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A scoping review of interventions for adults with dysarthria following traumatic
brain injury
Pooja Gandhia, Shilagh Tobina, Monrada Vongphakdia, Anna Copleya, and Kerrin Watterb

aSchool of Health and Rehabilitation Sciences, The University of Queensland, St Lucia, Queensland, Australia; bAcquired Brain Injury Transitional
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ABSTRACT
Primary objective: To review the current literature on interventions for dysarthria following traumatic
brain injury (TBI) for their effectiveness and methodological quality, and identify future directions for
research in developing guidelines for treating dysarthria in this population.
Research design: Scoping review.
Methods and procedures: Electronic databases were searched up until July 2018 to find intervention
trials for treating dysarthria following TBI. Articles were assessed by three reviewers to meet the
following criteria: (1) population (adults with dysarthria following TBI only) and (2) intervention studies.
Of the 1481 articles initially identified, 17 were selected based on inclusion criteria. 16 articles were
single case designs (SCD) and one was a cohort study. Methodological qualities of eligible articles were
examined using the single-case experimental design (SCED) rating scale; the cohort study was qualita-
tively described.
Main outcomes and results: The interventions described fell into six broad categories - behavioral,
prosthetic, instrumental, pharmacological, augmentative and alternative communication (AAC), and
mixed intervention. Behavioral interventions received the most focus in the literature. The articles
rated using the SCED received an average score of 6.8, indicating moderate methodological quality.
Conclusions: This field currently lacks high-quality research. Further research is required to determine
the best clinical practice.
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Introduction

Traumatic Brain Injury (TBI) is defined as brain pathology, or
other alteration in the functioning of the brain, as a result of
an external force (1). The estimates of TBI global incidence
rates range from 10 million (2) to 69 million cases per year
(3). The World Health Organization predicts that by 2020,
TBI will become the third leading cause of death and disabil-
ity across the lifespan (4). It is suggested that this is largely
due to the increasing numbers of motor vehicles and asso-
ciated vehicular trauma in developing countries (2). Incidence
of TBI peaks in adolescence and early adulthood (5), with
injury to males being twice as common as females (6,7).

Advances in technology and acute management of TBI have
led to reductions in mortality rates (5). This, in conjunction with
a higher prevalence of youth sustaining TBI (5), has resulted in
the growth of the number of survivors in this population, leading
to a greater likelihood of a lifetime of disability (8,9).
Consequently, TBI is the greatest contributor to disability in
adults during their most economically productive years, with
considerable lost earning potential and costs related to long-term
care (10). Although similar to several other injury types, the
proportion of injury-related productivity loss attributed to TBI
(15.7%) is 14 times that associated with spinal cord injury,
another significantly disabling condition (10). In 2008, it was

estimated that TBI cost Australians $8.6 billion per year, with
a lifetime cost of $4.8 million per case of severe TBI (11).

Moscato, Trevisan, andWiller describe some estimates of the
prevalence of long-term handicap: 66% of their sample TBI
population required ongoing assistance with activities of daily
living; 75% were not working, and 90% reported dissatisfaction
or some limitations with social integration (12). Even among
young patients with mild injuries and an unremarkable pre-
injury status, one-third failed to achieve a good recovery (13).

Dysarthria is a common consequence of TBI, occurring in
approximately 10-65% of this population (14–17). Dysarthria is
a collective name for a group ofmotor speech disorders resulting
from disturbances in control over the speechmusculature due to
damage of the central or peripheral nervous system (18). There
are five systems that may be affected in dysarthria: respiration,
phonation, resonance, articulation, and prosody (18).
Individuals with dysarthria often produce speech with abnormal
characteristics, which decreases intelligibility to varying degrees.
These speech characteristics can be due to paralysis, spasticity, or
incoordination in the speech musculature (18,19).

The presence of dysarthria has significant implications for
the long-term quality of life for individuals with TBI (20).
Dysarthria in TBI is often chronic in nature; it has been
reported to be one of the most persistent of communication
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impairments in this population and is associated with loss of
vocational standing and social isolation (21). Thus, indivi-
duals with dysarthria are often vulnerable to social isolation
(19) and many experience difficulties with employment and
education (22). The considerably negative effects of dysarthria
in the presence of TBI mean that it needs to be treated in the
most efficacious fashion; if not, it will likely have significantly
detrimental effects on the patient’s wellbeing (19).

