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Purpose: The objectives of this study are to (a) identify
speech-language pathologists’ (SLPs’) familiarity with
transcranial direct current stimulation (tDCS), (b) quantify
what SLPs consider necessary tDCS-related improvement
in aphasia severity (i.e., tDCS enhancement; desired
improvement above and beyond traditional behavioral
therapy) to implement this adjuvant therapy for the clinical
management of aphasia, and (c) identify concerns that
could potentially hinder the clinical adoption of tDCS.
Method: A brief (14-question) survey was disseminated
via e-mail and social media outlets targeting SLPs working
with individuals with aphasia.
Results: Two hundred twenty-one individuals responded,
and 155 valid surveys were analyzed. Seventy-one
percent of participants reported familiarity with tDCS prior
to taking the survey. Clinicians reported a desired mean
enhancement of 22.9% additional points on the Western
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Aphasia Battery–Revised Aphasia Quotient. Importantly,
94.2% of SLPs reported concerns regarding the
implementation of tDCS in clinical settings (i.e., safety,
cost, administrative approval, reimbursement and
training).
Conclusions: This is the first study to identify SLPs’
perspectives regarding the clinical adoption of tDCS.
Results suggest the majority of queried SLPs were familiar
with tDCS prior to taking the survey. Although SLPs report
a desired improvement of approximately 23% additional
points on the Western Aphasia Battery–Revised Aphasia
Quotient to consider adopting tDCS into practice, many
SLPs reported concerns regarding clinical adoption.
Responses from the current survey offer important preliminary
evidence to begin bridging the research-to-practice gap as
it relates to the clinical implementation of tDCS. Relatedly,
these results will inform future clinical trials.
I n the field of speech-language pathology, clinicians
are encouraged and expected to implement evidence-
based practice. However, there are significant research-

to-practice gaps in the field, and it is concerning that it
takes, on average, 17 years for 14% of research findings
to be adopted in clinical practice (Balas & Boren, 2000;
Green et al., 2009). Moreover, successful execution of
evidence-based practice bears many challenges, such as
time and cost constraints, utility restrictions, and misunder-
stood professional roles (Harold, 2019). When it comes to
the management of aphasia, it is clear that speech-language
pathologists (SLPs) employ a variety of approaches, deliv-
ery methods, and interventions that often are not rooted in
evidence-based practice (Brady et al., 2016). Researchers
and clinicians should be collaborators in research imple-
mentation; however, applied research may not always re-
flect what clinicians consider to be important for clinical
translation (Schmittdiel et al., 2010; Westfall et al., 2009).
One way to ameliorate this situation is to involve stake-
holders, such as clinicians, before the start of costly clinical
trials to increase the chance that the expected outcomes will
be embraced in practice. Accordingly, the current study
surveyed practicing SLPs about their opinions regarding
the use of transcranial direct current stimulation (tDCS)
as an adjunct to aphasia treatment in clinical practice.
The motivation behind this survey was to begin bridging
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the research-to-practice gap for this potential treatment ap-
proach. The following sections outline the importance of
this work for aphasia therapy, as well as preliminary evi-
dence that motivates the clinical implementation of tDCS
in practice.

Following a stroke, 21%–38% of survivors suffer from
aphasia (Engelter et al., 2006; Laska et al., 2001), a disorder
resulting from damage to the neural networks that support
language processing. For 40%–60% of individuals with
aphasia (IWA), the impairment continues into the chronic
stages of recovery (Pederson et al., 2004). A recent report by
Simmons-Mackie (2018) suggests there are over 2 million in-
dividuals in North America living with aphasia. Poststroke
survival rates are on the rise (Fisher et al., 2014), yielding
increased demands on health care systems (Demaerschalk
et al., 2010), which include longer hospital stays and in-
creased use of rehabilitation services (Dickey et al., 2010;
Pederson et al., 2004). Current aphasia rehabilitation ap-
proaches rely on behavioral speech-language therapy, with
documented gains including improved communication abil-
ities and quality of life (Barnes & Nickels, 2017; Basso &
Macis, 2011; Breitenstein et al., 2017; Fridriksson, Hubbard,
et al., 2012; Moss & Nicholas, 2006; Pulvermüller et al.,
2001; Smania et al., 2010).

Traditionally, aphasia recovery was thought to be lim-
ited to a 3- to 6-month window following stroke (Demeurisse
et al., 1980). Recent randomized controlled trials (Breitenstein
et al., 2017; Nouwens et al., 2015; Pulvermüller & Berthier,
2008), however, support the notion that therapy-induced
improvements are possible in the chronic stage (i.e., be-
yond 6 months poststroke). Although studies on aphasia
rehabilitation reveal promising results related to recovery
potential, many are limited in terms of the potential to in-
form translational research as they include small sample
sizes, they include treatment schedules that do not often
match what is possible in many rehabilitation settings, and
long-term outcomes are seldom reported (Brady et al., 2016).
In contrast to most aphasia therapy trials, Breitenstein et al.
(2017) conducted a large-scale, Class I randomized controlled
trial (N = 158) to evaluate the effectiveness of language
therapy for chronic aphasia. Their findings demonstrated
that 3 weeks of intensive speech and language therapy im-
proved verbal communication and quality of life in chronic
aphasia. Accordingly, studies such as this and others (Basso
& Macis, 2011; Fridriksson, Richardson, et al., 2012; Moss
& Nicholas, 2006; Pulvermüller et al., 2001; Smania et al.,
2010) strongly suggest that aphasia rehabilitation can yield
positive outcomes.

