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A Narrative Review of the
Intervention Techniques

for Childhood Apraxia of
Speech

KATHERINE MAHONEY

hildhood Apraxia of Speech (CAS) is a speech disorder
‘ that affects development of the motor planning skills

needed for the production of speech. According to
prevalence data, CAS affects approximately two children per
1,000 (Bauman-Waengler, 2012, p.366). For normal speech
production to occur, the brain requires an accurate, sequenced
plan to coordinate the movement and sequence of muscles
within the vocal tract. The development of motor planning
for speech production is impaired in children with CAS, result-
ing in uncoordinated vocal tract muscle movements. This can
lead to multiple speech sound errors which can create a speech
pattern that significantly impacts the child’s ability to commu-
nicate verbally. CAS is often described as a “motor planning
disorder in the absence of motor weakness” (Velleman, 2003,
p- 2). Therefore, the motor difficulties within CAS are not re-
lated to muscle tone but are related to the plan of (vocal tract)
muscle movement, including sequencing and transitioning of
vocal tract movements (Velleman, 2003, p. 3).

Historically, CAS has been termeddevelopmental apraxia
of speech and developmental verbal dyspraxia (Teverovsky,
Bickel, & Feldman, 2009, p. 95). Eartly terms for the disor-
der have included developmental articulatory dyspraxia, con-
genital articulatory apraxia and developmental verbal apraxia
(Bauman-Waengler, 2012, p. 365). The term dyspraxia refers
to an impaired praxis (the ability to plan for voluntary mo-
tor movement) and does not accurately reflect the severity of
the disorder; therefore apraxia serves as a more appropriate
term to assist in the labeling of the disorder (Velleman, 2003,
p- 2). The use of the term developmental is also controversial
because it denotes a disorder that will improve without speech-
language therapy and is therefore hard to cover through insur-
ance (Velleman, 2003, p. 4). Insurance companies have often
denied covering all speech or language therapy that has been
termed developmental (McCarty, 2013). Although CAS has
been termed a developmental disorder, the nature of the dis-
order is also neurological (McCarty, 2013). The cutrrent term
for the disorder, Childhood Apraxia of Speech, removes the
“developmental” label because CAS differs from a develop-
mental delay, and arises from abnormal physiological function
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in which the brain has difficulty motor planning for speech
(McCarty, 2013). The prognosis of CAS is emblematic of the
time in which CAS is diagnosed and the intensity of the inter-
vention (Velleman, 2003, p. 8).

CAS is a complex speech disorder affected by many factors.
Although CAS is a speech disorder that affects the motor
planning skills for speech and the coordination of vocal tract
muscle movements, the disorder does occur concurrently
with phonological difficulties (Velleman, 2003, p. 2). There
are many different symptoms that can occur with the disor-
der; however, there are no specific phonological characteristics
that must be present in the diagnosis (Bauman-Waengler, 2012,
p.368). The technical report for CAS produced by the Ameri-
can Speech-Language-Hearing Association lists the following
segmental and suprasegmental characteristics of the disorder:
“inconsistent errors on consonants and vowels in repeated
productions of syllables or words, lengthened and disrupted
coarticulatory transitions between sounds and syllables, and
inappropriate prosody” (ASHA, 2007). Other characteristics
that have been associated with the disorder include errors dur-
ing the production of complex speech sounds, unusual errors
that are not typical with other speech sound disorders, addition
of speech sounds, omission of speech sounds, voicing errors,
vowel errors, diphthong errors, sequencing difficulties, nasal-
ity difficulties, and groping behavior (Bauman-Waengler, 2012,
p. 366). As mentioned previously, CAS can also occur with
phonological and linguistic difficulties. Some phonological and
linguistic characteristics that have been associated with CAS
include “difficulty identifying rhymes and syllables” (Bauman-
Waengler, 2012, p. 368). Aside from these symptoms, studies
have revealed other possible characteristics that include aca-
demic difficulties and oral motor difficulties (Teverovsky et al.,
2009, p. 95). Additionally, research has not yet identified an
etiology for this disorder. The combination of factors makes
the diagnosis of CAS difficult.

