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Abstract

Introduction: Transcranial direct current stimulation (tDCS) and transcranial magnetic
stimulation (TMS) are noninvasive neuromodulation techniques used as therapeutic and research
tools for several neuropsychiatric conditions. Given the exponential scientific growth of this field
we aimed to systematically review the most cited clinical trials using TMS or tDCS.

Areas covered: A de-novo keyword search strategy identified and characterized the 100 most-
cited trials. Total citation count for the most cited trials was 13,204. Articles were published
between 2008 and 2014 in 50 different journals with a median impact factor of 6.52 (IQR 3.37).
Almost half of the top cited papers were investigating mechanisms of action in healthy subjects.
Most studies were feasibility trials and only 5 were pivotal trials, including the ones used for
recent FDA approval. Seven articles were interlinked with another article by at least 25 citations
and eight authors had collaborated with at least one other author.

Expert Commentary: Although there has been a significant increase in interest for rTMS and
tDCS, most of the cited clinical trials are still small feasibility studies, what reinforced the need
for more robust clinical trials (larger samples sizes and effects sizes) to better define clinical
effectiveness.

Keywords

bibliometrics; citation analysis; neurosciences; transcranial magnetic stimulation; transcranial
direct current stimulation; noninvasive brain stimulation; neuromodulation

"Corresponding author: Felipe Fregni, fregni.felipe@mgh.harvard.edu, 79/96 13th St, Charlestown, MA 02129, +1 617-952-6153.

Declaration of interest

The authors have no relevant affiliations or financial involvement with any organization or entity with a financial interest in or
financial conflict with the subject matter or materials discussed in the manuscript. This includes employment, consultancies,
honoraria, stock ownership or options, expert testimony, grants or patents received or pending, or royalties.

Reviewer disclosures
Peer reviewers on this manuscript have no relevant financial or other relationships to disclose.


https://www.google.com/search?client=safari&rls=en&q=neuromodulation+center+boston&ie=UTF-8&oe=UTF-8

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lucena et al.

Page 2

1. Introduction

The use of noninvasive brain stimulation in both research and clinical settings has
considerably grown over the last two decades. Among all noninvasive brain stimulation
techniques, transcranial direct current stimulation (tDCS) and transcranial magnetic
stimulation (TMS) have been broadly studied inside the field of neurorehabilitation and
tested for several psychiatric and neurologic conditions such as depression, stroke and
schizophrenia [1-3].

Most of the published research efforts in the field of non-invasive brain stimulation for
neurorehabilitation have been concentrated on TMS and tDCS. These two techniques have
overall the larger number of scientific publication and the higher published level of evidence
type of research when compared to other NIBS. While TMS was the first non-invasive
technique to induce large currents into cortical areas in a non-painful manner that could
induce action potential, tDCS has been an attractive option given its neuromodulatory effect
that can potentiate learning and rehabilitation strategies. In the past years, the use of these
techniques grew exponentially from primarily being used as diagnostic and mapping tools to
applications in research such as in neurosciences and as therapeutic treatments in psychiatric
diseases such as depression [5]. In 2008, clinical research efforts led the US Food and Drug
Administration (FDA) to approve prefrontal rTMS (repetitive transcranial magnetic
stimulation) therapy for treating Major Depressive Disorder for adults which were
antidepressant medications non-responders [4,5]. A few years later, TMS was also approved
by FDA for treating Migraine with aura [6]. These new applications of old techniques have
boosted the number of publications in the field.

Citation analysis has been used as a measure of quality and impact of scientific publications
[7-9]. Although citation analyses have been made in the broad neuroscience field [10-12],
including a recently published bibliometric analysis for invasive neuromodulation [13], there
is limited information for the noninvasive neuromodulation field with few published studies
only [14]. Therefore, this systematic review aimed to describe and characterize the available
literature in neurorehabilitation neuromodulation with focus on clinical trials on both
transcranial direct current stimulation (tDCS) and transcranial magnetic stimulation (TMS),
over the past 10 years, according to citation analysis. We believe that a systematic selection
of the most cited neuromodulation articles, together with a descriptive analysis of it, will
offer information to the where the clinical research in this field is focusing its efforts hence
adding to the understanding of its directions and trends.