Despite these documented benefits, the actual outcomes
are often modest (Hope et al., 2017). In order to advance
best practice and maximize recovery, there is a crucial need
to improve the effect sizes associated with aphasia therapy.
Although behavioral therapy remains the mainstay in
clinical settings, recent studies suggest noninvasive brain
stimulation may boost outcomes (Fridriksson et al., 2011;
Turkeltaub, 2015). Since the seminal study of Nitsche and
Paulus (2000) that found tDCS can modulate cortical ac-
tivity, there has been a steady rise in the study of tDCS as
an adjuvant for aphasia rehabilitation (Fridriksson et al.,
2011; Marangolo et al., 2011; Meinzer et al., 2016). Com-
pared to other noninvasive brain stimulation methods
such as transcranial magnetic stimulation, tDCS is less
expensive, is more portable, and demonstrates a more re-
liable sham condition (Bolognini et al., 2009). While the
underlying neural mechanism is not completely under-
stood (Weiss & Bikson, 2014), tDCS provides noninvasive,
nonpainful electrical brain stimulation that modulates
cortical excitability through the application of weak
electrical current. Anodal tDCS (A-tDCS) is thought to
induce neuronal excitability by bringing membrane po-
tentials closer to thresholds for action potential genera-
tion, whereas cathodal stimulation induces inhibition and
has the opposite effect (Nitsche et al., 2008; Paulus &
Nitsche, 2001).

Our group conducted the first two studies suggest-
ing A-tDCS may boost the effect of language therapy in
aphasia (Baker et al., 2010; Fridriksson et al., 2011). Re-
sults from these studies revealed that 1 mA of A-tDCS is
safe when dispensed in daily, 20-min sessions. In the last
decade, several other groups have similarly capitalized on
this method, showing that tDCS paired with traditional
speech and language therapy in poststroke aphasia may im-
prove naming (Kang et al., 2011; Marangolo et al., 2011;
Meinzer et al., 2016; Wu et al., 2015), as well as the recov-
ery of articulatory (Marangolo, Fiori, Calpagnano, et al.,
2013; Marangolo et al., 2011) and conversational discourse
abilities (Marangolo, Fiori, Campana, et al., 2014; Marangolo,
Fiori, Cipollari, et al., 2013; Marangolo, Fiori, Gelfo, et al.,
2014). These effects are documented for trained (Fridriksson
et al., 2011; Marangolo, Fiori, Calpagnano, et al., 2013;
Marangolo et al., 2011; Wu et al., 2015), untrained (Kang
et al., 2011), and both trained and untrained items (Marangolo,
Fiori, Campana, et al., 2014; Marangolo, Fiori, Gelfo, et al.,
2014; Meinzer et al., 2016). While many studies support
the use of A-tDCS as an adjuvant to traditional behav-
ioral therapy and suggest that further clinical trials of
tDCS are worth investigating, the overall effectiveness
and potential for clinical application are not conclusive
due to variable study characteristics, such as stimula-
tion parameters, participant inclusion criteria, and charac-
teristics of the behavioral treatments (de Aguiar et al.,
2015).

Recently, our group has tested a futility hypothesis
in a Phase II, double-blinded, prospective randomized clin-
ical trial (Fridriksson et al., 2018). The primary aim was to
examine the effects of A-tDCS as an adjunct intervention
to speech therapy in chronic stroke (> 6 months postonset).
Seventy-four participants received either A-tDCS or sham
(placebo) stimulation paired with 3 weeks of behavioral
language training that targeted lexical-semantic processing
(15 sessions, 45 min each). A-tDCS was significantly better
than sham stimulation in improving trained and untrained
naming ability, suggesting that A-tDCS application to the
left hemisphere has the potential to improve rehabilitation
outcome in IWA secondary to stroke (Fridriksson et al.,
2019, 2018). This recent Phase II clinical trial informs future,
Keator et al.: SLPs’ Perception of tDCS 1377



definitive trials to investigate A-tDCS as an option for
aphasia rehabilitation.

Although naming is commonly included as the pri-
mary end point in aphasia therapy studies, including those
that incorporate tDCS, it is not a measure of overall apha-
sia severity. Given the recent Research Outcome Measure-
ment in Aphasia consensus statement, which recommends
the Western Aphasia Battery–Revised (WAB-R; Kertesz,
2007) as the preferred measure of language processing out-
comes for clinical trials (Wallace et al., 2019), along with
evidence of its widespread use in both research and clinical
settings (Kiran et al., 2018), we use improvement on the
WAB-R as the outcome measure in the current study. Spe-
cifically, we surveyed SLPs regarding their opinions about
tDCS-related language improvement as it relates to perfor-
mance on the WAB-R Aphasia Quotient (AQ). The WAB-R
AQ is a composite score based on subtests of speech fluency,
auditory comprehension, speech repetition, and naming.
It is measured on a scale of 0–100, where a score below
93.8 indicates aphasia (0–25 typically indicates a very se-
vere aphasia, 26–50 is severe aphasia, 51–75 is moderate
aphasia, and ≥ 76 suggests mild aphasia; Kertesz, 2007).

