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Abstract

Purpose/Aim: Memory impairment post-TBI is common, frequently persistent, and
functionally debilitating. The purposes of this pilot study were to assess and to compare
immediate behavioral auditory working memory and electrophysiologic effects of three
different, randomized, conditions of left dorsolateral prefrontal cortex (LDLPFC)
transcranial direct current stimulation (tDCS) applied to four neurotypical adults and four
adults with chronic traumatic brain injury (TBI).

Materials/Methods: Pre- and post- anodal, cathodal, and sham tDCS auditory memory
performance, auditory event-related potentials (P300 amplitude and latency) and power
of alpha and theta EEG bands were measured across individuals in each group.
Results: Post-anodal tDCS only, the neurotypical and TBI groups both demonstrated
significantly improved immediate auditory memory function. Also post-anodal tDCS, the
TBI group demonstrated significantly increased P300 amplitude versus post-sham
tDCS. The neurotypical group demonstrated no pre- post tDCS electrophysiologic
changes across conditions.

Conclusions: These findings are consistent with findings of other studies of immediate
tDCS effects on other types of memory in neurotypical individuals and in individuals with
Parkinson’s disease, Alzheimer’s disease, and stroke and suggest that individuals with
memory impairments second to chronic TBI may benefit from LDLPFC anodal tDCS.
Pairing tDCS with traditional behavioral memory interventions may facilitate TBI

rehabilitation outcomes and warrants continued investigation.
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Introduction

There is a well established relationship between the prefrontal cortex and working
memory, the ability to hold information in mind to recall, manipulate, and associate
existing representations with new information [1,2]. Memory abilities are not static and
may be enhanced by strategy use and training. The successful use of internal
behavioral memory strategies (e.g., semantic association) is associated with improved
working memory performance and increased prefrontal cortical activation, especially in
left dorsolateral prefrontal cortex (LDLPFC in neurotypical individuals and individuals
with acquired brain injury [3-7].

Transcranial direct current stimulation (tDCS) is a safe, noninvasive method of
neuromodulation during which a weak, direct current is applied via anodal and cathodal
electrodes strategically placed on the scalp. The current passes through the skull,
reaches cortical areas, and modulates the resting membrane potential of individual
neurons [8,9]. This impacts cortical excitability (anodal increasing/cathodal decreasing)
and synaptic activation strength, in turn enhancing cortical neuroplasticity [10-12]. One
10-minute session of tDCS results in excitability shifts lasting greater than one hour,
with multiple sessions resulting in longer-lasting shifts [13-15]. Studies have reported
that tDCS enhanced memory function in neurotypical individuals and individuals with
Parkinson’s disease, Alzheimer’s disease, and stroke [16-21].

Results of the three published studies of the effects of anodal LDLPFC tDCS
on memory function post-traumatic brain injury (TBI) are mixed. In one of two
group studies published, Lesniak and colleagues [22] examined effects of
repeated anodal LDLPFC tDCS on attention and memory in a randomized control

trial with 23 individuals with severe TBI between 4 and 92 months post-injury.



Following 10 minutes of 1 milli-ampere (mA) tDCS, experimental group
participants completed an unspecified amount of time using computerized
cognitive software (efficacy of cognitive software not reported) across 15
consecutive days. Post-intervention, although the experimental group presented
with larger effect sizes on the majority of neuropsychological tests than the
control group, there were no significant between-group differences in attention or
memory performance. In the other published anodal LDLPFC tDCS group study of
post-TBI memory function, Ulam and colleagues [23] examined effects of 10
consecutive days of 20 minutes of 1 mA repeated anodal LDLPFC tDCS on
electroencephalographic (EEG) oscillations, attention, and working memory in a
randomized control trial with 26 individuals with moderate to severe TBI
participating in subacute rehabilitation. Inmediate and cumulative experimental
versus control group increases in cortical excitability were identified, supporting
tDCS-related enhanced cortical excitability regulation. Following the 10 tDCS
sessions, although no significant between-group differences in attention or
memory performance were found, decreased experimental group delta correlated
with improved neuropsychological testing to a greater degree than in the control
group. Additionally, those experimental group participants with excessively slow
EEG activity initially demonstrated more improved neuropsychological test
performance than all other study participants. A recently published case report
examining effects of LDLPFC tDCS on an individual with chronic TBI found that a
single 20 minute session of 2 mA anodal tDCS (versus cathodal and sham)

significantly enhanced immediate memory function and related cortical activity



(i.e., increased P300 event-related potentials and decreased oscillatory power in
alpha and theta bands) [24].