Traditionally, treatment for dysarthria following TBI focuses
on facilitating the efficiency, effectiveness, and naturalness of
communication (23,24). Treatment selection depends on
a number of factors, including severity, prognosis of the under-
lying neurological disorder, perceptual characteristics of the indi-
vidual’s speech, the communication needs of the individual, and
the presence of co-occurring conditions (25). There is a wide
variety of interventions for dysarthria in adults following TBI
discussed in the literature. These include behavioral (e.g. Lee
Silverman Voice Treatment (LSVT) (26)), prosthetic (e.g. Palatal
Lift Prosthesis) (27), instrumental (e.g. Electropalatography
(EPG)) (28), pharmacological (e.g. prescribing a dopamine ago-
nist) (29), and the use of AACdevices (e.g. Alphabet supplementa-
tion (AS)) (30).

Due to the need to understand the efficacy of this diverse
range of interventions, a limited number of systematic reviews
have been conducted on treatment for dysarthria following
non-progressive brain damage (17,31). These studies, how-
ever, view non-progressive brain damage as a broad category,
which includes TBI, stroke, meningitis, encephalitis, post-
surgical meningioma, and acoustic neuroma (31). This is
problematic as it fails to address the major underlying differ-
ences in the mechanisms by which the damage occurs and the
resulting pathologies. The mechanisms of injury vary substan-
tially in TBI compared to other forms of non-progressive
brain damage. These differences lead to unique pathophysio-
logical factors that negatively affect the way in which the
patient is able to engage in rehabilitation, and consequently,
the resulting outcomes. These may include fatigue, sleep dis-
turbances, and headaches (2,32), which may be transient or
persist long term (2). Neuropsychiatric changes are also com-
mon sequelae of TBI and often include depression, cognitive
impairments, and personality and behavioral changes (33–38).

Cognitive impairment following TBI is frequently reported as
the most common and debilitating symptom experienced, with
65% of patients with moderate to severe level of TBI reporting
long-term problems in this area (39). Cognitive deficits are addi-
tionally, a significant contributor to an individual’s perception of
personal disability (40). While some patients who experience
other non-progressive causes of brain damage may also experi-
ence cognitive impairments, Zhang and colleagues (40) report
that clinically, cognitive deficits as a result of TBI compared to
stroke differ in mechanisms, clinical manifestations, prognosis,
and outcomes (37,41). Specifically, individuals sustaining TBI
may experience cognitive deficits in areas of attention, working
memory, processing speed, and executive functions (40). These
cognitive impairments can have a significant impact on an indi-
vidual’s capacity to adequately engage in interventions.

As a result of these numerous and highly prevalent phy-
siological and neuropsychiatric disturbances, patients who

have sustained TBI are likely to engage in intervention for
dysarthria differently than patients with other forms of non-
progressive brain damage. Despite this, it is clear that clin-
icians are, indeed, treating dysarthria in this clinical popula-
tion. Data on Speech Language Pathology (SLP) treatment
outcomes and patterns for adults with TBI demonstrate that
SLPs are providing treatment to adults with TBI for dysarthria
in both inpatient and outpatient settings, and this is a feature
of current clinical practice (42,43). Further, SLP clinical prac-
tice guidelines endorse the management and treatment of
dysarthria following TBI internationally by the American
Speech-Language-Hearing Association, the Royal College of
Speech Language Therapists and the New Zealand Guidelines
Group (19,44,45). Providing treatment and management for
dysarthria post-TBI (and ABI) was also a recommendation
from a recent Cochrane review (17). It is therefore of critical
importance to understand the effectiveness of dysarthria
intervention in a TBI specific population.

We conducted a scoping review in order to summarize the
profile of existing interventions for dysarthria in a TBI spe-
cific population and to identify gaps in the existing literature.
The current study aims to answer the following questions in
this scoping review:

(1) What interventions are present in the literature for
treating adults with dysarthria following TBI?

(2) Which interventions for dysarthria following TBI are
effective?

(3) What is the methodological quality of studies that
have evaluated dysarthria interventions for adults
following TBI?

Method

A scoping review of the current literature was completed follow-
ing the procedure outlined by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(46). According to the Joanna Briggs Institute’s Reviewer’s
Manual, a scoping review is a type of review that aims to deter-
mine the size and scope of a body of literature on a particular
topic. Our aims were quite broad in investigating this topic, so it
was deemed more appropriate to classify the current study as
a scoping review, rather than a systematic review.

