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Music and musical elements in the treatment of childhood speech
sound disorders: A systematic review of the literature
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ROEL JONKERS* » AND BEN MAASSEN*

IRehabilitation Centre “Revalidatie Friesland”, Beetsterswaag, The Netherlands, *Utrecht Institute of
Linguistics-OTS, Utrecht Universiry, Utrecht, The Netherlands, >Department of Communication Sciences and
Disorders, University of Iowa, Iowa City, IA, USA, and *Centre for Language and Cognition Groningen,
University of Groningen, Groningen, The Netherlands

Abstract

Purpose: Music-based interventions are used in the treatment of childhood speech sound disorders (SSDs). Hypotheses
on working mechanisms are being developed, focussing on shared neural processes. However, evidence of the effect of
treatment with musical elements in SSDs in children is lacking. This study reviews the literature regarding the use of
music-based interventions in the treatment of childhood SSDs.

Method: A systematic search in six databases was conducted, yielding 199 articles, eight of which met the inclusion crite-
ria. Included articles were reviewed on study characteristics, patient characteristics, interventions, outcomes and meth-
odological quality.

Result: This review included four case studies, three single-subject design studies and one cohort study. Seven studies
reported positive outcomes on speech production, but outcome measures in the four studies with experimental design
were not all aimed at the level of speech (motor) processes. Methodological quality was sufficient in one study.

Conclusion: Seven out of eight studies in this review report positive outcomes of music-based interventions in the treat-
ment of SSDs. However, these outcomes are not sufficiently supported by evidence due to insufficient methodological
quality. Suggestions for improving methodological quality in future research are presented.

Keywords: speech-language pathology; music therapy; speech sound disorder; childhood apraxia of speech; systematic

review
Introduction strategies in the speech production of children is a
Humans communicate and express themselves zgggD(;)sz dii[jezegill)chlelay or speech sound disorder

through speech. It is an essential part of full participa-
tion in society (Ruben, 2000). Most children acquire
speech effortlessly during the first years of their lives,
in a gradual process of acquiring speech sounds,
organising speech sounds into speech patterns and

SSD is defined as a range of difficulties producing
speech sounds in children, due to a variety of limita-
tions in perceptual, speech motor or linguistic proc-
esses or a combination of these limitations (McLeod
& Baker, 2017; Namasivayam, Coleman, O’Dwyer,

ﬁne tuqmg of phonological knovs(ledge. F.rom produF— & van Lieshout, 2019; Shriberg, 2010). Overlap in
ing their first words around their first birthday, chil- symptoms due to a combination of limitations is to be
dren show progress in intelligibility, articulatory expected because the various processes are inter-
development and phonological development, and dependent. Therefore, a limitation in one process
reach adult-like target production at the age of five affects development in adjacent processes (Terband,
(Dodd, 2011). During development children use Maassen, & Maas, 2019).

strategies, such as substitutions, omissions and distor- Children with SSD require (sometimes intensive)
tions to approximate adult-like speech. In typical treatment to improve their speech production and
development, these strategies disappear with increas- reduce the risk of acquiring associated developmental
ing speech production skills. Persistence of these and participation problems (Terband, Maassen,
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et al., 2019). Various interventions have been devel-
oped, aiming at different processes that might be lim-
ited, such as the approach developed by Hodson and
Paden (1991) for phonological disorders, Rapid
Syllable Transition Treatment (ReST; Ballard,
Robin, McCabe, & McDonald, 2010) and Dynamic
Temporal and Tactile Cueing (DTTC; Strand, 2020)
that focus on the planning and programming of
speech and PROMPT (Hayden, Eigen, Walker, &
Olsen, 2010), that focusses on motor-speech
processes.

Also, treatment including musical elements has
been described as an intervention for SSD, for
example in Childhood Apraxia of Speech (CAS;
Rosenbek, Hansen, Baughman, & Lemme, 1974). A
specific method using musical elements is Melodic
Intonation Therapy (MIT; Sparks & Holland, 1976),
originally developed for adults with aphasia and
adapted by Helfrich-Miller (1984) for the treatment
of children with CAS. In MIT, the musical elements
melody, tempo and rhythm are used to slow the
speech rate and exaggerate rhythm and stress.
Simplifying melody, using two tones, leads to what is
described as “intoned utterances”. In the original
application of MIT, the rhythmic pattern is supported
by tapping. Helfrich-Miller (1984) substituted tap-
ping for signed English to support recollection of the
target words. In three levels children move towards
increased length of unit, increased phonemic diffi-
culty, diminished dependency on the therapist and
diminished reliance on the intonation as induced by
MIT (Helfrich-Miller, 1984).