The purposes of this pilot study were to assess and compare immediate behavioral
auditory working memory and electrophysiologic effects of three different conditions of
LDLPFC tDCS applied to a group of neurotypical adults and a group of adults with
chronic TBI. This study is the first to explore immediate behavioral and EEG changes
pre- post tDCS targeting auditory working memory in both groups. Measuring these
effects may help inform the mixed results of previously reported repeated LDLPFC
tDCS TBI memory studies and the design of future group studies and interventions

to maximize TBI survivors’ rehabilitation outcomes.

Materials and Methods
Participants

Participants were recruited via study flyers posted at Northeastern University and
Spaulding Rehabilitation Hospital. To be eligible, individuals had to 1) be 19 years
of age or older; 2) be right-handed, fluent in English, and able to read single
words; 3) have no documented history of neurologic dysfunction,
psychologic/psychiatric impairment, diagnosed attention deficit disorder or
learning disability; 4) be on no prescribed psychoactive medications; and 5) be in
no kind of memory improvement program or therapy during study participation.
Individuals with TBI additionally had to 1) have had a single TBI, at least one year
prior to study enroliment and 2) have no medication changes during study
participation. Four neurotypical individuals (one male; mean age, 51.6 years; range,

44-59 years) and four individuals with chronic TBI (two males; mean age, 43 years;



range, 35-53 years) were confirmed eligible for study participation and consented to be
in this study. Mean years of education was 16.5 (SD 2) for the neurotypical group and
13 (SD 2) for the TBI group. Each TBI group participant sustained a severe TBI based
on documented Glasgow Coma Scale [25] scores ranging from 3-8, and each reported
post-TBI memory problems that interfere with their everyday function. Detailed injury-
related characteristics per TBI group participant are provided in Table 1. All
participants provided informed consent to participate in this study, which was pre-
approved by the Northeastern University and Spaulding Rehabilitation Hospital
Institutional Review Boards.

(Table 1)

Procedure

Each participant completed three 90-minute sessions, a minimum of 48 hours apart and
at the same time of day. Procedures were the same across sessions: baseline tDCS
adverse effects questionnaire; EEG 10-minute eyes open, eyes closed, and auditory
task with working memory demands; pre-tDCS behavioral working memory word list
testing; 20-minute tDCS; post-tDCS behavioral working memory word list testing; EEG
10-minute eyes open, eyes closed, and auditory task with working memory demands;
and end-of-session tDCS adverse effects questionnaire.

The EEG auditory task consisted of an oddball paradigm in which two 70 decibel 150
millisecond (msec) auditory tones (standard at 1000 Hertz and deviant at 500 Hertz)
were repeatedly presented through headphones using a randomization schedule of five
“‘usual” to one “odd” tone stimuli and an inter-stimulus interval of 1500 msec. Total

duration of the paradigm was 10 minutes, and the total number of events was 400, of



which 80 were odd tone stimuli appearing in random order. Participants activated one
button after every usual tone and a different one after every odd tone.

EEG was recorded continuously using a vertex-referenced 64-electrode saline-
soaked HydroCel Geodesic Sensor net (Electrical Geodesics Inc., EGI) and Net Station
(EGI). Electrodes were placed in accordance with the International 10-20 system for
EEG electrode placement [26]. The amplifier's high and low pass filters were set to 70
Hertz (Hz) and 0.3 Hz respectively, with a sampling rate of 250 Hz.

Pre- /post- tDCS working memory was tested based on the Hopkins Verbal Learning
Test [27] paradigm and used different auditorily presented word lists per session. Each
list consisted of 32 randomly ordered stimuli, with 8 words belonging to each of four
different semantically related groups; stimuli within and across lists were balanced
based on frequency of occurrence in the English language. After hearing a list of
words, participants were asked to recall the words as best as possible, in any order.