2. Methods
2.1. Search Strategy

The search strategy used to identify the articles relevant for the rank of the 100 most cited
neuromodulation trials presented in this study was:

“TS="TMS” OR TS="transcranial magnetic stimulation” OR TS="tDCS” OR
TS="transcranial direct current stimulation” OR TS="transcranial stimulation” OR
TS="noninvasive brain stimulation” OR TI="neuromodulation” OR TI="transcranial
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electric stimulation” OR TI="electrical direct current therapy” OR TI="noninvasive brain
therapy” OR TI="magnetic brain stimulation” OR TI="repeated brain stimulation” OR
T1="neuromodulatory interventions” OR TI="neuromodulatory therapy” OR
Tl="neuromodulatory treatment” OR TI="brain modulation” OR Tl=neurostimulation OR
TlI="electrical neural stimulation” OR TI="magnetic neural stimulation” OR
Tl1="transcranial DC stimulation” NOT TS="deep brain stimulation”

This search strategy was adopted after several discussion and analysis of different strategies
in Web of Science database. The goal was to balance between sensibility and specificity of
the strategy in order to exclude off topic articles but not to exclude articles that could be of
interest for our research.

2.2. Data Source and Extraction

A search for all articles relevant for the rank of the 100 most cited neuromodulation trials
presented in this study was performed between December 2017 and February 2018 at the
Web of Science Core Collection database which includes but is not limited to all papers
indexed by the NIH’s MEDLINE database and dates back to 1900 with a curated collection
of over 20,000 peer-reviewed journals. Web of Science was chosen as database for our
research in a more conservative approach since it has been historically the standard tool for
bibliometric analysis. Although other databases have been also used for bibliometrics
analysis, there is no available comparison between databases. [15]. An English language
filter was applied since most articles published were in English followed by a temporal filter
that would select only articles from between 2008 and 2017. The temporal filter was chosen
as one of our goals was to discuss recent trends in the field. The remaining articles were
sorted by the number of times the article was cited. To confirm that the language filter did
not create any bias to our search strategy, the search process was repeated without the filter
and there was no change to the results. One of the authors reviewed articles starting from the
most cited and only included clinical trials until the list of 100 most cited was completed.
This reviewer has been certified in a 9-month collaborative distance-learning program on
methodology of clinical trials. Clinical trials were defined as according to NIH’s definition
of clinical trial which is “A research study in which one or more human subjects are
prospectively assigned to one or more interventions (which may include placebo or other
control) to evaluate the effects of those interventions on health-related biomedical or
behavioral outcomes” [16]. To determine whether a trial study could be classified as a
clinical trial, the authors made use of the Decision Tree for NIH Trial Definition [16], which
consists in four key questions that define a study as a clinical trial if all answers are yes (see
Supplementary Material). Also, the articles should report use of tDCS and/or TMS as
intervention. When necessary, uncertainty on these aspects were cleared with up to three
experienced investigators until a consensus between all of them was achieved. The final list
was reviewed by all the authors and uncertainty regarding the classification of any of the
articles was discussed before a final decision. We included in the final list clinical trials that
used tDCS or TMS with clinical parameters and clinical objectives as intervention or both
intervention and assessment.
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The 100 cited clinical trials published between 2008 and 2017 were described and/or
classified by one or more authors according to number of citations, year, location, and
journal of publication, disease under study (e.g.: Depression, Stroke), primary outcome (e.g.:
Motor function, Mood), type of outcome (Clinical x Surrogate), number of authors, number
of subjects, if the technique used was tDCS, TMS or both and if the technique was also used
as assessment, impact factor in 2017, impact factor in the last 5 years. Considering that the
interventions of interest were delivered through medical devices, we also described and/or
classified according to type of study followed FDA'’s classification of either feasibility or
pivotal trial.