Eligibility criteria

Types of participants
Participants in the included studies were adults with TBI (onset
at age >18 years), and a subsequent diagnosis of dysarthria.
Studies with participants with non-traumatic brain injuries
such as stroke, brain inflammation conditions (e.g. encephalitis),
and progressive neurodegenerative disorders (e.g. dementia)
were excluded from the scoping review. Studies that included
children or mixed etiologies were also omitted from the review.

Types of interventions
Only studies which described a specific treatment that was
delivered to patients with dysarthria following TBI were
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considered in the review. Interventions included behavioral,
prosthetic, instrumental, pharmacological, and the use of AAC
devices.

Types of outcome measures
Studies measured the effectiveness of treatment by comparing pre
and post-therapy performance using standardized perceptual
assessments of intelligibility (e.g. Assessment of Intelligibility of
Dysarthric Speech) (47) and speech functions (e.g. Frenchay
Dysarthria Assessment) (48). Outcome measures also included
physiological measures (e.g. respiratory airflow), acoustic mea-
sures (e.g. spectrogram computer programs), instrumental mea-
sures (e.g. flexible nasendocopy), and measures of impact on
functional communication (e.g. Voice Handicap Index) (49).

Types of studies
Studies meeting levels II–IV of the National Health and Medical
Research Council (NHMRC) evidence hierarchy (50) were
included in the present review, with the exception of systematic
reviews. These were not classified as treatment studies as per the
inclusion criteria. Additionally, reports, conference abstracts,
book chapters, and theses were excluded from the review.

Search strategy

Electronic databases included in the search process included gen-
eral medicine and allied health databases such as CINAHL,
EMBASE, PsycINFO, PubMed, and SCOPUS which were
searched for articles until June 2018, and more specialized data-
bases such as SpeechBITE and Cochrane Library for articles until
July 2018. Search terms for the CINAHL, EMBASE, PsycINFO,
PubMed, and SCOPUS databases included the following search
strings: ‘traumatic brain injury,’ ‘traumatic brain injuries,’
‘acquired brain injury,’ ‘acquired brain injuries,’ ‘brain injury,’
‘brain injuries,’ ‘head injury,’ ‘head injuries,’ ‘brain damage,’
‘brain damaged,’ ‘TBI,’ and ‘ABI,’ which were combined using
the Boolean operator ‘OR.’ Search terms in the title/abstract
included: ‘trauma’ OR ‘traumatic’ AND ‘head’ OR ‘brain’ and
‘dysarthria.’MeSH terms included ‘brain injuries,’ ‘brain injuries,
traumatic’ OR ‘brain injury, chronic’ OR ‘brain injuries, diffuse’
and ‘dysarthria.’The search strategy entries and relevant key terms
were adjusted to comply with the requirements of each particular
database. The exact search strategies for PubMed and Cochrane
Library are provided in detail in Appendix A. Only articles pub-
lished in English in peer-reviewed journals were considered.
A gray literature search was also conducted and no additional
studies were identified.

The initial pool of search results yielded an overall total of
2655 articles. After the removal of duplicates, 1481 remained.
From this pool, 72 were considered relevant for inclusion based
on title and abstract. Two researchers independently reviewed
random samples of 10% each of the total articles and achieved
a consensus 96.8%. Any disagreements between the reviewers
were discussed until a resolution was reached; in the case that
a resolution could not be reached, a third party was consulted.
The 72 articles considered relevant for inclusion based on title
and abstract were divided between three independent research-
ers, who determined whether the articles met inclusion and
exclusion criteria upon accessing the full text. A fourth

independent researcher reviewed a random sample of 10% of
the 72 articles and achieved a consensus of 100% regarding
inclusion/exclusion. In total, 17 studies were determined to
have met the eligibility criteria for their inclusion in the review.
A summary of the search process is demonstrated in Figure 1.

Quality review

The Single Case Experimental Design (SCED) rating scale
(51) was used to evaluate the methodological quality of 16
of the 17 studies. The remaining study was a cohort study,
which will be described in detail in the Results section. The
SCED rating scale was chosen because it specifically appraises
the methodological quality of Single Case Designs (SCDs) that
are distinct to Randomized Control Trials and other group
designs, by evaluating the study against set criteria (51). The
SCED uses an 11-point scale, where a score between 0 and 10
was allocated, with higher scores indicating higher methodo-
logical quality (see Table 1). The 16 articles were scored across
two rounds, with each study receiving two independent SCED
ratings based on the set criteria. A consensus of 96.6% was
reached, and any disagreements between the reviewers were
discussed until a resolution was achieved.