Using a randomized cross-over design (see Table 2 for randomization schedule),
participants completed three different tDCS sessions (anodal, cathodal, sham), all with
the reference electrode to the right supraorbital area: 2 mA cathodal tDCS to LDLPFC;
anodal tDCS to the LDLPFC; and sham tDCS (30 seconds of current) to LDLPFC. The
LDLPFC was identified by the F3 electrode position of the 10/20 EEG electrode system.
TDCS was delivered by a battery-driven constant current stimulator using a pair of
rubber electrodes in 5 x 7 centimeter saline-soaked synthetic sponges.

(Table 2)
Analysis
Behavioral Memory. Pre- post change in number of words recalled per tDCS condition

was determined per participant per group. Repeated measures ANOVA compared



participants’ pre-post change scores across the three tDCS conditions per group. Given
significant F values, post-hoc paired t-tests were completed for each pair of tDCS
conditions (i.e., anodal-cathodal, anodal-sham, cathodal-sham). Unpaired t- test
analysis compared baseline performance of the two groups (neurotypical versus TBI).
Because this was a pilot study with four participants per group, statistical significance
was set at p < 0.05.

P300. EEG data was analyzed using EEGLAB and ERPLAB [28,29]. The continuous
EEG data was filtered with the high-pass of 1Hz and low-pass of 35 Hz per participant
per group. Independent component analysis was performed to remove eye blinks. Data
was divided into 1000 msec segments or “epochs”. Each epoch began 200 msec before
the onset of either a deviant (“odd” tone) or standard (“usual” tone) auditory stimulus. As
per standard ERP processing protocols, epochs were baseline corrected (using the first
200ms) and inspected for remaining artifacts. The average of all epochs was obtained
for each category (deviant and standard). A third category showing the difference wave
between standard and deviant stimuli was created to calculate peak amplitude and peak
latency. Measurements for P300 were obtained from Cz as this is a common site from
which to obtain P300 measures [26]. A window for P300 was determined manually
(300-450 msec) for further measurements of peak amplitude and latency. For
amplitude, repeated measure ANOVA compared participants across tDCS conditions
per group. For latency, Friedman test compared participants across tDCS conditions per
group as the data was not normally distributed. Given significant F values, post-hoc
comparisons were made. Unpaired t-test analysis compared baseline peak amplitude

and latency values of the two groups.



EEG Power. Data recorded during the eyes closed condition was analyzed per
participant per group. Absolute power (uV?) was calculated using Fast Fourier
Transformation (FFT). Given that alpha and theta power are known to be related to
memory function [30], mean power for alpha (8-13 Hz), and theta (4-8 Hz) band were
calculated. A value from each electrode was obtained and then grouped according to
anatomical locations representing frontal, parietal, and occipital areas. Since EEG
power was not normally distributed, statistical analyses were completed using non-
parametric tests. Mann-Whitney U test compared baseline alpha and theta power of the

two groups. Friedman test compared participants across tDCS conditions per group.

Results

Participants reported no adverse effects from study participation.
Behavioral Memory. Pre- /post- tDCS words recalled under each stimulation condition
per participant per group are summarized in Table 2. Number of words recalled
post-tDCS increased for each of the four neurotypical group participants in the
anodal condition (+5 - +6 words), increased for one neurotypical group participant
in the cathodal condition (+1 word) and increased for one participant in the sham
condition (+1 word). Number of words recalled post-tDCS increased for each of
the four TBI group participants in the anodal condition (+3 - +6 words), increased
for none in the cathodal condition, and increased for two in the sham condition
(+1 word).

Repeated measures ANOVA revealed significant differences in pre-post change in
number of words recalled across tDCS conditions in both neurotypical and TBI groups

(F26=9.5 p<0.05; Foe=6.216, p < 0.05 respectively). Post-hoc paired t-test analysis



of anodal versus cathodal, anodal versus sham, and cathodal versus sham pre-post
tDCS change scores revealed that post-anodal tDCS recall improved to a statistically
significant extent compared with the other two conditions in both groups and that there
were no significant pre-post-tDCS change differences between cathodal and sham
conditions in both groups (Table 3). Unpaired t-test analysis revealed significant
differences in words recalled at baseline between the two groups (t (6)= 2.46, p = 0.05).
(Table 2 and Table 3)

