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ABSTRACT 51 
 52 

This randomized sham-controlled trial investigated anodal transcranial direct current 53 

stimulation (tDCS) over the somatosensory cortex contralateral to hand dominance for dose-54 

response (1mA-20 minutes x 5 days) effects on vibrotactile detection thresholds (VDT). VDT 55 

was measured before and after tDCS on days 1,3&5 for low (30hz) and high (200hz) 56 

frequency vibrations on the dominant and non-dominant hands in 29 healthy adults (mean age 57 

= 22.86; 15 males, 14 females). Only the dominant hand 200Hz VDT displayed statistically 58 

significant medium effect size improvement for mixed model analysis of variance time x 59 

group interaction for active tDCS compared to sham. Post Hoc contrasts were statistically 60 

significant for dominant hand 200Hz VDT on day 5 after tDCS compared to day 1 before 61 

tDCS , day 1 after tDCS and day 3 before tDCS. There was a linear dose-response 62 

improvement with dominant hand 200Hz VDT mean difference decreasing from day 1 before 63 

tDCS peaking at -15.5% (SD=34.9%) on day 5 after tDCS. Both groups showed learning 64 

effect trends over time for all VDT test conditions but only the non-dominant hand 30Hz 65 

VDT was statistically significant (p=0.03) though Post Hoc contrasts were non-significant 66 

after Sidak adjustment. No adverse effects for tDCS were reported. In conclusion, anodal 67 

tDCS 1mA-20 minutes x 5 days on the dominant sensory cortex can modulate a linear 68 

improvement of dominant hand high frequency VDT but not for low frequency or non-69 

dominant hand VDT. 70 

 71 
Keywords: Transcranial direct current stimulation, primary somatosensory cortex, 72 

vibrotactile detection threshold. 73 

 74 

New & Noteworthy: 75 
Repeated weak anodal transcranial direct current stimulation (1mA-20min) on the dominant 76 

sensory cortex provides linear improvement in dominant hand high frequency vibration 77 

detection thresholds. No effects were observed for low frequency or non-dominant hand 78 

vibration detection thresholds. 79 

 80 
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INTRODUCTION 100 
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 101 

Hand function is essential in many activities of daily living that require tactile detection, 102 

discrimination and object manipulation. Neurophysiological and psychophysical studies have 103 

provided an understanding of the tactile sensibility of the glabrous skin of the hands and 104 

fingers (Vallbo et al. 1984; Gescheider et al. 2010). Low-threshold mechanoreceptors rapidly 105 

adapting to low frequency vibration/flutter (Meissner’s corpuscles) and high frequency 106 

vibration (Pacinian corpuscles) respond to the initial contact, lifting, replacing and final 107 

contact of mechanical stimuli. In contrast, slowly adapting Merkel’s disks and Ruffini endings 108 

fire during continued mechanical stimuli (Gescheider et al. 2010). Independent afferent 109 

relaying through Pacinian and non-Pacinian channels and eventual somatosensory cortex 110 

integration of low (30Hz) and high frequency (200Hz) vibrotactile signals subsequently 111 

results in a vibrotactile sensory perception (Tommerdahl et al. 2010; Carter et al. 2014). 112 

Furthermore, evidence suggests that there is both a contralateral and ipsilateral influence in 113 

somatosensory processing of vibrotactile sensory stimuli (Tommerdahl et al. 2010; Tamè et 114 

al. 2016). Somatosensory stimulation contributes also to corticomotoneuronal excitability 115 

aiding the execution of dexterous object manipulation in activities of daily living (Kaelin-116 

Lang et al. 2002; Johansson and Flanagan 2008).  117 

 118 

There is increasing research interest in exploring the use of non-invasive brain stimulation 119 

techniques to induce neuroplasticity for meaningful purposes. One such meaningful purpose 120 

is in the rehabilitation of acquired or age related somatosensory dysfunction where deficits in 121 

vibrotactile sensory perception may influence quality of life (Klingner et al. 2012; Stuart et al. 122 

