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Speech and language therapists’ management practices,
perceived effectiveness of current treatments and interest
in neuromuscular electrical stimulation for acquired
dysarthria rehabilitation: An international perspective

Pasquale Balzan' ® | Rebecca Palmer? | Catherine Tattersall'

IDivision of Human Communication
Sciences, School of Allied Health Abstract

Professions, Nursing and Midwifery, Background: Research is beginning to shed light on the practices employed by
University of Sheffield, Sheffield, UK
2Sheffield Centre for Health and Related
Research, University of Sheffield,

speech-language therapists (SLTs) for the management of acquired dysarthria.
However, studies that explore SLTs’ satisfaction with the effectiveness of cur-

Sheffield, UK rent therapies and their interest in new treatment methods for this population
have not been carried out. One potential new method is neuromuscular elec-

Correspondence . . . . . c CTI9 q
L trical stimulation (NMES): the pool of evidence for its use in rehabilitation is

Pasquale Balzan, Division of Human

Communication Sciences, School of increasing, yet it has not been widely explored for use with dysarthria.

Allied Health Professions, Nursing and Aim: To extend the understanding of acquired dysarthria management practices

Midwifery, University of Sheffield, . . - q q

Sheffield. S10 2TS. UK. employed by SLTs across the globe and determine their satisfaction with current

Email: pbalzanl@sheffield.ac.uk therapy options. To explore their interest in using NMES with this population.

Methods and Procedures: A cross-sectional international online survey
was developed and disseminated to SLTs working with adults with acquired
dysarthria through international professional associations. The survey collected
information on demographic characteristics, dysarthria management practices,
satisfaction with treatment effectiveness and interest in and knowledge of NMES.
Survey responses were analysed using descriptive and inferential statistics, and
quantitative content analysis.

Outcomes and Results: A total of 211 SLTs (North America, 48.8%; Europe,
36%; Asia, 8.1%; Oceania, 5.7%; Africa, 0.9%; South America, 0.5%) completed
the survey in full. Management practices varied considerably. There was a clear
preference for informal assessments, mainly oral-motor examinations, focusing
on body functions and structures. The majority of respondents rejected the use of
non-speech oral motor exercises as a clinical or carryover exercise. Variable sat-
isfaction with current speech subsystem treatments was noted; however, overall,

there was a general dissatisfaction. Whilst a strong interest in the use of NMES

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited.

© 2023 The Authors. International Journal of Language & Communication Disorders published by John Wiley & Sons Ltd on behalf of Royal College of Speech and Language
Therapists.
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INTRODUCTION

There is ‘both scientific and clinical evidence that sug-
gests that individuals with dysarthria benefit from the
services of speech-language pathologists’ (Yorkston, 1996,
p. S46). However, Duffy (1995, p. 386) argues that ‘we
do not know nearly as much about the effectiveness of
[dysarthria] treatment as we should’. Despite the exten-
sive progress made in the last decades in researching and
treating diverse speech and language disorders, evidence-
based management practices for dysarthria are still limited
(Mitchell et al., 2017).

Surveys of speech and language therapists’ (SLTs) man-
agement practices for acquired dysarthria conducted in
the United Kingdom, the Republic of Ireland, Lebanon
and Australia provide insights into the approaches taken
by therapists to assess and treat acquired dysarthria

acquired dysarthria.

for dysarthria was evidenced, it was noted that most SLTs lacked fundamental
knowledge of NMES principles and application.
Conclusion: SLTs’ management practices and satisfaction with acquired
dysarthria treatments differed substantially. Investigations of the potential use
of NMES for dysarthria treatment are of interest.

dysarthria, neuromuscular electrical stimulation, speech and language therapy, survey

WHAT THIS PAPER ADDS

What is already known on the subject

* Recent country-specific surveys have explored speech-language therapists’
(SLTs’) assessment and intervention practices for acquired dysarthria. These
studies indicate that although clinical management for this speech disorder
mainly involves informal assessment tools and impairment-focused treat-
ment, communication beyond the impairment, such as the activity and
participation domains, is also frequently assessed and treated.

What this paper adds to existing knowledge

* The majority of SLTs are dissatisfied with the overall benefits of current
acquired dysarthria treatment. Phonatory, respiration and speech rate ther-
apies are perceived to be more effective than prosody, articulation and
resonance treatments. Despite a general lack of theoretical knowledge, most
SLTs are interested in neuromuscular electrical stimulation treatment for

What are the potential or actual clinical implications of this work?
* New, evidence-based treatments are needed for SLTs to be confident in the
effectiveness of their acquired dysarthria treatment.

(Collis & Bloch, 2012; Conway & Walshe, 2015: Gracia et al.,
2020; Miller & Bloch, 2017; Rumbach et al., 2019; Summaka
et al., 2021). Primarily, these studies indicate that infor-
mal assessments are the most frequently employed testing
method in acquired dysarthria, followed by formal tests
and lastly by instrumental measures. Clinical assessments
are mainly impairment-focused; however, communication
beyond the impairment, including activity (speech intelli-
gibility tasks) and participation (speech comprehensibility
during natural discourse) is also frequently assessed (Col-
lis & Bloch, 2012; Dykstra et al., 2007; Miller & Bloch, 2017;
Rumbach et al., 2019). This assessment approach aligns
with the World Health Organization’s International Clas-
sification of Functioning, Disability and Health (ICF, 2001)
framework, underscoring the clinical relevance of assess-
ing the interplay between physiological deficits and their
impact on daily functioning and participation. While these
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findings offer valuable insights into the practices of SLTs,
extrapolating these ‘localised’ research findings to a global
perspective is necessary to obtain a wider perspective of
SLT practices for the condition and increase the robustness
and utility of research.

Regarding treatment, systematic reviews on dysarthria
highlight the paucity of research and the limited evidence
for the effectiveness of behavioural treatment (Mitchell
et al., 2017; Morgan & Vogel, 2008). This lack of studies
also extends beyond the ‘typical, traditional manage-
ment for dysarthria. A recent systematic review by Balzan
et al. (2022) evidenced that dysarthria research involving
novel treatment methods, such as non-invasive cortical
(e.g., transcranial magnetic stimulation) and peripheral
stimulation (e.g., neuromuscular electrical stimulation
[NMES]), has received far less attention when compared
to other impairments arising from neurological disease.
Whilst only 10 studies investigated non-invasive brain
stimulation in dysarthria, over 35 studies have been carried
out within the field of aphasia using the same treatment
methods (Balzan et al., 2022; Coslett, 2016). Similarly,
whilst the use of NMES in dysarthria has to date not been
investigated using experimental study designs, Alamer
et al. (2020) identified 11 randomised controlled trials
measuring NMES effectiveness in post-stroke dysphagia.

