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Abstract

Background—It is well known that transcranial direct current stimulation (tDCS) is capable of 

modulating corticomotor excitability. However, a source of growing concern has been the observed 

inter- and intra-individual variability of tDCS-responses. Recent studies have assessed whether 

individuals respond in a predictable manner across repeated sessions of anodal tDCS (atDCS). The 

findings of these investigations have been inconsistent, and their methods have some limitations 

(i.e. lack of sham condition or testing only one tDCS intensity).

Objective—To study inter- and intra-individual variability of atDCS effects at two different 

intensities on primary motor cortex (M1) excitability.

Methods—Twelve subjects participated in a crossover study testing 7-min atDCS over M1 in 

three separate conditions (2mA, 1mA, sham) each repeated three times separated by 48hrs. Motor 

evoked potentials were recorded before and after stimulation (up to 30min). Time of testing was 

maintained consistent within participants. To estimate the reliability of tDCS effects across 

sessions, we calculated the Intra-class Correlation Coefficient (ICC).

Results—AtDCS at 2mA, but not 1mA, significantly increased cortical excitability at the group 

level in all sessions. The overall ICC revealed fair to high reliability of tDCS effects for multiple 

sessions. Given that the distribution of responses showed important variability in the sham 

condition, we established a Sham Variability-Based Threshold to classify responses and to track 

individual changes across sessions. Using this threshold an intra-individual consistent response 

pattern was then observed only for the 2mA condition.

Conclusion—2mA anodal tDCS results in consistent intra- and inter-individual increases of M1 

excitability.
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Introduction

Transcranial Direct Current Stimulation (tDCS) has been widely used as a non-invasive 

brain stimulation method capable of modulating cortical excitability as determined by the 

change in amplitude of motor evoked potentials (MEP) induced by transcranial magnetic 

stimulation (TMS) [1, 2]. Commonly assumed, anodal tDCS (atDCS) leads to an increase of 

neuronal excitability of the cerebral cortex, whereas cathodal tDCS induces a decrease [2–

4]. This initial promising finding, the easy application and the ability to induce long-lasting 

after-effects [2, 5–7] have resulted in an explosion of investigations in motor [8–15], 

cognitive [16–18] and perceptual domains using tDCS [19–21].

Although different studies have successfully reproduced tDCS neuromodulatory properties, 

recent investigations have indicated that its response is quite variable (see for review [22, 

23]). Besides reported inter-group variability (i.e., inconsistent responses across different 

groups of individuals to the application of an identical tDCS protocol [24]), other studies 

described variable responses within the same experimental group resulting in noticeable 

inter-individual variability [7, 25]. Indeed, many studies have shown that 20 – 60% of a 

group of individuals experience the classical excitability increase induced by a single atDCS 

session, whereas the rest have no change or even the opposite effect compared to baseline 

values [26–32]. With this in mind, another key question is whether individuals respond in a 

consistent and predictable manner to repeated tDCS sessions. To date, several studies have 

measured the reliability by intra-individual assessment of tDCS-responses showing 

inconsistent results across studies [27, 29, 33–35]. Besides other methodological differences, 

these inconsistencies could be due to the lack of control conditions, which cannot rule out 

the variability introduced by the measuring tool (TMS), or testing different tDCS intensities.

To better understand tDCS-response variability in a crossover design we assessed intra- and 

inter-individual atDCS responses using two different tDCS intensities while controlling for 

extrinsic factors and TMS variability. We predicted that the repeated presentation of atDCS 

to the same group of individuals would result in consistent responses at the group and 

individual level across sessions.

Materials and methods

Subjects

Twelve healthy subjects (4 females, 19–34 years old, mean age ± SD: 24.9 ± 5.1), 2 left-

handed, non-smokers, with a negative history of neurological or psychiatric conditions 

participated in this study. Alcohol, recreational drugs and caffeine consumption were not 

allowed in the 24hrs prior to the study. Participants gave written consent, which was 

approved by the Johns Hopkins Institutional Review Board and in accordance to the 

Declaration of Helsinki.
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Experimental procedure

We used a single-blinded, crossover and counterbalanced design. Subjects participated in 

three sessions for each experimental condition of tDCS (2mA, 1mA, sham). Each participant 

attended all sessions, which started at the same time of the day, and were at least 48 hours 

apart (mean interval between sessions ± SD: 3.6 ± 4.1 days) to avoid cumulative increases in 

cortical excitability [36, 37]. Subjects sat in a comfortable chair with both arms resting on a 

pillow. The experimental procedure was identical in all sessions (except tDCS intensity; Fig. 

