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ABSTRACT 

High-definition transcranial direct current stimulation (HD-tDCS) of brain areas related to 

pain processing may provide analgesic effects evident in the sensory detection and pain thresholds. 

The somatosensory sensitivity was assessed following HD-tDCS targeting the primary motor cortex 

(M1) and/or the dorsolateral prefrontal cortex (DLPFC). Eighty-one (40 females) subjects were 

randomly assigned to one of four anodal HD-tDCS protocols (20 min) applied on three consecutive 

days: Sham-tDCS, DLPFC-tDCS, M1-tDCS, and DLPFC&M1-tDCS (simultaneous tDCS of 

DLPFC and M1). Subjects and experimenter were blinded to the tDCS protocols. The 

somatosensory sensitivity were assessed each day, before and after each tDCS by detection and pain 

thresholds to thermal and mechanical skin stimulation, vibration detection thresholds, and pressure 
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pain thresholds. Subjects were effectively blinded to the protocol, with no significant difference in 

rates of whether they received real or placebo tDCS between the four groups. Compared with the 

Sham-tDCS, none of the active HD-tDCS protocols caused significant changes in detection or pain 

thresholds. Independent of tDCS protocols, pain and detection thresholds except vibration detection 

were increased immediately after the first tDCS protocol compared with baseline (P <0.05). 

Overall, the active stimulation protocols were not able to induce significant modulation of the 

somatosensory thresholds in this healthy population compared to sham-tDCS. Unrelated to the HD-

tDCS protocol a decreased sensitivity was found after the first intervention, indicating a placebo 

effect or possibly habituation to the QST assessments. These findings add to the increasing 

literature of null-findings in the modulatory effects of HD-tDCS on the healthy somatosensory 

system. 

 

Keywords: quantitative sensory testing; High definition transcranial direct current stimulation; Non-

invasive brain stimulation 

 

INTRODUCTION 

Transcranial direct current stimulation (tDCS) is a non-invasive brain stimulation method where 

recent advances have increased the spatial resolution by using smaller electrodes in e.g. a ring 

configuration, instead of the larger pad-electrodes[58]. This high definition (HD) tDCS have shown 

advantages over the traditional methodology in terms of accuracy of the current delivery and effect 

duration[27, 32, 58].  

The physiological action of tDCS is a subthreshold shift of the resting membrane potential, 

towards hyperpolarisation or depolarisation. Anodal stimulation increases the excitability, and 

cathodal stimulation inhibits the excitability of the underlying cortical target[30, 34]. The 
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excitability change induced by tDCS is reflected in the responsiveness to synaptic inputs and 

spontaneous neuronal firing rate. This has been demonstrated by modifications in the 

somatosensory and corticomotor excitability[32, 56], outlasting the tDCS time when using adequate 

stimulation protocols[33]. The excitability changes have been demonstrated to entail behavioural 

effects, including changes in working memory and semantic processing[8, 27]. Moreover, HD-

tDCS has shown clinical potential providing analgesia in e.g. fibromyalgia, migraine and 

musculoskeletal pain conditions, although it is still unclear how excitability changes in select 

cortical areas, can induce an analgesic effect[2, 13, 52]. In other conditions such as stroke and 

depression, tDCS compared with sham tDCS have shown functional improvements with facilitation 

of recovery of function after stroke and improved depression and mood questionnaire scores[17, 

43]. 

The use of tDCS in pain conditions includes anodal/cathodal stimulation of the somatosensory 

cortex, although showing modest efficacy in modulating the pain perception in healthy adults[21, 

57]. Anodal stimulation of the dorsolateral prefrontal cortex (DLPFC), have been investigated in 

pain patients with moderate effectiveness[11, 19, 46]. The most commonly used stimulation 

protocol is 20-min anodal stimulation of the primary motor cortex (M1), with the cathode located 

contralaterally over the supraorbital prefrontal cortex[33]. This configuration received the highest 

recommendations to relieve pain in the evidence-based guidelines[34]. A single tDCS period may 

be insufficient to produce changes in cortical excitability[33] and tDCS possibly need to be 

administered several consecutive days to provoke neuroplastic changes[34]. Moreover, multiple 

tDCS sessions could have additive effects, on both the duration and the efficacy[22]. 

These uncertainties pertaining to the tDCS methodology have requested more studies 

investigating the different tDCS configurations with larger sample size and a rigorous methodology 
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[30, 35, 39, 45, 61]. This is expected to provide better understanding of the mechanisms involved in 

the neuromodulation, and strengthen the clinical potential of the technology [30].  

Investigating the efficacy of interventions targeting the somatosensory system is commonly 

done by quantitative sensory testing (QST) to compare the pain and somatosensory sensitivity 

before and after the intervention [24, 48, 50]. The changes in QST measurements are useful to 

understand pain processes in healthy subjects, as the respective assessments reflect the function of 

specific nerve fibers [48]. 