2.3. Data Analysis

Data was entered in IBM SPSS Statistics for Windows, version 21 (IBM Corp., Armonk,
N.Y., USA) for descriptive and quantitative analysis. We compared TMS with tDCS trials to
evaluate differences in the publications of these two techniques. To take in account the
differences in citations number due to differences in time since publications we also
calculated average citation/year of each article (total of citations/years of publication).
Besides that, as journals impact factor can influence the number of citations, we presumed
that higher journals impact factor (in the last 5 years) could be leading to higher average
citation/year. Therefore, to investigate this association we performed a Spearman correlation
test between the adjusted citation count (average citation/year) and last 5 years journals
impact factor.

For the citation network analysis, Web of Science information was exported in CSV format
and used by the VOSviewer software (version 1.6.9) to construct the co-authorship
bibliometric network [17]. To evaluate if the 100 most cited clinical trials were interlinked
(citing one another), a citation network consisting of these interlinked articles was visualized
by using VOSviewer (Van Eck and Waltman, 2009). Only articles cited at least 25 times by
other articles in the list are presented. Besides that, to reveal co-authorship collaboration, we
also used VOSviewer (Van Eck and Waltman, 2009), in this analysis each author was
represented by a bubble. Two bubbles were connected by a line if either one of them
published a paper together. Bubble size and color indicated the citation count received
within the network.

3. Results

3.1

The final search strategy yielded 34,345 published articles, including reviews and original
articles. After filtering for English language only, the number of articles was reduced to
33,384. A second temporal filter was set to only select articles published between 2008 and
2017 as the authors meant to focus in the past decade (Fig.1). After the language and
temporal filters, 20,020 articles remained. The final list of 100 most cited articles is depicted
in table 1.

Number of Citations

The 100 most cited noninvasive neuromodulation clinical trials are responsible all together
for 13,204 citations. These articles were cited a median of 113 times (range 81-555). The
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average number of citations for the top 10 cited articles was 278. The median adjusted
number of citation (citation count/years from publication) was 14.4 (range 8.5-61.7).
Moreover, the median citation count of tDCS clinical trials was higher (117; range 555-85)
than the TMS trials (103; range 318-81).

The median impact factor for the journals that published the top 100 most cited clinical trial
in TMS and tDCS was 6.52 (Interquartile Range 3.37). Moreover, we found a significant
correlation between the last 5 years journal impact factor and the adjusted number of citation
(r=0.29892, p = 0.003).

By analysing the reference lists for the 100 cited neuromodulation papers, we have found
out that seven articles were interlinked with one another with at least 25 citations. Table 2
shows the list of articles that have had at least 25 citations within the 100 most cited articles
list. Nitsche MA article published in 2000 and named “Excitability changes induced in the
human motor cortex by weak transcranial direct current stimulation” had the greatest
number of citations (45) within the 100 most cited articles list.

3.2. Journals

The 100 most cited clinical trials were published in 50 different journals of which, 29 had
only one paper included in the list (Table 1 — Supplementary Material). The remaining 21
journals published two or more articles among the 100 most frequently cited
neuromodulation clinical trials. The Journal of Neuroscience and Stroke Journal can be
highlighted as the ones with most trials included in the list with eight and seven papers,
respectively.

3.3. Year of Publication

Although the timespan filter applied included articles from 2008 to 2017, the most cited
neuromodulation trials from this list were published between 2008 and 2014. Most articles
in the list were published in 2008 (24) and 2009 (22) and only one was published in 2014. It
was expected that articles published earlier would have more citations as they have had more
time to be cited. Table 1 we shows the average citation per year — number of citations
divided by the number of years being published. Figure 2. Illustrates the number of articles
within the 100 most cited neuromodulation trials by year of publication. Table 2
(Supplementary Material) shows the year of publication of the trials according to TMS vs
tDCS.