P300. Pre-/post-tDCS P300 parameters for oddball task performance per condition per
group are summarized in Table 4. For the neurotypical group, mean P300 peak
amplitude decreased following all 3 conditions (mean difference; anodal: -1.92 + 1.86,
cathodal: -0.43 + 1.1, sham: -0.08 + 0.88). P300 latency changes were minimum across
all three groups (anodal: -1 + 25.59, cathodal: 5 + 10, sham: -8 £ 125.77). For the TBI
group, average P300s peak amplitude of the difference wave increased most after
anodal stimulation (0.85 £ 0.93 uV), and there was a decrease in P300 amplitude after
tDCS in cathodal (-0.51 £ 0.62 puV) and sham (-1.32 + 0.86 pV) conditions. Average
P300 latency increased after all 3 conditions anodal (6 + 36.15), cathodal (40 +
73.10msec), and sham tDCS (35 *+ 59.54msec). Figure 1 shows pre- /post- difference
waves per tDCS condition.

(Table 4)

(Figure 1)
Unpaired t-test analysis revealed no significant baseline differences in mean P300 peak
amplitude and mean P300 peak latency between the neurotypical group and (mean

P300 amplitude: 4.20 + 0.55, mean P300 latency: 367 + 12.67) and TBI group (mean



P300 amplitude: 3.55 + 0.86, mean P300 latency: 377.34 + 13.88) (t-test; P300
amplitude: p = 0.55, Mann-Whitney; P300 latency: p = 0.60). Repeated measures
ANOVA revealed a significant main effect of group for P300 amplitude (Fos =7.89, p=
0.008), indicating a post-tDCS increase in P300 amplitude in the TBI group in the tDCS
anodal condition versus sham. No effect of group was found for neurotypical
participants for P300 amplitude and latency (p < 0.05).

EEG Power. Comparison of the two groups at baseline showed no significant difference
between the neurotypical and TBI groups (Mann-Whitney rank sum; p > 0.05). Mean
changes in alpha and theta power per tDCS group and scalp localization are
summarized in Table 5. No differences were found across tDCS conditions for each of

the two groups (Friedman, p < 0.05).

(insert Table 5)

Discussion

This pilot study is the first to assess and compare immediate behavioral auditory
working memory and electrophysiologic effects of three randomized conditions of
LDLPFC tDCS on a group of neurotypical adults and a group of chronic TBI adult
survivors. Both groups demonstrated a significant increase in number of words recalled
following anodal versus cathodal and sham tDCS. Cortical electrophysiologic activity of
the TBI group also increased post-LDLPFC anodal tDCS. These case series findings
are consistent with findings of other studies of tDCS effects on various types of memory
in neurotypical individuals and in individuals with Parkinson’s disease, Alzheimer’s

disease, and stroke [16-21] and are the first to offer Level 4 evidence suggesting that



individuals with memory impairments second to chronic TBI may also benefit from
LDLPFC anodal tDCS [31].

Memory impairment post-TBI is common, frequently persistent, and functionally
debilitating. Rehabilitation to improve memory function has traditionally consisted of
external and/or internal behavioral memory strategy training, which is supported by
varying levels of evidence [e.g., 32-35]. Given the limited benefits of behavioral
memory training, the well-documented relationship between working memory and the
prefrontal cortex, the studies reporting enhancing effects of LDLPFC anodal tDCS on
immediate memory, and the too few published interventional group studies of
LDLPFC anodal tDCS effects on memory function post-TBI to date [22,23], pairing
tDCS with traditional behavioral interventions to enhance TBI rehabilitation outcomes
warrants continued investigation.

Compared with the positive TBI findings in this pilot study, the TBI findings in
the Lesniak et al. [22] and the Ulam et al. [23] randomized controlled group
studies were mixed. In the Lesniak et al. study, although the TBI experimental
group presented with larger effect sizes on neuropsychological tests than the TBI
control group post- LDLPFC anodal tDCS, which is promising, there were no
significant between-group differences in memory performance. In the Ulam et al.
study, although decreased experimental group delta correlated with improved
neuropsychological testing to a great degree than in the control group post-
LDLPFC anodal tDCS, which is also promising, no significant between-group

differences in memory performance were found.