QST has been used to assess the effect of various pharmacological interventions on the 

somatosensory pain and detection thresholds where e.g. opioids is able to increase the cold pain 

tolerance with a large effect size [16]. Similarly, non-opioid interventions, such as the tricyclic 

antidepressant modulates the pressure pain tolerance and heat pain tolerance in healthy subjects 

with medium effect sizes whereas the detections thresholds of these modalities were not 

significantly affected [41]. 

This study aimed to investigate the pain and somatosensory sensitivity before and after 

different spatial HD-tDCS protocols in healthy subjects. In a sham-controlled design, three different 

configurations of active HD-tDCS were assessed with stimulation to the 1) DLPFC, 2) M1, and 3) 

simultaneously to M1 and DLPFC. Each HD-tDCS protocol was delivered for 20-min on three 

consecutive days. The temporal effects of the HD-tDCS protocols were assessed by pain and 

sensory thresholds before and after the daily HD-tDCS-session. It was hypothesised that the 

analgesic effects of HD-tDCS reflected as increased sensory and pain thresholds was 1) 

demonstrated in the active versus sham HD-tDCS protocols, 2) with the M1+DLPFC protocol being 

superior to the others, and 3) with increasing efficacy over the three days.  
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MATERIALS AND METHODS 

Participants 

Eighty-one healthy participants (40 female) in the age 18-55 years were included in this study 

conducted at Center for Neuroplasticity of Pain (CNAP) at Aalborg University, Denmark between 

18/12/2018 and 02/18/2020. The sample size was calculated based on detecting a large effect size 

(partial η2 = 0.14)[20], with 80% power and an alpha level of 0.05. The effect size used in the 

sample size calculation were based on the latest meta-analysis review investigating the modulatory 

effect of tDCS on pain thresholds, which showed a medium positive effect of tDCS (effect  size: 

0.47, 95% CI:0.13 to 0.82), corresponding to a partial η2 = 0.06 (95% CI: 0.01-0.14) [20, 24]. As it 

was hypothesized that HD-tDCS would provide stronger modulatory effects than the conventional 

tDCS configuration assessed in the meta-analysis review, it was decided to aim for the high end of 

the effect size spectrum. [27]. The relationship between effect size (Cohen’s d and partial η2) and 

the sample size needed to detect differences between the groups with 80% power and an alpha level 

of 0.05 was estimated for large (Cohen’s d = 0.8, partial η2 = 0.14, n = 15), medium (0.5, 0.06, 30), 

and small (0.2, 0.01, 161) effect sizes. The calculations are made using the software G*Power 

3.1.9.2, using the MANOVA: Repeated measures, within-between interaction with 4 groups and 6 

number of measurements 

Exclusion criteria included pregnancy, drug addiction, use of opioids, antipsychotics, 

benzodiazepines or any previous or current neurological, musculoskeletal, rheumatic, malignant, 

inflammatory or mental illnesses. As the experimental outcome was psychometrics of sensory 

perceptions, individuals with current or prior pain conditions, recent alcohol intake or sleep 

deprivation were excluded. All participants received written and verbal information about the study 

and all signed a consent form before the first experimental session. The study was performed 
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according to the Helsinki Declaration, approved by the North Denmark Region Committee on 

Health Research Ethics (VN-20180085), and was registered at ClinicalTrials.gov (NCT04165876). 

 

Experimental design 

A randomized double-blind sham-controlled longitudinal study including four groups (‘Sham-

tDCS’: 20 min sham tDCS; ‘DLPFC-tDCS’: 20 min anodal tDCS of DLPFC; ‘M1-tDCS’: 20 min 

anodal tDCS of M1; and ‘DLPFC&M1-tDCS’: 20 min anodal multichannel tDCS of DLPFC and 

M1 simultaneously). The experimental design consisted of three consecutive days of tDCS sessions 

with quantitative sensory assessments (vibration, tactile, pressure and thermal sensitivity) before 

and after each tDCS-stimulation protocol (Fig. 1). Thus, a total of six QST sessions were included 

(Day1pre, Day1post, Day2pre, Day2post, Day3pre, and Day3post). Stimulation sessions were 

separated by 24 h. Participants sat in a reclined position during the entire experimental protocol. 

 

Figure 1.  

Participants were randomly allocated to the four groups with at least 20 per group. Subjects were 

blinded to the stimulation protocol throughout the study and received uniform instructions prior to 

each session. The four protocols were programmed in the tDCS software by a third person, and 

named secretly, so the experimenter could run the preconfigured stimulation programs without 

knowing the parameters. Further it was not possible to identify the type of action of the protocols 

during the administration hereof, resulting in the experimenter being blinded to the stimulation type 

the participant received. The group numbers were linked to the respective stimulation protocols 

after the primary statistical analysis were conducted.  
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Blinding procedure 

Participants were explained that they would be assigned to one of four groups, which would 

determine the specific configuration of HD-tDCS they would receive. Additionally it was explained 

that one of these configurations would be a sham-stimulation, designed to have no effects, but 

would simulate the potential physiological sensation of the real stimulations. The participants were 

asked whether they believed they had received ‘real’ stimulation or sham-stimulation after the 

tDCS-procedure on each day. The response was scored as 0 if the participant believed that they had 

received an active stimulation protocol and 1 if they believed that they had received the sham 

stimulation. The average value of their responses was calculated across the three days, and defined 

as the Protocol-index. 