2003). Transcranial direct current stimulation (tDCS) is a brain stimulatory technique which 123 

involves delivering low amplitude direct current (1-2mA) to the brain via scalp electrodes 124 

(Nitsche et al. 2008). Scoping reviews of the literature suggest that tDCS may modulate the 125 

excitability of the somatosensory pathways as well as having long-term potentiating effects on 126 

behavioral aspects of nervous system function in healthy humans and clinical populations 127 

(Nitsche et al. 2008; Costa et al. 2015). With the application of an anodal current polarity over 128 

the primary sensory cortex, tDCS has been displayed to modulate an increase in 129 

somatosensory cortical excitability, while cathodal polarity modulates a decrease in 130 

somatosensory cortical excitability (Rehmann et al. 2016).  131 

 132 

A systematic review by Vaseghi et al. (2014) identified that only a few studies with blinded 133 

sham-controlled methodology have investigated the effects of anodal somatosensory cortex 134 

tDCS on sensory function of the hand in healthy individuals. These studies had however 135 

displayed inconsistent findings that a single session of sensory cortex tDCS can induce 136 

minimal percentage change from baseline values when testing contralateral hand thermal 137 

sensory detection and tactile discrimination during tDCS and up to 40 minutes post-138 

stimulation (Rogalewski et al. 2004; Ragert et al. 2008; Grundmann et al. 2011). Similar 139 

inconsistencies have been reported for transcranial magnetic stimulation (Tamè & Holmes 140 

2016; Convento et al. 2018). However, more recent  high-quality studies by Fujimoto et al. 141 

(2014) assessing sensory discrimination and Labbé et al. (2016) assessing low frequency 142 

vibrotactile detection (VDT) and discrimination have supported the hypothesis that anodal 143 

tDCS decreases contralateral hand thresholds in a healthy human population. Lenoir et al. 144 

(2017) provided similar evidence of tDCS modulatory effects on early-latency S1 response 145 

after high frequency vibrotactile stimuli. One study has investigated potential tDCS related 146 

changes of excitability in tDCS stimulated versus non-stimulated S1 cerebral hemispheres. 147 

Sensory evoked potentials performed at the dominant and non-dominant hands found tDCS 148 

induced effects only in the tDCS stimulated dominant side and not in the non-dominant S1 149 

cortex suggesting no significant effect on interhemispheric inhibition (Rehmann et al. 2016).  150 
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 151 

Understanding the dose-response relationship of tDCS has recently been expressed as a 152 

research priority (Giordano et al. 2017). The dosing of tDCS can be controlled by factors such 153 

as electrode size, stimulation site, polarity, as well as duration, frequency and strength of 154 

stimulation. Hormetic dose response models adapted from toxicology have been used to 155 

explain the biphasic therapeutic effects of low doses of tDCS and increased side effects of 156 

higher doses (Giordano et al. 2017). A safe and therapeutic strength of anodal polarity current 157 

has been shown to range between 1-2mA for up to 30 minutes (Poreisz et al. 2007). However, 158 

up to 18% of subjects found the stimulation procedure unpleasant (Poreisz et al. 2007). With 159 

regards to the frequency of stimulation, repeated sessions are thought to enhance the 160 

reinforcement of the tDCS modulated neural activity. These adaptive processes following 161 

additional disruptions of homeostasis after repeated sessions likely explain immediate, short-162 

term and long-term responses of tDCS. One pseudorandomized sham-controlled study on 163 

healthy individuals has investigated the repeated session (1 session x 5 days) dose-response of 164 

primary sensory cortex anodal tDCS (2mA – 20 minutes). Within this therapeutic window a 165 

linear improvement in performance of sensory discrimination testing was displayed with a 166 

learning effect largely maintained 4 weeks later (Hilgenstock et al. 2016). It is however 167 

unknown if the same dose response relationship is evident at the lower end of the therapeutic 168 

strength and duration spectrum of 1mA – 20-minute stimulation with potentially lower reports 169 

of unpleasant adverse effects. 170 

 171 

Based on the limited number of high quality studies and inconsistent findings, the current 172 

quality of evidence is low and warranting further investigation. The aim of this study is 173 

therefore to explore the dose-response effects of five consecutive daily sessions (1 session / 174 

treatment day) of anodal tDCS (1mA-20min) applied over the sensory cortex side 175 

contralateral to hand dominance when testing low and high frequency VDT in dominant and 176 

non-dominant hands of a healthy human population compared to sham tDCS. It is 177 

hypothesized that consecutive daily sessions of anodal sensory cortex tDCS to the side 178 

contralateral to hand dominance may linearly decrease low frequency and high frequency 179 