Ongoing study of post-TBI combined tDCS-behavioral memory interventions
may be informed by possible explanations for the mixed findings in the Lesniak
et al. [22] and Ulam et al. [23] TBI studies compared with the positive TBI findings
in this study, each warranting investigation of its own. One such possibility is
tDCS parameters. For example, evidence across studies of neurotypical
individuals and individuals with various neurologic diagnoses supports that
current intensity levels and stimulation duration differentially impact cortical
excitability responses to tDCS [e.g., 10,15,16,36]. The current intensity level in the
Lesniak et al. study was 1 mA, and the stimulation duration was 10 minutes [22].
The current intensity level in the Ulam et al. study was 1 mA, and the stimulation
duration was 20 minutes [23]. Keeping safety considerations in mind, perhaps the
20 minutes of 2 mA current used in this study is minimally needed to enhance
memory performance post-TBI [10,36].

Another possible explanation for the mixed findings across studies is
characteristics of each study’s TBI participants, one being time post-injury and
another being anatomy of each individual’s brain post- injury. Regarding time
post-injury, mean time post-injury was 18 months (S.D. = 19.7) in the Lesniak et
al. study [22], 1.9 months (S.D. = 1.3) in the Ulam et al. study [23], and 81 months
(S.D. = 71.4) in this study. Perhaps the chronicity of the TBI group in this study
facilitated their responsiveness to anodal tDCS. A neuroplasticity principle that
supports this possibility is timing of tDCS intervention [37]. As has been found in
some controlled group studies of constraint induced therapy with and without

tDCS with acute and chronic stroke survivors, perhaps tDCS does not enhance



spontaneous recovery that typically occurs acutely post-TBI but, as spontaneous
recovery slows/stops, positively impacts functional improvements (e.g., memory)
[e.g., 38-40]. Regarding anatomy of each individual’s brain post- injury, it is
possible that patterns of tDCS current flow are affected by specific sites of
incurred brain trauma [22,41-43]. Based on the information provided in the
Lesniak et al. and Ulam et al. studies [22,23], meaningful comparisons of the
anatomy of their participants’ brain injuries with those in this study were not
possible. Investigation of individualized computational modeling to predict
impact of damaged tissue on tDCS candidacy, optimal electrode placement, and
tDCS intervention outcomes post-TBI is needed.

Two other possibilities are number of tDCS sessions and amount of time
between multiple tDCS sessions. In the Lesniak et al. [22] study, participants
received 15 tDCS sessions over 15 consecutive days (time of day not reported). In
the Ulam et al. [23] study, received 10 tDCS sessions over 10 consecutive days
(time of day depending on participant’s daily availability). In this study,
participants received one tDCS session. Perhaps repeated tDCS does not always
have a positive cumulative effect on memory performance post-TBIl. Perhaps the
interval between repeated tDCS sessions influences whether the impact of
repeated applications is positive or negative [39,44]. Testing effects of tDCS on
memory after each tDCS application of a repeated tDCS intervention would be
one approach to explore both of these possibilities.

Another possible explanation for the mixed findings across studies is absence

of a TBI control group in this study. Lesniak et al. [22] and Ulam et al [23] had TBI



control groups who did not receive tDCS with whom to compare experimental
group outcomes. It is possible that a TBI control group would have done as well
as the experimental group on our outcome measure. However, our outcome
measure was based on the Hopkins Verbal Learning Test paradigm [27], which
has high test-retest reliability in individuals post-TBI [45]. Therefore, we do not
believe that this is a likely possibility.

Electrophysiologically, the neurotypical group of participants in this study
demonstrated no significant pre-post-tDCS P300 changes. The TBI group demonstrated
significantly increased P300 amplitude post-stimulation in the anodal versus the sham
condition. Anodal tDCS has been shown to increase P300 amplitude and working
memory in neurotypical adults, and post-tDCS changes in P300 amplitudes in different
clinical populations have also been identified [46-48]. One explanation for the lack of
neurophysiological changes in the neurotypical group may be their higher level of
functioning. Indeed, the TBI group had lower amplitudes on average (though not
significant) as compared to the neurotypical group, allowing more room for
improvement.

There are multiple limitations to this study, which should inform ongoing research in
this area. First, this was a pilot study, with small groups of neurotypical individuals and
individuals with chronic TBI. Further studies, powered with adequate numbers of
experimental and control group participants matched on such criterion as age, are
needed. Second, this study only examined the immediate effects of a single dose of
three randomized tDCS conditions on memory function. The effects of multiple doses of

tDCS over time warrant continued investigation to better inform the design of future



interventions combining tDCS and traditional memory therapy to maximize memory

outcomes.