Consistent with the current state of affairs in the
field, there is a research-to-practice gap in our understand-
ing of clinicians’ perspectives of tDCS. Although tDCS is
not yet approved for clinical practice, it is possible that
positive Phase III trials will pave the way for its adoption
as part of the SLP’s clinical arsenal. To better understand
what SLPs consider the minimum tDCS-related improve-
ment (tDCS enhancement) in aphasia therapy outcome,
the current study surveyed the opinions of practicing SLPs
with varying experiences in aphasia management. The goal
of this study aligns closely with existing implementation
science literature. According to the Promoting Action on
Research Implementation in Health Services (PARiHS)
framework (Kitson et al., 1998, 2008; Rycroft-Malone,
2004), the implementation of research to practice is depen-
dent on supporting evidence, the context of adoption (e.g.,
the clinic), and factors that promote the facilitation of the
new practice (e.g., support from key personnel). This sur-
vey directly addresses one aspect of the PARiHS frame-
work, that is, SLPs’ perceptions, and discusses the role of
external factors that may be influential in the clinical adop-
tion of tDCS for aphasia therapy. The long-term goals of
this research are to inform potential future clinical trials
on tDCS as adjuvant to aphasia therapy and to improve
the chances of clinical translation.

Method
Study data were collected and managed using Re-

search Electronic Data Capture (Harris et al., 2009)
software hosted at the University of South Carolina. Re-
search Electronic Data Capture is a secure, web-based
application designed to support data capture for research
studies. The survey link was posted on various social media
outlets (e.g., Twitter, Facebook) and distributed via e-mail
(e.g., departmental listservs, state speech-language-hearing
1378 American Journal of Speech-Language Pathology • Vol. 29 • 137
association listservs). Per the survey invitation letter, medi-
cal SLPs who worked with IWA were invited to participate.
Survey responses were anonymous; no personally identifi-
able information was collected. A copy of the survey is
presented in the Appendix. Study procedures were reviewed
by the University of South Carolina Institutional Review
Board and determined exempt. Participants consented to
survey participation by clicking the survey link provided at
the bottom of a participant invitation letter.

Participants
The target population for this survey was SLPs who

work clinically with IWA. A survey was returned from
221 participants. Responses were reviewed for completion,
and incomplete surveys (n = 55) were removed from the
final sample. Surveys were considered incomplete if any of
the following criteria were met: (a) respondent did not an-
swer Question 8 (i.e., did not report work setting; n = 49),
(b) respondent did not answer Questions 11 and/or 12 per-
taining to WAB-R administration and/or their WAB-R
use (n = 51), and/or (c) respondent did not answer the
main question pertaining to tDCS enhancement (n = 37;
Question 2). In addition, individuals who reported that
they did not work directly with IWA (responded “0” to
Question 9) were excluded from the final sample (n = 11).
We excluded respondents who did not report working with
IWA because these individuals do not reflect our target
population and including these clinicians could introduce
unnecessary error in the data set. It is important to note
that the aforementioned groups are not mutually exclusive
and, therefore, may be represented twice in the specifica-
tions of “invalid surveys.”

After the initial review, surveys from 155 individuals
(70%) were determined to be valid, and these data were in-
cluded in the final analysis. On average, respondents had a
median of 9.5 (interquartile range: 16; Q1 = 4, Q3 = 20)
years of experience working as SLPs and reported that 40.4%
(SD = 27, range: 1%–100%) of their caseload was composed
of IWA. Eighty-seven percent of respondents held a Cer-
tificate of Clinical Competence (CCC) from the American
Speech-Language-Hearing Association. It should be noted
that some respondents were clinical fellows (i.e., working
toward their CCC; n = 8) and some worked in other coun-
tries where American Speech-Language-Hearing Associa-
tion CCCs are not necessary for practice (Australia, n = 6;
Canada, n = 4; Iceland, n = 3; United Kingdom, n = 2;
India, n = 2; Pakistan, n = 1; China, n = 1). Participant
demographics are represented in Table 1.

Outcome Measure
As previously stated, we framed our survey in the

context of the WAB-R. For this reason, Survey Questions
11 and 12 inquire about clinical use of the WAB-R to de-
termine if respondents have ever used the WAB-R in clini-
cal practice and, if so, how often they use this battery for
the purpose of aphasia diagnostics. Of the clinicians we
6–1388 • August 2020



Table 1. Demographics of survey respondents.