 

High definition transcranial direct current stimulation  

The HD-tDCS was administered using the non-invasive 32-channel neuro-stimulator (Starstim 32, 

Neuroelectrics, Spain) with 3.14 cm2 Ag/AgCl gelled electrodes in a neoprene cap (NE056 Headcap 

R, Neuroelectrics, Spain) following the international 10-10 EEG system. The protocol lasted 

approximately 35 minutes; 15 minutes preparing the setup with appliance of the electrode-cap, 

conductive gel and electrodes, and 20 minutes of HD-tDCS. The cortical targets for stimulation are 

chosen based on suggestions from similar studies[27, 34]. The electrical current was distributed 

between the electrodes in the respective ways: DLPFC-tDCS: Anode F3= 2000 µA and cathodes 

AF3= -667 µA, FC5= -667 µA, FC1= -667 µA. M1-tDCS: Anode C3= 2000 µA and cathodes 

CP1= -500 µA, FC1= -500 µA, FC5= -500 µA, CP5= -500 µA. DLPFC&M1-tDCS: Anodes C3= 

2000 µA, F3= 2000 µA and cathodes AF3= -800 µA, CP1= -800 µA, FC1= -800 µA, FC5= -800 

µA, CP5= -800 µA. The electrode montages and their corresponding electric field distribution is 

shown in figure 2 (estimated by the Neuroelectrics stimulation software). 
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 For active-tDCS, direct current was ramped up to the target amplitude over 30 s, and 

delivered continuously for 19 minutes before ramping down over 30 s. In the Sham-tDCS the 

stimulation was ramped up over 30 s to a total intensity of anode C3= 2000 µA and cathodes CP1=-

500 µA, FC1=-500 µA, FC5=-500 µA, CP5 = -500 µA. Subsequently the tDCS was turned off and 

after 19 min of no stimulation the stimulation was turned on again and ramped down over 30 s[18]. 

The electrical current in the active stimulation was so weak that participants were not supposed to 

distinguish active stimulation from sham[7, 23].  

 

Figure 2. 

Thermal sensitivity 

A 3×3 cm (9 cm2) contact thermode (Medoc Advanced Medical Systems, Israel) was used to assess 

the thermal sensitivity on the skin above flexor carpi radialis muscle of the right arm. Each stimulus 

series began at 32°C and detection and pain thresholds were assessed, respectively. The temperature 

ascended and descended in ramps, and the participant’s cold detection threshold (CDT) and heat 

detection threshold (HDT) was recorded, by them pressing a button the first time they felt a change 

in temperature. Cold pain thresholds (CPT) and heat pain thresholds (HPT) were assessed by the 

participants indicating the moment, the thermal sensation first became painful. CDT and WDT were 

expressed as the difference from 32°C. The measurements were repeated three times, within the 

temperature range of 0-50 °C, and the average was used for analysis.  

 

Tactile sensitivity 

The Tactile Detection Threshold (TDT) was determined on the skin above the right flexor carpi 

radialis muscle using a set of Von Frey filaments (Touch Test® Sensory Evaluators, North Coast 

Medical Inc, USA). The filaments are made by nylon fibre of various diameters providing a range 
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of forces of from 0.02 g to 300 g. Five threshold determinations were performed, each with a series 

of ascending and descending stimulus intensities. The final mechanical detection threshold (MDT) 

was defined as the geometric mean of these five series of supra- and sub-threshold stimuli 

intensities[47].  

 

Mechanic pain sensitivity 

The mechanical pain threshold (MPT) was determined at the skin above the right flexor carpi 

radialis muscle using a set of seven weighted pinprick stimulators (PinPrick, MRC Systems GmbH, 

Germany) with a contact area of 0.25 mm tip diameter that exert forces between 8 mN and 512 mN. 

Five threshold determinations were made, each with a series of ascending and descending stimulus 

intensities. The final threshold was defined as the geometric mean of the five supra- and 

subthreshold readings[47]. 

 

Sensitivity to vibration 

Vibration Detection Threshold (VDT) was determined with a Rydel-Seiffer tuning fork (64 Hz, 8/8 

scale, Uniplex, England). Vibrating at 64 Hz at maximum vibration amplitude, decreasing over 

time, the tuning fork was placed over the prominence of the distal part of the ulna in the right arm. 

Subjects were asked to indicate the exact moment the vibratory sensation disappeared, at which 

time the VDT were registered as the score from 1-8, where vibration could no longer be detected; 8 

being the least amplitude causing a sensation of vibration[60]. The assessment was repeated three 

times and the mean value across the three trials were extracted for further analysis.  
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Pressure pain sensitivity 

A hand-held pressure algometer (Somedic, Hörby, Sweden) with a 1-cm2 probe was used to record 

the pressure pain thresholds (PPTs). The pressure was increased gradually at a rate of 30 kPa/s. The 

measurement was repeated three times at the flexor carpi radialis muscle of the right arm and at the 

medial part of the tibialis anterior muscle on the left leg. The participants indicated the exact time 

the pressure sensation changed from strong pressure to a painful sensation with a button press, and 

the force exerted was registered. The mean value across three trials was defined as the PPT used for 

further analysis. 