Conclusion

In this pilot study, immediate auditory memory function of a group of neurotypical
individuals and a group of individuals with memory impairments second to chronic TBI
improved post-LDLPFC anodal tDCS. Cortical electrophysiologic activity of the TBI
group also increased post-LDLPFC anodal tDCS. Pairing LDLPFC anodal tDCS with
traditional behavioral memory interventions may facilitate rehabilitation outcomes of

chronic TBI survivors and warrants continued investigation.
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Table 1: Injury characteristics for participants with TBI.

Participant Years Initial Injury Radiological
post-injury GCS  mechanism findings

1 1.2 5 Fall L frontotemporal damage

2 2.8 4 MVA Diffuse injury; L temporoparietal
damage

3 9.2 7 MVA R frontal, L frontotemporal
damage

4 14 5 MVA Diffuse injury; R frontotemporal
damage

Note. GCS = Glasgow Coma Scale. R =right. L = left.



Table 2: tDCS condition randomization schedule and pre- /post- stimulation word

recall per participant per group.

Group tDCS condition Pre-word recall Post-word recall

Participants

Control Group

1 cathodal 17 18
anodal 13 19
sham 10 11

2 Sham 23 13
anodal 22 27
cathodal 17 15

3 cathodal 18 15
sham 26 26
anodal 25 30

4 anodal 15 21
sham 17 16
cathodal 21 19

TBI Group

1 cathodal 14 7
sham 18 19
anodal 16 22

2 sham 11 12



cathodal

anodal

3 cathodal

sham

anodal

4 cathodal

anodal

sham

10

12

12

18

12

16

13

15

10

15

12

13

18

13

19

16

Note. Maximum recallable words = 32.



Table 3: Post-hoc pre- /post- tDCS word recall change score t- tests for tDCS condition

pairs per group.

tDCS pairs Neurotypical TBI
Anodal-Cathodal (3)=9.9 f(3) = 3.628
p =0.002* p =0.036*
Anodal-Sham f(3) =3.361 f{(3) =5.657
p = 0.044* p=0.011*
Cathodal-Sham f(3) =0.414 f(3) =2.423
p=0.707 p=0.094

Note. () = degrees of freedom. * = statistically significant.



Table 4: Pre- /Post- P300 difference wave ERP neurophysiologic oddball task mean

performance per tDCS condition per group.

EEG Pre-anodal Post-anodal Pre-cathodal Post-cathodal Pre-sham Post-sham

parameter

Mean (SD) peak amplitude (uV)

Control 4.52 2.60
(0.99) (1.45)

TBI 2.52 3.38
(1.16) (2.04)

Mean (SD) peak latency (msec)

Control 354 353
(10.58) (33.68)
TBI 389 395

(38.14) (47.15)

3.49

(1.81)

3.98

(2.23)

361

(15.10)

354

(28.0)

3.06 4.60
(1.17) (1.54)
3.47 4.14
(2.03) (2.01)
366 386
(12.0) (60.09)
394 396

(49.58) (63.78)

4.60

(0.90)

2.80

(1.41)

378

(73.07)

424

(76.38)




Table 5: Mean Pre- /Post- power oddball task mean performance changes per tDCS

condition per group.

Brain Frontal Parietal Occipital
area
tDCS Control TBI Control TBI Control TBI
condition
Anodal mean (SD) (uV)
alpha 0.012  -0.0049 0.0042 -0.027 0.055 -0.034
(0.029) (0.045) (0.066) (0.035) (0.17) (0.13)
theta  0.0049 0.0087 0.00035 -0.0021 0.00013 (0.0095) 0.0055 0.0049
(0.023) (0.028) (0.0091) (0.034) (0.011) (0.12)
Cathodal mean (SD) (uV)
alpha -0.026  0.00068 -0.059 0.011 0.12  0.055
(0.019) (0.017) (0.057)  (0.028) (0.11) (0.15)
theta -0.0048 0.025 -0.0051  0.029 0.0068 0.071
(0.0073) (0.026) (0.017)  (0.049) (0.038) (0.14)
Sham mean (SD) (uV)
alpha  0.0002 0.0029 -0.019  -0.028 -0.012 0.019
(0.017) (0.0058) (0.036) (0.046) (0.11) (0.051)
theta  -0.0074 0.00055 -0.015  -0.0064 -0.016 0.022
(0.022) (0.012) (0.0058 (0.023)  (0.012) (0.029) (0.039)
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