Professional characteristics M (SD), range

Years of professional experience 12.6 (10.5), > 1–42
Percentage of caseload composed
of IWA

40.4 (27), 1–100

Work setting % (n)

Acute/subacute care 27 (42)
Outpatient/SNF/LTC/HH 27 (42)
Academic/university 12.3 (19)
Multiple settings 33.6 (52)

Country of practice % (n)

United States 87.7 (136)
Canada 2.6 (4)
United Kingdom 1.3 (2)
Australia 3.9 (6)
Other 4.5 (7)b

Note. IWA = individuals with aphasia; SNF = skilled nursing facility;
LTC = long-term care; HH = home health.
bOther countries reported as follows: India, n = 2; Pakistan, n = 1;
Iceland, n = 3; Hong Kong, n = 1.
queried, 92.90% (n = 144) report having administered the
WAB (WAB, WAB-R, or WAB Bedside) at some point in
their clinical practice. Of these respondents, 6.45% (n = 9)
report never using the WAB for aphasia diagnostics, 25.16%
(n = 36) report using it “rarely,” 18.06% (n = 26) report using
it “sometimes,” 29.68% (n = 43) report using it “often,”
and 20.65% (n = 30) report using it “always.”

Importantly, to address our second objective, we con-
sider the desired tDCS enhancement SLPs would need to
see to implement tDCS clinically. To better clarify this con-
cept, we use a hypothetical example, as follows: Consider
a patient with aphasia who, when tested at baseline, ob-
tains a WAB-R AQ of 50 points. After behavioral therapy
alone, the patient improves by 10 points on the WAB-R
AQ, yielding a new WAB-R AQ of 60. Considering an al-
ternative rehabilitative approach (i.e., tDCS, as presented
here), we focus on the gains above and beyond this 10-point
improvement that SLPs would need to see to use tDCS in
practice (tDCS enhancement). This concept is illustrated, in
the context of our results, in Figure 1. This example is hypo-
thetical and simply describes how we calculated the described
tDCS enhancement in the context of the current study.
Statistical Analyses
Our analyses focused on three main objectives. First,

we determined SLPs’ familiarity with tDCS. Second, we
analyzed what SLPs considered as the necessary tDCS en-
hancement in overall improvement on the WAB-R AQ
needed to consider incorporating tDCS into practice. To
better understand the outcome, we considered factors
such as work setting, years of experience, and proportion
of caseload consisting of IWA. Note that the variables
“tDCS enhancement” and “years of experience” were not
normally distributed (Shapiro–Wilk test, p < .05); therefore,
nonparametric tests (Kruskal–Wallis, Mann–Whitney U,
and Spearman correlations) were used for subsequent anal-
yses that incorporated the “tDCS enhancement” and
“years of experience” variables. Of note, work settings were
grouped as follows: (a) acute/subacute settings (n = 42);
(b) post—acute settings (n = 43), including outpatient
setting, skilled nursing facilities (SNFs), long-term care
(LTC), and home health; (c) academic settings (n = 19);
and (d) multiple settings (n = 51). SNFs were grouped with
LTC on the survey (Question 8) and intended to represent
post—acute settings (see the Appendix). Group stratifica-
tions are consistent with previous studies surveying SLPs
(Riley, 2017; Rose et al., 2018). Outpatient clinics, SNFs,
LTC, and home health were grouped together as they were
considered to be post—acute medical settings, whereas
academic settings were considered to be associated with a
university clinic. Academic settings were categorized inde-
pendently as they typically do not have the same demands
as other clinical settings, for example, productivity stan-
dards and effects of the research environment. In addition,
those in university clinics may be more regularly exposed
to research in that environment, so their opinions regarding
more experimental therapeutic strategies may differ from
those working in other settings.

To compare groups by years of work experience, we
grouped participants according to experience, based on per-
centile ranks. Participants were grouped as follows: those
with less than 4 years of experience (n = 37), those with
4–9 years of experience (n = 41), those with 10–19 years
of experience (n = 38), and those with greater than 20 years
of experience (n = 39).

Finally, for the third objective, we considered concerns
SLPs may have for incorporating tDCS into practice. We
evaluated whether the number of concerns reported influ-
enced responses to the tDCS enhancement question. Themes
for clinician concerns were identified by a consensus discus-
sion between authors L. K., A. B., and J. F.
Results
tDCS Familiarity and Desired Enhancement

Seventy-one percent (n = 110) of participants reported
familiarity with tDCS prior to taking the survey. Although
not specified on the survey, “familiar” was intended to re-
flect if SLPs had, at the very least, heard of tDCS prior to
taking the survey.