There is preliminary evidence to suggest NMES may
be beneficial for treating acquired dysarthria. A pilot
study by Kroker et al. (2018) found that 20 sessions of
NMES, coupled with behavioural exercises (Dys-SAAR-
thrietherapie), lasting 30 min each, led to improved artic-
ulation and intelligibility when speaking with unfamiliar
listeners on the telephone in seven out of eight individuals
with chronic post-stroke dysarthria. Similarly, two sepa-
rate single case studies, one involving stroke and the other
involving brain injury, reported reduced dysarthria sever-
ity and improved impairment-based outcomes following
NMES treatment (Berenati et al., 2021; Tache-Codreanu
& Cucu, 2020). The results of these studies should be
interpreted with caution due to the heterogeneity of the
methods used and the limited sample sizes.

Notwithstanding the controversy as to whether non-
speech oral motor therapy approaches may benefit individ-
uals with dysarthria, it has been argued that non-speech
and speech movements lie along a continuum as both
tasks share neural pathways and motor control mecha-
nisms (Ballard et al., 2003; Chang et al., 2009). There is also
significant overlap between the somatotopic organisation,
anatomy and physiological processes of speech and swal-
lowing mechanisms (Takai et al., 2010; Trupe et al., 2018).
These arguments support several theories of orofacial con-
trol proposing that speech execution consists of motor
productions or task dynamics and can hence be studied
within a general motor control perspective, rather than

Disorders

focusing on the ‘distinctiveness’ of linguistically driven
processes (Smith, 1992).

These presuppositions, along with the promising posi-
tive results from studies comparing combined NMES and
traditional swallowing exercises in dysphagia to stand-
alone swallowing manoeuvres (e.g., Byeon, 2020; Park
et al., 2012), and the anecdotal use and preliminary evi-
dence for NMES in dysarthria, provide a basis for further
investigations into the use of NMES for the latter disorder.
Determining stakeholders’ interest and their likelihood of
trying novel interventions is critical. This will help deter-
mine whether the undertaking of exploratory research on
its use in acquired dysarthria is relevant and beneficial to
patients and informative for clinicians (Riemer et al., 2012).

The limited pool of research on dysarthria treatment,
which mostly dates to the late 20th century, and the
dearth of supportive evidence for one dysarthria treat-
ment approach over another are contributing factors to the
inconsistent and varied treatment techniques employed by
SLTs (Conway & Walshe, 2015; Mackenzie et al., 2010).
The lack of consensus on appropriate treatment direction,
which is further complicated by the delivery of differ-
ent care pathways for non-progressive and progressive
dysarthria cases, may compromise management practices,
potentially resulting in the use of interventions that are
not clinically understood or well-documented (Conway &
Walshe, 2015; Mackenzie et al., 2010).

A key factor that influences the clinical treatment of
health conditions is the perceived effectiveness of treat-
ment. Research indicates that health professionals’ percep-
tions of treatment benefit at improving patient outcomes
is a significant determinant of treatment preferences,
decision-making and suboptimal implementation (Covey,
2007; Vogt et al., 2009). When a large pool of research is
available, then clinical treatment should be guided pre-
dominantly by explicit knowledge, the evidence base and
patient values (Titler, 2008). However, in cases of limited
evidence, treatment decisions are built predominantly on
tacit knowledge, such as clinical experiences and expert
opinions (Titler, 2008; Sandars, 2016). Given the dearth
of evidence for acquired dysarthria treatment and the
influential contribution of tacit knowledge in treatment
decisions, research that evaluates SLTs perceptions of ther-
apy effectiveness and interest in new therapy options
can provide new insights on intervention planning and
delivery.

The aims of this international study were: (1) to investi-
gate SLTs’ management practices for acquired dysarthria;
(2) to gauge SLTs’ perceptions of the effectiveness of speech
subsystem treatments for the condition; (3) to determine
SLTs’ interest in using NMES as a treatment modality for
dysarthria; (4) to assess whether SLTs in the field possess
fundamental knowledge of NMES mechanisms; and (5)
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to determine whether SLTS’ management practices, per-
ceived effectiveness of treatment and interest in NMES as a
potential acquired dysarthria treatment are influenced by
demographic variables.

METHOD

An online quantitative cross-sectional survey was carried
out as it allowed for recruitment of international partici-
pants with common demographic details in a short time
interval (Taylor, 2000). A web-based survey was designed
based on the recommendations proposed by Hlatshwako
et al. (2021) for implementing online surveys and the five
stages of survey design and testing (conceptualisation,
design, testing, revision and data collection; Brancato et al.,
2006).

Survey development

A conceptual framework with incorporated domains and
indicators was initially created (Figure 1). This framework
was based on items from previous research evaluating
acquired dysarthria management practices (Conway &
Walshe, 2015; Miller & Bloch, 2017) and on new domains
and indicators relating to perceived treatment effective-
ness, and interest in and knowledge of NMES treatment for
dysarthria. The domains of the survey are illustrated in the
vertical boxes and the empirical indicators for each domain
are included horizontally in bullet format. The overlap-
ping domains represent a conceptual overlap between the
content of the domains.

The first version of the survey was then developed and
appraised for face and content validity by the research
team. Based on this appraisal, a second version consist-
ing of six sections and a total of 35 items (31 close-ended
and four open-ended items consisting of multiple, sym-
metric Likert matrices and ranked choices) was developed.
Open-ended questions consisting of expansion questions
were included to allow respondents to elaborate further
on the choices given to a close-ended question. Piloting
of the survey was carried out through one-to-one cogni-
tive debriefings with 10 SLTs working with adults with
acquired dysarthria in three different countries (Malta,
United Kingdom and United States) using a convenience
sampling method. The four-stage cognitive model (com-
prehension, retrieval, judgement, evaluation and response
selection) proposed by Tourangeau (1984) was imple-
mented to ensure that participants could understand,
interpret and answer questions as intended.