VDT for the dominant hand rather than non-dominant hand compared to sham over time.  180 

 181 

MATERIALS AND METHODS 182 
Participants 183 

Twenty-nine healthy adult volunteers were consecutively recruited between July 2012 and 184 

May 2013 from staff and students responding to advertisements at Bond University, Australia. 185 

Subjects were cleared for tDCS contraindications such as cranial/brain metal implants or 186 

electronic devices; history of epilepsy, convulsion or seizure; first degree relatives with 187 

epilepsy; consumption of >4 standard drinks alcohol/day; cardiac conditions; current 188 

pregnancy; hearing problems or tinnitus. Volunteers had a mean age of 22.86 (SD=6.78) years 189 

and consisted of n=15 males and n=14 females, 24 with right handed writing dominance. The 190 

study was approved by the Bond University Human Research Ethics Committee (RO1439) 191 

and carried out in accordance with the 2008 version of the Declaration of Helsinki. 192 

 193 

Study design 194 

A prospective randomized single blinded controlled trial was instituted involving one 195 

experimental tDCS group and one sham control tDCS group. After volunteering and 196 

providing written informed consent to participate in the study, subjects were allocated to their 197 

respective groups through random concealed allocation using opaque envelopes containing a 198 

noted intervention (i.e. active or sham). Randomization resulted in 14 subjects allocated to the 199 

experimental group and 15 subjects to the control group. With respect to blinding, participants 200 
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were not told what intervention group they belonged to. The investigator could not be blinded 201 

due to limitations in resources to finance equipment or additional personnel to enable blinding 202 

of the investigator.  203 

 204 

Transcranial direct current stimulation 205 

tDCS was applied using a low intensity direct current stimulator (Chattanooga Ionto, 206 

Tennessee, USA) and delivered via scalp electrodes prepared as follows: Household sponges 207 

(thickness = 10mm, contact area = 35cm2) were soaked in electrolyte solution (NaCl 208 

=154mM) and attached to each side of an aluminum foil sheet (area = 35 cm2) with a rubber 209 

band. The anode was positioned over the sensory cortex at either the C3’ or C4’ position, 210 

which correlated to 2 cm posterior to the C3 or C4 position (10-20 EEG system) of the 211 

subject’s dominant cortex (Ragert et al. 2008). Therefore, the contact area of the anode 212 

stimulates these S1 areas but also potentially stimulates the parietal lobe, post central gyrus, 213 

S2 and M1. The cathode was placed over the contralateral supra-orbital region (Ragert et al. 214 

2008). The electrodes were maintained in position by a non-conducting elastic strap, which 215 

was strapped firmly around the subject’s head (Norris et al. 2010). For each session, tDCS 216 

was delivered at a current intensity of 1mA (current density of .02857 mA/cm2) for 20 217 

minutes. The current density, polarity, and duration of tDCS that was applied in this study 218 

have all previously been shown to influence somatosensory processing in a healthy population 219 

(Boggio et al. 2008). 220 

 221 

To quantify any placebo effect there was a control group, which received sham stimulation 222 

only. This involved activating the tDCS device at a current intensity of 1mA but turning the 223 

tDCS device off slowly, out of the subject's field of view, after ~30 seconds (Gandiga et al. 224 

2006). The sham procedure chosen was based on research that demonstrated that ≤ two 225 

minutes of tDCS at a current intensity of .02857 mA/cm2 delivered to the motor cortex was 226 

insufficient to induce alterations post-stimulation to motor pathway excitability (Nitsche and 227 