It is important to note that CAS is different than acquired
apraxia of speech (AOS), a speech disorder resulting from
neurological damage, including stroke or traumatic brain inju-
ry (Wambaugh, Nessler, Cameron, & Mauszycki, 2013, p. 84).
Although both CAS and acquired apraxia of speech (AOS)
are characterized by speech errors that stem from impaired
motor programming rather than muscle weakness, there are
important differences. (Bauman-Waengler, 2012, p. 395). An
underlying difference between CAS and AOS is the etiology
of the disorder. The etiology of AOS is damage to the central
nervous system (Bauman-Waengler, 2012, p. 395). AOS may
result from injury to the frontal lobe including Broca’s area, the
supplemental motor cortex, the basal ganglia and other cortical
regions as well (Bauman-Waengler, 2012, p. 395). For a child
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with CAS, there is no known cause or etiology for the disorder
and a paucity of information makes the disorder difficult to
diagnose. Another difference between AOS and CAS is the im-
pact that CAS has on phonological and linguistic development
(ASHA, 2007). CAS is a motor speech disorder that can co-
occur with phonological impairments, where AOS is typically
free of phonological or linguistic impairments unless AOS oc-
curs with aphasia (Bauman-Waengler, 2012, 3906).

Research of CAS has examined genetic and neurological com-
ponents of the disorder. Some research has shown CAS to be
“highly heritable” and that some children with a diagnosis of
CAS have family members who also have speech and language
disorders (Lewis, Freebairn, Hansen, Taylor, lyengar, & Shrib-
erg, 2004, p. 158). Researchers have studied a family pedigree
of many members with a speech sound disorder. The pedigree,
referred to as the K.E. family, has been shown to have char-
acteristics of CAS including sequencing difficulties (Lewis et
al., 2004, p. 158). Genetic testing of the K.E. family showed
a mutation known as the FOXP2 gene (Lewis et al., 2004, p.
158). Neuroimaging of the K.E. family revealed frontal lobe
and caudate nucleus abnormalities, two structutes ctitical to
speech production (Lewis et al., 2004, p. 158). The research of
the K.E. family has led to further family pedigree research for
families with members who have CAS. Studies on subsequent
families have supported the previous findings of the K.E. fam-
ily for a familial aggregation of CAS and other speech sound
disorders (Lewis et al., 2004, p. 168). However, these studies
do not provide enough support to consider the family pedigree
findings as a recognized etiology for the disorder (Lewis et al.,
2004, p. 169).

Further research has examined the neurological components
of CAS. Neuroimaging studies have been reported as normal
for two thirds of cases (Liégeois &Morgan, 2012, p. 444). An
MRI for one case of CAS reported incomplete myelination
(the insulated layer that forms around the axon of a neuron)
(Liégeois & Morgan, 2012, p. 444). However, Liégeois and
Morgan (2012) noted that one case is not enough evidence to
generalize this type of neurological basis for all cases of CAS
(p. 444). Neuroimaging research conducted by Lewis (2008)
incorporated functional magnetic resonance imaging technol-
ogy for children with childhood apraxia of speech. During the
neuroimaging procedure, participants were asked to participate
in a nonword repetition speech task (Lewis, 2008). Results of
the neuroimaging study revealed activation patterns in Broca’s
area that are considered abnormal, including little activation
and no activation (Lewis, 2008).

There is no standard intervtion approach to treat CAS; differ-
ent approaches are recommended (Bauman-Waengler, 2012, p.
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369). Murray, McCabe and Ballard (2014) conducted a system-
atic review of CAS intervention studies from 1970 to 2012 (p.
2). The authors reviewed 42 articles and examined the efficacy
of the intervention approaches that were analyzed while ex-
cluding other systematic reviews from their study (Murray et
al., 2014, p.8). The Cochrane journal conducted a systematic
review which examined previous intervention studies of CAS
though January 2007 (Morgan & Vogel, 2009, p. 103). The Co-
chrane systematic review examined 31 articles, and after care-
ful consideration, all 31 studies were excluded (p. 106). The
Cochrane review only pursued CAS intervention studies that
were randomized control trials and quasi-randomized studies
and none of the studies met their criteria (p. 105).