Based on this piloting, the third version of the survey
was developed: three questions were reworded, five

questions were completely removed, the answering
method for the two ranking questions was changed from
drag and drop to a number ranking approach, and repeat
headers were included in one Likert matrix. The third
version of the survey was revised and another three SLTs
were recruited to test this version. Apart from some minor
language changes, no other changes were required. The
fourth and final version of the survey was then published
on Qualtrics*™ (www.qualtrics.com).

The final survey was divided into six sections, cover-
ing the following topics: (1) participant information and
consent; (2) demographics; (3) dysarthria assessment; (4)
dysarthria treatment and perceived effectiveness; (5) inter-
est in NMES as a treatment modality; and (6) knowledge
of NMES mechanisms (the full survey is available in Sup-
plementary Material). Figure 2 provides an overview of the
information that was sought for each of these sections.

Inclusion criteria

Inclusion criteria for participation were: (1) hold a speech-
language therapy qualification from a licensed interna-
tional speech-language body; (2) assess and treat indi-
viduals with acquired dysarthria as part of the clinical
caseload; and (3) possess proficient English language skills
for survey completion.

Data collection

Ethical approval was sought from the University Research
Ethics Committee of the University of Sheffield (Reference
number 036240). A convenience sampling strategy was
employed for the recruitment of participants. SLTs were
recruited through international speech-language therapy
associations. Associations that agreed to participate in the
research distributed the study details to their members via
(1) online posts on their social media profiles; (2) posts on
their websites; (3) e-mails using a members distribution
list; and (4) newsletters.

Data analysis

In contrast to other online survey platforms, Qualtrics cap-
tures both completed and submitted responses, as well
as in-progress responses that have been started and par-
tially filled but not submitted. In this study, in-progress
responses were excluded from the data analysis, and only
the submitted responses were analysed.

Data were examined using the Statistical Package for the
Social Sciences (IBM SPSS Version 27, 2020). Descriptive
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Conceptual framework: Domains and indicators. Abbreviations: ICF, International Classification of Functioning, Disability

and Health; NMES, neuromuscular electrical stimulation; SLT, speech-language therapist.

and inferential statistics were used to summarise the data.
Since most survey items involved ordinal type of data (Sul-
livan & Artino, 2013), non-parametric statistical tests were
primarily used. Weighing of items to adjust for missing
data was not necessary as none of the submitted responses
were incomplete.

The Kruskal-Wallis test was used to compare rat-
ings relating to therapy duration and frequency and
use of trialling NMES for dysarthria across demographic

variables. Pairwise comparisons were performed using
Dunn’s procedure with a Bonferroni correction for mul-
tiple comparisons. An independent-samples ¢ test and a
Mann-Whitney U test were carried out to determine if
there were differences in the knowledge test score and per-
ceived test difficulty respectively among respondents who
were trained or certified in NMES (e.g., VitalStim®) Ther-
apy Certification and Ampcare ESP™ certification) and
those who had not obtained training in the use of NMES
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The aim of the study, information on participation and data collection procedures were explained. A consent agreement was collected.

*

Information about age, gender, highest level of qualification in SLT, country currently practising in, current job setting, number of years
practising and portion of case load spent working with adults with acquired dysarthria was sought.

*

Questions on the types of dysarthria assessments used, ICF domains assessed, use of oral-motor examination and the differential
diagnosis of dysarthria were asked

etails about treatment frequency an

uring therapy, perceived effectiveness with current approaches

for treating speech subsystem impairments, |nc|ud|ng the use of oral-motor exercises and treatment focus in comorbid speech-language
disorders were sought.

*

Information regarding SLTs' interest in trying new therapies for dysarthria, the likelihood to try NMES, completion of NMES
courses, as well as their current clinical use and satisfaction with NMES was collected.

*

A brief 10 statement assessment including a yes, no, do not know response choice was carried out to screen SLTs knowledge of basic
NMES mechanisms. One point was assigned to each question correctly answered. No points were assigned for an incorrect or a “don’t
know” answer. Perceived difficulty of the assessment was also collected.

FIGURE 2

Description and flow of the survey sections. Abbreviations: ICF, International Classification of Functioning, Disability and

Health; NMES, neuromuscular electrical stimulation; SLT, speech-language therapist. [Colour figure can be viewed at wileyonlinelibrary.com]

technology. A multinomial logistic regression was carried
out to predict the overall rating of the satisfaction with
therapy effectiveness given by respondents based on age
group, gender, continent and years practising.

For the open-ended question asking SLTs to state the
reasons for the rating given to the overall effectiveness of
acquired dysarthria therapy, a quantitative content anal-
ysis was carried out in accordance with the methods
proposed by O’Cathain and Thomas (2004). An induc-
tive coding frame was devised and was manually applied
to all answers. The codes were then entered into SPSS
and treated as a variable for quantitative analysis. The
distribution and percentages of emerging categories were

then computed for the overall satisfaction ratings (strongly
dissatisfied to strongly satisfied) assigned by respondents.

RESULTS
Demographics of SLTs

The online survey was accessed by a total of 326 partici-
pants. Out of these, 115 participants started the survey but
did not finish it. The remaining 211 participants completed
the survey in full, a completion rate of 64.7%. The response
rate could not be estimated as the sampling methods
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employed made it difficult to determine the total number
of eligible SLTs who received and accessed the survey. Nev-
ertheless, a sample of 211 participants selected from a large
population of SLTs worldwide guaranteed a 6.75% margin
of error assuming a 95% confidence level.

Table 1 provides a summary of the demographic char-
acteristics of respondents. Most respondents were female
(91%, n = 192) and the most common level of qualifica-
tion was a master’s degree (66.8%, n = 141). The majority
of SLTs were practising in North America, (48.8%, n = 103)
and Europe (36%, n = 76). The remainder were practising
in Asia (8.1%, n = 17), Oceania (5.7%, n = 12), Africa (0.9%,
n = 2) and South America (0.5%, n = 1) (see Table SAl
for the distribution of participants by country of practice).
The largest portion of respondents had 6-10 years (25.6%,
n = 54) or 11-20 years (27%, n = 57) clinical experience.
For more than one-third of participants (41.2%, n = 87),
acquired dysarthria comprised 10%-25% of their caseload
with the most common work settings being acute (36.5%,
n = 77), rehabilitation (27%, n = 57) and outpatient or day
hospitals (27%, n = 57). The most frequent medical aeti-
ologies giving rise to acquired dysarthria on respondents’
caseloads were stroke (94.3%, n = 199), Parkinson’s disease
(73%, n = 154) and brain injury (63%, n = 133).!

