% to 5% of the world's 

population (1,2). It is characterized by widespread 

chronic musculoskeletal pain, accompanied by sleep 

disturbances, fatigue, decreased physical 

performance, and psychological distress that affects 

quality of life (3, 4). Many studies indicated that FM 

could be considered as one of the central sensitivity 

syndromes (5-7). 

Mhalla and colleagues, represented that FM is 

associated with impairment of intra cortical 

modulation, which supports the hypothesis that it may 

be associated with changes in cortical excitability (8). 

Considering central pain-processing changes found in 

FM and the effects of neuromodulatory techniques on 

neuroplasticity, several studies had examined the 

effects of these techniques on chronic pain in FM (9-

12). 
Transcranial magnetic stimulation (TMS) is a 

non-invasive technique of brain stimulation that uses 

changes in magnetic fields to increase or decrease 

neuronal activity (13). Low frequencies (≤1 Hz) can 

induce neuronal inhibitory function, whereas high 

frequencies (≥5 Hz) are associated with increased 

cortical excitability (13). Repetitive stimulation to the 

left prefrontal cortex is frequently associated with 

antidepressant and mood stabilizer effects, while 

repeated stimulation of the primary motor cortex 

(M1), over contralateral side of the painful area, can 

produce analgesic effects through the activation of 

horizontal fibers in the superficial layers of the 

precentral gyrus (14,15).  

 Another neuromodulator technique is the 

transcranial direct current stimulation (tDCS). Its 

work is based on weak electrical currents that are 

applied to the scalp through electrodes for a specific 

amount of time. Anodal stimulation produces 

membrane depolarization, and consequently 

increasing neuronal firing. While cathodal stimulation 

produces membrane hyperpolarization and 

consequently decreasing neuronal firing (16). The 

effectiveness of both neuromodulator techniques in 

managing pain and related functional and psychiatric 

impairments in FM has been reported in several trials 
(17-19). To the best of our knowledge, comparing the 

effects of both modalities in FM patients had not been 

previously studied. 
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Therefore, the present study aims to compare 

the efficacy of repetitive transcranial magnetic 

stimulation (r-TMS), and transcranial direct current 

stimulation (t-DCS) as neuromodulator techniques in 

the management of pain, functional disabilities, and 

psychological impact in patients with primary (1ry) 

fibromyalgia (FM). 

 

PATIENTS AND METHODS 

Ethical approval: 

The Ethical Committee of Authors 

Institution of Ain Shams University approved the 

present study, and all patients signed informed 

consent before participation.  

 

This prospective randomized controlled clinical 

study included 30 patients diagnosed clinically with 

1ry FM according to the American College of 

Rheumatology (ACR 2010) criteria (20). All patients 

were recruited from the Outpatient Clinic of Physical 

Medicine and Rehabilitation Department in Authors 

Institution Hospitals. Inclusion criteria were as 

follows: 1ry FM patients aged between 18 and 50 

years with VAS for pain > 5.  

Exclusion criteria included patients with a bad 

general condition, scalp skin pathology, major 

neurological illness as epilepsy, seizures, multiple 

sclerosis, parkinsonism or brain tumors, patients with 

pacemakers, metals in the scalp, eye or neck, metallic 

joint prosthesis, cochlear implants, and some artificial 

heart valves. 

 Pregnant or breast-feeding patients, patients 

with secondary (2ry) fibromyalgia, or those enrolled 

in another type of physical therapy program were also 

excluded. 

The sample size was calculated on the initially 

collected 40 cases, with a confidence level of 90% and 

a 10% margin of error; the ideal sample was 26 cases 

(http://www.quattrics.com).  

Randomization was done using the sealed 

envelope system. Accordingly, patients were 

randomized equally into 2 groups: Group I included 

15 patients who underwent 8 sessions of rTMS 

applied over the left M1 area (2 sessions/week for 4 

consecutive weeks). M1 was localized using the 10/20 

International EEG system as C3 adapted by measuring 

5 cm below the vertex and located along the coronal 

line over the left parietal cortex (21) (Figure 1). 