 

Statistics 

Data are presented as mean ± standard deviation (SD) in text and tables, and mean and standard 

error of the mean (SEM) in figures. Significance was accepted at P < 0.05. The Protocol-index was 

analysed in a one-way analysis of variance (ANOVA) with Groups (Sham-tDCS, DLPFC-tDCS, 

M1-tDCS and DLPFC&M1-tDCS) as between subject factor to identify differences. As 

psychophysical data were not normally distributed evaluated by the Shapiro-Wilk’s test of 

normality for the modalities WDT, MPT, PPT and VDT, a log-transformation was conducted and 

used for further analysis. A one-way ANOVA was performed on the baseline values of each of 

assessment modalities with Groups (Sham-tDCS, DLPFC-tDCS, M1-tDCS and DLPFC&M1-

tDCS) as between group factor to analyse baseline differences. 

Three different two-way mixed-model ANOVA were performed for each sensory modality. 

The first analysis included the factors Time (Day1pre, Day1post, Day2post and Day3post) as within 

subject factors and Groups (Sham-tDCS, DLPFC-tDCS, M1-tDCS and DLPFC&M1-tDCS) as 

between group factor to analyse differences between the baseline and all post-tDCS assessments. A 

Bayesian two-way mixed-model ANOVA with the same factors were also performed to add the 
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meaningfulness of the frequentist statistics presenting with tendencies for significance (P < 0.1). 

The methods, results and discussion of these analyses are included in the supplementary material 

(available at http://links.lww.com/PAIN/B254).  

The second ANOVA included factors Time (Day1pre, Day2pre and Day3pre) as within 

subject factors and Groups (Sham-tDCS, DLPFC-tDCS, M1-tDCS and DLPFC&M1-tDCS) as 

between group factor to analyse differences between the pain and sensory modalities of the three 

days pre-tDCS. The second analyses avoids the immediate effects of tDCS intervention acting as 

confounders.  

To identify whether the immediate effect of the tDCS altered over the course of the three 

days, the delta values between pre-tDCS assessments and post-tDCS assessments (post-tDCS minus 

pre-tDCS) were calculated for each of the days. These delta-values were included in the third 

ANOVA with the factor Time (Day1, Day2 and Day3) as within subject factors, and the factor 

Groups (Sham-tDCS, DLPFC-tDCS, M1-tDCS and DLPFC&M1-tDCS) were used as between 

subject factors. If significant main effects or interactions, post hoc analysis was done using a 

Bonferroni test to correct for multiple comparison. As the two-way mixed model ANOVA assumes 

sphericity, that the data did not fulfil, a Greenhouse-Geisser correction is utilized. 

 

RESULTS 

Of the 81 participants, one participant had missing data at the Day3post session, and two subjects 

were excluded from the pressure pain threshold assessment, as they reported to have misunderstood 

the instructions. No adverse effects of the interventions were reported. Demographics of 

participants in the four groups, including gender, handedness, age, weight and height are presented 

in Table 1. 
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Table 1.  

Blinding efficacy 

The Protocol-index indicating the average rate that the participants believed to have received the 

sham-tDCS across the three sessions was reported as 0.33±0.07 (Sham-tDCS), 0.30±0.06 (DLPFC-

tDCS), 0.22±0.07 (M1-tDCS), and 0.27±0.06 (DLPFC&M1-tDCS). There was no significant 

differences between groups when analysed by a one-way ANOVA (F(3, 76) = 0.44, P= 0.73).  

 

Somatosensory and pain sensitivity across groups before tDCS 

Baseline somatosensory and pain sensitivity were not significantly different between groups except 

for the vibration detection threshold (Day1pre in Fig. 3 and Fig. 4), analysed by a one-way 

ANOVA: CDT (F(3, 77)= 0.43, P=0.74, partial η2=0.02), WDT (F(3, 77)= 0.51, P=0.67, partial 

η
2=0.02), CPT (F(3, 77)= 0.89, P=0.45, partial η

2=0.03), HPT (F(3, 77)= 1.26, P=0.30, partial 

η
2=0.05), TDT (F(3, 77)= 2.35, P=0.08, partial η

2=0.08), MPT (F(3, 77)= 0.33, P=0.80, partial 

η
2=0.01), PPT (F(3, 75)= 1.74, P=0.17, partial η

2=0.07), and VDT (F(3, 77)= 4.85, P=0.004, partial 

η
2=0.16). Post-hoc comparison revealed that the VDT of the DLPFC&M1-tDCS group (7.37±0.48) 

was lower than the M1-tDCS (7.85±0.30, P<0.01) and DLPFC-tDCS (7.79±0.44, P=0.02) groups. 

 

Figure 3. 