Systematic reviews contain collected and analyzed data from
other researchers and provide high level evidence (Haynes &
Johnson, 2009, p. 311). Systematic reviews “aim to answer a
specific question in a way that minimizes biases present in the
primary research and biases within the review process itself”
(Garrett & Thomas, 2000, p. 97). A systematic review of inter-
ventions informs speech-language pathologists of the current
research and allows them to make decisions consistent with
the guidelines of evidence-based practice (Garret & Thomas,
2000, p. 102). A combination of current scientific evidence,
client or stakeholder’s preferences and the clinician’s expertise
determines the best treatment option (Haynes & Johnson,
2009, p. 418). Systematic reviews are critical to “validate re-
search because causality between treatment and positive pa-
tient outcomes cannot be established on the basis of a single
investigation” (Haynes & Johnson, 2009, p. 309). There are
two schools of thought in regard to the concept of systematic
reviews. According to Baker and McLeod (2011), systematic
reviews contain a “relatively small portion of available stud-
ies” focused on published randomized controlled trials (RCTs)
(p- 103). However, according to Garrett and Thomas (20006), a
systematic review is not restricted to only experimental studies,
but may also include non-experimental studies and case studies
when appropriate (p. 98). For the purpose of this study, we are
going to adopt the Baker and McLeod (2011) definition.

A systematic review does not typically cover studies of all Lev-
els of Evidence and therefore lacks the “breadth and quality
of all of the published evidence” (Baker & McLeod, 2011, p.
103). This can be problematic for a speech-language patholo-
gist (SLP) trying to decipher the evidence of a particular inter-
vention strategy, or research different strategies for children
with rare cases (Baker & McLeod, 2011, p. 103). According to
Baker and McLeod, a narrative review is an essential “comple-
ment to systematic reviews” which covers a broader scope of
the published intervention literature (p. 103). Narrative reviews
provide comprehensive information to SLPs regarding the
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available evidence of a wide range of intervention approaches
(Baker & McLeod, 2011, p. 103).

The purpose of this study is to provide a narrative review of
the current peer-reviewed literature of a variety of suggested
CAS intervention studies. The current published peer-re-
viewed literature will be examined from 2009 to the present.
The review will examine intervention approaches from all
Levels of Evidence (i.e. systematic reviews and meta-analy-
ses) of the most state-of-the-art research. A narrative review
containing studies and research designs from all Levels of
Evidence can reflect the quality of the available evidence for
specific intervention approaches for CAS and is currently un-
available to clinicians at this time. This narrative review seeks
to determine the extent and strength of the evidence for
current intervention approaches for CAS, as well as the need
for future research. All Levels of Evidence will be included in
this study to provide comprehensive coverage of the current
intervention studies of children with CAS (Baker & McLeod,
2011, p. 104). Systematic reviews and meta- analyses will be
included because both types of studies are ranked as high-
level evidence and provide rigorous information of available
studies. Case studies will also be included in this narrative
review as they provide information pertaining to the inter-
vention approaches used for rare and unique clinical cases
(Baker & McLeod, 2011, p. 103). This broad review attempts
to provide SLPs and researchers with an extensive scope of
the available intervention literature.

Levels of Evidence apply specific criteria to clinical studies
and research, and assess the quality and credibility of the study
(ASHA, 2004). Table 1 outines Levels of Evidence and its
ranking according to the American Speech-Language-Hear-
ing Association’s (ASHA) guidelines. The chart is organized
from evidence with the highest level of credibility to the least
credible (ASHA, 2004). High-level credibility includes meta-
analyses, and lowest level credibility includes expert committee
reports, consensus and clinical experience (ASHA, 2004). Lev-
els of Evidence are important for clinical decision making that
adheres to evidence-based practice guidelines (ASHA, 2004).
Table 2 provides the research designs of intervention studies
for childhood apraxia of speech published from 2009 to the
present (Baker & McLeod, 2011, p. 104).