3.4. Most Common Areas of Investigation

Among the 100 cited neuromodulation trials, Stroke was the most commonly studied
neurological condition, representing one quarter of the papers, being followed by Depression
with 9 papers. Other diseases include Alzheimer’s Disease (4), Smoking Addiction (2),
Migraine (2), Parkinson’s Disease (2), Tinnitus (2), Alcohol dependence (1), Chronic Pain
(1), Multiple Sclerosis (1), Schizophrenia (1) and Spinal Cord Injury (1). Three out of the 25
trials studying Stroke included both diseased patients and healthy subjects to compare the
effects of either TMS or tDCS on health-related outcomes for this condition, such as
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comparing the effects or tDCS over word retrieval in healthy and aphasic stroke patients
[43].

It is important to point out that almost half (49) of the publications were not investigating the
therapeutic effects of tDCS or TMS for specific diseases. Instead, those clinical trials meant
to gather information on behalf the effects of noninvasive brain stimulation on several
different health related outcomes (e.g.: motor acquisition, language learning, cortical
excitability) hence aiming to better understand its mechanisms. These mechanistic trials
applied tDCS or TMS to healthy subjects and measured its effects.

Most trials (95) composing the rank were classified as feasibility trials, according to a
FDA'’s definition. Traditional feasibility study is a clinical investigation that is commonly
used to capture preliminary safety and effectiveness information on a near-final or final
device design to adequately plan an appropriate pivotal study” while a pivotal study can be
defined as “a clinical investigation designed to collect definitive evidence of the safety and
effectiveness of a device for a specified intended use, typically in a statistically justified
number of subjects”. [123] Only 5 out of the total of trials were classified as pivotal trials,
with 4 testing rTMS or tDCS for the treatment of Depression and 1 investigation single pulse
TMS for the treatment of Migraine. Although most studies were classified as feasibility
trials, 54 used a clinical outcome as primary outcome (e.g.: Visual Analog Scales for pain or
craving or Montgomery-Asberg Depression Rating Scale) while 46 used surrogate outcomes
(e.g.: EEG, cortical excitability measurements with TMS or fMRI). The primary outcome
chosen varied amongst motor related outcomes (21), mood (9), aphasia (8), working
memory (8) and others (54).

Furthermore, most clinical trials were investigating the use of tDCS (70) as intervention, and
some of them also included TMS as an assessment technique (4 papers). Out of the 100 most
cited trials, 30 were using repetitive TMS (rTMS) as intervention. Table 3 depicts the most
common focus of the 100 most cited trials according to TMS or tDCS studies.

Location of Study

Regarding the geographic region in which the study was conducted, this information was not
clear in the manuscript for about one third of the trials (32), but authors were not contacted
to clarify the information nor trial registration was consulted. From the remaining 68 articles
that reported this information, 31 publications were from Europe, 25 from North and South
America - represented by the following countries: USA (15 publications), Brazil (8
publications) and Canada (2 publications). The other trials included in the rank were
performed in Asia (5), Oceania (3) and Africa (3). A single multicenter trial was identified,
and it was conducted in USA, Canada and Australia. Table 4 shows where trials using rTMS
and tDCS took place accordingly.

3.6. Authorship and Co-authorship Collaborations

A total of 477 unique authors contributed to these 100-most cited articles. It is important to
point out that most of these authors are co-authors and collaborated in several of these
publications. Therefore, to better understand the co-authorship and collaborations in the
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noninvasive brain stimulation field, we also performed a co-authorship network map using
the Vosviewer software.

The co-authorship network analysis illustrates the collaboration among the authors of the
100 most cited neuromodulation trials. Eight authors have at least one common author to
whom they have collaborated. Figure 3 shows the patterns of collaboration among authors.
Table 5 shows the co-authors and their respective number of articles and citations among the
100 most cited neuromodulation clinical trials.

4. Discussion

This study classified the most cited clinical trials articles on neuromodulation with focus on
both transcranial direct current stimulation (tDCS) and transcranial magnetic stimulation
(TMS) over the past 10 years using a citation analysis. Although this type of analysis is
available for the neurology field, including a recently published one for invasive
neuromodulation [13] and on TMS [14], yet, citation analyses of noninvasive
neuromodulation is still uncommon. The aim of this citation analysis was to understand
further areas of highest impact of tDCS and TMS. Even though, citation counts are not a
direct measure of scientific work quality and importance, the comparison of citation counts
over periods of time has the potential to allow identification of how the main topics being
discussed in the field change overtime, hence detecting trends in the field.