Another method using musical elements and ori-
ginally developed for adults with aphasia and Apraxia
of Speech (AoS) is Speech-Music Therapy for
Aphasia (SMTA; De Bruijn, Zielman, & Hurkmans,
2005; Hurkmans, De Bruijn, Reitsma, & Koek,
2018). SMTA is a combination of speech-language
pathology and music therapy, in which both thera-
pists work with the patient at the same time. In
SMTA, the musical elements melody, tempo,
rhythm, metre and dynamics are used by a Music
Therapist to compose new melodies that closely fol-
low the prosodic features of speech production. In
exercises, the dependency on musical support is
diminished by moving from singing to rhythmic
chanting and speaking (De Bruijn et al.,, 2005;
Hurkmans et al., 2018). SMTA enhances accuracy,
consistency and fluency of articulation in adults with
AoS and aphasia (Hurkmans et al., 2015). This
method is being used in clinical practice in the treat-
ment of children with CAS (Van Tellingen et al.,
2022), since both AoS and CAS are described as a
disorder in the planning and programming of speech
movements (American Speech-Language-Hearing
Association, 2007; Hurkmans, 2016) and share vari-
ous characteristics, such as inconsistent errors in the
realisation of phonemes, segmentation, vowel

distortions, groping and effect of articulatory com-
plexity (Tuzzini-Seigel & Murray, 2017;
Ziegler, 2008).

While working mechanisms of SMTA, MIT and
other interventions using musical elements are still
unclear, hypotheses on the underlying mechanisms
have been proposed. Recent hypotheses focus on
shared neural processes for processing speech and
music. With the OPERA-hypothesis, Patel (2014)
proposes a framework in which treatment with music
can lead to better speech processing, assuming shared
sensory and cognitive mechanisms in the brain. This
framework is expanded by Fujii and Wan (2014) to
hypothesise about the role of rhythm in the rehabilita-
tion of speech production. In their framework,
rhythm supports speech production for patients with
speech disorders through synchronisation and
entrainment to a pulse. While both hypotheses focus
on shared neural processes, the OPERA-hypothesis is
additionally based on other features of music. These
include eliciting emotions, repetition and increasing
attention. These factors, which relate to motivation
and mood, are also described by Merrett, Peretz, and
Wilson (2014) as part of the working mechanism
of MIT.

In typical development, engagement with music
plays a major role in developing perceptual processing
systems which facilitate the encoding and identifica-
tion of speech sounds and patterns (Hallam, 2010).
Consistent with the OPERA-hypothesis, the hypoth-
esis on the working mechanism of this effect is based
around shared processing systems (Hallam, 2010).
While the aforementioned studies by Patel (2014)
and Hallam (2010) both hypothesise on the benefits
of music on speech processing through shared proc-
essing systems, the evidence supporting these hypoth-
eses is focussed on speech perception and
rehabilitation in stuttering and autism, rather than
speech production and rehabilitation in child-
hood SSDs.

Studies on the use of musical elements in the treat-
ment of neurological language and speech disorders
in adults have been reviewed by Hurkmans et al.
(2012). All studies reported improvement after treat-
ment including melody and rhythm, but methodo-
logical quality was rated low. Therefore, no
conclusions could be drawn on the effect of musical
elements in the treatment of neurological language
and speech disorders.

The use of musical elements in the treatment of
SSD in children has been described in the literature
(e.g. Helfrich-Miller, 1984; Rosenbek et al., 1974).
However, evidence of the effectiveness of these inter-
ventions is lacking. Additionally, hypotheses have
been proposed on the working mechanisms of music
in the treatment of SSDs, but evidence to support
these hypotheses is also lacking. This study aims to
identify these gaps by reviewing existing literature on
the use of music or musical elements in the treatment



of SSDs and provide recommendations for future
research, as we plan to evaluate SMTA in the treat-
ment of children with CAS.

Method

A systematic review of the literature was conducted,
following Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines (PRISMA;
Liberati et al., 2009).

The list of search terms below was compiled with
the aim to find literature on the use of musical ele-
ments in the treatment of a wide variety of childhood
speech and language disorders.