On average, SLPs reported a mean 22.9% (SD = 20,
range: 0–100) desired tDCS enhancement (see Figure 1) of
WAB-R AQ. Thirteen participants (8.4%) did not provide
a numeric response for this question; rather, they provided
qualitative responses. More specifically, of these 13, one
participant stated, “Any consistent improvement would be
sufficient,” 10 responded with uncertainty (e.g., “I’m not
sure” or “I don’t know”), and two reported they would
look for functional language gains as opposed to changes
on a standardized battery (e.g., “I’m less concerned with
Keator et al.: SLPs’ Perception of tDCS 1379



Figure 1. Example of approximately 23% transcranial direct current stimulation (tDCS) enhancement reported by speech-language pathologists
(SLPs) to implement tDCS in practice. For a patient who improves by 10 Western Aphasia Battery–Revised Aphasia Quotient (WAB-R AQ)
points following aphasia therapy, the mean reported tDCS enhancement would correspond to a 2-point increase above and beyond conventional
SLP therapy. In this hypothetical example, this means clinicians desire a total of 12 points of improvement for conventional SLP therapy
paired with tDCS.
changes to the scores on any aphasia battery and far more
concerned with real-world effects reported by clients”). Al-
though these responses are not numeric, survey data for
these individuals were included because a response to this
question was indeed provided. These responses offer valu-
able insight to SLP opinions regarding the clinical adop-
tion of tDCS. We expand upon this point in the Discussion
section.

Response by Work Setting
Kruskal–Wallis analysis of variance for tDCS en-

hancement by work setting was not statistically significant,
χ2(3) = 5.8, p = .12. As seen in Figure 2, each group was
highly variable in its response (mean tDCS enhancement
response for acute/subacute settings = 26% [SD = 20.93],
post—acute settings = 25% [SD = 24.87], multiple settings =
22% [SD = 17.02]); however, those in academic settings
tended to report numerically less tDCS enhancement
(M = 14.7%, SD = 11.1) compared to the other three groups.

To investigate this trend further, we compared the
tDCS enhancement response between SLPs who reported
working exclusively in academic settings (n = 19) and those
who worked in an academic setting and at least one other
setting (n = 16). The mean tDCS enhancement response
for those who work in academic settings and other settings
was an average of 19.6% (SD = 20.6) tDCS enhancement.
A Mann–Whitney U test revealed that there was no differ-
ence in desired tDCS enhancement between these two
groups (Mann–Whitney U = 129, z = −0.79, p = .43).
We suggest that this may indicate that those in academic
settings generally report lower tDCS enhancement, whether
1380 American Journal of Speech-Language Pathology • Vol. 29 • 137
or not they work in multiple settings. In short, there
were no significant differences in tDCS enhancement by
setting.
Response by Years of Experience
There was a nonsignificant trend toward a correla-

tion between years of experience and tDCS enhancement,
rs = −.16, p = .059. Kruskal–Wallis analysis of variance re-
vealed a significant main effect of years of experience for
tDCS enhancement, χ2(3) = 9.3, p = .025 (see Figure 3).
Pairwise comparison revealed that those with over 20 years
of experience reported a smaller necessary tDCS enhance-
ment when compared to those with < 1–4 years of experience
(Mann–Whitney U = 442.5, z = −2.5, p = .013), those with
4–9 years of experience (Mann–Whitney U = 352, z = −2.6,
p = .009), and those with 9.5–19 years of experience (Mann–
Whitney U = 468.5, z = −2.4, p = .019). The relationship
between years of experience and desired tDCS enhancement
did not appear to be driven by a correlation between tDCS
familiarity and experience, rs = .002, p = .979.
Response by Caseload
Across all years of experience, there was a significant

negative relationship between desired tDCS enhancement
and percentage of caseload consisting of IWA, rs = −.17,
p = .043 (see Figure 4). This suggests that clinicians with
a greater number of IWA on their caseload reported less
of the tDCS enhancement required to implement tDCS
in practice. Importantly, there was a positive association
6–1388 • August 2020



Figure 2. Box plot of transcranial direct current stimulation (tDCS) enhancement response by work setting. Kruskal–
Wallis analysis of variance was not significant, χ2(3) = 5.8, p = .12; however, those in academic settings generally
tended to respond with a smaller tDCS enhancement to adopt compared to the other three groups. SNF-LTC =
skilled nursing facility–long-term care; HH = home health.
between the use of the WAB-R and the number of IWA
on caseload, rs = .17, p < .033.
Concerns for Adopting tDCS Into Practice
Only 5.8% of respondents (n = 9) reported no concerns

regarding tDCS adoption into clinical practice. When pro-
vided with five broad categories (safety, cost, administrative
approval, reimbursement concerns, and tDCS training and
education/continuing education; see survey in the Appendix)
of concerns and the option to select more than one con-
cern, the majority of concerns (68.4%, n = 99) were related
to clinician training and continuing education (frequency
of concerns is presented in Table 2). The second highest
concern was related to administrative support (50.3%, n =
78), followed by cost (47.1%, n = 73), safety (45.8%, n =
67), and reimbursement (41.9%, n = 61). Of note, “cost”
Figure 3. Box plot of transcranial direct current stimulation (tDC
analysis of variance reveals a significant main effect of years of e
pertains to the cost of the tDCS equipment, whereas “reim-
bursement” refers to insurance coverage for actual admin-
istration of tDCS and consideration of stimulation as a
reimbursable therapy. Approximately one third (30.3%) of
the respondents (n = 47) reported at least three concerns.
When considering those who reported at least three concerns,
compared to those who reported less than three (n = 108),
there was no significant difference in desired tDCS enhance-
ment of the WAB-R AQ (Mann–Whitney U test, z = 1.65,
p = .1).