Thermal detection and pain thresholds after tDCS on each day 

The ANOVA with factors Group (Sham-tDCS, DLPFC-tDCS, M1-tDCS and DLPFC&M1-tDCS) 

and Time (Day1pre, Day1post, Day2post and Day3post) revealed that there was no significant 

interaction between the two factors on any of the thermal modalities (Fig. 3): CDT (F(6.83, 

173.05)=1.0, P=0.43, partial η2=0.04), HDT (F(8.42, 213.42)=1.22, P=0.29, partial η
2=0.05), CPT 
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(F(5.56, 140.95)=0.86, P=0.52, partial η
2=0.03), and HPT (F(7.72, 181.76)=1.50, P=0.17, partial 

η
2=0.06). 

Unrelated to the groups, the thresholds did change over the time for all modalities: CDT 

(F(2.28, 173.05)=6.36, P <0.01, partial η
2=0.08), HDT (F(2.81, 213.42)=23.95, P <0.01, partial 

η
2=0.24), CPT (F(1.86, 140.95)=3.07, P=0.05, partial η

2=0.039), and HPT (F(2.39, 181.76)=8.52, P 

<0.01, partial η2=0.10). Post-hoc analysis revealed that CDT was higher at Day1pre (P <0.01, -

1.8±0.2 °C) than Day1post (-2.4±0.2 °C), Day2post (-2.3±0.2 °C), and Day3post (-2.4±0.2 °C). The 

same was the case for WDT for which Day1pre (P<0.01, 2.16±0.1 °C) was lower than Day1post 

(2.66±0.12 °C), Day2post (2.73±0.13 °C), and Day3post (2.81±0.14 °C). For CPT, Day1post 

(15.0±1.1°C) was higher than Day3post (P=0.02; 12.8±1.1 °C). For HPT, both Day1pre (42.2±0.4 

°C) and Day1post (42.3±0.4 °C) was lower than Day3post (P <0.01, 43.3±0.3 °C). 

 

Thermal detection and pain thresholds before tDCS on each day 

The ANOVA included the two factors Group (Sham-tDCS, DLPFC-tDCS, M1-tDCS, and 

DLPFC&M1-tDCS) and Time (Day1pre, Day2pre, and Day3pre). There was no significant 

interaction between Group and Sessions: CDT (F(5.01, 128.63)=1.83, P=0.11, partial η2=0.07), 

HDT (F(5.69, 146.07)=0.069, P=0.65, partial η
2=0.03), CPT (F(4.27, 109.60)=0.48, P=0.76, partial 

η
2=0.02), and HPT (F(5.35, 137.26)=0.37, P=0.88, partial η2=0.01).  

Independent of the Group factor, the modalities CDT and HPT, did differ across time: CDT 

(F(1.67, 128.63)=13.02, P <0.01, partial η
2=0.15) and HPT (F(1.78, 137.26)=5.34, P=0.01, partial 

η
2=0.07). Post-hoc analysis showed that CDT was higher on Day1pre (P<0.01, -1.8±1.2 °C) than 

Day2pre (-2.2±0.2 °C) and Day3pre (-2.5±0.2 °C). For HPT Day1pre (42.2±0.4 °C) was lower than 

Day3pre (43.0±0.3 °C, P=0.01). 
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Changes in thermal detection and pain thresholds on each day due to tDCS 

An ANOVA between Groups and Time (Day1, Day2 and Day3) on the delta values (post minus pre 

tDCS) of the thermal modalities, revealed that there was no significant interaction between the two 

factors: delta-CDT (F(5.46, 138.31)=0.71, P=0.63, partial η2=0.03), delta-HDT (F(5.66, 

143.28)=0.45, P=0.84, partial η2=0.02), delta-CPT (F(5.17, 131.09)=1.14, P=0.34, partial η2=0.04), 

and delta-HPT (F(5.83, 147.60)=0.69, P=0.65, partial η2=0.03). 

Unrelated to the factor Group, the delta-CDT was significant across time (CDT: F(1.82, 

138.31)=10.41, P <0.01, partial η2=0.12). Post-hoc analysis showed that the delta-CDT, were 

different on Day1 (P<0.01, -0.6±0.2 °C) compared to Day2 (-0.1±0.1 °C) and Day3 (0.1±0.1 °C).  

 

Figure 4.  

Mechanical detection and pain thresholds after tDCS on each day 

An ANOVA with factors Groups (Sham-tDCS, DLPFC-tDCS, M1-tDCS and DLPFC+M1-tDCS) 

and Time (Day1pre, Day1post, Day2post and Day3post) revealed that there was significant 

interaction between the two factors in MPT (F(7.78, 197.14)=2.07, P=0.04, partial η2=0.08) (Fig. 

4).  

The other mechanical modalities showed no significant interaction between the two factors: TDT 

(F(7.62, 190.46)=1.91, P=0.06, partial η
2=0.07), PPT (F(7.58, 187.02)=1.32, P=0.24, partial 

η
2=0.05) and VDT (F(8.15, 206.47)=1.00, P=0.44, partial η2=0.04) (Fig. 4). Post hoc analysis of the 

MPT showed that that the groups did not differ significantly in the interaction between the two 

factors. 