The final SCED ratings for each SCD study are displayed in
harvest plots in the Results section of this article. Harvest plots
are ideal visual representations for systematic and scoping
reviews as they allow readers to view information for multiple
studies regarding study design suitability, methodological qual-
ity and outcome measures (52,53). Modified harvest plots (52)
consist of stacked bars displaying multiple features, with bar
height representing overall methodological quality. Due to the
heterogeneity in the reviewed articles, a meta-analysis was not
possible; therefore, data from the reviewed studies were sum-
marized descriptively in a table in the Results section. Studies
were ordered according to their methodological quality.

Results

Participants

The participant characteristics in each of the 17 articles eval-
uated are outlined in Table 2. The number of participants in
each study ranged from one to 28, with 16 of the 17 articles as
SCD. The age of participants ranged from 18 to 45 years.
Eighty percent of the participants were male.

The type of dysarthria, according to conventional dysar-
thria classification guidelines (54) was mentioned in all but
five studies. Of these five studies, three studies described their
patients as presenting with “velopharyngeal incompetence,”
while the remaining two studies did not specify the dysarthria
subtype. All dysarthria subtypes were present across the par-
ticipants in the included studies, with the exception of hyper-
kinetic dysarthria. Mixed dysarthria constituted just over 30%
of the sample, with spastic-ataxic dysarthria noted to be the
most common form, followed by spastic-flaccid dysarthria.
Velopharyngeal incompetence was the most frequently occur-
ring characteristic of dysarthria.

TBI severity was reported via the Glasgow Coma Scale
(GCS), period of Post-traumatic Amnesia (PTA), or by
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a descriptor term (e.g. ‘severe’) in 13 of the 17 articles. Two
studies reported a TBI severity rating of ‘severe,’ while six
studies reported the patient’s GCS score at the time of injury
instead. These scores ranged from 3 to 4, indicative of a severe
head injury. PTA duration was reported in only 5 studies,
ranging from 30 days to 159 days, again, indicating severe
head injury. Dysarthria severity was reported in 9 of the 17
articles, ranging from ‘mild’ to ‘severe.’ Time since onset of

injury in which the intervention was initiated was reported in
13 articles. This ranged from approximately 2 months to 4
years, with an average of 18 months post-injury.

In the 10 articles which did address the cognitive ability of
the participants, various approaches were used. Some studies
simply reported the presence or absence of cognitive impair-
ment, e.g.McMicken et al. (55), while others reported the
results of a battery of cognitive assessments, e.g.Solomon
et al. (56). The three most commonly reported cognitive
impairments in the articles reviewed were memory deficits
(26,28,57–59) as well as the decreased speed of information
processing and attention deficits (58,59).

Methodological quality

The overall SCED ratings from the 16 SCDs ranged from 0 to 10
(maximum possible rating, 10), with an average of 6.8, as seen in
Figure 2. The article which received the highest score of 10 was
Cahill and colleagues (60), which used an instrumental approach

Figure 1. PRISMA flow chart outlining the search procedure used to identify the studies included in the final review.

Table 1. Single-case experimental design ratings.

Condensed
Category SCED Item

Target behavior 2. Target behaviors defined
Design 3. A-B-A or multiple baseline design used

4. Sufficient baseline sampling conducted
5. Sufficient sampling conducted in the treatment
phase
6. Raw data points reported

Bias 7. Interrater reliability established for 1 target behavior
8. Independent assessors

Statistics 9. Statistical analysis
Transferability 10. Replication

11. Generalization

4 P. GANDHI ET AL.
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to treating dysarthria. This was followed by three studies that
received a score of 9: an AAC intervention by Nordness et al.
(30), and two behavioral management approaches by Solomon
et al. (56) and Solomon et al. (26). All four studies provided
adequate detail regarding study design, target behaviors, and
bias, though Nordness et al. (30) lacked evidence regarding
generalizability; Solomon et al. (56) lacked detail about statistical
analysis; and Solomon et al. (26) had no evidence of replication.
Three studies received a score of 2 or below, indicating poor
methodological quality. Of these, a behavioral study by Aten
received the lowest score of 0 (61), while the remaining two
studies which evaluated a prosthetic approach to treatment
achieved a score of 2.