Thirty-six of the 155 survey participants (approximately
23%) used the “free response” box to expand upon their
concerns or report additional concerns that were not listed
within the five broad categories included on the survey in-
strument. SLPs voiced concerns related to tDCS treatment
protocols (“What factors would inform an individualized
tDCS electrode placement montage?”), inclusion criteria
S) enhancement by years of experience. Kruskal–Wallis
xperience for tDCS enhancement, χ2(3) = 9.3, p = .025.

Keator et al.: SLPs’ Perception of tDCS 1381



Figure 4. Transcranial direct current stimulation (tDCS) enhancement
response by proportion of individuals with aphasia (IWA) caseload.
This scatter plot illustrates the negative correlation between tDCS
enhancement and percentage of IWA on caseload, rs = −.17,
p = .043.
(“protocols for client selection,” “severity of aphasia prior to
tDCS,” “presence of underlying cognitive deficits”), patient
and family perceptions (“patients who are worried about
brain stimulation,” “patient would not be open to it because
they believe it is unsafe…too far ‘out there,’” “overblown ex-
pectations of patients and family”), and facility resources
(“productivity impact,” “having a supervising neurologist,”
“available detailed MRI information”). Other respondents
were skeptical about the adoption of tDCS given that
there are no Phase III clinical trials for aphasia or Food
and Drug Administration approval. Several respondents ex-
panded upon issues related to administration, training, cost
(prices associated with tDCS equipment and associated
setup/maintenance), and reimbursement (payments from
third-party payors to reimburse speech-language pathology
therapies that incorporate tDCS). These themes and exam-
ple responses are presented in Table 3.
Discussion
The current study polled SLPs about their familiarity

with tDCS, determined the threshold of language improvement
Table 2. Concerns for adopting transcranial direct current
stimulation.

Concern % Reported

Training/continuing education 68.4
Administrative approval 50.3
Cost 47.1
Safety 45.8
Reimbursement 41.9
No concern 5.8

Note. The concerns listed here represent those provided in the
survey. Additional “free response” concerns are listed in Table 3.
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on the WAB-R needed to adopt tDCS (tDCS enhance-
ment), and identified specific concerns related to the clinical
adoption of tDCS into practice. Survey results are impor-
tant not only to inform future clinical trials related to this
adjuvant therapy but also to bridge the translational gap
between clinical research and clinical practice, which exists
in the field. Seventy-one percent of the SLPs (110 clinicians)
reported familiarity with tDCS prior to the survey, suggest-
ing research related to tDCS is largely accessible to practic-
ing clinicians. Notably, the survey places SLPs’ reported
tDCS-related enhancement in the context of WAB-R out-
comes. The selection of the WAB-R, as the reference mea-
sure, shaped our study and the reported outcome, which we
expand upon below.

The mean desired increase in WAB-R AQ to incorpo-
rate tDCS into practice was 22.9% additional points on the
WAB-R AQ. This reported percentage of tDCS enhance-
ment or gain above and beyond behavioral therapy alone
can be applied to any amount of behavioral improvement
on the WAB-R. Using our example of a 10-point increase
in WAB-R AQ (see Figure 1), the reported 22.9% enhance-
ment is equivalent to approximately a 2-point increase in
WAB-R AQ. To illustrate this, consider the same clinical
scenario as presented above (see Outcome Measure section).
For this hypothetical patient who improves by 10 WAB-R
AQ points following behavioral aphasia therapy, SLPs would
adopt tDCS as part of their therapy program if the patient
were to improve by 2 additional AQ points (22.9% additional
improvement calculated as follows: 10 × 1.229 ≅ 12 points).
Although the majority of respondents provided a numeric re-
sponse to the question regarding desired tDCS enhancement
of outcome, 13 SLPs provided an alternative, qualitative re-
sponse instead. These responses indicate that SLPs may value
other gains, for example, functional outcomes, rather than
those that can be measured directly on the WAB-R.

We recognize that a 2-point WAB-R AQ increase is
not clinically significant (Holland et al., 2017). This increase
may, however, reflect an improvement in relevant or com-
prehensive speech output. Importantly, we also recognize
that this 2-point difference is less than the standard error of
the mean for the WAB-R (2.5 points; Kertesz, 2007). How-
ever, considering this 2-point change in the context of our
results, a 1-point increase on either the Information Con-
tent rating of the Spontaneous Speech subtest (maximum
points = 10, as awarded by responding correctly to a per-
sonally relevant question or providing an extra detail in
response to the Picture Description task) or the Fluency
portion (maximum points = 10, scored for fluency, presence/
absence of paraphasias, and grammatical competence) re-
sults in a 2-point increase in AQ. For patients with limited
speech output, even this considerably small change may
enable them to verbalize wants and needs and to become
more independent communicators. It is important to em-
phasize that the 2-point increase on the WAB-R reported
here should not be taken as an indication of necessary mini-
mum significant improvement as an end point for a Phase III
trial on tDCS to enhance aphasia therapy outcome. Rather,
the mean for the SLPs’ desired improvement (22.9%) could
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Table 3. Themes related to concerns for adopting transcranial direct current stimulation (tDCS) and qualitative responses.