(1) “speech disorder”, “dyspraxi*”, “phonological disorder”,

“dysarthria”, “communication disorder”, “speech sound

Y » <« » <«

disorder”, “speech impairment”, “apraxia”, “language dis-

2«

order”, “oral”.
» o« » o« » o«

(2) “music”, “melodic”, “rhythm”, “singing”.
therap*”

%9 < » <«

(3) “intervention™”, “treatment”,
(4) “child*”, “infant*.

This compiled list was expanded with the follow-
ing terms based on the underlying terms from the
MeSH descriptor of PsychINFO.

“Speech  Disorders”,  “Articulation  Disorders”,
“Dysphonia”, “Echolalia”, “Mutism”, “Stuttering”,
“Aphasia”, “Dysphasia”, “Articulation Disorders”,
“Dysarthria”.

These terms were added under (1). This expanded
list was used to search all below mentioned databases.
Studies including some of these terms, such as
“aphasia”, would be excluded based on the exclusion
criteria for this review (see below). However, all terms
were added to ensure inclusion of all studies on
musical elements in the treatment of SSD. All search
terms were linked using combinations of (1), (2), (3)
and (4), so that articles including at least one term
from each category would be included. This led to
the search strings included in Appendix A.

The search was conducted in the databases
Pubmed, PsychINFO, AMED, ERIC, CINAHL and
Web of Science on 1 July 2020, by an expert from
Research Institute SHARE at University Medical
Centre Groningen. Endnote was used to remove
duplicates.

Remaining articles were included or excluded by
the first and third author independently. Criteria for
inclusion were formulated in terms of PICOS, i.e.
patients, intervention, comparison, outcome and
study design (Liberati et al., 2009). Criteria were ()
children <18 years, diagnosed with SSD (or similar
term), (I) therapy using musical elements, and
(COS) all study designs. Articles in all languages
were included. Articles were first screened, based on
title and abstract. Articles not matching the criteria
for inclusion were excluded. When a decision could
not be made based on the abstract, the full text was
read and judged according to the criteria. Selections
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were compared and 12 articles were further dis-
cussed, leading to the inclusion of two articles in add-
ition to the six articles that were included based on
agreement of individual selections.

The search for articles yielded a substantial num-
ber of studies that used music in the treatment of
childhood speech and language disorders, including
hearing disorders, stuttering, speech-language disor-
ders in children with autism and dyslexia. These stud-
ies did not include children with SSDs or did not
provide treatment focussed on SSDs, and were there-
fore excluded.

Variables used to describe the studies were charac-
teristics of the study, participants, intervention and
outcomes. Several indicators were used to describe
each variable. Information on these indicators was
based on information provided in the article. Any
missing information was indicated as “not reported”.

The characteristics of the study were summarised
through four indicators: the study design, the linguis-
tic level of the main outcome measures, the interven-
tion and the target group of each study. We chose not
to note the designs as described in the articles, but
instead we used the terminology from the American
Speech-Language-Hearing Association (2020) to
determine study designs and allow for easy compari-
son of studies.

Indicators for the characteristics of the participants
were the number of participants, age, sex, handed-
ness, language(s) and primary language in cases of
multilingualism. The speech disorder of participants
was summarised, including criteria used for the diag-
nosis and the severity of the disorder. Possible comor-
bidities and specific medical diagnoses were also
noted. The final indicators were previous interven-
tions and musical background of participants.

Interventions were summarised through the indi-
cators treatment method, therapist (Music Therapist
or speech-language pathologist [SLP]), condition
(individual or group), dose (session time, number of
sessions per week and total intervention duration),
linguistic levels included in the intervention, the level
of items used (e.g. syllables and words), musical ele-
ments (e.g. melody and rhythm) and musical forms
(e.g. singing and tapping). The International
Classification of Functioning (ICF; World Health
Organization (Red.), 2007) was used to determine
whether interventions targeted body functions and
structures, activities and/or participation. Finally,
hypothesised working mechanisms of the interven-
tions, as described in the original articles, were
summarised.