Method

The following databases were used to search for peer-reviewed
published studies: Medline, Psychlnfo, Pubmed, Educational
Resoutces Information Center (ERIC), Health Source Nurs-
ing Academic Edition, PsychARTICLES, Psychology and Be-
havioral Sciences Collection, and the American Speech, Lan-
guage and Hearing (ASHA) online journals (Baker & McLeod,
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2011, p. 105). The published intervention studies, 2009 to the
present, were searched in order to analyze the most current
interventions being implemented for childhood apraxia of
speech. Key words and terms searched included combination-
sof childhood apraxia of speech, developmental apraxia of
speech, speech sound disorder, articulation, and phonological
with treatment, intervention and therapy (Baker & McLeod,
2011, p. 105). A wide range of search terms including histori-
cal terminology (i.e. developmental apraxia of speech) were
used to find all possible relevant studies. The search was con-
ducted by hand and yielded 579 results. After duplicates were
eliminated, the search yielded a total of 493 results. To narrow
the search down to relevant studies, specific criteria were ap-
plied (Baker & McLeod, 2011, p. 105). Intervention studies
were selected using specific inclusionary criteria. The search
was confined to studies of interventions with children identi-
fied with a diagnosis of CAS. Studies written in English or
translated into English were selected and international stud-
ies were considered. Studies which included children with cleft
palate, hearing loss, Down syndrome, and stuttering disorders
were excluded (Baker & McLeod, 2011, p. 105). Studies that
did not meet the specific criteria were excluded. The search
was accomplished by hand by searching through the titles and
abstracts for each of the studies (Baker & McLeod, 2011, p.
105). The search was narrowed down to 13 studies relevant to
the purposes of this narrative review.

Table 1 Levels of Evidence

Level of Evidence Research Design
Ia Well-designed meta-analysis of
>1 randomized control trial
(RCT)
Ib Well-designed RCT
IIa Well-designed control study

without randomization

IIb Well-designed quasi-
experimental study (including

single-subject designs)

1II Well-designed nonexperimental
studies
v Expert committee

report,consensus

conference,clinical experience

of respected authorities

*Levels of Evidence rankings according to ASHA’s 2004 technical report
for evidence-based practice in communication disorders (Baker &McLeod,
2011, p. 104).
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Table 2 Levels of Evidence and Research Designs
across the Intervention Studies for Childhood
Apraxia of Speech Published From 2009 through
2014

Level of Evidence Research Design | Number (%) studies

Ia Meta-analysis 0

Ib Randomized control

1 (7.7%)
trial

1Ta Control 2 (15.4%)
study without
randomization
including Systematic
& Narrative

Reviews

IIb Quasi experimental 8 (61.5%)
study (including
single-subject
designs and multiple

baseline designs)

111 Case studies and
correlational studies

2 (15.4%)

v Expert committee 0
report, consensus
conference, clinical
experience of
respected authorities

* Level of Evidence and research design across studies table was created
following Baker & McLeod (2011) guidelines. Levels of Evidence provided
are in accordance with ASHA’s 2004 technical report for evidence-based

practice in communication disorders.

Specific information was extracted from the remaining stud-
ies using the guidelines implemented in a narrative review
conducted by Baker & McLeod (2011). This information
included the “reference, year of publication, intervention ap-
proach, research design, participant numbers and age, mode
of service delivery, study duration, and Level of Evidence”
(Baker & McLeod, 2011, p. 105). Information pertaining to
the statistical significance of the studies and the reported
treatment outcomes were also extracted. Levels of Evidence
were applied to the published intervention studies using the
American Speech-Language-Hearing Association (ASHA)
guidelines (ASHA, 2004). Levels of Evidence are configured
by the research design and the outcomes of the study. The
research designs considered for the study include systematic
reviews, randomized control trials (RCTSs), non-randomized
(quasi-experimental) controlled trials, case studies, single-
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subject experiments, correlational designs and consensus
findings.