Across the studies, one methodological feature that was
frequently lacking was blinding. No studies included subject,
therapist, and assessor blinding. Given that the majority of the
interventions in this review were behavioral in nature, a lack
of blinding for this intervention type was an inherent limita-
tion. It is necessary to consider the implications of this, such
as assessment and performance bias, which may affect the
validity of the studies.

Evidence of maintenance of improvements was also limited
across most studies. Eight of the 17 studies included some
form of follow-up assessment, and one study also provided
‘follow-up treatment.’ This comprised of a 10-week period of
treatment at decreased intensity directly following completion
of the previous treatment phases. Follow-up assessments var-
ied from 1 month to 1-year post-treatment, with only one
study including multiple follow-ups, at 1 month and 2 months
post-treatment.

Details regarding generalization of intervention outcomes
were inconsistent across studies. Seven studies reported evi-
dence that benefits from treatment occurred beyond the treat-
ment setting. Replication was even less frequently evidenced,
with only four studies reporting replication across participants.
No studies reported replication across therapists or settings.

A comprehensive summary of the intervention types is pro-
vided in Table 3.

Intensity and duration

The interventions described above were provided individually,
with only one study including group therapy as part of
a follow-up measure. The intensity of the interventions varied
greatly, from approximately 15 minutes per week to 4 hours
per week, with six studies not reporting the intervention
intensity at all. Of the eight studies that reported length of
session, as well as the number of sessions per week, the
average intensity was 136 minutes per week. However, no
such intensity measures could be reported for prosthetic or
pharmacological interventions given the nature of their
administration. The time frames established varied across
the studies. Of the 11 studies that reported intervention
length, there was a range of 9 days to 12 months, with an
average of 13 weeks. A summary of the intervention
approaches and outcomes is provided below.

Intervention and outcomes

The 17 articles reviewed included a diverse range of interven-
tion approaches. These included seven behavioral, three pros-
thetic, three instrumental, two pharmacological, as well as one
AAC, and one mixed intervention (see Table 3).

Behavioral interventions
A number of different approaches were used across the seven
behavioral interventions to treat a variety of dysarthria subtypes.
These included the use of Lee Silverman Voice Treatment
(LSVT) (62), Breathing-for-Speech Treatment (BST), and
a modified Ryan Fluency Programme (RFP) (26,55,56,63).
These intervention approaches aimed to improve the intellig-
ibility of speech by targeting respiration and phonation

Figure 2. Single-case experimental design data harvest plot.
Maximum indicates the highest possible score that a study could receive in each category. Study identification numbers are: [1], Cahill et al.; [2], Solomon et al. (56);
[3], Solomon et al. (26); [4], Nordness et al.; [5], Pilon et al.; [6], McGhee et al.; [7], Goldstein et al.; [8], Hartelius et al.; [9], Honda et al.; [10], McHenry (2002); [11],
McHenry (29); [12], McMicken et al.; [13], Nemec & Cohen; [14], Rilo et al.; [15], Brand et al.; [16], Aten.

6 P. GANDHI ET AL.
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dysfunction. One study also investigated compensatory strate-
gies to minimize resonance abnormalities on speech production,
by establishing high phonatory effort (64). Aten investigated the
effect of strengthening respiratory control in order to enhance
phonation (61). Pilon and colleagues used external rate control
techniques focused on the prosodic aspects of speech (65).
Overall, while intelligibility appeared to improve across all beha-
vioral studies, these gains were not consistently maintained at
follow-up, and generalization was rarely evident. Strengths of
these behaviorally based intervention studies included
a sufficient description of target behaviors and design for repli-
cation, with weaknesses noted in ecological validity. Excluding
one outlier study which received a score of 0, the average SCED
score for behavioral interventions was 8, indicating overall mod-
erate to high methodological quality.

Prosthetic interventions
Three studies investigated the effect of prosthetic devices on
the resonatory characteristics of dysarthric speech, as a result
of velopharyngeal incompetence. Honda et al. (66) and Rilo
et al. (27) both investigated the effect of fitting a Palatal Lift
Prosthesis (PLP); however, Honda and colleagues (66) also
incorporated an unknown period of unspecified speech ther-
apy into their intervention program. Brand et al. (57) also
investigated the effects of a PLP but focused more on solving
the problem of limited retention of the device. All three
studies suggested that fitting a PLP device was beneficial in
decreasing hypernasality, though there was limited evidence
of generalizability of treatment. The SCED ratings of these
prosthetic studies ranged from 2 to 7, with an average of 3.6,
suggesting overall poor methodological quality. Two of the
three prosthetic studies were limited in their description of
data collection, variables addressing bias, statistical analysis,
and transferability.