Paulus 2000). This approach has previously been proven to be reliable at 1 mA for both naive 228 

and experienced subjects (Ambrus et al. 2012). Stimulation followed the current published 229 

guidelines for safe use (Nitsche et al. 2008). 230 

 231 

Vibration detection threshold testing 232 

This study specifically looked at the ability to detect sinusoidal vibrations, which were 233 

vertical uni-planar, periodical oscillations applied to the skin surface. A signal generator 234 

software program (AD Instruments, LabChart 7, Australia) generated the sinusoidal 235 

waveforms, which were then passed to a linear power amplifier (Gearing and Watson, PA30, 236 

UK) before being delivered to the skin surface via a perspex probe (6-mm-diameter) attached 237 

to the shaft of a mechanical vibrator (Gearing and Watson, GWV4, UK). The mechanical 238 

vibrator was mounted on an isolated rigid trunnion (Gearing and Watson, T4, UK). The 239 

software-controlled alterations to both the frequency and voltage amplitude of the sinusoid 240 

waveforms. This type of vibration system has been used in similar research to the present 241 

study (Morley et al. 2007). As the mechanical vibrator system is not feedback controlled, 242 

offline calibrations were made using a hydraulic micromanipulator (Narishige, MHW-103, 243 

Japan) to identify the amplitude of vibration that is produced (in microns) with known settings 244 

on the signal generator/amplifier system. 245 

 246 

The testing was carried out in a quiet, temperature controlled (21 degrees Celsius) university 247 

research laboratory. The subjects were seated upright in a chair and in parallel to the length of 248 

a rectangular table, which stationed the mechanical vibrator. Foam blocks on the table 249 

stabilized the subject’s upper limb and helped to keep the hand in a pronated position. A 250 
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measuring tape was used to ensure the same distance between foam block and mechanical 251 

vibrator for each VDT assessment. The investigator then lined the center of the subject’s 252 

distal pad of the third digit on the vibrator’s probe tip, which was flush with a 6mm hole in a 253 

rigid perspex plate (surface area = 30 cm2) suspended from the rigid trunnion. The plate 254 

limits the spread of surface waves across the skin and helped to maintain a constant 255 

indentation of the probe in the skin of the testing site (Stuart et al. 2003). The probe and the 256 

rigid surround were separated by a gap of 2mm. A measuring tape was used to ensure that the 257 

same site of stimulation was used between sessions. The subject was instructed to keep their 258 

finger in soft contact with the stimulating probe for the testing. Subjects also wore earmuffs to 259 

avoid any potential auditory cues from the vibration device. 260 

 261 

Vibrations were delivered specifically to the distal pad of the third digit of both hands at two 262 

different frequencies (30 & 200Hz). Both upper limbs were assessed to measure both the 263 

patient reported dominant and non-dominant sides. VDT was assessed using the following 264 

method of limits technique described in a previous study by the research group (Stuart et al. 265 

2003). For each frequency, subjects initially experienced a randomly chosen supra-threshold 266 

vibratory stimulus. The stimulus amplitude was then gradually decreased (descending mode) 267 

at a constant rate (~1s / stimulus amplitude) until the subject verbally indicated that they could 268 

confidently no longer detect it. After this, the vibratory stimulus was then gradually increased 269 

at a constant rate (~1s / stimulus amplitude) from a randomly chosen sub threshold level 270 

(ascending mode) until the subject verbally indicated that they could confidently detect the 271 

vibration stimulus. The stimulus amplitude in ascending or descending mode occurred in steps 272 

of 0.17 μm for 200 Hz vibration and 1.05 μm for 30 Hz vibration where three step changes in 273 

amplitude were made during each second. The mean of a minimum of 10 detection thresholds 274 

(five ascending and descending) for each frequency and upper limb was calculated for each 275 

subject. The method of limits procedure was selected for measuring VDT as it has previously 276 

been shown to be more reliable and time efficient than the forced choice procedure (Gerr and 277 

Letz 1988). Furthermore Stuart et al. (2003) showed no significant differences between VDT 278 

measures. 279 

 280 

With respect to timing, VDT was objectively measured both before and after tDCS during the 281 