Concern Comment

Training/continuing education “No formal training for clinicians that I am aware of for clinical implementation.”
Administrative approval “Hospital administration may not approve…due to safety concerns and reimbursement issues….”
Cost “The cost listed above is not likely to be the cost paid by patients because someone must be paid

to set up and break down the equipment and apply it properly. If the SLP does this there will be
less time for therapy so someone else must be employed as a tDCS tech and the cost of that
person’s salary will be borne by the patients.”

Safety “Strong evidence of ‘no harm’ would be the first paper I would look for.”
Reimbursement “…patients do not have finances (either through insurance or as private payers) to afford prolonged

treatment. Most insurance plans do not cover either extended periods of time for or number
of sessions.”

Efficacy “No phase 3 trials have shown efficacy. The current evidence for tDCS in aphasia is similar to the
evidence for rTMS for motor recovery a few years ago. Then the pivotal phase 3 trial of rTMS
for motor recovery was stopped early for lack of efficacy. A multicenter trial is needed before
charging patients for tDCS.”

tDCS treatment protocols “What factors would inform an individualized tDCS electrode placement montage?”
Inclusion criteria “…protocols for client selection,” “severity of aphasia prior to tDCS,” “…presence of underlying

cognitive deficits”
Patient/family perceptions “I’m concerned that patients would not be open to it because they believe it is unsafe, or because

they feel it is too far ‘out there’”
Facility resources “Maintenance of equipment considering my rural location.”

Note. Concerns included here are from free responses and describe additional concerns from Table 2. rTMS = repetitive transcranial
magnetic stimulation.
be used as a reference point for interpreting the outcome of
a clinical trial in the context of likely clinical adoption.

A smaller desired tDCS enhancement for implemen-
tation was reported by those with more experience in the
field, those with a higher percentage of IWA on their case-
load, and those in academic settings. A negative correlation
between years of experience and tDCS enhancement suggests
that clinicians with more experience in the field reported
less of the required tDCS enhancement to implement tDCS
in practice, which may reflect that clinicians with more ex-
perience may expect smaller gains to be made in individuals
with chronic aphasia. This indicates that these clinician
characteristics are influential in the decision to adopt tDCS
in a clinical setting. Notably, those in academic settings
also had more years of experience than clinicians in other
settings, and therefore, this result is consistent with the
significant main effect of years of experience for tDCS
enhancement. Clinicians with less clinical experience and
fewer IWA on their caseload may be less familiar with
the administration and scoring of the WAB-R and research
related specifically to aphasia therapies. Accordingly, these
SLPs may wish for a greater tDCS enhancement to incor-
porate this modality into practice. Furthermore, experience
working with aphasia (in terms of both years of practice
and percentage of IWA on caseload) might influence clini-
cian responses due to familiarity with the WAB-R and the
persistent nature of chronic aphasia. Clinicians with more
experience may also recognize the relatively small benefits
that are typically seen with behavioral speech and language
therapy for this population, which is a perception that may
be reflected in their lower desired tDCS enhancement.

When considering the percentage of IWA on a clini-
cian’s caseload, there was a significant negative correlation
between tDCS enhancement and percentage of caseload
consisting of IWA. Although the correlation was small, this
is comparable to the trend with greater experience yielding
a lower tDCS enhancement needed for implementation. It
may be that those with a greater number of IWA on their
caseload are satisfied with less of an enhancement to in-
corporate tDCS into practice. These clinicians also have
a greater familiarity or comfort level working with IWA,
and this familiarity or “expertise” influenced responses.
As demonstrated by our results, clinicians with a higher
number of IWA on their caseload use the WAB-R more
often than their counterparts with fewer IWA on their
caseload, rs = .17, p < .033.

Despite the fact that the survey included select refer-
ences highlighting the efficacy and safety of tDCS (see
the Appendix), 94.2% of clinicians (n = 146 SLPs) re-
ported concerns related to the implementation of tDCS
(see Table 3). Of those, a majority were related to clinician
training and continuing education. The second-highest
concern was related to administrative support, followed
by cost, safety, and reimbursement. In addition to the
categories of concerns listed in Survey Question 3, clini-
cians expressed hesitation in adopting this method of
brain stimulation based on efficacy, stimulation protocols,
inclusion criteria for selecting appropriate patients, clinician
training, patient/family perceptions, and facility resources
(see Table 3). Many concerns emphasize the practicality of
implementation in a clinical setting, especially related to ad-
ministrative approval, productivity, and billing. Clinicians
also expressed concerns related to having an available neu-
rologist or neuroimaging to correctly identify the best tDCS
stimulation site. These concerns bring to light many of
the logistical and fiscal obstacles SLPs might face upon
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adopting tDCS in the clinical setting and are important
considerations for the development of future clinical trials
focused on tDCS in aphasia and related disorders. While
clinician concerns are not necessarily surprising, these re-
sponses can help direct future research to consider needs
relevant to clinicians and the settings in which they prac-
tice. Crucially, research that aligns well with clinical reality
is necessary for evidence-based practice (Harold, 2019).