1). At the beginning of each session we identified the M1 ‘hotspot’. The stimulus intensity 

required to evoke a MEP of ~1 mV peak-to-peak amplitude was determined, and using this 

intensity 10 MEPs (minimum number recommended to ensure highest reliability of TMS 

measures [38]) induced every 7 ± 1 sec were recorded prior to tDCS application. To assess 

after-effects on MEP amplitude, TMS measurements (10 pulses) were repeated immediately 

(Post0), 15 min (Post15) and 30 min (Post30) after tDCS. EMG activity was monitored 

during each session. All sessions were performed by the same experimenter.

Electromyographic recordings

We recorded electromyographic (EMG) activity from the right first dorsal interosseous 

(FDI) muscle using disposable surface electrodes. Signals were amplified (1000x; AMT-8 

EMG, Bortec Biomedical Ltd., Canada), sampled (2000 Hz) and recorded with CED 1401 

and Signal 4 (Cambridge Electronic Design, UK), and finally analyzed off-line using 

MATLAB (MathWorks).

Transcranial magnetic stimulation

We performed single-pulse TMS using a flat 70-mm figure-eight-shaped magnetic coil 

connected to a Magstim 2002 stimulator (Magstim Co. Ltd, UK). The coil was held 

tangential to the scalp with the handle oriented backwards and 45° from the midline. We 

used a frameless neuronavigation system (BrainSight; Rogue Research, Canada) to guide the 

coil position with the help of a magnetic resonance imaging template. For each session we 

determine the optimal area (‘hot spot’) of M1 for eliciting MEPs in the resting FDI. For 

corticospinal excitability measurement, we determined the TMS output intensity necessary 

to evoke a peak-to-peak MEP amplitude of ~ 1mV (Stimulus intensity 1 mV, SI1mV).

Transcranial direct current stimulation

We delivered tDCS with a direct-current stimulator (Chattanooga Ionto™, UK) through two 

25cm2 sponge electrodes soaked in saline. We implemented a bipolar electrode montage 

with the active electrode centered over the defined M1 ‘hot spot’ and the reference electrode 

placed on the right supra-orbital area [2]. We delivered atDCS over the corticomotor hand 

representation of the FDI. Subjects received in a randomized and counterbalanced order 

anodal (2mA, 1mA) or sham tDCS. The current densities for 2mA and 1mA were 0.08 

mA/cm2 and 0.04 mA/cm2, respectively. For active tDCS conditions, the current was ramped 

up for 30 s, held constant at the determined intensity for 7 min and then ramped down for 30 

s. For sham condition, the current was ramped up and immediately ramped down for 30 s. 

We chose the stimulation duration of 7 minutes based on previous results showing 

significant increases in excitability that lasted up to 30mins [39].
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Data analysis

We calculated mean MEP amplitudes by averaging MEP values across subjects for each 

time point (reported as mean value ± standard error of the measurement, SEM). We also 

calculated the ratio of post-tDCS and pre-tDCS MEP values (post/pre). We used the 

Kolmogorov-Smirnov Test to check for normal distribution. We applied the Greenhouse-

Geisser correction to correct for non-sphericity. We performed repeated measures ANOVA 

(ANOVARM) to explore differences between CONDITION (2mA, 1mA, sham), SESSION 

(S1, S2, S3) and TIME (Pre, Post0, Post15, Post30). For all analyses, when a statistical 

significance was found, we performed post-hoc pairwispe comparisons using Bonferroni 

correction for multiple comparisons.

To represent individual responses across sessions and with the purpose to compare our data 

with previous studies, we also calculated the Grand Mean for each subject being the mean of 

the mean MEP values across the 3 post-tDCS time-points. In addition, for all conditions we 

classified subject’s responses to different groups (‘increase’, ‘no change’, ‘decrease’) based 

on the mean MEP ratios and using the standard deviation (SD) of the sham condition as a 

threshold for response classification.

To estimate individual reliability of tDCS after-effects across sessions, we calculated the 

Intra-class Correlation Coefficient (ICC), defined as the ratio of the between-subject 

variance and all sources of variance. Values range from 0 to 1 (though negative values are 

possible due to the manner in which the statistic is computed), with lower values indicating a 

lack of reliability. Guidelines propose that ICC ≥ 0.75 indicates high, whereas ICC < 0.4 

poor agreement [40]. All statistical analyses were executed using SPSS-software (SPSS 

Statistics for Windows, IBM Corp., NY).