According to Bornmann et al., citations count analysis depends on several factors, not only
scientific ones. There are, for example, journal-dependent factors, such as journal’s impact
factor and frequency of publication. Findings from our citation analysis corroborate with
their theory, as we showed that the most frequently cited articles in the list are among the
journals considered to have high impact factors, we also showed a significant but weak
correlation between adjusted number of citations with last 5 years journals impact factor. It
is important to highlight that, although impact factor of the journal and citations count were
correlated in this paper, we believe that, in concordance to the San Francisco’s Declaration
of Research Assessment (DORA), impact factor should not be used as surrogate measure of
quality of research and the 100 cited articles found in this paper are not ranked by quality
[124]. Time-dependent factors were also observed in the present study as for example the
article with more citations was published in 2009. According to the authors “citations
become more probable from year to year” [7]. However, this article also has the biggest
adjusted number of citations (61.67).

Although the number of articles being published has continued to increase, the most cited
publications tend to be limited to the initial years of the series (2008-2012). Therefore, it is
unlikely that a recently published article would be able to rapidly overthrow a highly cited
one that has been published few years before.

The average citation count of the 100 most-cited clinical trials in noninvasive brain
stimulation was 132 times (median 113 - range 81-555), a much lower citation than the one
observed in general neuroscience articles (3,087) [125]. Even though this difference could
be explained by the fact that basic science research and reviews (both included in the general
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neuroscience top 100 publications) often generates more citations than specific clinical trial
publications [126], when we compared this field — NIBS - with clinical/surgical subfields
such as neurosurgery (452.6) [12], neurointervention (363.5) [11], neurorehabilitation
(317.0) [10] and invasive brain stimulation (median of 236 citations among the top 50 most
cited) [13] we also observed a lower average/median citation count.

Interestingly, the most common topic of our analysis was related with motor or language
outcomes for stroke recovery. This may be due to stroke’s large burden on health resources,
since this condition still is a known leading cause of disability in the United States and
worldwide. Even though previous clinical trials have shown promising results regarding the
uses of TMS and tDCS [127] for stroke rehabilitation, these are still small clinical trials and
it is still unclear whether results from these trials are clinically meaningful [128,129].

Our results revealed a predominance of mechanistic trials among the most cited ones. This
suggests that the field of noninvasive neuromodulation is still under development. This
means that several questions remain to be answered, and new questions emerge as the field
moves towards a more clinical application, especially when translating knowledge from
preclinical animal studies into clinical trials. Currently, key factors such as safety, dose-
response, regimen of treatment, inter subject variability are still under investigation since
they can change the induced physiological responses. According to our list of most frequent
cited articles, some of the current topics in noninvasive brain stimulation are trials
investigating inter individual variability, predictors of response and target engagement-
network connectivity [130,131].

The authorship pattern analysis reveals the core authors collaboration network in the
neuromodulation research field. This information can be relevant for clinical researchers and
research institutions that are searching the network of research leaders in this field to explore
potential collaborations. The number of authors (7) revealed in our authorship analysis is not
as large as in other fields in clinical research. Azondekon et al, 2018 performed a scientific
authorship and collaboration network analysis on malaria research and a much larger
collaboration was compared to our study. Many variables can explain the differences of the
size of our analysis to Azondekon et al, 2018 including time period of analysis, public health
burden of the condition and field differences. It is likely that the neuromodulation authorship
network will grow with time as the fields progress into more clinical applications [132,133].