 

 
Figure (1): Localization of the transcranial magnetic 

stimulation coil over the left primary motor cortex. 

 

A Magstim rapid II 8 shaped coil trans-cranial 

magnetic stimulator was used (Magstim Rapid 

Therapy system, Magstim Inc, USA). Each treatment 

session consisted of 25 series of 8-second pulse trains, 

with 52 seconds intervals between series, at a 

stimulation frequency of 10 Hz, two sessions per week 

for four consecutive weeks. Each subject’s resting 

motor threshold (MT) was determined by using single 

TMS stimulation over the site of the motor cortex, 

with a positive response in the motor cortex 

determined by minimum power that induced 

movement of the contralateral thumb of the patient. To 

ensure subject comfort, maximal TMS power was set 

to be 90% of the motor threshold. But patients’ 

comfort was assessed during the stimulation and if at 

any time the patient indicated significant discomfort 

from the stimulus, the power was decreased 

incrementally.  

Group II included 15 patients who received 8 

daily sessions of active anodal tDCS applied over the 

left M1 area with an intensity of 2 mA, for 20 minutes 

in daily sessions (Activadose tDCS Device, 

ActivaTek, Inc, USA). The cathode is placed over the 

contralateral (right) supraorbital area. M1 is localized as 

C3 by using the 10/20 International EEG system. A pair 

of thick rectangular surface sponge electrodes were 

soaked in saline and applied to the scalp at the desired 

sites of stimulation (Figure 2).  

http://www.quattrics.com/
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Figure (2): Electrodes placement for transcranial 

direct current stimulation showing the target location 

of the anodal electrode (C3; left) and the cathode 

electrode over the right supraorbital area 

 

Minor side effects were reported from rTMS 

therapy including transient headache and tingling. The 

most common side effect of tDCS observed in our 

patients was a tingling sensation felt under the 

electrodes. Headache, and/or dizziness were also 

reported by some patients at the start of tDCS sessions 

but they were well tolerated. The primary outcomes 

assessed in this study were the pain visual analog scale 

(VAS) (22) and the revised Fibromyalgia Impact 

Questionnaire (FIQR) (23). 

The FIQR is a self-administered evaluation 

instrument developed to measure FM patients’ status, 

and progress. The questionnaire has 21 individual 

questions that are based on an 11-point numeric rating 

scale of 0 to 10, with 10 being the 'worst'. All 

questions are designed to describe the past 7 days. It 

is composed of 3 domains. The first one consists of a 

physical functioning scale. Domain 2 determines the 

number of days that the patient feels well and the 

number of days they are not able to work because of 

FM symptoms. Domain 3 is a 10-centimeter VAS on 

which the patient rates the intensity of different 

fibromyalgia symptoms including memory affection, 

tenderness, balance abnormalities, and 

environmental sensitivity. The sum of scores in each 

domain is calculated. Then domain 1 is divided by 3, 

domain 2 by 1, and domain 3 by 2. Finally, the three 

resulting domain scores are added to obtain the total 

FIQR (23).  

Secondary outcome measures included the 

tender point score (24) and the Hospital Anxiety and 

Depression Scale (HADS) (25). The tender point score 

was performed using digital palpation with an 

approximate force of 4 kg. Pain elicited by digital 

palpation was found to be present in at least 11 out of 

18 sites. For a tender point to be rated positive, the 

patient must state that the palpation was painful (24). 

HADS consists of two subscales that are scored 

separately, one for measuring anxiety and the other for 

measuring depression. Each subscale is composed of 

seven items. Each item was rated by the patient on a 

4-point (0–3) scale, so the possible scores ranged from 

0 to 21 for each of the two subscales. The HADS 

manual indicates that a score (0-7) is “normal,” (8-10) 

is “mild,” (11-14) is “moderate,” and (15- 21) is 

“severe” (25). 