Assessment practices for acquired
dysarthria

Evaluations of acquired dysarthria primarily consisted of
informal perceptual assessment measures (86.7%, n = 183).
Approximately 90% of respondents answered that they
‘always’ or ‘frequently’ complete an oral-motor examina-
tion during assessment (Table SA2). More than half of
respondents also administered formal perceptual assess-
ments, such as the Frenchay Dysarthria Assessment-2
(Enderby & Palmer, 2008) and the Assessment of Intel-
ligibility of Dysarthric Speech (Yorkston & Beukelman,
1981b) (56.4%, n = 113). In contrast, instrumental assess-
ments (e.g., measurement of acoustic parameters, such as
fundamental frequency, loudness and jitter) were carried
out by only approximately a quarter of respondents (27%,
n=>57).

The most frequently assessed ICF domains were body
functions and structures (always, 77.7%, n = 164; frequently;
18.5%; n = 39) and personal factors (always, 45.5%, n = 96;
frequently; 35.5%, n = 75) (Figure 3). Although the remain-
ing ICF domains (activities, participation and environmen-
tal factors) were less frequently assessed, approximately
two-thirds of participants still reported that they always or
frequently assess them.

In terms of ICF domain importance, from 1 being the
most important to 5 being the least important, assessment

Disorders

of body functions and structures (mean rank: 1.55) fol-
lowed by activities (mean rank: 2.75) were ranked as the
most important domains in acquired dysarthria assess-
ment (Table SA3). A lower mean score was given to
participation (mean rank: 3.29), personal factors (mean
rank: 3.47) and environmental (mean rank: 3.93).

A Kruskal-Wallis test did not show any significant dif-
ferences in the ranking of ICF domains across therapists’
practising continent (body functions and structures, p =
0.09; activities, p = 0.07; participation, p = 0.92; envi-
ronmental factors, p = 0.05; personal factors, p = 0.05).
Regarding clinical settings, significant differences were
evidenced only for the activities domain (p = 0.01) (Table
SA4). Long-term care facilities, private practice and mental
health hospitals assigned a lower importance rank to the
activities domain when compared to acute, rehabilitation
and outpatient or day hospitals and community or univer-
sity clinics. No significant differences were observed for the
body functions and structures (p = 0.88), participation (p =
0.33), environmental factors (p = 0.12) and personal factors
domains (p = 0.64).

More than two-thirds of respondents reported that they
feel confident in their abilities to assess acquired dysarthria
(Table 2). Conversely, less than half of respondents feel
confident in reaching a differential diagnosis of dysarthria
and its subtypes. Assessment frameworks, such as that
proposed by Darley, Aronson and Brown, were only used
by 40% of respondents (agree, 31.8%, n = 67; strongly
agree, 11.8%, n = 25). Approximately one-third of partici-
pants agreed that they find dysarthria assessments to be
more challenging than aphasia assessments (agree, 27%,
n = 57; strongly agree, 6.6%, n = 14) and that differential
diagnosis of dysarthria and its subtypes is more complex
than in aphasia (agree, 33.6%, n = 71; strongly agree, 8.5%,
n=18).

Treatment practices and perceived
effectiveness

Table 3 summarises respondents’ therapy frequency and
duration patterns for acquired dysarthria. The most com-
mon treatment frequencies were reported to be about two
to three times a week (38.9%, n = 82,) and once a week (25.6%,
n = 54,). The least commonly chosen treatment frequen-
cies were less than once a month (4.3%, n = 9) and once
a month (3.3%, n = 7). Concerning therapy duration, the
most common duration was of 11 to 20 sessions (28.4%, n =
60), followed by 6-10 sessions (23.2%, n = 49).

For therapy duration, differences across practising con-
tinent (p = 0.43) and clinical setting (p = 0.11) were not
statistically significant. However, significant differences
were observed for therapy frequency across continents
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TABLE 1 Participant demographic details.

Participant characteristics n %
Gender Male 18 8.5
Female 192 91.0
Prefer not to say 1 0.5
Age 18-25 years 1 5.2
26-35 years 98 46.4
36-45 years 46 21.8
46-55 years 32 15.2
56-65 years 22 10.4
Older than 65 years 2 0.9
Continent of SLT practice Europe 76 36.0
North America 103 48.8
South America 1 0.5
Asia 17 8.1
Oceania 12 5.7
Africa 2 0.9
Highest qualification Diploma 1 5
Undergraduate degree 48 22.7
Postgraduate diploma 7 33
Master’s degree 141 66.8
Doctorate degree 14 6.6
Years of SLT practice 1-2 years 25 11.8
3-5years 36 17.1
6-10 years 54 25.6
11-20 years 57 27.0
21-30 years 23 10.9
More than 30 years 16 7.6
Current clinical settings® Acute hospital 77 36.5
Rehabilitation hospital 57 27.0
Outpatient or day hospital 57 27.0
Mental health hospital 2 0.9
Long-term care facilities 25 11.8
Community-based therapy 38 18.0
Private practice 37 17.5
University clinic 22 10.4
Others 1 5.2
Percentage of caseload with acquired dysarthria Less than 10% 50 23.7
10% to 25% 87 41.2
26% to 50% 51 24.2
51% to 75% 18 8.5
More than 75% 5 2.4
Medical aetiologies underlying acquired dysarthria Motor neuron disease 54 25.6
encountered in clinical setting®
Stroke 199 94.3
Parkinson’s disease 154 73.0
Huntington’s disease 9 43
Brain injury 133 63.0
Brain tumour 40 19.0
Muscular dystrophy 5 2.4
(Continues)
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TABLE 1 (Continued)
Participant characteristics n %
Multiple sclerosis 26 12.3
Drug induced 4 1.9
Progressive supranuclear palsy 7 33
Multiple system atrophy 4 1.9
a More than one choice could be selected.
Abbreviation: SLT, speech-language therapist.
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FIGURE 3
Functioning, Disability and Health.