Results

All participants reported sensations of itching/tingling consistent with those generally 

described during tDCS [41]. We found no differences for gender, age, and quality of sleep (p 

> 0.05).

AtDCS elicited consistent group responses

The statistical results are summarized in Table 1. The 3-way ANOVARM comparing the 

tDCS effects across CONDITION (2mA, 1mA, sham), SESSION (S1, S2, S3) and TIME 

(Pre, Post0, Post15, Post30) revealed no statistical significance between pre-tDCS values (p > 

0.05). Since we did not detect significant main SESSION effect or significant interactions 

between SESSION and the other variables, sessions were assumed to be equal for each 

condition. Thus, we applied a 2-way ANOVARM to the combined session mean using 

CONDITION and TIME as factors (Fig. 2A). This revealed a main CONDITION effect (p ≤ 

0.001), where post-hoc analysis showed significant differences for CONDITION 2mA vs. 

sham and 1mA vs. sham, and no significant differences for 2mA vs. 1mA. We also found a 

significant CONDITION*TIME interaction (p ≤ 0.01). After multiple comparisons 

correction, 2mA-tDCS mean MEP amplitudes from all post-time points showed significant 

differences compared to the corresponding pre-tDCS amplitude, while 1mA-tDCS only 
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induced statistical significance between Post30 and pre-values. We found no significance 

between pre-and post-stimulation for sham tDCS (Table 1).

Analysis based on Grand Mean show low reliability

To determine intra-individual variability of tDCS-induced effects for multiple sessions we 

calculated the ICC including all nine post-tDCS time points from the three sessions for each 

condition. This analysis revealed fair to high ICC reliability (ICC range = 0.535 – 0.789, 

Fig. 2B).

To better compare our findings with previous studies, we also calculated the ICCs for Grand 

Mean post-tDCS amplitudes (the mean of all post-tDCS measures, as done in [27, 29, 33, 

34]. This analysis showed poor to fair reliability of tDCS post-effects (ICC range = 0.076 – 

0.545; Fig. 3).

Sham standard deviation as a threshold helps classify the type of tDCS response

To understand whether atDCS results in the expected increase of excitability or not we 

developed a threshold based on the SD of the sham condition. First we calculated the mean 

MEP ratios (post/pre) for each session of each condition to analyze their frequency 

distribution. As expected, the normal distributions corresponding to the conditions 2mA and 

1mA showed a higher mean compared to sham (Fig. 4). Interestingly, we found a 

considerable overlap of sham values with the active atDCS conditions (Fig. 4, grey area). In 

order to classify sessions by the actual tDCS-induced effect in three different categories 

(‘increase’, ‘no change’, ‘decrease’), we defined the SD of the sham ratios (1σ = 0.33) as the 

Sham Variability-Based Threshold (VBTsham). Sessions with a mean MEP ratio > 1.3 were 

classified as ‘increase’, while sessions with values between 0.7 < ratio < 1.3 were considered 

as the ‘no change’ group, and sessions with < 0.7 were classified as ‘decrease’.

2mA elicits a more consistent expected increase in MEP amplitude than 1mA

After we classified tDCS sessions by using the VBTsham, we found that 52.8% of 2mA-

sessions showed an increase of MEP amplitude induced by tDCS, whereas only 33.3% of 

sessions have an increased response in the 1mA-condition (Fig. 5A). To compare our 

VBTsham technique with conventional methods, we additionally represented our data using a 

two-step cluster analysis and choosing an arbitrary threshold (‘increase’ > 1mV, Suppl. 

Material 1).

To track individual responses based on VBTsham across multiple sessions, we performed a 

session specific analysis (Fig. 5B). Here, bigger dots depict greater number of subjects. For 

the 2mA-condition a clear response pattern could be observed, where most subjects with an 

‘increase’ response in the first session showed a similar effect in at least one more session 

(Fig. 5B, 2mA). This response pattern was not observed in the 1mA-condition (Fig. 5B, 

1mA).
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Discussion

Previous studies assessing consistency of atDCS effects on corticomotor excitability present 

their results based on mean group responses from a single tDCS session [2, 5, 7, 42, 43]. 