Reliability

Interjudge reliability measures were conducted. The second
author re-coded three articles that were randomly selected for
Levels of Evidence data (Baker & McLeod, 2011, p. 106). Since
the quantity of data was relatively small, statistical analysis of
the re-coded data was not performed. Interjudge reliability
measures resulted in 100 % agreement between both authors.

Results

The total search of online databases resulted in 493 results.
Initially, 473 results were excluded because they were not rel-
evant to the purpose of this narrative review. Further exami-
nation resulted in the exclusion of an additional seven studies.
Reasons for exclusion varied, such as results that were not an
intervention study, results were not specific to CAS, or results
that did not meet the inclusionary and exclusionary criteria of
the study. The online database search resulted in four studies
that reported research related to the procedure of intervention
approaches for CAS but were not specific to the intervention
technique being used and as a result were excluded for this
narrative review (Maas & Farinella, 2012; Maas, Butalla, & Fari-
nella, 2012; Edeal & Gildersleeve-Neumann, 2011; Nordess,
2011).

The results of the online database search yielded 13 peer-re-
viewed intervention studies for CAS that met the inclusion-
ary and exclusionary criteria of the current narrative review.
The intervention studies consisted of the following research
designs: systematic reviews, RCTs, quasi-experimental (single-
subject designs), and case studies. The most frequently used re-
search design was a single-subject design which included mul-
tiple baseline designs and AB designs. Single-subject designs
accounted for 61.5 % of the intervention studies found. Sub-
sequently, systematic reviews (15.4%) and case studies (15.4%)
were the next type of research design frequently used. The
results only consisted of one RCT (7.7%). Levels of Evidence
were applied to each study according to the strength of the
research design following the ASHA’s 2004 technical report for
evidence-based practice in communication disorders.

The treatment outcomes reported in the intervention stud-
ies varied across research designs. There was only RCT found
in the database search and the study reported consistent out-
comes (Dale & Hayden, 2013). For quasi-experimental research
designs, five out of eight studies reported consistent outcomes
(Ballard, Robin, & McCabe, 2010; Martikainen & Korpilahti,
2011; McCabe, Macdonald-D’Silva, van Rees, Ballard, & Ar-
ciuli, 2014; McNeill, Gillon, & Dodd, 2009; Preston, Brick, &
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Landi, 2013). For case studies, one out of two studies reported
consistent outcomes (McNeill, Gillon, & Dodd, 2009). Table
3 provides a chart of the results of the 13 peer-reviewed CAS
intervention studies. Table 3 was configured following the
guidelines of Baker & McLeod (2011). The chart provides the
following information pertaining to the 13 studies: reference,
intervention approach, research design, participant number
and age, service delivery, study duration, consistent outcomes,
statistical significance, and the Level of Evidence.

Discussion

The Level of Evidence reveals the strength of the research
design. The research design of a case study is comprised of
a lower ranking of evidence and does not provide as much
support as other types of designs, e.g., single-subject designs
and RCTs. The results of this narrative review reveal that CAS
intervention studies are in a quasi-experimental research stage.
The number of case studies is scarce and there are currently
more quasi-experimental designs. Quasi-experimental designs
portray stronger evidence than case studies because of their
research designs and are therefore assigned a higher Level of
Evidence. However, the designs of RCTs have more strength
and high evidence compared to quasi-experimental designs
and CAS intervention studies using an RCT design. This narra-
tive review found only one published RCT in the last five years.
Other narrative reviews and meta-analysis of speech and lan-
guage disorders in children also report a lack of intervention
studies with high-quality evidence and strong research designs
(Baker & McLeod, 2011; Law, Garret, & Nye, 2004). In terms
of strength, CAS intervention studies can greatly improve on
the types of research designs currently implemented. Strong
research designs like RCTs are connected to evidence that
“yields a more credible, internally valid evidence base” (Baker
& Mcleod, 2011, p. 114). Although quasi-experimental stud-
ies like single-subject designs pose many benefits, RCTs are
widely considered the “gold standard” design for intervention
research (Byiers, Reichle & Symons, 2012, p. 398).