1
st
, 3

rd
 and 5

th
 day sessions. A questionnaire investigating incidence of adverse effects was 282 

completed after each stimulation session. Baseline (i.e. pre-tDCS) VDT were measured only 283 

at time point 1. The sequence of VDT testing was dominant hand 30Hz (D30), dominant hand 284 

200Hz (D200), non-dominant hand 30Hz (ND30) and non-dominant 200Hz (ND200). A 285 

practice session was also conducted on day 1. All the measurements were performed between 286 

7:45am and 5:30pm. The experimental procedure is shown diagrammatically in figure 1. 287 

  288 

Sample size power calculation 289 

An a priori sample size power analysis was used to calculate required sample size to test 290 

analysis of variance (ANOVA) within-subjects factor (6x time-points) and between-subjects 291 

factor (2x treatment group) interactions. Using G*Power software, eta-squared can be used to 292 

calculate effect size (f) for ANOVA (Prajapati et al. 2010). Aslaksen et al. (2014) previously 293 

reported eta-squared values in the range of 0.07 to 0.33 for significant tDCS induced effects 294 

on experimental pain in a healthy human population. Considering 95% statistical power, a 295 

two-sided α =.05 and a ‘moderate’ effect size = 0.27 a total of n=24 were required (Faul et al. 296 

2007, Cohen 1992).  297 

  298 

Data analysis 299 
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Pooled non-transformed VDT means were produced in order to compare means with previous 300 

literature. To investigate the specific VDT test conditions (D30, D200, ND30, ND200), 4 301 

separate mixed model ANOVA analyses were conducted for the 6 time-points in response to 302 

either one of two interventions (active or sham tDCS). The time factor represents the “within-303 

subjects” factor, while the treatment group is the “between-subjects” factor. Our research 304 

hypothesis was that there will be a significant interaction effect with subjects in the active 305 

tDCS having a greater change over time in the between-subjects factor, especially in the 306 

dominant hand test conditions.  307 

 308 

In the presence of a significant interaction, the analysis would be refined by using the syntax 309 

features of SPSS to allow a simple main effects analysis with Sidak Post Hoc test for the 310 

interaction effect (Peat and Barton 2014). Sidak adjustment was used for Post hoc 311 

testsbecause it is not affected as much by loss of statistical power compared with  Bonferroni 312 

adjustments (Dmitrienko and D’Agostino 2013).  313 

 314 

If the interaction effect between the within-subjects and between-subjects factor was not 315 

significant, the interpretation of the analysis would be reverted to interpreting the main effects 316 

for both factors (i.e., the "within-subjects" factor and "between-subjects" factor). In addition, 317 

if the main effect of time was statistically significant, output from Sidak Post Hoc tests would 318 

be interpreted to understand where the differences between factors lie. 319 

The standardized residuals were  checked to determine if they were approximately normally 320 

distributed, through Shapiro-Wilk’s test for normality and visually through histograms. The 321 

homogeneity of variance assumption was assumed if Fmax was less than 10 or Levene’s test 322 

of equality of error variances was p>0.05 (Tabachnick and Fidell 2007).  323 

Huyn-Feldt or Greenhouse-Geisser Epsilon corrections were used if Mauchly’s test for 324 

sphericity was significant. Greenhouse-Geisser Epsilon correction was used if the estimated 325 

epsilon was <0.75 whereas Huyn-Feldt Epsilon correction was used if the estimated epsilon 326 

was >0.75. Partial eta-squared (ηp²) was used as an estimated measure of effect size where ηp² 327 

= 0.02 ~ small effect, ηp² = 0.13 ~ medium effect and ηp² = 0.26 ~ large effect (Peat and 328 

Barton 2014). An independent samples t-test was used to compare mean VDT between groups 329 

at baseline to ensure equivalent baseline characteristic between groups after randomization 330 

had occurred. Percentage change from baseline following 1 and 5 tDCS sessions within 331 

groups was also assessed. A percentage change from baseline value assessment was 332 

performed to enable comparisons in findings with recent systematic reviews (Vaseghi et al. 333 