(p < 0.001) and clinical settings (p < 0.001) (Tables SA5
and SA6). Post hoc analysis revealed statistically signifi-
cant differences in therapy frequency between therapists
practising in Europe and North America (p < 0.001), but
not between any other group combination (Table SA7).
Whilst the mean therapy frequency in Europe was once
a week, the mean frequency in North America was about
two to three times per week. Regarding therapy frequency
across clinical settings, the post hoc analysis revealed that
therapy frequency was significantly higher for rehabilita-
tion hospitals when compared to private practice (p = 0.04)
and community-based therapy (p < 0.001) respectively (see
Table SA8). No other significant differences in therapy
frequency were evidenced between any other settings.
The most important ICF domains in treatment, ranked
from 1 (most important) to 5 (least important) by

suonaLlsexuonediniuey

s1010B) [BUOSIS
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ICF domains assessment frequency (%) in acquired dysarthria assessment. Abbreviation: ICF, International Classification of

respondents, were reported to be body functions and
structures (mean = 1.73) and activities (mean = 2.67).
Participation (mean = 3.38), environmental (mean =
3.60) and personal factors (mean = 3.60) were ranked
as the least important ICF domains in treatment (Table
SA9).

At a speech subsystem level, the majority of respondents
were strongly satisfied or satisfied with current treatment
approaches to treat phonation, respiration and speech rate
impairments associated with acquired dysarthria (Table 4).
On the contrary, less than half of respondents were
strongly satisfied or satisfied with the therapy options
currently available to treat impairments in articulation,
resonance and prosody. More than a third of respon-
dents reported that they have never treated resonance in
dysarthria.
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Attitudes towards aspects of acquired dysarthria assessment.

TABLE 2

Neither agree
nor disagree

Strongly
disagree

Strongly agree

Agree

Disagree

% % % %

%

Statement
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24.6%
13.3%
11.8%

52
28

25

42.2%
36.5%
31.8%

89
77

14.2%
23.2%
15.6%

30
49

15.6%
21.3%
23.7%

33
45

3.3%
5.7%

7

I am confident in my abilities to assess individuals with dysarthria

12
36

I am confident in my ability to identify and describe the sub-types of dysarthria

33 67

50

17.1%

I use classifications such as the Mayo Clinic Classification System to identify the sub-type of

dysarthria

6.6%
8.5%

14
18

27.0%
33.6%

57
71

25.6%
25.6%

54
54

30.3%
24.6%

64
52

10.4%
7.6%

22

I find dysarthria assessments to be more challenging than aphasia assessments

16

Differential diagnosis of dysarthria and its sub-types is more complex than the diagnosis of

SLTS’ PERSPECTIVES ON DYSARTHRIA MANAGEMENT

aphasia and its sub-types

TABLE 3 Distribution of acquired dysarthria therapy
frequency and duration.

Therapy characteristics n %

Frequency  Every day (five times a week) 38 18.00%
About two to three timesaweek 82  38.90%
About once a week 54 25.60%
About once every 2 weeks 21 10.00%
Once a month 7 3.30%
Less than once a month 9 4.30%

Duration 1-2 sessions 5 2.4%
3-5 sessions 35 16.6%
6-10 sessions 49 23.2%
11-20 sessions 60  28.4%
21-30 sessions 19 9.0%
More than 30 sessions 16 7.6%
Others 27 12.8%

The overall positive satisfaction with current treatment
options for acquired dysarthria was approximately 40%
(strongly satisfied, 2.4%, n = 5, satisfied, 37.9%, n = 80).
The remaining respondents mainly reported that they are
dissatisfied (34.1%, n = 72) neither dissatisfied nor satisfied
(23.7%, n = 50) or strongly dissatisfied (1.9%, n = 4). Results
of a multinomial logistic regression indicate that practising
continent had a statistically significant effect on the overall
satisfaction rating given by respondents (p < 0.001) (Table
SA10). Age group, gender and years of practice were not
found to be significant factors in the overall satisfaction
rating attributed to current treatment options.

A quantitative content analysis was carried out to
identify categories that influenced respondents’ ratings
of the overall effectiveness of treatment. The categories
that emerged and their respective frequencies, clustered
according to the overall rating (from strongly dissatis-
fied to strongly satisfied), are illustrated in Figure 4.
Participants who gave a negative satisfaction rating were
most dissatisfied with impairment-based, post-treatment
improvements and the limited evidence base for dysarthria
treatment. Amongst the positive ratings, the most frequent
categories were clinician-reported improvements follow-
ing treatment and effectiveness of therapy programmes
for specific dysarthria subtypes or speech subsystems (e.g.,
Lee Silverman Voice Training [LSVT], Speak Out and
Expiratory Muscle Strength Training [EMST]). Examples
with quotes for each of the categories that emerged are
presented in Table SA11.

More than half of respondents disagreed with the state-
ments that non-speech oral motor exercises (NSOMEs)
are routinely used in their clinic (strongly disagree, n =
75, 35.5%; disagree, n = 57, 27.0%), or given as advice
to clients to treat acquired dysarthria (strongly disagree,
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TABLE 4 Speech subsystem and overall satisfaction rating with current treatment for acquired dysarthria.

Neither
Strongly dissatisfied nor Strongly = Have not treated
Speech subsystem dissatisfied Dissatisfied satisfied Satisfied satisfied this impairment
Phonation n 1 18 28 91 65 8
% 0.5% 8.5% 13.3% 43.1% 30.8% 3.8%
Respiration n 5 20 31 99 46 10
% 2.4% 9.5% 14.7% 46.9% 21.8% 4.7%
Articulation n 7 52 46 77 25 4
% 3.3% 24.6% 21.8% 36.5% 11.8% 1.9%
Resonance n 6 46 45 27 5 82
% 2.8% 21.8% 21.3% 12.8% 2.4% 38.9%
Prosody n 3 66 44 58 23 17
% 1.4% 31.3% 20.9% 27.5% 10.9% 8.1%
Speech rate n 2 24 36 108 32 9
% 0.9% 11.4% 17.1% 51.2% 15.2% 4.3%
Overall n 4 72 50 80 5
% 1.9% 34.1% 23.7% 37.9% 2.4%

Category

#y Dysarthria therapy is not a

Apr\i/ority i

11+ Satisfactory evidence-base for

“treatment
Clinician-reported
improvements

ll Limited generalisation of
clinical outcomes

% Poor patient engagement

+No or limited impairment-

based improvements

sy Limited evidence-base for

"~ therapy

4 Patient-reported benefits
Effectiveness of therapy
programmes for particular

dysarthria subtypes or speech
subsystems

40

30

HIIERATIEINS

20

Percentage (2%6)

Strongly  Dissatisfied ~ Neither Satisfied Strongly
dissatisfied satisfied nor satisfied
dissatisfied