 

Statistical analysis 

Statistical analysis including data collection, 

revision, coding, and entering into the Statistical 

Package for the Social Sciences (IBM SPSS version 

20, Armonk, NY: IBM Corp). The qualitative data 

were shown as numbers and percentages whereas 

quantitative data were presented as mean, standard 

deviations, median, and interquartile range (IQR). The 

comparison between the two groups with qualitative 

data was done by using the Chi-square test.  

The comparison between two independent 

groups with quantitative data and parametric 

distribution was performed by using an independent t-

test. Paired t -test was a test of significance used for 

comparison between paired data normally distributed 

having nominal variables. Mann-Whitney U Test was 

a test of significance used for comparison between 

two groups having quantitative variables without 

normal distribution (for non-parametric data). P-value 

was considered significant as the following: P < 0.05: 

Significant, P < 0.01: Highly significant and P < 

0.001: Very highly significant.  

 

RESULTS 

This study was conducted on 30 patients divided 

equally into two groups. The flow chart of patients is 

demonstrated in Figure (3). We found no significant 

difference in demographic data, wide spread pain 

index (WPI), symptom severity (SS) scale between 

both patients’ groups. The pre-treatment VAS, Tender 

point score, FIQR, and, HADS anxiety and depression 

subscales were statistically comparable in both groups 

(Table 1).  
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Figure (3): Flow chart of patients. 

  

1ry FM patients with eligibility (No. =40) 

Excluded (No. =5) 

-History of head trauma (No. =1) 

- History of metal implant (No. =1) 

-Patient with epilepsy (No. = 1) 

-Pregnant Female patient (No. =1) 

-Patient with multiple sclerosis (No. 

=1) 

  

Enrollment 

Randomized (No. =35) 

Allocation 

t-DCS group (group 2) (No.=17) r-TMS group (group 1) (No.18) 

18=18) 

Follow - up 

 Lost to follow up (No.=2) 

- One patient had no improvement after 2 

sessions 

-1 patient discontinued after3 sessions 

because he did not have enough time. 

Lost to follow up (No.=3) 

-One patient had no satisfaction after 2 

sessions. 

-2 patients improved after 4 sessions and 

stopped. 

Statistical analysis 

Analyzed (No.=15), completed and 

received 8 daily sessions of (t-DCS)  

Excluded from analysis (No.=0) 

 

Analyzed (No. =15), completed and received 8 

sessions of (r- TMS) 2 per week 

Excluded from analysis (No.=0) 
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Table (1): Comparison of demographic data, WPI, SS scale and all clinical scales between both patients’ 

groups 

Demographic and Clinical data 

Group I 

r-TMS therapy  

(N=15) 

Group II 

t-DCS therapy 

(N=15) 
P - value 

Mean SD Mean SD 

Age 32.73 5.65 31.80 6.30 ■ 0.673 

Disease duration (years) 

Median (IQR) 
6 (3 – 8)  5 (3 – 7)  ■ 0.545 

 N % N %  

Sex 
Male 4 26.7% 6 40% 

¶ 0.439 
Female 11 73.3% 9 60% 

  Mean SD Mean SD  

Wide spread pain index (WPI) 16.27 1.62 14.87 2.23 ■ 0.673 

Symptom severity scale (SSS) 10.75 1.75 10.03 1.45 ■ 1.000 

Visual analogue scale (VAS) 7.73 1.28 7.00 0.93 ■ 0.059 

Tender point score 16.27 1.62 14.87 2.23 ■ 0.059 

Revised fibromyalgia impact 

questionnaire (FIQR) 
55.92 3.50 55.66 3.52 ■ 0.841 

 (HADS) Depression sub-score 7.13 2.73 5.93 1.77 ■ 0.078 

 (HADS) Anxiety sub-score 12.6 1.99 10.33 1.95 ■ 0.737 

Statistical methods used: ■ Independent Student t- test, ¶Chi square test. HADS: Hospital Anxiety and 

Depression Scale. 

 

Post-intervention in the rTMS therapy group, the VAS, Tender point score and FIQR were highly significantly 

lower than corresponding values before treatment. While, HADS anxiety and depression subscales demonstrated a 

significant post-intervention reduction (Table 2). 