Surprisingly, most of these studies have been performed without an appropriate control 

condition (see for review [23]). Here we examined the variability of atDCS-induced effects 

on cortical excitability at the inter- and intra-individual level across multiple sessions 

applying different tDCS intensities and controlling for the variability introduced by the 

measuring tool (i.e., TMS) by establishing a sham condition.

Consistency of tDCS effects at group level

Supporting previous findings [2–4, 30, 44], we reproduced at the group level the classical 

atDCS effect represented by an increase of MEP amplitude after applying the stimulation. 

First, we found no significant difference in tDCS effects across sessions within each 

condition. Therefore, we present our results as the mean of responses combining all three 

sessions for each condition. A current intensity of 2mA induced a significant increase in 

MEP amplitude for the entire duration (30 min) of post-tDCS measurements, whereas 1mA-

tDCS revealed a trend towards increased MEP in all post-tDCS measures, but only 

significant at Post30 compared to pre-values.

In agreement with our results, previous findings showed consistent group effects for a 

repeated tDCS session (i.e., no session effect) with a significant mean time effect up to 

minute 25 post-stimulation using 1mA intensity (electrode size: 35cm2; current density: 

0.029 mA/cm2; tDCS duration: 13min) [29]. Accordingly, Dyke and colleagues (2016) 

showed that 2mA-atDCS increased M1 excitability consistently across four sessions 

(electrode size: 35cm2; current density: 0.058 mA/cm2; tDCS duration: 20min), whereas no 

change was induced by cathodal or sham stimulation [34]. Another recent study also 

performed three different tDCS conditions (anodal, cathodal, sham) repeating each condition 

three times (electrode size: 35cm2; current density: 0.029 mA/cm2; tDCS duration: 10min). 

In accord with our findings, the results of this study show no differences between sessions. 

However, in their study not only the anodal condition, but also the cathodal and sham 

condition induced a significant overall increase in MEP amplitude compared to baseline 

[33]. The authors interpreted the variability of the MEPs as a potential cause for their 

findings. In contrast to these studies and ours, Chew and colleagues found inconsistent 

effects of atDCS (electrode size: 16cm2; current density: 0.031 mA/cm2; tDCS duration: 

10min) tested across two repeated sessions. Specifically, the first session revealed a main 

increase of MEP amplitude compared to baseline, whereas the second session did not show 

significant changes in amplitude [27].

Several methodological differences are present between the stated studies, which may 

promote different findings. For instance, it is known that MEP amplitude changes induced 

by tDCS is affected by the size of electrodes [43–45] and by the duration of stimulation [2, 

5, 31]. On the other side the different time periods between sessions (6 to 12 months [29]; 1 

to 7 weeks [27]; 2 to 9 days [33]; 3 to 4 days [34]; 2 to 31 days - present study) may also 

have an impact on ultimate results. Current density is another critical parameter directly 

related to the applied electric field strength contributing to the effects of tDCS on brain 
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excitability [46]. We applied current densities of 0.04mA/cm2 and 0.08mA/cm2 

corresponding to 1mA and 2mA, respectively. No significant differences were found when 

we compared the after-effects of condition 2mA vs. 1mA. However, in accordance with 

previous investigations [43, 47] we observed higher MEP amplitudes after 2mA for all three 

sessions. Consequently, we concluded that 2mA-atDCS induces a more consistent group 

excitatory response than 1mA-atDCS across repeated sessions when applied with at least 48 

hours apart. In contrast to previous studies [2, 7, 48], we induced significant long-lasting 

after-effects with 7 min atDCS, confirming results by Cantarero and colleagues [39]. This 

discrepancy between studies might be due to different electrode size (35cm2 vs. 25cm2), and 

therefore different applied current densities.

Individual response variability to tDCS

The mean group results do not offer much information about the within-subject response 

variability across sessions. For this reason we calculated the ICC as a measure of reliability. 

Considering every post-tDCS assessment separately we found that ICCs revealed a fair to 

high degree of reliability.