The factor Time unrelated to Group were significant for all mechanical modalities except 

VDT: TDT (F(2.54, 190.46)=5.91, P <0.01, partial η
2=0.07), MPT (F(2.59, 197.14)=2.87, P=0.05, 

partial η2=0.04) and PPT (F(2.53, 187.02)=2.49, P=0.07, partial η2=0.03). Post hoc analysis showed 
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that the TDT were lower on Day1pre (P<0.05, 0.43±0.05 g) compared to Day1post (0.53±0.05 g) 

and Day2post (0.61±0.09 g). For MPT and PPT the sessions did not differ significantly in the post 

hoc analysis.  

 

Mechanical sensitivity before tDCS on each day 

The ANOVA with factors Group (Sham-tDCS, DLPFC-tDCS, M1-tDCS and DLPFC+M1-tDCS) 

and Time (Day1pre, Day2pre and Day3pre) showed that there was no significant interaction 

between the two factors for any of the mechanical modalities: TDT (F(5.29, 135.73)=1.20, P=0.31, 

partial η2=0.05), MPT (F(5.30, 136.11)=1.54, P=0.18, partial η
2=0.06), PPT (F(5.65, 141.35)=1.53, 

P=0.18, partial η2=0.06) and VDT (F(5.45, 139.75)=1.31, P=0.26, partial η2=0.05). 

Unrelated to the Group factor, MPT and PPT did differ across time: MPT (F(1.77, 

136.11)=6.30, P<0.01, partial η2=0.08) and PPT (F(1.89, 141.35)=4.95, P=0.01, partial η2=0.06). 

Post hoc analysis showed that the MPT was higher on Day3pre (215.93±18.85 mN) than 

Day2pre (P<0.05, 178.25±17.22 mN). The PPT was higher on Day3pre (408.55±17.52 kPa) than 

Day1pre (P<0.05, 378.47±14.88 kPa). 

 

Changes in mechanical sensitivity on each day due to tDCS 

An ANOVA including the factors Group and Time (Day1, Day2 and Day3) using the delta values 

of the mechanical modalities, revealed that there was no significant interaction between the two 

factors: delta-TDT (F(5.58, 141.38)=0.37, P=0.89, partial η2=0.01), delta-MPT (F(5.55, 

140.51)=1.14, P=0.34, partial η2=0.07), delta-PPT (F(5.66, 139.50)=1.71, P=0.13, partial η2=0.04), 

and delta-VDT (F(5.52, 139.73)=0.94, P=0.47, partial η2=0.04). 

Similarly there was no significant difference in the factor Time: delta-TDT (F(1.86, 

141.38)=0.95, P=0.38, partial η2=0.01), delta-MPT (F(1.85, 140.51)=2.07, P=0.13, partial η2=0.01), 
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delta-PPT (F(1.89, 139.50)=0.80, P=0.45, partial η
2=0.03), and delta-VDT (F(1.84, 139.73)=1.95, 

P=0.15, partial η2=0.03).  

 

 

DISCUSSION 

This is the first comprehensive study to assess the effects of three different HD-tDCS protocols 

delivered across three days on the pain and somatosensory sensitivity in a healthy population with a 

successful blinded study design and sham protocol. Overall, no significant effect on the pain and 

somatosensory sensitivity could be detected between the active and sham stimulation protocols. 

Unrelated to the group factor a desensitisation was observed in the post-tDCS assessments 

compared to baseline for all modalities except the vibration modality.  

 

Effects of tDCS on the somatosensory and pain sensitivity 

Earlier studies have reported the opportunity to modulate the somatosensory system using tDCS, 

primarily studied in pain conditions[30, 52, 59]. It was hypothesised that the analgesic effect of 

anodal tDCS seen in chronic pain patients, would be reflected as underlying changes in the 

somatosensory detection and pain thresholds in healthy subjects. Potentially as a result of activation 

of endogenous opioids[13, 14], a decrease of excitability in the neural network related to pain 

processing[15, 30, 34], or other means of inhibition of the afferent corticospinal signalling related to 

the stimuli[56]. It was further presumed, that the results of the stimulation protocols on the 

somatosensory thresholds, could provide insight in the mechanisms at play when chronic pain 

patients experience an analgesic effect of the intervention. Assessing a more homogenous group of 

subjects with healthy central nervous systems were thought to strengthen the reliability of this 

endeavor. However, it is important to note that while the findings of healthy subjects may provide 
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better insights in the involved mechanisms, these mechanisms are not necessarily transferable to 

patients with chronic pain conditions, as they may have a sensitized central nervous system. 