Instrumental interventions
Three studies investigated the effect of an instrumental inter-
vention approach on patients with flaccid and spastic dysar-
thria. The devices used, as well as the time frame and
approach to therapy tasks, differed across the studies. These
included the use of electropalatography (EPG) (28) and elec-
tromyographic (EMG) neuromuscular biofeedback (68) to
target imprecise articulation, and Continuous Positive
Airway Pressure (CPAP) (60) therapy to target resonance
and reduce hypernasality. EPG and EMG appeared to have
an overall positive effect on increasing intelligibility, while
CPAP had varying degrees of improvement at follow-up.
Across all studies, there was inconsistent evidence of general-
ization of gains. The devices used, as well as the time frame
and approach to therapy tasks, differed across the studies. The
overall methodological quality of the instrumental studies
ranged from 4 to 10 on the SCED scale, with an average of
7, suggesting moderate quality. While one study received
a maximum score (60), the two other studies had weaknesses
in the areas of addressing bias, and transferability. All three
instrumental studies had strengths in describing target beha-
viors, as well as study design.

Pharmacological interventions
Two studies evaluated the effectiveness of pharmacological
treatments on dysarthria. One study investigated the effects
of Permax (a dopamine agonist) on hypokinetic dysarthric
speech, while the second study examined the impact of
Botulinum Toxin A injection into the thyroarytenoid muscles
on spastic dysarthric speech. While results in both pharma-
cological studies demonstrated little evidence of objective
improvement, participants in both studies reported satisfac-
tion with the treatments and perceived gains. No evidence of
follow-up or generalization beyond the therapy setting was
noted. According to the SCED, both pharmacological studies
received scores of 7 indicating moderate methodological qual-
ity. These studies lacked sufficient detail with regard to sta-
tistical analysis and transferability. Strengths lay in describing
target behaviors, study design and addressing risk of bias.

AAC interventions
One study described the use of an AAC device to accompany
speech in patients with mixed spastic subtypes of dysarthria.
They found that the AS intervention resulted in increased
speech intelligibility and decreased speaking rate due to
increased pause frequency and duration. This study received
a SCED rating of 9 indicating strong methodological quality.
The only weakness noted was the lack of generalizability of
treatment outcomes.

Mixed intervention
While the previously discussed studies focused on one
approach to treating dysarthria, Goldstein and colleagues
(58) presented a unique mixed approach. This intervention
combined prosthetic and instrumental approaches in the
treatment of a patient with severe dysarthria and velophar-
yngeal incompetence. Results indicated improvements in
speech breathing, intelligibility, and improved articulation.
Performance at 6-month follow-up was maintained with the
PLP in place. This study received a SCED rating of 7 indicat-
ing moderate methodological quality. While the study pro-
vided evidence of generalization, it did not adequately address
the risk of bias.

Discussion

Dysarthria is highly prevalent in the TBI population (14,15). It
can often have unrelenting and detrimental effects on an
individual’s capacity to effectively communicate, increasing
the likelihood of long-term disability (20,33). Cognitive
impairments also commonly accompany traumatic injuries
to the brain and may affect the outcomes of intervention for
dysarthria in this population (39). The identification of effec-
tive interventions for dysarthria in this complex and vastly
heterogeneous population is therefore required. This scoping
review aimed to answer three pertinent research questions
regarding dysarthria following TBI in an adult population; 1)
what interventions are present in the literature, 2) which
interventions are effective, and 3) what is the methodological
quality of studies?
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The results of this review found a number of intervention
types in the literature. These included behavioral, prosthetic,
instrumental, pharmacological, AAC, and mixed approaches
to treating dysarthria. Of the studies in this review, behavioral
approaches were the most prevalent. Specific interventions
included standardized programs such as LSVT, BST, and
a modified RFP, as well as the use of external rate control
strategies. Instrumental interventions included EPG, EMG,
and CPAP, while all of the prosthetic interventions utilized
application of a PLP. Two studies investigated the use of
pharmacological interventions in treating dysarthria. One of
these investigated the effect of prescribing a dopamine agonist
whereas the other study evaluated the effect of injecting botu-
linum toxin into the thyroarytenoid muscles. A single study
implemented an AAC approach by using AS, while another
study used a combination of prosthetic and instrumental
techniques in the treatment of dysarthria following TBI.