If one were to perform the ICC analysis using a mean value of all the post-tDCS measures 

per session, i.e., Grand Mean (as done in [27, 29, 33]), our calculated ICCs would show only 

poor to fair individual reliability across sessions. This difference is due to the ICC being 

largely influenced by sample heterogeneity [49]. Specifically, the Grand Mean values are 

more narrowly distributed than the values of the three single time points. The ICC method 

has more difficulty to discriminate between subjects resulting in a lower between-subject 

variance and hence a lower ICC value. Thus, the ICC is not powerful enough to check for 

intra-individual variability when Grand Mean values are used. We think this is the reason 

why four recent studies found different results when they assessed tDCS test-retest 

reliability using Grand Mean values. Particularly, two studies tested the intra-individual 

consistency of M1-atDCS for repeated sessions showing a fair to good degree of reliability 

(ICC = 0.565 [29]; ICC = 0.738 [35]) of tDCS effects; in other words individual effects were 

consistent on different days. However, fairly worse results of intra-individual reliability have 

been reported by other investigations indicating a lack of reproducibility (ICC = −0.500 

[27]; ICC = 0.062 [33]) for repeated tDCS sessions. In addition to the different approaches 

to the ICC analysis, it is important to note that some of these investigations also lack a 

control condition [27, 29] and have differences in the tDCS parameters (e.g.; duration and 

current density of tDCS).

Defining a threshold to classify tDCS responses

Similar to previous publications, we classified tDCS effects as ‘increase’, ‘no change’ or 

‘decrease’. Prior research established classification thresholds based on cluster analysis [26, 

28, 29], or choosing an arbitrary value [26, 27, 33]. While a recent study based the 

classification of post-tDCS responses on the SEM of the baseline MEP amplitude for each 

subject [31], we defined the sham SD (1σ) as a threshold (VBTsham) for our group 

classification. The purpose was to exclude as much as possible changes in MEP amplitudes 

that are not directly caused by atDCS to establish a more representative demonstration of the 

actual response to tDCS. Supporting the efficiency of this novel method, we also calculated 
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the response in our data using the mentioned traditional techniques. We found that, albeit the 

cluster analysis showed comparable results, it does not provide an ideal classification if the 

resulting number of clusters is inconsistent. Furthermore, it becomes clear that choosing an 

arbitrary threshold could exhibit clearly fictitious tDCS effects, especially when 

investigations lack control groups (Suppl. Material 1).

The noticeable overlap of sham ‘increase’ responses with active-tDCS responses points to 

the fact that other sources of variability have been present during the execution of our 

experiments that need to be considered. Surprisingly, only few studies exploring tDCS 

effects based on MEP measures have employed a control condition (see for review [23]), and 

those who performed this control generally do not present individual data [5, 35, 50–53]. To 

date, only two studies that reported reliability of tDCS effects across multiple sessions 

included a sham condition and presented as well individual responses [33, 34]. In agreement 

with our results Horvath and colleagues (2016) showed variable MEP responses for the 

sham condition at the individual level. However, the results of that study present noticeably 

higher variability compared to our results. Specifically, if we use our VBTsham value 

(‘increase’ > 1.3) on their individual data, ~ 38% of the sham sessions present an MEP 

amplitude increase compared to baseline values, and two of their participants actually 

showed an excitatory response to all three sessions [33]. In contrast, we found that only ~ 

14 % of all sham sessions exhibit an ‘increase’ effect. Since it is well known that the MEP 

measurement presents a possible source of variability [54–56], we assume that nearly all the 

sham-variability we report has been introduced by the TMS measures. The same reason 

could explain that Dyke and colleagues (2016) observed in some of their individual’s TMS 

recruitment curves slope values different from baseline after applying sham stimulation [34].

Once we established our VBTsham numerous sessions became excluded from an excitatory 

or inhibitory atDCS effect. Consequently, only the 2mA-condition showed a clear and 

consistent response pattern when performing individual tracking of tDCS responses across 

sessions (Fig 5). This analysis revealed that most individuals who present an ‘increase’ in 

the first session also experience a similar response in at least one more tDCS session. López-

Alonso and colleagues (2015) presented a comparable pattern with 1mA-tDCS applied on 

repeated sessions. Most of their ‘responders’ from the 1st session also acted as a ‘responder’ 

in the 2nd session. Nonetheless, this study set a considerable lower threshold (‘responder’ if 

ratio >1) and did not include a sham condition [29].

How can we improve reliability?