2014). A p-value of ≤0.05 was considered significant for significance tests. For each analysis, 334 

IBM SPSS 20.0 for Windows was used. 335 

 336 

RESULTS 337 
All subjects completed the study and tolerated the tDCS procedure well reporting no side-338 

effects. One subject displayed extremely outlying VDT values (skewness/standard error = 339 

>1.96) from baseline and over time compared to the rest of the subjects, so these values were 340 

excluded leaving data from N=28 subjects for further analyses. Furthermore, distributions 341 

ofstandardized residuals after fitting separate mixed model ANOVAs for D30, D200, ND200 342 

violated the assumption of normality and were therefore transformed at all time points (i.e. 343 

reciprocally for D30 & D200 and logarithmically for ND200) to meet the normality 344 

assumption. An independent samples t-test displayed that there were no statistically 345 

significant differences between groups in mean VDT at baseline. Pooled mean VDTs and 346 

standard deviations at each time point for D30, D200, ND30 and ND200 are displayed in 347 

figure 2.  348 

Downloaded from www.physiology.org/journal/jn by ${individualUser.givenNames} ${individualUser.surname} (130.236.203.087) on May 17, 2018.
Copyright © 2018 American Physiological Society. All rights reserved.



   349 

ANOVA analyses demonstrated a statistically significant time x group interaction indicating 350 

improved VDT for active tDCS over time compared to sham tDCS for the D200 test condition 351 

(p = .01) but not for D30, ND200 or ND30 (Table 1). Post hoc comparisons for the D200 time 352 

x group interaction was significant from time points 1-3 compared to time point 6 353 

demonstrating that there was a significant lower VDT in D200 at time point 6 compared to 354 

time point 1 (p =0.03; 95% CI = -0.20 to -0.01; Mean difference = 0.21), time point 2 (p = 355 

0.03; 95% CI = -0.17 to -0.01; Mean difference = 0.17) and time point 3 (p = 0.01; -0.13 to -356 

0.01; Mean difference = 0.13) for active tDCS. A medium effect size (ηp² = 0.14) for the 357 

interaction effect for D200 was observed. There was a linear dose-response relationship (y = -358 

0.0411x + 1.563, R² = 0.91) with the mean difference in VDT decrease from baseline peaking 359 

at -15.5% (SD=34.9%) after the final tDCS session. When reverting to main effects analysis 360 

for the other test conditions, no statistically significant between group differences were seen 361 

for group as a factor (Table 1). In contrast, the ANOVA demonstrated statistically significant 362 

within-subjects differences for time as a factor for ND30 (p = .03). A small effect size (ηp² = 363 

0.09) was observed for time as a factor for ND30. However, post hoc pairwise comparisons 364 

for ND30 were not significant following Sidak adjustment. Both groups showed learning 365 

effect trends over time for all VDT test conditions (figure 2). 366 

 367 

DISCUSSION 368 
The study results support our initial hypothesis that tDCS modulates a statistically significant 369 

moderate level linear decrease of high frequency VDT for the dominant hand compared to 370 

sham. The study results however do not support a similar tDCS modulatory effect for low 371 

frequency VDT for the dominant hand or ipsilateral low and high frequency VDT (Stagg et al. 372 

2009). The findings therefore provide new knowledge of enduring high frequency VDT 373 

specific effects of repeated S1 anodal tDCS (1mA-20 minutes), building upon the previous 374 

research suggesting a modulatory effect on vibrotactile sensory function compared to sham 375 

(Rogalewski et al. 2004; Ragert et al. 2008; Fujimoto et al. 2014; Labbé et al. 2016; 376 

Hilgenstock et al. 2016; Lenoir et al. 2017).  377 

 378 

A possible neurophysiological explanation for the preferential modulation of high frequency 379 