Outcomes were summarised by describing
outcome measurements and their validity and
reliability. The level of ICF targeted by the outcome
measurements was determined. Data on the meas-
ured improvement and the statistical analyses were
extracted.
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For the appraisal of the quality of the studies, mul-
tiple tools were needed because various study designs
were included. We were unable to find existing tools
to fit our needs and therefore compiled our own,
using the appraisal tools by Boles (2015), supple-
mented with some items from the RoBiNT-scale
(Tate et al., 2013), and the Quality Assessment Tool
for Quantitative studies by the Effective Public
Health Practice Project (EPHPP; Thomas, Ciliska,
Dobbins, & Micucci, 2004). The appraisal scales that
were used are available in Appendix B. We appraised
the different study designs with varying combinations
of the scales.

All study designs were rated for descriptive quality
indicators, as described by Boles (2015).
Experimental design (i.e. single subject and group)
studies were rated for additional phase and assess-
ment descriptive quality indicators, with a tool based
on Boles (2015) and items from the RoBiNT scale
(Tate et al., 2013). Single subject designs were rated
for basic quality indicators, with a tool including indi-
cators based on Boles (2015) and items from the
RoBiNT=scale (Tate et al., 2013). Group studies were
rated for basic quality indicators using the Quality
Assessment Tool for Quantitative studies from the
EPHPP (Thomas et al., 2004). Single subject design
studies that would meet design standards or meet
design standards with reservations would additionally
be analysed for evidence of effect quality indicators
(Boles, 2015).

All tools use a three-point scale, with the levels
described as sufficient, minimal or insufficient.

The first author summarised and appraised all
articles. The second and third author each summar-
ised and appraised half of the articles. All summaries
and appraisals were conducted independent of each
other and compared afterwards. Disagreements were
first resolved through discussion between the two
authors that appraised the same articles. Any remain-
ing disagreements were resolved through discussion
between the first three authors.

Result

The search yielded 263 publications in total. After
duplicates were removed, 199 publications remained.
A total of 165 publications were excluded because
they did not include participants with a primary diag-
nosis of SSD (but dyslexia, autism or hearing disor-
ders) based on screening of title and abstract. An
additional 26 publications were excluded after screen-
ing abstracts and full text. Six studies did not include
any participants with a primary diagnosis of SSD
(two of which included participants that stutter), and
10 publications provided descriptions or rationale for
treatment without patient data. In one case, the
abstract and full text of the publication could not be
obtained. Nine publications were excluded for other
reasons, such as including participants with anatom-
ical deviations or neurological disorders. The

remaining eight publications were included for fur-
ther analysis, comprising seven articles from peer-
reviewed journals and one book chapter. Figure 1
shows the PRISMA flowchart and summary of
excluded articles.

Study characteristics

An overview of the eight studies and corresponding
study characteristics is available in Table I. Four
articles described case studies. Three articles
described single-subject design studies, all with mul-
tiple phases. In the study by Krauss and Galloway
(1982) each child served as their own control for two
months of traditional speech therapy followed by two
months of traditional speech therapy combined with
MIT. Lagasse (2012) used a design with alternating
treatments, speech-language pathology and MIT, in
nine phases. A design with five phases was used by
Martikainen and Korpilahti (2011), which included
baseline, MIT, no treatment, Touch Cue Method
(TCM), which is a method without musical elements
(Bashir, Grahamjones, & Bostwick, 1984) and follow
up. Gross, Linden, and Ostermann (2010) conducted
a cohort study in a reversal design with four phases,
alternating creative music therapy based on the
Nordoff-Robbins approach (Mahoney, 2010) and no
treatment.

Objectives of the case studies were described as
reporting on the development of speech and language
in relation to treatment, such as Music Therapy or
MIT. The single-subject design studies all reported to
aim at assessing the use of a specific method in the
treatment of CAS. The prospective cohort study by
Gross et al. (2010) aimed at examining the effect of
Music Therapy on what is described by the authors
as verbal reasoning.

Patient characteristics

Table II provides an overview of the patient character-
istics for the eight studies. Three articles on case stud-
ies described one participant, Helfrich-Miller (1994)
included three case studies. Two single-subject design
studies included two participants, and Martikainen
and Korpilahti (2011) included one. Gross et al.
(2010) included 18 participants in their cohort study.
All studies reported the gender of participants,
including a total of 20 males and nine females. Ages
ranged from 2.9 to 8 years, the age of participants
was not reported in one study (Krauss & Galloway,
1982). Two studies reported the primary language of
the participant. Beathard and Krout (2008) reported
multilingualism and languages spoken by the partici-
pant. However, information on the primary language
was not reported. In the five remaining studies, there
was no information reported on the language(s) of
participants. Handedness was only reported by
Krauss and Galloway (1982).
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Records identified through
database searching