Overall effectiveness rating

FIGURE 4 Quantitative content analysis (frequency of categories) of the reasons for the overall satisfaction with the effectiveness of
acquired dysarthria therapy.
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TABLE 5 Attitudes towards aspects of acquired dysarthria treatment.
Neither
Strongly agree nor Strongly
Statement n  disagree Disagree disagree  Agree agree
%
I routinely make use of non-speech oral motor exercises to treat n 75 57 28 40 11
acquired dysarthria % 355% 27.0% 13.3% 19.0%  52%
I routinely advise clients to complete non-speech oral motor exercises n 78 52 24 42 15
at home % 37.0% 24.6% 11.4% 19.9% 7.1%
Non-speech oral motor exercises need to be repeated several times in n 64 38 32 53 24
order to improve speech in dysarthria % 30.3% 18.0% 15.2% 25.1% 11.4%
I routinely make use of principles of motor learning and n 5 12 40 112 42
neuroplasticity during therapy % 2.4% 5.7% 19.0% 53.1%  19.9%
If an individual has an aphasia and a dysarthria, I usually focuson the n 4 30 73 84 20
aphasia during treatment % 1.9% 14.2% 34.6% 39.8%  9.5%
Despite receiving speech-language therapy, most individuals with n 5 53 46 92 15
dysarthria remain with life-changing speech deficits % 2.4% 251% 21.8% 43.6% 71%
There is lack of scientific evidence for effective interventions in n 8 45 52 82 24
dysarthria % 3.8% 21.3% 24.6% 389%  11.4%
Future research about novel treatment approaches in dysarthria are n 102 88 8 8 5
not necessary % 48.3% 41.7% 3.8% 3.8% 2.4%

n = 78, 37.0%; disagree, n = 52, 24.6%) (Table 5). Approx-
imately half of the participants also disagreed that repeti-
tion of NSOMEs will improve speech functions (strongly
disagree, n = 64, 30.3%; disagree, n = 38, 18%). Approxi-
mately two-thirds of respondents agreed that they employ
principles of motor learning during acquired dysarthria
treatment (agree, n = 112, 53.1%; strongly agree, n = 42,
19.9%). Half of the respondents also agreed that most indi-
viduals with dysarthria remain with life-changing speech
impairments despite attending speech-language therapy
(agree, n =92, 43.6%; strongly agree, n =15, 7.1%). Half of the
respondents also reported that if an individual has an apha-
sia and a dysarthria, they are likely to focus on the aphasia
during therapy (agree, n = 84, 39.8%; strongly agree, n = 20,
9.5%).

Interest in and knowledge of NMES
mechanisms

More than three-fourths of respondents (n = 65, 78.2%)
reported that they would be interested in testing new
treatments for acquired dysarthria (Table SA12). Only one-
fourth (n = 59, 28%) of respondents reported that they
have completed NMES training (Table SA13). Out of these,
more than three-fourths of participants completed Vital-
Stim training (n = 45, 76.3%). The remaining participants
completed Ampcare ESP (n = 10, 17.0%), eSwallow (n =
2, 3.39%) and Guardian (n = 2, 3.39%) training. More than

half of respondents trained in NMES reported that they use
it clinically to treat dysphagia (n = 34, 57.6%). Amongst
this group, the satisfaction rating for the perceived effec-
tiveness of NMES was approximately 70% (satisfied, n =
21, 61.8%, strongly satisfied, n = 2, 5.9%) (Table SAl4).
Despite the lack of clinical guidance for the use of NMES in
dysarthria, five respondents indicated that they have used
this modality to treat the speech disorder.

When specifically asked to rate their likelihood to trial a
new treatment for acquired dysarthria if it involves charac-
teristic and procedural features of NMES, more than half
of respondents reported that they are likely or very likely to
use a medical device that delivers electrical signals to mus-
cles (likely, n = 76, 36%; very likely, n = 34, 16.1%), to place
electrode pads on the neck and face area muscles (likely, n
= 88, 41.7%; very likely, n = 35,16.6%), to obtain training for
the use of the device (likely, n = 94, 44.5%; very likely, n =
42,19.9%) and to deliver an intensive schedule of treatment
(likely, n = 72, 34.1%; very likely, n = 31, 14.7%) (Table 6).
However, less than half of respondents are likely to deliver
the treatment if it involves minor discomfort, redness of the
skin or a tingling sensation (likely, n = 72, 34.1%; very likely,
n=15,71%).

For most statements, the Kruskal-Wallis test did not
evidence any significant differences in attitudes towards
trialling in NMES for acquired dysarthria across demo-
graphic variables. Significant differences were evidenced
only for the intensive schedule of treatment statement
across job settings (p = 0.007) and for completing training
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TABLE 6

Statement
%

The use of a medical device that delivers low electrical impulses to
stimulate patient’s muscles

The placement of small sticky electrode pads on the patient’s face and

neck areas

Patient may experience minor discomfort, redness of the skin or
tingling sensation

An intensive schedule of treatment consisting of 20 therapy sessions
of 30 min, spread out over a period of at least 4 weeks

Completing training and obtaining accreditation for the use of a
medical device

and obtaining accreditation across the practising continent
(p = 0.008) and qualification level variables (p = 0.005)
(Tables SA15-SA19). Acute hospitals, community-based
therapy and other settings were less likely to imple-
ment an intensive NMES treatment when compared to
clinical settings such as private clinics, university clinics
and rehabilitation hospitals.

Regarding knowledge of NMES physiology and mecha-
nisms, the mean score of respondents on the 10-question
knowledge test was 4.12 out of 10 (SD = 1.674). On a
scale from 1 to 10, with 1 being very easy to 10 being
very difficult, the mean perceived difficulty of the test
was 6.74 (SD = 2.05). The knowledge test score was sig-
nificantly higher in NMES certified (5.27 + 1.59) than
non-certified (3.68 + 1.49) respondents (p < 0.0005). Sim-
ilarly, a statistically significant difference in perceived test
difficulty was evidenced between NMES certified (5.49
+ 2.16) and non-certified respondents (7.22 + 1.79) (p
< 0.0005), with non-certified participants perceiving the
knowledge test as more difficult than NMES-certified
respondents.

DISCUSSION

To the best of our knowledge, the current research is the
first international study to explore and compare SLTS’
management practices for acquired dysarthria. The per-
ceived effectiveness of current treatments and interest
in and knowledge of NMES were also gauged, with
the aim that future research focusing on improving
patient outcomes for acquired dysarthria is acceptable and
grounded in ‘useful’ knowledge (explicit and tacit knowl-
edge) (Sandars, 2016) that is important to SLTs’ decision-
making.