VDT may be due to the ventral posterior inferior nucleus (VPI) which receives Pacinian 380 

channel afferents, projects thalamocortical axons that terminate in the superficial layers of the 381 

primary sensory cortex with potentially closer proximity to the anode depending on the 382 

individuals anatomy regarding the folding of the postcentral gyrus (Jones, 1998; Tommerdahl 383 

et al., 2005a; Tommerdahl et al., 2010). In contrast, ventral posterolateral nucleus (VPL) and 384 

the ventral posteromedial nucleus (VPM) which receives non-Pacinian channel afferents, 385 

projects thalamocortical axons that terminate in the middle cortical layers (Jones, 1998; 386 

Tommerdahl etal., 2005a; Tommerdahl et al., 2010). Anodal tDCS studies on rodents support 387 

this notion of increased neuronal activity in outer cortical layers and decreased activity in 388 

deeper layers (Stagg and Nitsche, 2011; Purpura and Mcmurtry, 1965). The EEG based 389 

cortical current source density depth in humans display outward current in the outer cortical 390 

layers and an inward current in deeper layers suggesting a dipole that anodal tDCS may 391 

potentially be able to modulate (Csercsa et al., 2010). This may potentially even modulate 392 

Pacinian channel input to S2 which has higher levels of activation during high-frequency 393 

vibrotactile stimulation compared with SI neurons (Rowe et al., 1996). Furthermore, 394 

Tommerdahl et al. (2005b) has shown that increased activity in Pacinian channels may even 395 

decrease the low frequency discriminative capacity of non-Pacinian channels which is in line 396 

with the results observed in the current study. The amplitude thresholds for detecting a 30Hz 397 

vibration are however much higher than for 200Hz, where the Pacinian channels could 398 
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influence detection of the 30Hz stimuli since the threshold functions of different channels are 399 

quite close at this frequency (Gescheider et al. 2002). Fujimoto et al. (2017) however 400 

displayed through electric field monitoring of tDCS over the S2 with 25cm
2
 electrodes that a 401 

contributing stimulation of S1 could not be ruled out. It is therefore likely that our use of 402 

35cm
2
 electrodes over the S1 also contributed to stimulation of the S2 and possibly 403 

influencing both low and high frequency VDT processing. 404 

 405 

A possible explanation for the lack of tDCS effects on the opposite side sensory cortex 406 

processing of low and high frequency VDT may be due to interhemispheric inhibition 407 

(Rehmann et al. 2016). This suggests an increased inhibition of sensory processing from the 408 

opposite side of the body in preference for efficient processing of sensory inputs on the tDCS 409 

stimulated side. Recent studies investigating unilateral and dual-hemisphere tDCS effects on 410 

the S1 and S2 further support this notion of opposite side interhemispheric inhibition of tactile 411 

processing (Fujimoto et al. 2014, 2017).  412 

 413 

With respect to sensory detection threshold levels, the mean detection thresholds obtained in 414 

this study for both high and low frequency vibrations were comparable to results reported by 415 

Morley and Rowe (1990) that had an identical VDT testing procedure. Comparison with other 416 

studies measuring VDTs for vibrations delivered at both high and low frequencies to the 417 

finger using differing contact conditions such as the stimulation probe size and the size of the 418 

gap between contactor and rigid surround can provided varying results (Morioka et al. 2008). 419 

For example, Stuart et al. (2003) displayed smaller VDTs for vibrations delivered at both high 420 

and low frequencies to the finger where the stimulation probe size was bigger and the size of 421 

the gap between contactor and rigid surround was smaller.  422 

 423 

When interpreting the results of the study, there are a number of methodological strengths and 424 

weaknesses that need to be considered. In line with a repeated sessions design, the participant 425 

performed several VDT measurements with the same standardized procedure. However, the 426 

repeated sessions design can be susceptible to test-retest bias (e.g. retest performances 427 

influenced by previous sessions). Test-retest bias with psychophysical measures has 428 

previously been reported (Teepker et al. 2010). In the present study, all VDT test conditions 429 

for both active tDCS and sham tDCS groups showed steady reductions in the same direction 430 

throughout the sessions. These findings suggest that learning or training effect trends may 431 

have been present especially in the statistical significant time main effect for the non-432 