Finally, another interesting result is that in our analysis, studies using tDCS were more
frequent and had a higher median citation count when compared to rTMS studies. This is
likely because tDCS has some practical advantages when compared with TMS since it is a
much more affordable and as safe technique, besides that the device is portable and can be
easily combined with other methods. These facts could explain why there is a higher number
of studies involving such technique and hence a higher probability of citation; however,
journal publishing TMS studies have an average higher impact factor (9.18) that the ones
publishing tDCS (5.8). As previously discussed, the interpretation of citations count analysis
and how it can be influenced by journals impact factor is not straightforward. Finally, it is
important to address some limitations that are intrinsic of this type of analysis as for instance
number of citations does not always reflect the impact of the publications. For example,
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some citations might be inappropriate, and the number of citations can also be manipulated
by self-citations or induced citations. Besides that, actual geographic distance and the
preference of citing articles in English can influence citation numbers.

5. Conclusion

This review provides an overview of the most cited clinical trials within the noninvasive
neuromodulation field, showing that both TMS and tDCS have been extensively studied as
potential therapies for several neurologic and psychiatric conditions. In the light of above,
the noninvasive neuromodulation field prevails as a relevant research area. The increasing
number of scientific productions is an objective measure of peer recognition and is also
indicative of high need of efficacious interventions for the neuropsychiatric clinical practice.
Even though several mechanistic questions remain topic of discussion, hence the high
number of mechanistic trials being cited, the use of noninvasive brain stimulation as
therapeutic tool continues growing. In fact, year of publication and journal related factors
play an important role in this type of analysis, however the results presented highlighted
major milestones in the field, corroborated the diversity of application of these techniques
and shaded light in future challenges to be addressed.

6. Expert Opinion

The use of noninvasive brain stimulation techniques has exponentially grown in the last
years as therapeutic and research tools for several neuro-psychiatric conditions. The
neurophysiological mechanisms of action of both tDCS and TMS have been extensively
investigated to support its applications in clinical scenarios. Even though most of the clinical
trials still show small to moderate the effect size, there is significant variability within
studies. Studies with more citations are mechanistic trials, which reinforces the need to
better understanding the mechanisms underlying the effects of these interventions over
neuroplasticity and current distribution through the stimulated brain areas. In addition, the
growing search for surrogate markers, neuro-signatures and neurophysiological predictors
that could be correlated with disease diagnostic, prognostic or tailor a more individualize
intervention protocols. For example, the use of functional MRI, single and paired pulse TMS
markers (motor threshold, motor evoked potential and paired pulse) and quantitative EEG.

The analysis of the most cited clinical articles may provide significant insights as the field of
noninvasive brain stimulation moves towards more clinical applications. For instance,
differences in research field interest when comparing studies using TMS with the ones using
tDCS. Moreover, the present study provides a glance in where the studies are being
conducted, identifying how collaboration in the field contributed to the science growth. This
citation analysis in noninvasive brain stimulation also shows an historical perspective on
tDCS and TMS research and allows the comprehensive identification of the most relevant
research topics, hence being relevant for researchers and research institutions. Even though
new devices and NIBS techniques are emerging, certain methodological issues seem to be
common for both techniques independently on the condition to be treated.
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For the near future, increasing effectiveness of these interventions seems to be critical for the
field. For that, a better understanding of dosage and factors that might enhance or block the
tDCS and TMS effects and the duration of the after-effects are essential.

Future clinical studies addressing the interaction of NIBS with drugs, behavioral therapies
and other will continue to explore and identify which are the best ways to optimize the
existent protocols. Moreover, there are potential strategies for home-based therapies (mainly
for tDCS) and monitoring (eg. EEG, smart watches) that can lead to a more feasible
assessments of the techniques specially in specific populations such as in spinal cord injury.
The non-invasive brain stimulation field has developed quickly in the past 10 years,
including FDA approval for the TMS use in major depression, migraine headaches and more
recently for obsessive compulsive disorder. For the next 5 years it is expected more robust
clinical trials (larger samples sizes and effects sizes) leading towards a tailored protocol
intervention and, as consequence, to more definite clinical effectiveness.
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Article Highlights

Exponential growth of the number of publications and clinical applications of
tDCS and TMS, mainly due to its potential of enhancing brain plasticity while
having few side effects.

Citation analysis can measure the impact of scientific publications providing a
better understanding of specific research field its directions and trends,
however there is lack of such information for the noninvasive
neuromodulation field.