Single-subject designs (SSD’) for intervention studies in com-
munication disorders serve many important purposes. The re-
search design provides clinicians engaged in EBP with “helpful
information about how and why an intervention might work”
(Baker & McLeod, 2011, p. 114). SSD’s can be beneficial for
evaluating the effectiveness of interventions as well as com-
paring one intervention to another (Byiers et al, 2012, p. 412).
SSD’s are useful and “serve as a common framework for deci-
sion making” (Byiers et al, 2012, p. 412). However, a disadvan-
tage of SSD’ is that the results of the studies are difficult to
generalize with larger populations (Paul & Cascella, 2007, p.
194). Additionally, quasi-experimental designs lack the quality
of random assignment which is implemented in RCT studies.
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Random assignment adds strength to the design of an RCT
and does so by eliminating experimenter and participant bias
(Haynes & Johnson, 2009, p. 323). The strength of RCTs and
its high-level ranking can be attributed to the “double-blind-
ing, randomization, and rigid experimental control in order
to reduce any error in measurement of the dependent vari-
able” (Haynes & Johnson, 2009, p. 326). Although SSD’s serve
a purpose in the field of communication sciences and disot-
ders, they tend to lack the rigor of RCTs and do not provide
the same strength of evidence. RCTs have a more rigorous
research design and can provide clinicians with intervention
studies that are highly credible. However, the results of this
study reveal that SSD’s are carried out more frequently than
RCTs. RCTs may not be as popular as SSD’s because RCTs
are much more difficult to execute and complete, and are time
intensive (Haynes & Johnson, 2009, p. 325).

Scientific evidence is a critical aspect of EBP. High-quality
evidence serves many purposes in speech-language pathol-
ogy. Evidence should be considered when choosing treatment
plans because it helps ensure that the best outcomes for clients
can be achieved (Paul & Cascella, 2007, p. 199). High-quality
evidence not only helps serve the client, but also benefits the
caregiver/stakeholder (Paul & Cascella, 2007, p. 199). High
quality research can be provided to caregivers/stakeholders
and the information regarding treatment options are available
for them. Scientific evidence benefits the clinician by corrobo-
rating their decisions in therapy (Paul & Cascella, 2007, p. 199).
High-quality research also adds credibility to the profession
(Haynes & Johnson, 2009, p. 4). Current scientific research al-
lows clinicians and researchers to stay up to date with current
practices (Haynes & Johnson, 2009, p. 12). By improving re-
search designs and researching current techniques, the profes-
sion finds ways to help improve client outcomes.

The strength of research designs should be considered when
engaging in EBP. Scientific evidence is a large component of
EBP in combination with client values and clinical expertise
(Haynes & Johnson, 2009, p. 397). During clinical decision-
making, clinicians should “identify the highest quality evidence
directly related to the clinical question” (Haynes & Johnson,
2009, p. 402). EBP is a crucial and necessary component when
deciding the treatment plan for a client (Haynes & Johnson,
2009, p. 417). Scientific evidence from research combined with
the other components of EBP is important for achieving the
best possible patient outcomes (Haynes & Johnson, 2009, p.
419). Speech-language pathologists must adopt the principles
of EBP “to ensure that clients receive the best possible set-
vices informed by the highest quality of evidence available”
(Johnson, 2006, p. 22). This current narrative review reveals
that the evidence for CAS interventions is lacking in quantity
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and quality (Johnson, 2006, p. 22). Future research for inter-
vention studies with strong research designs and high-quality
evidence is needed (Johnson, 2006, p. 22).
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