 

Table (2): Comparison of clinical assessment scales before and after treatment in r-TMS therapy group 

Clinical scores 

r-TMS therapy 

group (pre-

treatment) 

(n =15) 

(mean± SD) 

r-TMS therapy 

group (post-

treatment) 

(n =15) 

(mean± SD) 

p -value 

Visual analogue scale (VAS) 7.73 ± 1.28 3.33 ± 1.11 •<0.001** 

Tender point score 16.27 ± 1.62 11.40 ± 2.06 •<0.001** 

Revised fibromyalgia impact 

questionnaire (FIQR) 
55.92 ± 3.50 43.03 ± 2.79 •<0.001** 

(HADS) Depression sub-score 7.13 ± 2.73 4.33± 1.76 • 0.044* 

(HADS) Anxiety sub-score 12.6 ± 1.99 6.13± 1.30 • 0.048* 

Statistical methods used: • paired Student t test. *: Significant, **: Highly significant, HADS: Hospital Anxiety and 

Depression Scale. 

 

In the tDCS therapy group the VAS, Tender point score and FIQR were highly significantly lower than 

corresponding values before treatment. While, HADS anxiety and depression subscales demonstrated a significant 

post-intervention reduction (Table 3). 
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Table (3): Comparison of clinical assessment scales before and after treatment in t-DCS therapy group 

Clinical scores 

t-DCS therapy group 

(pre-treatment) 

(n =15) 

(mean± SD) 

t-DCS therapy group (post-

treatment) 

(n =15) 

(mean± SD) 

p -value 

Visual analogue scale (VAS) 7.00 ± 0.93 
3.93 ± 1.03 

 
•<0.001** 

Tender point score 14.87 ± 2.23 
11.00 ± 1.69 

 
•<0.001** 

Revised fibromyalgia impact 

questionnaire (FIQR) 
55.66 ± 3.52 45.59 ± 3.25 •<0.001** 

(HADS) Depression sub-

score 
5.93 ± 1.77 3.93± 1.09 • 0.050* 

(HADS) Anxiety sub-score 10.33 ± 1.95 5.07± 1.87 • 0.016* 

Statistical methods used: • Paired Student t test. *: Significant, **: Highly significant, HADS: Hospital Anxiety 

and Depression Scale. 

 

On comparing post-intervention clinical outcome measures, all scores were found to be statistically comparable in 

both groups except for the FIQR score which showed a significant statistical difference (Table 4). 

 

Table (4): Comparison of VAS, Tender point score, FIQR and HADS after treatment in both groups 

Clinical scores 

r-TMS therapy group 

(post treatment) 

(n =15) 

t-DCS therapy group 

(post treatment) 

(n =15) 

p -value 

Visual analogue scale (VAS) 3.33 ± 1.11 3.93 ± 1.03 ■ 0.137 

Tender point score 11.40 ± 2.06 11.00 ± 1.69 ■ 0.566 

Revised fibromyalgia impact 

questionnaire (FIQR) 
43.03 ± 2.79 45.59 ± 3.25 ■ 0.028* 

(HADS) Depression sub-score 4.33± 1.76 3.93± 1.09 ■ 0.315 

(HADS) Anxiety sub-score 6.13± 1.30 5.07± 1.87 ■ 0.900 

Statistical methods used: ■ Independent Student t- test. *: Significant, HADS: Hospital Anxiety and Depression Scale. 

 

As regards the comparison of the degree of change in all assessed scores post-treatment between both groups, 

a high statistically significant difference was found between both groups in the VAS, Tender point score and FIQR. 

HADS anxiety and depression subscales demonstrated a significant difference (Table 5). 