The effectiveness of treatment varied across and within inter-
vention types. Behavioral approaches were implemented across
the most diverse dysarthria subtype presentations and reported
improvements for the particular skills they addressed. While the
methodological quality of these approaches was moderate to
high, not all studies demonstrated maintenance at follow-up,
reflecting limited evidence of functional speech improvements
in everyday life.

The few instrumental approaches present in the literature
were used with patients with flaccid and spastic dysarthria,
with consistently positive outcomes, and moderate methodolo-
gical quality. There was preliminary evidence that using
a prosthetic approach to treating velopharyngeal incompetence
was beneficial; however, the overall methodological quality of
these prosthetic studies was low. Therefore, it is difficult to draw
conclusions regarding the effectiveness and maintenance of this
intervention type beyond the treatment setting.

Other types of interventions have received comparatively
little formal investigation.

For the few studies which investigated an AAC and phar-
macological approach, benefits were reported in treating
mixed-spastic and hypokinetic dysarthria types. Although
the methodological quality of these studies was consistently
moderate to high, given the small number of studies, paired
with inconsistent treatment findings, limited conclusions can
be drawn about the effectiveness of these interventions.

The one study that used an eclectic approach to treat
a patient with deficits across multiple subsystems appeared
to substantially mitigate the patient’s severe communication
problem, with improvements across all areas of impairment.
This was reflected post-treatment and maintained at 6-month
follow-up. Functional speech was also addressed through
individual and group therapy, which appeared beneficial.
Despite only one study investigating this combination
approach to treating dysarthria, a score indicating moderate
methodological quality suggests that such an approach has the
potential to yield positive results with further investigation.

The overallmethodological strength of the SCDs as rated by the
SCED ranged from a score of 0 to 10, with an average of 6.8,
indicative of moderate quality (see Figure 1). As described above,
the current literature of treatment for dysarthria following TBI is
clearly limited in quantity and favors single case studies. The lack

of large scale clinically controlled trials is potentially related to the
extreme heterogeneity and complexity of the TBI population, and
consequent presentation of dysarthria. Themethodological quality
of many of the SCD articles reviewed suggested there is potential
for improvement in the design of investigations of specific
treatments.

Study limitations

While this review aimed to provide a summary of the current
evidence both in terms of methodological rigor and treatment
content and outcomes in the area of dysarthria treatment follow-
ingTBI, therewere some limitations to the review. Every effortwas
made to conduct a comprehensive search of available evidence;
however, it is possible that studies may have been missed (e.g.
those not published in English), and hence not included in the
scoping review. In addition, the lack of a uniform rating scale for
evaluating methodological quality across all study designs
reviewed limited the ability to fully synthesize the study in terms
ofmethodological rigor. Inparticular, one cohort studywas unable
to be rated as thoroughly. It was also not possible to conduct
a meta-analysis of the data from the studies reviewed, due to the
vast differences in research methods and outcome measures pro-
vided in each study.

Clinical implications

This review emphasized the heterogeneity of intervention
approaches when providing management of cases of dysarthria
following TBI. The findings of this review have highlighted how
little is understood about best practice for treating this complex
and diverse population. The presence of dysarthria following
TBI evidently has implications for long-term quality of life,
and as such, SLP clinical practice guidelines endorse themanage-
ment and treatment of dysarthria following TBI internationally.
It is clearly apparent that clinicians are abiding by this in every-
day practice. The presence of dysarthria following TBI evidently
has implications for long-term quality of life, and as such, SLP
clinical practice guidelines endorse the management and treat-
ment of dysarthria following TBI internationally. It is clearly
apparent that clinicians are abiding by this in everyday practice.

While the majority of studies reported improved intellig-
ibility following intervention, measures of functional
improvement were rarely undertaken. Only two studies used
a measure to determine the psychosocial consequences of the
patient’s speech disorder pre- and post-treatment. Therefore,
due to this lack of evidence of improvement in functional
speech or perceived communication abilities and their impact
on the quality of life, it is difficult to draw conclusions about
the true effectiveness of these interventions. Further research
in this area with a focus on functional outcomes is warranted.