(n=263)

Additional records identified
through other sources

(n=0)

Records after duplicates removed

(n=199)

A 4

Records screened
(n=199)

A 4

\ 4

Records excluded
(n=165)

Full-text articles assessed

for eligibility
(n=34)

A 4

Full-text articles excluded
Stuttering (n=2)
Unable to obtain full text
(n=1)

No treatment study (n=10)
No speech disorder (n=4)
Other(n=9)
(n=26)

Studies included in

qualitative synthesis
(n=8)

Figure 1. PRISMA 2009 Flow Diagram (Moher, Liberati, Tetzlaff, Altman, & The PRISMA GROUP, 2009).

Table I. Study characteristics.

Study Study design Outcome Intervention Target group
Beathard and Case study Speech MT CAS

Krout (2008)
Catrini and Lier- Case study Speech SLT; focussing on CAS

DeVitto (2019)
Gross et al. (2010)
Helfrich-Miller (1994)
Krauss and

Galloway (1982)
Lagasse (2012)

Martikainen and
Korpilahti (2011)

Sutton (1993)

Prospective cohort
study; ABAB reversal
design

Case studies

Single subject design;
AB design

Single subject design;
ABABABABA design

Single subject design; 5
phases design:
baseline, MIT, no
treatment, TCM,
follow-up

Case study

Language production
and comprehension

Speech

Language production
and comprehension

Speech

Speech

Speech and language
development

prosody through
rhythm and singing

Creative MT based on
Nordoff-Robbins
approach

MIT

MIT

MIT
combination MIT/TCM

MT

Developmental speech
disorder

Oral apraxia

Language delay with
apraxia

CAS

CAS

Speech and language
impairment

553

MIT: Melodic Intonation Therapy; MT: Music Therapy; SLT: speech and language therapy; TCM: Touch Cue Method; CAS:

Childhood Apraxia of Speech

Study design as defined by the authors of this review based on ASHA guidelines (American Speech-Language-Hearing Association,
2020). Level of outcome measurements and target group as defined by the authors of this review.

All articles reported speech and language diagno-
ses, but not for all participants. Reported diagnosis
was CAS in five studies, the remaining studies
reported diagnoses of specific developmental speech

disorder, oral apraxia and lexical syntactic deficit syn-
drome. Diagnostic criteria were only reported by
Martikainen and Korpilahti (2011). Severity and
severity criteria were not reported in any of the
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articles, but five studies provided a subjective descrip-
tion relating to severity.

All articles reported existing or absence of comor-
bidities, such as speech-language, motor function or
cognitive problems, except for Krauss and Galloway
(1982). Absence or presence of a medical diagnosis
was reported in six of the articles. Musical back-
ground was described by Beathard and Krout (2008)
and Gross et al. (2010). All articles described previ-
ous interventions, in six of the articles this was
reported as speech-language pathology.

Intervention characteristics

The intervention characteristics for the eight studies
are summarised in Table III. Four of the studies
reported MIT as the treatment program, with adjust-
ments to the method in three studies. In three
remaining studies, the treatment program was Music
Therapy, one of which was not further defined.
Catrini and Lier-DeVitto (2019) reported the use of
musical elements in general speech-language
pathology.

Three studies reported a treatment goal specific to
the participant, such as increased speech generation
or teaching the child developmentally appropriate
phonemes.

Five articles mentioned the (linguistic) level(s) of
the intervention. Articulation was the most reported,
in four studies. Vocalisation and phonology were
reported in two studies. Other reported levels include
prosody, social interaction and musical expression.
The linguistic level(s) of the intervention were not
reported in three articles.

The type of items that was used in the interven-
tions consisted of words and sentences in four studies.
Beathard and Krout (2008) and Martikainen and
Korpilahti (2011) additionally used phonemes and
syllables. Two studies did not report which items
were used in the treatment.

Musical elements were reported in all articles,
including rhythm and melody in all studies. Tempo
was used in seven studies, metre in five. These ele-
ments were carried out through singing in five stud-
ies, intoning and so-called “sprechgesang” in two
studies, tapping in one study and playing instruments
in three studies.