 

Table (5): Comparison of change of VAS, Tender point score, FIQR and HADS post-treatment in both 

groups 

Clinical scores 

r-TMS therapy 

group (change 

post- treatment) 

(n =15) 

Median (IQR) 

t-DCS therapy group 

(change post- treatment) 

(n =15) 

Median (IQR) 

P- value 

Visual analogue scale (VAS) -4 (-5 – -4) -3 (-4 – -3) ‡ <0.001** 

Tender point score -5 (-6 – -4) -4 (-5 – -3) ‡ <0.001** 

Revised fibromyalgia impact 

questionnaire (FIQR) 
-12.3 (-14.4 – -11.6) -10 (-11.4 – -9) ‡ <0.001** 

(HADS) Depression sub- 

score 
-3.80 ± 1.86 -2.00± 1.00 ■ 0.030* 

(HADS) Anxiety sub- score -6.47± 1.64 -4.87± 1.51 ■ 0.021* 

Statistical methods used: ‡ Mann Whitney test, ■ Independent Student t- test. *: Significant, **: Highly significant, 

HADS: Hospital Anxiety and Depression Scale. 

 



https://ejhm.journals.ekb.eg/ 

 

1807 

 

 

DISCUSSION 

The current study demonstrated that 8 

sessions of high-frequency rTMS (2/week for 4 

consecutive weeks) and 8 daily sessions of anodal 

tDCS in 1ry FM patients resulted in a marked 

improvement of pain VAS, functional abilities, and 

different aspects of quality of life assessed by FIQ, 

anxiety and depression subscales of HADS in addition 

to tender point score at the end of the treatment 

schedule for both techniques. However, the group of 

rTMS therapy showed a higher degree of change of all 

clinical assessment scores post-treatment than the 

group of tDCS. 

The results of this study demonstrated that the 

use of neuromodulatory techniques in the 

management of 1ry FM can improve pain, 

functionally related disabilities, and psychological 

status of patients, especially for rTMS protocol. The 

addition of rTMS and tDCS to the management 

protocol of FM patients can improve the quality of the 

life and reduce the side effects of drugs. 

Our results in the rTMS therapy group are 

comparable to those of Altas et al. (26), in which 30 

patients with FM were recruited and underwent 15 

sessions of 10-Hz rTMS to the left M1 (10 patients), 

left-hemisphere dorsolateral prefrontal cortex 

(DLPFC) (10 patients), and sham (10 patients). 

Significant improvements was reported in pain, 

quality of life, and depression scores in all three 

groups. However, the decrease in VAS scores was 

significantly prominent in patients who received 

rTMS over left M1, whereas improvement in physical 

function was more significant in patients who received 

rTMS over DLPFC. Besides, the results of the rTMS 

group matched with those of Mhalla et al. (12), who 

assessed the long-term maintenance of analgesic 

effect of high-frequency rTMS applied lo left M1 in 

thirty patients with FM (sixteen in the active 

stimulation group compared to fourteen in the sham 

stimulation group). The active rTMS group reported a 

significant reduction in pain intensity from day 5 to 

week 25. In addition to a long-term improvement of 

morning tiredness, fatigue, walking, and sleep. 

Similarly, in the study of Passard et al. (27), thirty 

patients with FM were randomly divided into two 

groups (15 received active rTMS and 15 received 

sham stimulation, applied to the left M1 over 10 daily 

sessions). Active rTMS group showed significantly 

reduced pain starting from the fifth session besides 

improved several aspects of quality of life lasting for 

up to 2 weeks post-intervention. The study of 

Fitzgibbon et al. (28), provided evidence that 4-weeks 

daily sessions (5/week) of high frequency (10HZ) 

rTMS (total of 20 sessions) applied to the left DLPFC 

in 26 patients with FM were effective in improving 

fatigue and pain intensity.  