Our results confirm that besides the known sources of variability related to tDCS, other 

sources (e.g., the TMS measures) can cause inconsistency at the intra- and inter-individual 

level (see for review [57]). As previously mentioned, it is known that MEP measurement is a 

possible source of variability [54–56]. The use of minimum 10 pulses as outcome measures 

of TMS [38] and the use of frameless neuronavigation systems [58, 59] can help decrease 

MEP variability. While we applied these methods in the present study, a recent report 

indicated that 18 single TMS pulses delivered better reliability when measuring MEP 

amplitudes [60]. Despite this potential limitation of our study, we found significant effects 

when comparing anodal vs. sham tDCS. Nonetheless, future studies should consider 
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increasing the number of TMS trials in order to improve reliability. Another approach to 

reduce TMS variability reported by Meincke and colleagues (2016) is using a fully 

automated hotspot-search procedure based on an algorithm that takes into account the RMT 

instead of MEP amplitudes [61].

Finally, the use of a single-blinded study design may have biased our results, though 

experimental conditions were maintained equal for all sessions. While a fixed SI1mV to 

assess corticospinal excitability might represent another potential limitation of the present 

study, since this method eliminates between-session baseline variability, it allowed us to 

focus on the question of whether tDCS results in consistent effects. Moreover, some subjects 

might display highly variable MEPs responses due to a steep slope in their recruitment 

curve. Therefore, another consideration to reduce intra-individual variability in the future 

would be to define the TMS intensity for each subject based on the individual’s TMS 

recruitment curve.

Conclusions

We found that atDCS at 2mA intensity delivered for 7 minutes over M1 results in consistent 

increase of MEP amplitudes at the group level across multiple sessions, as well as a fair to 

high reliability at the individual level when the ICC is calculated based on all post-tDCS 

time-points (instead of Grand Mean values). The use of the VBTsham represents an 

appropriate method to classify tDCS effects. Using this approach 2mA current intensity 

seems a better choice than 1mA to induce predictable responses across multiple sessions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

2mA tDCS applied for 7min induced increased cortical excitability in all sessions.

A fair to high degree of reliability of individual responses was observed.

A new method to classify tDCS responses controlling for TMS variability is 

proposed.

2mA tDCS, but not 1mA, resulted as a better choice to induce predictable 

responses.
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Figure 1. 
Three identical sessions were performed for each tDCS condition at least 48 hours apart. 

Each session consisted of TMS pre-measures; defining stimulus intensity required to evoke 

mean MEP peak-to-peak amplitude of 1mV (SI1mV, Pre). Then, atDCS 1 or 2 mA was 

applied for 7 min (in sham condition current passed only for 30s) with the active electrode 

on the FDI ‘hotspot’. Post-measurements were performed using the SI1mV intensity 

immediately (Post0), 15 (Post15), and 30 (Post30) min after tDCS.
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Figure 2. 
Overall atDCS effect and reliability across consecutive sessions. A) Combined session 

average of MEP amplitude (mV) for each time point (Pre, Post0, Post15, Post30) and 

condition (2mA, 1mA, sham). Two-way ANOVARM was performed with CONDTION and 

TIME, comparing pre with post-values. Post-hoc pairwise comparisons were performed 

using Bonferroni correction (*, p≤0.05; **, p≤0.01; ***, p≤0.001). B) Mean MEP 

amplitudes for each session and condition across time. ICC, calculated with all post-time 

points from the 3 sessions for each condition (n = 9/condition), showed fair to high 

reliability. Errors bars represent SEM.
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Figure 3. 
Grand Mean values of MEP amplitude for each individual across sessions and conditions 

(2mA, 1mA, sham). Each colored line represents a single subject across all nine sessions. 

ICC calculated for each condition reveals poor to fair reliability of tDCS post-effects.
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Figure 4. 
Normal frequency distribution plots of mean MEP ratios (post/pre) for all sessions within 

each condition (n= 36/condition). The grey area represents overlapping ratios found in the 

sham, 2mA and 1mA conditions. Dotted lines indicate SDs from mean sham values.
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Figure 5. 
Pie charts of post-tDCS responses across sessions classified with the Sham Variability-Based 

Threshold. A) Responses were classified as ‘increase’ (> 1.3), ‘no change’ (0.7 < ratio < 1.3) 

and ‘decrease’ (< 0.7). B) Individual response tracking across sessions for each condition. 

Same classification scheme as in A but separated by session. Dot sizes are linearly 

proportional to the number of subjects (n = 12). The biggest dot size represents 9 subjects 

and the smallest dot size represents 1 subject.
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Table 1

Summary of ANOVARM results. Since 3-way ANOVARM revealed no significant effects related to SESSION, 

we used a 2-way ANOVARM. Post hoc analysis performed using Bonferroni correction. Statistically 

significant cases are shown in bold
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