Participants received individual therapy in all stud-
ies. Regarding dose, the session time was reported in
four studies and varied from 25 to 40 min. The num-
ber of sessions per week varied from 1 to 3 times in
the five studies that reported frequency of sessions.
Seven studies reported on the total intervention dur-
ation, which varied from 4 weeks to 2 years and 9
months.

Three articles reported that a Music Therapist
conducted the intervention. In one study both an
SLP and a Music Therapist each conducted different
interventions. The remaining four articles did not
report the type of therapist conducting the
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intervention. The ICF level of the intervention was
not specifically reported in any studies. From subject-
ive judgement of the eight studies, it is concluded that
all interventions focussed on levels of body functions
and structures and/or activities.

Working mechanisms

None of the studies included means to examine the
working mechanism of the interventions in their
methodology. Five articles proposed a hypothesis on
the working mechanism of the intervention as inter-
pretations of their results. Catrini and Lier-DeVitto
(2019) speculated on the beneficial effect of music on
fluency in movement and speech, through the flow of
music as they believe it reaffirms the flow of early
vocalisations. Gross et al. (2010) hypothesise that
improvements occur because music therapy addresses
listening, perception, processing and memorising
sounds and musical structures.

Three studies hypothesised about the beneficial
effects of slowing speech rate and supporting rhythm
and stress through MIT on speech production, albeit
different in their approach. Helfrich-Miller (1984)
combines research on the effectiveness of slowing
speech rate in the treatment of apraxia (Rosenthal,
Williams, & Ingham, 1981) with research on the
effect of music in the teaching of children (Kallan,
1972) to hypothesise on possible beneficial effects of
MIT in the treatment of CAS. Krauss and Galloway
(1982) hypothesise that through directing the child’s
attention to slow tempo, precise rhythm and distinct
stress, the child is better able to process the structural
aspect of intoned verbal utterances, as described in
the original study on MIT by Sparks, Helm, and
Albert (1974). Martikainen and Korpilahti (2011)
focus on heightening sensory feedback during articu-
lation and providing necessary time for motor plan-
ning and programming through lengthening speech
gestures (Wambaugh & Martinez, 2000) as rationale
for the use of MIT in the treatment of CAS.

Outcome characteristics

An overview of the outcome characteristics for the
eight studies is presented in Table IV. Four of the
studies were case studies, describing course of treat-
ment without outcome measurements. The four
studies with an experimental design used language-
specific versions of articulation and language tests.
One study also included a non-verbal intelligence test
(Gross et al., 2010). Two studies reported on the reli-
ability and validity of these instruments.

Gross et al. (2010) reported statistically significant
improvement over the whole study period for subtests
measuring phonological memory and understanding
sentences, as well as three subtests from a non-verbal
intelligence test. In their ABAB reversal design, they
reported greater improvement during treatment peri-
ods. Krauss and Galloway (1982) reported mixed
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Table IV. Outcome characteristics.

Validity and
reliability of Measured Conclusion original
Study Outcome measurements measurements improvement authors ICF
Beathard and NA NA NA Positive effect of FAP
Krout (2008) MT on (1) verbal
communication,
(2) socialisation,
(3) cognitive/
emotional and
(4) motor skills/
movement.

Catrini and Lier- NA NA NA Increase in speech AP

DeVitto (2019) production and
intonation
contours

Gross et al. (2010) SETK 3-5, SON-R, Nordoff- SETK 3-5: Significant Possible positive FA
Robbins assessment scales sufficient, SON- improvement on effect of MT on
(Mahoney, 2010) R: sufficient, Phonological speech

Nordoff-Robbins: Memory and development
reliability is Understanding
sufficient sentences and
SON-R
parameters
cognitive
structures, action
patterns and IQ.
Helfrich- 1: NA 1: NA 1: NA 1: Steady FA
Miller (1994) 2: NA 2: NA 2: NA acquisition of
3: NA 3: NA 3: NA consonant
sounds;
normalisation of
conversational
speech
2: Speech improved
3: Speech improved
Krauss and Verbal and auditory subtests of NR Significant effects in  Positive effect of F
Galloway (1982) the PICAC and Language PICAC tasks MIT on verbal
Sampling, Analysis, and Names Objects naming, phrase
Training (Gottsleben & and Imitates length, verbal
Tyack, 1974). Words and imitation and
Phrases, articulation.
Language
Sampling
measure MLU
and Intelligibility.