Our study results in the tDCS group matched 

those of Fregni et al. (29), who found that five sessions 

of anodal tDCS over left M1 were effective as 

compared to the placebo group in reducing pain and 

improving quality of life in patients with FM and 

persisted for 3 weeks post-intervention. Our results 

also agree with Jales Junior et al. (30) who studied the 

effects of the application of 1 mA of anodal 

stimulation of tDCS over left M1 area, given once a 

week in a total of 10 consecutive weeks to a group of 

10 females with FM. The sham group included 10 

patients with FM that received no electric pulses. They 

reported a significant decrease in the FIQ and the VAS 

scores. In addition to a significant reduction in trigger 

points’ measurement and functional capacity, physical 

and emotional aspects of the short-form survey (SF-

36) domains in the effective group. Valle et al. (9), 

compared the efficacy of M1 and DLPFC tDCS 

stimulation applied to forty-one females with chronic 

FM refractory to medical treatment. Both groups 

displayed improvements in VAS pain score and 

quality of life assessed by FIQ at the end of the 

treatment protocol. Even though, only M1 stimulation 

resulted in long-lasting clinical benefits at 30 and 60 

day’s post-intervention.  

A systematic review study that determines the 

effects of tDCS and TMS on the main symptoms of 

patients with FM concluded that the application of 

tDCS to the motor cortex can decrease pain in the 

short and medium-term in patients with FM. Both 

techniques showed improvements in pressure pain 

threshold, and quality of life when applied to the 

motor cortex, and in fatigue scales when applied to the 

DLPFC. While the effects of both modalities on 

anxiety and depression were undetermined (31).  

 The primary motor cortex has been the most 

studied target to improve pain (11,26,27,29, 30). The 

reduction in both pain and depression/anxiety has 

been observed by targeting the left M1 area in our 

patients via either high-frequency rTMS or tDCS. 

This may be explained by that depression and anxiety 

are consequences of chronic pain and that the decrease 

of pain by treatment via neuromodulatory techniques 

may improve the psychological status of patients. The 

brain regions involved in pain and depression are 

closely related. The study of Vishne et al. (32), reported 

a bidirectional relationship between pain and 

depression. The intensity of the nociceptive pain 

stimulus has been associated with central sensitization 

activation and depression. Thus, the antidepressant 

effect of both neuromodulatory techniques observed 

in this study may be a sequential effect of improving 

pain, and not the depressive symptom itself. So, it can 

be concluded that M1 cortex stimulation could be a 

target for the treatment of anxiety and depression in 

patients with FM. 
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The mechanism of pain relief through cortical 

stimulation by rTMS is based on the modification of 

neuronal excitability. rTMS induces alterations in the 

activity of cortical and subcortical brain structures that 

are contributing to pain processing and modulation, 

including the periaqueductal gray matter, orbitofrontal 

cortices, anterior cingulate and, medial thalamus (33).  

Positive effects in tDCS in FM patients may 

be attributed to its neurophysiological effects 

including facilitation of synaptic efficacy, expression 

of neurotrophic factors, and improvements in regional 

cerebral blood flow (34). The improvement in pain 

modulation resulting from tDCS is attributed to the 

long term potentiation (LTP) of new adaptive synaptic 

connection (35).  

There were some limitations to this study. 

First, the small sample size that could give a chance of 

type I error. Second, the participants were aware of 

their treatments, which could give some expectations 

of treatment benefit and thus influence the assessment 

of our results due to a lack of blinding and a control 

group. Third, we studied only primary FM patients. 

So, we could not represent the characteristics of all 

FM patients and these results may not be 

generalizable. Another important limitation is that we 

could not determine the optimal number of stimulation 

sessions, treatment interval, and booster regimen.  

 

CONCLUSION 
The use of neuromodulatory techniques 

including rTMS and tDCS targeting the left primary 

motor cortex are potentially effective alternative 

treatment options in fibromyalgia patients. Both 

techniques were effective in producing marked 

improvement in symptoms of pain, functional 

abilities, and psychological status in patients with 1ry 

FM. A major advantage of both techniques over 

pharmacological treatment would be their excellent 

tolerability and fewer side effects. However, further 

studies are required to standardize the optimal 

parameters and protocols of stimulation. In particular, 

the effects of right versus left stimulation should be 

assessed to investigate the lateralization of the effects. 

Future studies should also confirm the long term 

sustained analgesic effects. 
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