Attitudes towards trialling neuromuscular electrical stimulation (NMES) for acquired dysarthria.

Neither

Very likely nor Very
n% unlikely Unlikely wunlikely Likely likely
n 14 32 55 76 34
% 6.6% 15.2% 26.1% 36.0% 16.1%
n 11 24 53 88 35
% 5.2% 11.4% 25.1% 41.7% 16.6%
n 15 41 68 72 15
% 7.1% 19.4% 32.2% 34.1% 7.1%
n 22 43 43 72 31
% 10.4% 20.4% 20.4% 34.1% 14.7%
n 7 21 47 94 42
% 3.3% 10.0% 22.3% 44.5% 19.9%

Assessment practices

Even though several formal dysarthria assessments are
commercially available, this study found that practis-
ing SLTs are more likely to use informal than formal
tools to assess the condition. Expectedly, minimal use of
instrumental assessment methods (acoustic analyses [e.g.,
fundamental frequency and loudness], kinematic [e.g.,
electromagnetic articulography]| and aerodynamic mea-
sures [e.g., phonation threshold pressure]) was reported.
These results are in line with previous research indicat-
ing that informal assessments remain the most frequently
employed assessment method for neurogenic dysarthria,
with formal methods receiving less consideration and
instrumental methods remaining relatively neglected (Col-
lis & Bloch, 2012; Miller & Bloch, 2017).

Whilst Miller and Bloch (2017) argue that the reliance
on informal measures could be related to high proportions
of respondents working in acute and post-acute hospital
settings where individuals with dysarthria may show spon-
taneous recovery of speech functions, this study suggests
that reliance on informal measures could also be related to
clinicians’ confidence in their ability to assess neurogenic
dysarthria without the need to rely on formal assessment
tools. Whilst the reported high rate of confidence may indi-
cate adequate competence, performance and action, it may
also reflect a tendency towards overconfidence (Miller,
1990). On this issue, Berner and Graber (2008) suggest that
overconfidence may arise from inadequate knowledge,
discrepancy between one’s own self-rated accuracy and
their actual accuracy or limitations in heuristic problem-
solving. Regarding oral motor examinations, despite their
controversial clinical relevance in acquired dysarthria, this
study has found that nearly all participants employ them
during assessment. This is also in line with the findings
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reported in Collis and Bloch (2012) and Miller and Bloch
(2017).

Informal assessments that mirror real-life communica-
tion activities have social validity and can expose features
of the presenting speech and language impairment that are
not captured easily by formal testing alone (Miller, 2013;
Ramsberger & Rende, 2002). Nevertheless, the fact that
several clinicians opt not to employ formal assessments at
all may have some limitations. Issues with the identifica-
tion and differential diagnosis of dysarthria, reliability and
accuracy of findings, selection of outcome measures for
rehabilitation and gauging improvement between pre and
post-intervention are frequently reported (Miller & Bloch,
2017).

The infrequent use of formal dysarthria assessments
may explain the following present study findings: (1) half
of clinicians do not feel confident in reaching a differ-
ential diagnosis of dysarthria subtype and (2) there is
a general disuse of classification systems, such as the
Mayo Clinic system proposed by Darley et al. (1975). The
lack of use of classification systems to assess dysarthria
was also reported in the work by Conway and Walshe
(2015). It transpires that despite the ability to identify
core speech deficits indicative of dysarthria, SLTs find it
difficult to reach a differential diagnosis of its subtype.
This disparity could be related to the fact that there are
a myriad of speech atypicalities that manifest simultane-
ously in more than one dysarthria subtype (this discussion
has ensued for non-progressive dysarthrias, particularly
related to stroke, but the usefulness of classification has
not yet been reviewed for progressive conditions). As a
result, arriving at a diagnosis of dysarthria subtype is often
a complex task.

In keeping with the study by Collis and Bloch (2012), this
study found that the most frequently assessed ICF domain
remains the impairment level. Nonetheless, the majority
of SLTs are also always, or frequently, assessing the activ-
ity, participation, personal and environmental domains. In
terms of importance, the impairment and activity domains
were the most valued, with participation, environmental
and personal domains receiving a nearly equal importance
value. Taken together, these findings suggest that even
though the impairment and activities domain are the pri-
mary focus in acquired dysarthria assessment, there is an
overall appreciation of the added value that all the domains
in the ICF framework can bring to the clinical assessment
table.

Treatment practices

The majority of individuals with acquired dysarthria
are on average offered between one and three therapy

sessions a week and are likely to receive between 6 and
20 sessions of treatment. The high frequency of ther-
apy sessions reported in this study may be explained
by the fact that the majority of surveyed SLTs were
working in hospital settings, including acute care, reha-
bilitation, and outpatient hospital facilities. However,
since the frequency of therapy sessions may be influ-
enced by other factors, such as the nature and severity
of the dysarthria, this finding should be interpreted with
caution.

SLTs reported that the body functions and structures,
and the activities domains were the most important
domains to be targeted during therapy. As a result, clini-
cal rehabilitation is likely to primarily target deficits of the
speech production subsystems, such as reduced respiratory
support, articulatory impairments, phonatory abnormali-
ties and how these several atypicalities influence intelli-
gibility in the context of daily communication functions.
Key focus on the impairment and activity domains may
partly reflect the prioritisation of therapy goals by indi-
viduals with dysarthria. For instance, specific to the non-
progressive dysarthria population, Dickson et al. (2008)
found that regardless of dysarthria severity, individuals
yearn for the full recovery of their lost communication abil-
ities. Indeed, half of the participants in their study, diag-
nosed clinically with mild and moderate dysarthria, hoped
that dysarthria rehabilitation would not only give rise to
speech improvements, but would allow them to return to
‘speak perfectly normally’ as they did prior to their stroke
(p. 142).

The use of NSOMEs to treat neurogenic dysarthria
both during therapy sessions and as a carryover task
was reported by only approximately one-fourth of par-
ticipants. This result contradicts previous research find-
ings that suggested there was widespread use of stand-
alone NSOMEs, or combined with speech drills, as a
frequently employed treatment approach with this popu-
lation (Conway & Walshe, 2015; Mackenzie et al., 2010).
Additional research is necessary to determine whether
the use of NSOMEs is influenced by dysarthria char-
acteristics, such as differences between progressive and
non-progressive dysarthria, as well as among subtypes.
For instance, the use of NSOMEs may be more suitable
for individuals with non-progressive flaccid dysarthria as
weakness is the predominant deficit in this subtype (Duffy,
2019).