The identification of the 100 most-cited clinical trials using TMS or tDCS by
this review aimed to describe and characterize the available literature in
neuromodulation over the past 10 years.

Citation counts might not be a direct measure of scientific quality; however, it
is a valid method to identify trends in research. This review provides an
overview of the neuromodulation field and its co-authorship network and
collaborating authors.
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Figure 1:

Flow diagram of study selection
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Figure 2:
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Number of articles within the 100 most cited neuromodulation trials by year of publication
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Celnik, P
Paulus,W
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Figure 3:
Co-authorship inter-citation diagram among the 100 most-cited Non-invasive brain

stimulation articles. In the map, the color of a point in the visualization is determined by the
density of items at that point, the co-authorship is classified with a link of strength (from 140
to 150 citations on average) based on the citations of the articles, higher the number more
links and citations between the authors.
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Table 2.

Citations network within the 100 most cited articles list
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Citations Reference number
within top 100
Author Year Article list
Nitsche, MA 2000 Excitability changes induced in the human motor cortex by weak 45 [116]
transcranial direct current stimulation
Gandiga, PC 2006  Transcranial DC stimulation (tDCS): a tool for double-blind sham- 36 [117]
controlled clinical studies in brain stimulation
Nitsche, MA 2001 Sustained excitability elevations induced by transcranial DC motor cortex 34 [118]
stimulation in humans
Liebetanz, D 2002 Pharmacological approach to the mechanisms of transcranial DC- 29 [119]
stimulation-induced after-effects of human motor cortex excitability
lyer, MB 2005  Safety and cognitive effect of frontal DC brain polarization in healthy 27 [120]
individuals
Fregni, F 2005  Anodal transcranial direct current stimulation of prefrontal cortex enhances 25 [121]
working memory
Nitsche, MA 2003  Pharmacological Modulation of Cortical Excitability Shifts Induced by 25 [122]

Transcranial Direct Current Stimulation in Humans

Expert Rev Med Devices. Author manuscript; available in PMC 2020 June 01.
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Most common areas of investigation for TMS and tDCS studies

tDCS TMS
Disease/Conditionunderstudy n (%) n (%)
Healthy 41 586 8 267
Stroke 13 186 12 40
Depression 6 86 3 10
Alzheimer Disease 2 29 2 67
Addiction — Smoking 1 14 1 33
Alcohol dependence 1 14 - -
Chronic Pain 1 1.4 - -
Migraine 1 14 1 33
Multiple Sclerosis 1 14 - -
Parkinson’s Disease 1 14 1 33
Schizophrenia 1 14 - -
Spinal Cord Injury 1 1.4 - -
Tinnitus 0 0 2 67
Total 70 100 30 100

Expert Rev Med Devices. Author manuscript; available in PMC 2020 June 01.
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Geographical location of trials

TMS tDCS
Trial Location (Country) n (%) n (%)
Unknown 10 333 22 314
Germany 4 133 12 171
USA 3 10 12 171
Brazil - - 8 114
Italy 2 6.7 5 7.1
Australia 1 33 2 29
Spain - - 2 2.9
Taiwan - - 2 29
UK - - 1 14
France - - 1 14
South Korea - - 1 14
Switzerland 2 6.7 1 14
Canada 3 10 -
Egypt 3 10 - -
Israel 1 3.3 - -
Japan 1 3.3 - -
Total 30 100 70 100
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Co-authors number of articles and citations among the 100 most cited neuromodulation clinical trials.

Table 5.

Author Number of Articles  Citations  Average citations per article  h-index
Fregni, F 12 1691 141 76
Nitsche, MA 11 1787 162 81
Boggio, PS 9 1340 149 47
Paulus, W 9 1361 151 109
Pascual-Leone, A 7 998 143 131
Ferruci, R 6 839 140 29
Priori, A 6 839 140 38
Vergari, M 5 743 149 14
Celnik, P 5 732 146 13
Fink, GR 5 758 152 155
Floeel, A 5 623 125 45
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