dominant hand 30Hz VDT test condition. Factoring session-to-session effects into the 433 

analyses would have required repeated VDT tests before start of the trial. This would have 434 

required more resources (i.e. project finances, participant time) to do so. 435 

 436 

Despite the methodological strength of a randomized sham controlled and patient blinded 437 

design used, limitations in resources to finance additional personnel resulted in the researcher 438 

not being blinded to the test condition. In the interpretation of the results, a strength is that no 439 

statistically significant baseline differences where observed between the intervention and 440 

sham controlled groups and the study was well powered. It can be argued that the 4 test 441 

conditions can be considered as separate entities and therefore may not require restrictive 442 

multiplicity penalization of the model (Dmitrienko, D'Agostino 2013). Sidak adjustment was 443 

however used for repeated measures of separate test conditions and was chosen because it is 444 

not affected as much by loss of statistical power for which Bonferroni adjustments are 445 

affected. With regards to generalizability of results, the study was conducted on 446 

predominantly a young university student population. Hence, the results from this study may 447 

not necessarily translate to other age groups. Furthermore, the outcome measures were also 448 
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performed only at one anatomical location (i.e. glabrous skin of the finger). The results from 449 

this study may therefore also not necessarily translate to other body parts.  450 

 451 

From the dose response relationship observed in this study and the lack of adverse effects 452 

reported by subjects, it can be motivated to investigate the modulatory effects of low 453 

therapeutic amplitude and duration repeated tDCS (1mA-20 minutes) in the rehabilitation of 454 

clinical conditions displaying sensory dysfunction for high frequency vibrations especially 455 

during initial contact, lifting, replacing and final contact of mechanical stimuli tasks.  456 

 457 

CONCLUSION 458 
In summary, this is the first study that has demonstrated that consecutive daily sessions of low 459 

dose tDCS on the sensory cortex contralateral to hand dominance can modulate a linear 460 

lowering of high frequency VDT without adverse effects in a healthy human population 461 

compared to sham tDCS.  462 

 463 
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 621 

 622 

Figure 1: Study design, showing the time course of transcranial direct current stimulation 623 

(tDCS) treatments and vibration detection threshold (VDT) measurements. tDCS treatments 624 

(20 mins) were delivered once per day for 5 consecutive days. VDT were measured before 625 

and after tDCS on days 1, 3 and 5. Baseline (i.e. pre-tDCS) VDT were measured only at time 626 

point 1. 627 

 628 

 629 

Figure 2: Pooled mean vibration detection thresholds (VDT) before and after transcranial 630 

direct current stimulation (tDCS) on day 1 (time points 1&2), day 3 (time points 3&4), and 631 

day 5 (time points 5&6) for vibrations delivered at frequencies of 30Hz or 200Hz to the 632 

dominant and non-dominant hands.  633 

 634 

 635 

Table 1: Mixed model analysis of variance (ANOVA) statistics for 4 vibration detection 636 

threshold (VDT) test conditions: Dominant hand 30Hz (D30), Non-dominnant hand 30Hz 637 

(ND30), Dominant hand 200Hz (D200), Non-dominant hand 200Hz (ND200) over 6 time-638 

points (Factor = Time) in response to either active or sham tDCS (Factor = Group).  639 

  640 

 641 
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VDT condition Test F Sig. Ƞp2 
D30b Group 

Time 
Time x Group 

>0.01 
2.20 
0.25 

0.98 
0.07 
0.90 

>0.01 
0.08 
0.009 

ND30 Group 
Time 
Time x Group 

0.01 
2.50 
0.49 

0.94 
0.03 
0.79 

>0.01 
0.09 
0.02 

D200a Group 
Time 
Time x Group 

1.40 
2.90 
4.20 

0.25 
0.04 
0.01 

0.05 
0.10 
0.14 

ND200b Group 
Time 
Time x Group 

0.73 
1.70 
2.00 

0.40 
0.16 
0.11 

0.03 
0.06 
0.07 

a = reciprocally transformed 
b = logarithmically transformed 
Bold text p<0.05 
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