In the present study the three active HD-tDCS protocols did not modulate any of the 

somatosensory modalities significantly different from sham-stimulation. These findings are in line 

with Jürgens et al.[29] who in their single-blinded cross-over study, did not see any significant 

changes in the thermal detection and pain thresholds between the M1-tDCS and the Sham-tDCS 

groups. These results do however contradict a number of earlier studies, which reported that tDCS 

modulate selected somatosensory parameters[5–7, 44]. Reidler et al.[44] and Boggio et al.[6] 

demonstrated increased mechanical detection and pain thresholds. These studies used a double-

blinded cross-over design, with only a single session of conventional anodal tDCS administered for 

20 min[44] and 5 min[6], respectively. Interestingly, the increase in pressure pain and tactile 

detection thresholds reported in those studies are similar to the increases seen in the present study 

(PPT increase ~17.6%, TDT increase ~24%). However, the subjects receiving the sham-condition 

in both Reidler et al. and Boggio et al. showed a negative effect or no changes. Likewise for thermal 

modalities in studies from Bachmann et al.31 and Borckardt et al.[7], where cold detection 

thresholds increased in the active M1-tDCS group and little to no increase was found in the sham-

tDCS group, thus ending with positive effects of tDCS. 

In the present study the subjects, including those administered sham-tDCS, showed an overall 

increase in sensory detection and pain thresholds in all modalities after tDCS except for the 

vibration modality. These increases in thresholds could indicate a strong placebo effect of the sham-

condition. This finding is in line with other studies, that have also demonstrated strong placebo 

effects of sham protocols of non-invasive brain stimulation[9, 14, 42, 53, 54], but also contrasts 

previous positive effects of tDCS. A noteworthy difference to consider, is that both Reidler et 

al.[44], Boggio et al.[6], and Bachmann et al.[5] utilized a cross-over design, in which the subjects 
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experience both the real and the sham-tDCS. Borckardt et al.[7], did not use a cross-over design but 

reported, that the participants who received active stimulation rated the scalp pain associated with 

the stimulation significantly higher than the participants receiving sham-tDCS, suggesting an 

unsuccessful blinding. In the present study, the group that received sham-stimulation did not have a 

prior tDCS experience to compare the sensation with, which may have been pivotal for the 

successful blinding results that were achieved in the present study. The absence of prior experience 

is lost in a cross-over study, which may weaken the blinding[23]. The effective blinding in the 

present study may offer insight to why a stronger placebo effect were seen here than in earlier 

studies[5, 25, 44], and subsequently why no main effect were present between the tDCS the active 

and sham protocols. 

An alternative explanation to the decreased sensitivity seen across the groups could be 

habituation to the sensory testing. As the participants were exposed to the same assessments several 

times over the course of the three days of experimentation, the novelty and salience decreased, 

which may have resulted in lowered attention and consequently less intense sensory 

experiences[31]. 

 

 

Stimulation paradigm 

One of the main differences between the present study and the findings from earlier studies is the 

tDCS-technology. The HD-tDCS affords higher specificity[1, 12], which should enhance the effects 

of the stimulation[27, 32]. This is due to the concentric ring configuration stimulating a smaller area 

of the scalp with higher intensity than the conventional tDCS protocol. Despite this, the HD-tDCS 

M1 stimulation in the present study were not able to modulate the somatosensory pain and detection 

thresholds, better than the sham-tDCS. This may be explained by a number of unexplored caveats 
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of HD-tDCS that can be counterproductive for the modulating the somatosensory system. First of 

all, the increased specificity of the HD-tDCS configuration is not necessarily positive. Very little is 

known about the neurophysiological mechanism underlying the analgesic effect of tDCS, including 

why M1-stimulation appears to be the most effective configuration[34]. It is conceivable that the 

electrical field of conventional tDCS modulate nearby cortical areas surrounding M1, and possibly 

deeper structures, that is necessary to produce the modulatory effects. Contrary to the conventional 

tDCS, the HD-tDCS protocols does not lead electrical current through the brain to an anode located 

contralaterally, but instead have the cathodes mounted in a concentric ring around the anode 

ipsilaterally, which may result in a more superficial electrical current distribution. 

The two tDCS protocols targeting the DLPFC demonstrated no significant effect compared to 

the sham stimulation. DLPFC tDCS have previously shown, to induce changes of the affective state 

of patients suffering from depression [17]. As the affective component is an important aspect of the 

chronic pain experience, DLPFC stimulation has become a developing area of interest [10, 49]. 

However, it is possible that the low and brief levels of pain induced with the QST approach is less 

useful to assess the tDCS effects, as these induce little to no affective reaction. This is in line with 

the findings from a study of tricyclic antidepressants, where the pain thresholds were not 

significantly affected whereas the pain tolerance was increased, potentially due to the lack of an 

affective component in pain thresholds [41].  