Limitations
The first and primary limitation of this study is the

survey-based method of data collection, which is subject to
biases, namely, that the data collected are that of a conve-
nience sample. Therefore, the sample itself may not be
representative of the average clinician working with IWA.
The social media outreach for survey distribution (i.e.,
Twitter and Facebook) likely reached a variety of SLPs
who are active in clinical and/or research capacities. Simi-
larly, clinicians who responded to the survey through state
association listservs may similarly misrepresent the whole
of clinicians who work with IWA as these state association
e-mails are more likely to be read by SLPs with an active
interest in current affairs in the field. It is recognized that this
is a limitation that may affect survey results; however, for
this purpose of the current study, this is important preliminary
information to begin bridging that gap between research
and practice and begin identifying clinician perspectives re-
garding important technical research for aphasia recovery.

Second, the reported years of experience reflect clini-
cians’ time working in the field as an SLP and are not spe-
cific to the amount of time SLPs spent in practice with a
caseload that includes IWA. This is an important consider-
ation for future work, as experience with the clinical man-
agement of aphasia may influence SLPs’ perceptions of
realistic treatment outcomes, which may not necessarily be
related to other clinical experiences (i.e., time spent work-
ing with other patient populations). Future studies should
include more specific questions targeting the nature of SLPs’
work with IWA, as these factors may influence SLP opin-
ions pertaining to the feasibility of adopting tDCS.

Third, future studies should consider how factors
such as organizational structure, reimbursement factors,
and level of care may influence SLPs’ opinions regarding
tDCS. As we discussed above, we grouped SLPs by work
setting to largely reflect the types of patients seen at each
level of care. Although we did not find differences across
settings for desired tDCS enhancement, future work could
consider other measures designed to quantify elements of
the PARiHS framework (Kitson et al., 1998, 2008; Rycroft-
Malone, 2004), with considerations of leadership and cul-
tural aspects within an organization.

Finally, another limitation of this study is that we
have considered SLP reports of tDCS enhancement in the
context of a single outcome measure, namely, the WAB-R.
Although recently recommended as a measure of language
in clinical trials (Wallace et al., 2019) and used by the
majority (92.9%) of queried SLPs, it may be the case that
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this singular outcome measure does not capture the use of
other instruments used after the initial diagnosis, which
may be used to measure improvement. Furthermore, we
acknowledge that this test better represents communication
than confrontation naming tests, but it does not necessarily
capture functional communicative abilities as a whole.

Future Directions
As a whole, this investigation offers important pre-

liminary evidence related to SLPs’ perspectives on tDCS.
This corresponds to one of the three aspects of translation
of evidence to practice by the PARiHS framework: engage-
ment of clinicians to understand clinical perceptions of
evidence. The current results represent a very broad under-
standing of this topic but are a reasonable starting point
that can be expanded upon in future studies. For example,
future work may consider the addition of a clinical or pa-
tient advisory group for project planning. Specifically, an
in-depth exploration of clinical perspectives as related to
clinical settings will be important, moving forward. In other
implementation models, examining clinical settings based
on reimbursement, productivity policies, or organizational
structures may better inform how tDCS can be incorpo-
rated into a health care system.
Conclusions
This study is the first to identify clinician familiarity

with tDCS and to quantify a desired tDCS-related enhance-
ment that SLPs deem necessary for clinical adoption for
poststroke aphasia in the rehabilitation setting. Our group
and others have reported improved naming associated with
A-tDCS coupled with behavioral aphasia therapy (Baker
et al., 2010; Fiori et al., 2011; Fridriksson, Richardson, et al.,
2012; Kang et al., 2011; Meinzer et al., 2016; Wu et al., 2015).
For example, our recent Phase II trial showed that such
effects in expressive naming lasted up to 6 months post-
therapy (Fridriksson et al., 2019). While these results re-
veal that further investigation into the implementation of
tDCS is necessary, there is a paucity of evidence related
to translational research, including the potential for clini-
cal implementation of tDCS. Responses from the current
survey emphasize the need for improved dissemination and
access to new and relevant research in this area. Further-
more, there are probably several stigmatizing beliefs associ-
ated with brain stimulation (Cabrera & Reiner, 2015), which
may surface as doubts, indecision, or declination regarding
tDCS as part of the rehabilitation model. On the basis of
the current study, SLPs report that, on average, a 22.9%
tDCS enhancement of a behavioral language outcome would
encourage them to consider incorporating tDCS as part of
aphasia therapy. Given the results of the Phase II clinical
trial from our group, it is straightforward to propose that
a positive Phase III trial has the potential to encourage
clinical adoption of A-tDCS as a standard of care for aphasia
rehabilitation. This modality of brain stimulation has the
potential to lead to considerable improvement in overall
6–1388 • August 2020



therapy outcomes and improved quality of life for stroke
survivors living with aphasia. SLPs’ perspectives regarding
tDCS as part of the aphasia therapy regimen may inform
future clinical trials and, as importantly, should be consid-
ered an integral factor for estimating potential for clinical
translation.
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