While seven out of 17 articles reported that their participants
presented with a cognitive impairment post-TBI, only four
reported addressing these cognitive impairments in their therapy
approach. Previous literature has reported that cognitive impair-
ments may impact on an individual’s capacity to engage in, and
consequently benefit from therapy. Therefore, it would seem
crucial for clinicians to modify their treatment approach to
account for these impairments. Interestingly, the few studies in
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our review that accounted for these impairments did not yield
notably different outcomes compared to the studies that did not. It
is important to note that the degree to which the cognitive
impairment was addressed in these four studies varied greatly.
For instance, while one study used compensatory strategies to
account for memory deficits, another increased therapy duration
to address the same. An additional study altered the way in which
therapy was delivered by providing multimodal cueing to over-
come potential impairments in executive function and memory,
while another simplified therapy tasks altogether. Because of the
varied nature in which cognitive impairments were addressed in
these studies, it is difficult to draw conclusions about the added
benefit of modifying treatment to account for these deficits.

It is also important to note the lack of recent contributions to
this area of research. The vast majority of studies in this review
were published over 10 years ago. This has implications for
clinical practice, given advances in medical technology,
improved understanding of brain localization and neuroplasti-
city, as well as changes in treatment approaches and guidelines.
It is imperative that research in this area be updated in order to
determine best practice in treating this population.

Conclusion

The research in the area of dysarthria treatment following TBI
has explored a diverse range of interventions. Behavioral
interventions have received the most focus in the literature,
and appear to be consistently effective, with some demonstrat-
ing maintenance at follow-up. Instrumental and prosthetic
approaches were comparatively less prevalent in the literature,
but demonstrated some promising results; other approaches
were limited. It is evident that this field requires high-quality
research to inform the best clinical practice.
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Appendix A.

PubMed Search Strategy

(1) “traumatic brain injury” OR “traumatic brain injuries” OR
“acquired brain injury” OR “acquired brain injuries” OR “brain
injury” OR “brain injuries” OR “head injury” OR “head injuries”
OR “brain damage” OR “brain damaged” OR TBI OR ABI

(2) (trauma[TIAB] OR traumatic[TIAB]) AND (head[TIAB] OR
brain[TIAB])

(3) “Brain injuries, Traumatic”[Mesh]
(4) “Brain injuries”[Mesh] OR “Brain Injury, Chronic”[Mesh] OR

“Brain Injuries, Diffuse”[Mesh]
(5) ((((“traumatic brain injury” OR “traumatic brain injuries” OR

“acquired brain injury” OR “acquired brain injuries” OR “brain
injury” OR “brain injuries” OR “head injury” OR “head injuries”
OR “brain damage” OR “brain damaged” OR TBI OR ABI)) OR

((trauma[TIAB] OR traumatic[TIAB]) AND (head[TIAB] or
brain[TIAB]))) OR “Brain Injuries, Traumatic”[Mesh]) OR
(“Brain Injuries”[Mesh] OR “Brain Injury, Chronic”[Mesh] OR
“Brain Injuries, Diffuse”[Mesh])

(6) “Dysarthria”[Mesh]
(7) dysarthria
(8) dysarthria[TIAB]
(9) (dysarthria[TIAB]) OR “Dysarthria”[Mesh]
(10) (((dysarthria[TIAB]) OR “Dysarthria”[Mesh])) AND (((((“trau-

matic brain injury” OR “traumatic brain injuries” OR “acquired
brain injury” OR “acquired brain injuries” OR “brain injury” OR
“brain injuries” OR “head injury” OR “head injuries” OR “brain
damage” OR “brain damaged” OR TBI OR ABI)) OR ((trauma-
[TIAB] OR traumatic[TIAB]) AND (head[TIAB] OR brain-
[TIAB]))) OR “Brain Injuries, Traumatic”[Mesh]) OR (“Brain
Injuries”[Mesh] OR “Brain Injury, Chronic”[Mesh] OR “Brain
Injuries, Diffuse”[Mesh]))

Cochrane Library Search Strategy

(1) dysarthria:ti,ab,kw (Word variations have been searched)
(2) MeSH descriptor: [Brain Injuries, Traumatic] explode all trees
(3) tbi or “traumatic brain injur*” or “acquired brain injur*” or ABI
(4) “head injur*” or brain damage
(5) MeSH descriptor: [Brain Injury, Chronic] explode all trees
(6) MeSH descriptor: [Brain Injuries, Diffuse] explode all trees
(7) #2 or #3 or #4 or #5 or #6
(8) 8. #1 and #7
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