The increased stimulation intensity reaching the cortex using HD-tDCS may also be 

counterproductive. Some studies report, that electrical stimulation for too long or with too high 

amplitude result in a decreased or even reversed effects of the stimulation at the motor-cortical 

excitability [28, 37]. This reverse effect is attributed endogenous homeostatic mechanisms, which 

are well preserved in a healthy population[51]. 
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No effects of HD-tDCS in healthy subjects 

Majority of prior tDCS studies aiming to modulate the pain sensitivity has been done in pain 

patients[34, 38]. It is well accepted that chronic pain conditions alter the central nervous system in 

various ways, including changes of the corticospinal signalling and excitability, cortical 

reorganisation, and impairment of homeostatic control[3, 4, 36, 40]. This leads to the question, 

whether a sensitised central nervous system is more easily modulated by brain stimulation methods 

than the healthy system. It is possible that the functional homeostatic control of the healthy 

participants counteracted the modulatory effects of the tDCS intervention[26]. This theory would be 

in line with the findings of the present study, where no significant modulatory effects were 

identified after the active tDCS protocols. This may provide insight into why tDCS seemingly has 

lower effect on a healthy population than a chronic pain patient population[38]. It is important to 

note, that despite tDCS is not inducing any apparent changes to the somatosensory thresholds in the 

present study, it does not disprove that tDCS can be utilized to induce an analgesic effect in a 

clinical chronic pain population.  

 

Pain through sensory testing 

The nature of the tests that are used here to evaluate the somatosensory and pain sensitivity may 

have been a limitation. Only detection and pain thresholds were assessed, which implies low levels 

of pain induced for brief periods. By including assessments of pain tolerance, entailing more intense 

pain, a more nuanced insight of the HD-tDCS effects on the somatosensory system would have 

been established. Further an assessment entailing a more intense pain experience, may have added 

an affective component that is also minimal in these experimental pain stimuli. 
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Sample size 

An important methodological limitations to consider, is the sample size. It is possible that the 

sample size of N=20 per group is insufficient, considering the variability of the psychophysical 

measurements in the present study exceeded the power estimation. The effect size of the difference 

between the four groups in thermal detection and pain thresholds ranged from 0.03 partial η
2 (CPT) 

to 0.06 partial η2 (HPT) when assessing the effect between baseline and post-tDCS on each day. 

Similarly for the mechanical detection and pain thresholds the effect size ranged from 0.04 partial 

η
2 (VDT) to 0.08 partial η2 (MPT). These effect sizes are considered to be low to medium[20], 

which are lower than what was assumed needed to detect significant differences from the power 

calculation. However, the effect sizes reported here are similar to studies with comparable 

methodologies[44, 55]. Despite the lack of effect size, this study includes a much larger total 

population size of 81 participants, than the comparable studies, which included between 8 and 41 

subjects[55]. This fact strengthens the results of study, and the findings should not be dismissed 

despite conflicting other studies. 

 

 

CONCLUSION 

The most promising electrode configurations for HD-tDCS in order to induce neuroplastic changes 

in specific areas of the brain were assessed in healthy people. The active HD-tDCS configurations 

were not significantly more effective than sham-stimulation in modulating the somatosensory and 

pain sensitivity. Such a lack of findings may be due to a strong placebo effect, or potentially due to 

the healthy central nervous system being less susceptible to neuromodulation than an already 

sensitized central nervous system, such as in chronic pain patients or otherwise experimentally 

perturbed. 
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FIGURE LEGENDS 

 

Figure 1. Experimental timeline. Quantitative sensory testing (QST) of pain and sensory profiles 

was done before and after each transcranial direct current stimulation (tDCS) session on three days. 

 

Figure 2. The electrode montages and the electrical field distribution of the three active stimulation 

paradigms (A: DLPFC, B: M1, C: M1+DLPFC). The models are made using the modelling 

program in Neuroelectrics stimulation software. 

 

Figure 3. Mean (±SEM) cold detection threshold (CDT), warm detection threshold (WDT), cold 

pain threshold (CPT), and heat pain threshold (HPT) over 3 days before (non-shaded) and after 

(shaded) tDCS. CDT and WDT represents the temperature change required for the participants to 

notice an increase or decrease in temperature from the baseline (32 C°). CPT and HPT represents 

the temperature at which the participants identified the temperature as painful. 

 

Figure 4. Mean (±SEM) tactile detection threshold (TDT), pressure pain threshold (PPT), 

mechanical pain threshold (MPT), and vibration detection threshold (VDT) over 3 days before 

(non-shaded) and after (shaded) tDCS. TDT represents the pressure needed for the participants to 

detect the touch of the Von Frey filament. PPT and MPT represents the threshold at which the 

participants identified the pressure and mechanical stimulation as painful. VDT represents the 
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amplitude of vibration of a tuning fork at which the participants could no longer detect the 

vibration. 
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Table 1. Mean (±SD) characteristics and distribution of participants. 

Group Gender (N) Handedness (N) Age 

(years) 

Height  

(cm) 

Weight 

(kg) Male Female Right Left 

Sham-tDCS 12 8 16 4 26.5±7.0 176.8±9.1 76. 8±12.1 

DLPFC-tDCS 9 12 19 2 23.3±3.3 172.6±11.9 69.2±14.9 

M1-tDCS 10 10 18 2 24.5±4.1 174.2±9.4 69.9±9.5 

DLPFC&M1-tDCS 10 10 20 0 26.1±6.9 173.2±9.8 74.2±17.5 

Total 41 40 73 8 25.1±5.6 174.2±10.1 72.5±14.0 
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