Regarding principles of motor learning, the routine
use of these principles in dysarthria treatment was
reported by two-thirds of respondents, a finding similar
to that reported by Conway and Walshe (2015). Never-
theless, since the survey only broadly targeted principles
of motor learning without delving into the details of
using specific optimal conditions for learning, we are
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unable to confirm the accuracy of this finding. Taken
together, these results may reflect an increased awareness
and understanding of principles that drive experience-
dependent neuroplasticity, such as that rehabilitation
needs to be salient to be effective (e.g., Maas et al.,
2008).

High levels of clinician satisfaction with treatment
approaches targeting the phonatory, respiratory and
speech rate impairments were observed. However, a con-
siderably lower satisfaction rating was evidenced for ther-
apy approaches aimed at treating articulatory, prosodic
and resonatory impairments. Although the reasons for
this disparity in satisfaction ratings across speech subsys-
tems warrant further in-depth investigation, it is proposed
that this could be related to differences in the pool of
evidence currently available to treat specific subsystem
impairments. Specifically, the available evidence base for
therapy approaches targeting phonation, respiration and
speech rate is noticeably broader than those available to
treat resonance and prosody (Duffy, 2019; Yorkston et al.,
2001, 2003, 2007). This proposition is further supported
by the fact that in the relative absence of an evidence
base for behavioural resonance treatment, more than one-
third of clinicians opted to never treat this impairment.
On this topic, recent research by Hawthorne and Fis-
cher (2020) suggests that SLTs may not frequently assess
and treat prosody because of limited understanding of
its nature, inadequate knowledge of relevant manage-
ment options and the lack of clinical experience with
this population. Consequently, treatment planning and
prioritisation of outcomes may be guided, and poten-
tially jeopardised, by SLTs’ ‘preferred” approaches and lack
of competency and performance, rather than being tai-
lored to align with individuals’ real treatment needs and
preferences.

Less than half of respondents were satisfied with the
overall effectiveness of current treatment approaches for
acquired dysarthria. The quantitative content analysis evi-
denced that the poor satisfaction ratings can be mainly
attributed to: (1) the lack of an evidence base for treat-
ment and (2) the limited impairment-based improvements
reported following clinical intervention. Another reason
for the poor rating was that the effectiveness of therapy
was seen as being solely limited to specific therapy pro-
grammes, such as the LSVT, Speak Out or EMST. The
findings of the content analysis reflect the strong dis-
agreement rating given by respondents on the statement
that novel research investigating treatment approaches for
dysarthria was not necessary. Based on these results, we
corroborate that Duffy’s (1995) argument about dysarthria
treatment as an under-researched field is still relevant
today.

Interest in and knowledge of NMES
mechanisms and application

The study findings suggest that most SLTs, irrespective
of demographic variables, were interested in trialling new
treatments for neurogenic dysarthria. This positive inter-
est extended to treatments involving NMES procedures,
such as obtaining formal training for its use, applying
electrodes to the face and neck area and administering
intensive treatment. In addition, more than two-thirds of
respondents who use NMES for dysphagia were satisfied
with the benefits associated with this treatment modality.
These findings, along with the encouraging results from
studies of NMES treatment for dysphagia and dysarthria
ground the completion of additional exploratory NMES tri-
als with the field of dysarthria. Studies focusing on the
feasibility, acceptability, safety and efficacy of using NMES
to treat acquired dysarthria in clinical settings should be
conducted in the first instance.

Despite the interest in NMES treatment for dysarthria,
an overall lack of training and expertise in the field was
evidenced. Indeed, only one-fourth of respondents were
trained in the use of NMES for dysphagia. Moreover, the
mean scores on the NMES knowledge test were consid-
erably low across both NMES-trained and non-trained
respondents, even though trained users exhibited a statisti-
cally significant higher performance. Despite the increased
evidence-base for the use of NMES in dysphagia, the treat-
ment modality is still not offered in public hospitals or
clinics and insurance coverage is limited. In the absence
of opportunities for NMES practice or use in the clinical
setting, it is likely that trained respondents experienced
knowledge and skill decay (Yang et al., 2012). Whilst
the limited knowledge in the field should not discour-
age any future research endeavours that may bring forth
positive evidence for NMES application to treat acquired
dysarthria, learning opportunities comprising of initial
and maintenance training phases and hands-on practice,
would need to be offered to support clinicians’ professional
development and ensure the safe application of NMES, if
the future evidence base supports its use.

Limitations

This study is subject to several limitations. Firstly, due to
the recruitment methods employed, the small sample sizes
at subgroup level and the fact that the survey may have
been completed by SLTs interested in dysarthria, the views
of participants included in the study may not reflect major-
ity opinion. Secondly, SLTs were recruited only through
professional SLT associations. It is likely that recruitment
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of participants from other entities such as the public and
private sectors would have yielded a larger and more rep-
resentative sample. Thirdly, since survey response rate is
correlated to survey length and duration, the number of
open-ended questions included in this survey was lim-
ited. Inclusion of additional qualitative items would have
provided additional depth and context to the concepts
targeted in this research. Lastly, the survey did not differ-
entiate between non-progressive and progressive acquired
dysarthria. Since the nature and consequences of neu-
rological disease are pivotal to dysarthria management,
clustering of responses according to dysarthria progression
may have yielded additional insights and different results.

CONCLUSION

Key findings of current international SLT management
of dysarthria include the following: impairment is still
regarded as the most important ICF domain to assess
and treat in acquired dysarthria; clinicians are confident
in diagnosing dysarthria; understanding of the treatment
limitations of non-speech oral motor exercises as a clin-
ical or carry-over task appears to be increasing; and the
majority of respondents are employing principles of motor
learning to induce neuroplasticity during treatment.

The majority of therapists were not satisfied with the
overall benefits of current dysarthria treatment practice.
They were most satisfied with treatments for phonation,
respiration and speech rate and least satisfied with prosody
and resonance treatments. Further research to provide
new evidence-based treatments for dysarthria is therefore
needed. NMES was of interest to SLTs internationally as a
treatment method for dysarthria, supporting research into
the application of this technique specifically.
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