Lagasse (2012) GFTA2 , KLLPA2, Speech The GFTA2 and No significant MIT was no more F
Production Test (SPT), KILPA2: differences. successful than
modified from data collection sufficient. SLT for
sheets created by Dauer, Irwin, SPT: NR improving speech
and Schippits (1996). production.

Martikainen and PVC, PCC, PMLU, PWP and NR Significant Positive effect of the F

Korpilahti (2011) PWC in Picture-naming task, improvement on combination of
modified from the Finnish PMLU, PWC. two motor-based
articulation test (Remes and treatments on the
Ojanen, 1996). speech of a child

with CAS.

Sutton (1993) NA NA NA Positive effect of P
MT on sound
vocabulary and
communication

NA: not applicable; NR: not reported; SET-K 3-5: Sprachentwicklungstest fiir drei- bis flinfjahrige Kinder. Diagnose von
Sprachverarbeitungsfahigkeiten und auditiven Gedéachtnisleistungen (Grimm et al., 2001); SON-R: Snijders-Oomen Non-Verbal

Intelligence Test

(Tellegen et al.

2002);

PICAC: Porch Index of Communicative Ability

in Children (Porch,

1974);

GFTA2: Goldman-Fristoe Test of Articulation, 2nd ed. (Goldman & Fristoe, 2000); KLLPA2: Khan-Lewis Phonological Analysis, 2nd
ed. (Khan & Lewis, 2002); PVC: percentage of vowels correct; PCC: percentage of consonants correct; PMLU: phonological mean
length of utterance; PWP: proportion of whole-word proximity; PWC: proportion of whole-word correctness; MT: Music Therapy;
MIT: Melodic Intonation Therapy; SLT: Speech and Language Therapy; ICF: International Classification of Functioning: F: func-

tions; A: activities; P: participation.

results in their AB design study, with significant
improvement on subtests measuring object naming,
imitation of words and sentences, but no significant
improvement on auditory tasks and subtests measur-
ing description of functions and sentence completion.
A significant increase of Mean Length of Utterance in
a language sampling task was reported for both chil-
dren in this study. Additionally, the authors reported
an increase in intelligibility due to improved

articulation on an imitation task. Martikainen and
Korpilahti (2011) reported significant improvement
for Percentage of Vowels Correct directly after MIT
treatment, and at the follow-up six weeks later.
Percentage of Consonants Correct was reported to
decrease significantly after MIT, but increased signifi-
cantly in the following six weeks of no treatment.
Significant improvement six weeks after MIT was
reported for Phonological Mean Length of Utterance
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(PMLU), which was measured by the authors as a
mean value of the entire sample by scoring the pro-
duced segments and correctly produced phonemes
and dividing the total by the total number of words in
the sample. Vowels were included, in reflection of the
high proportion of vowels in Finnish. Directly after
MIT, no change in PMLU was reported. For all three
measures additional significant improvement over the
entire study period was reported, including treatment
with TCM and follow up. Lagasse (2012) reported
no significant differences in their reversal design
study.

No study specifically mentioned the ICF level of
the outcome measurements. After assessment of the
measurements, it is concluded that six studies
reported on the outcomes on the ICF-level of body
functions and structures. Two of these studies also
reported outcomes at the level of activities, while one
also reported at the level of participation. The two
remaining studies reported outcomes at the level of
participation (Sutton, 1993) or activities and partici-
pation (Catrini & Lier-DeVitto, 2019).

Quality appraisal

A summary of the quality appraisal is presented in
Tables V-VII. The scoring guidelines are available in
Appendix B. All indicators are scored on a three-
point scale, described as sufficient, minimal or
insufficient.

Table V. Descriptive quality indicators.

Agreement on the quality appraisal between the
first and second author was 50%, and 58% between
the first and third author. The first three authors then
discussed the appraisal guidelines to determine what
accounted for this low rate of agreement. It was con-
cluded that interpretations of the appraisal guidelines
differed. After discussing the guidelines and interpret-
ing them in a similar way, agreement was 100%.

An overview of the descriptive quality indicators is
presented in Table V. Overall, two studies were min-
imally described; all remaining studies had insuffi-
cient description.

Participants’ characteristics were minimally or suf-
ficiently described in most studies, except for two
studies, one of which did not report on the age of par-
ticipants (Krauss & Galloway, 1982), and one not
reporting on diagnosis in two of the case studies
(Helfrich-Miller, 1994).

Description of the setting varied across studies,
with three studies describing the setting sufficiently,
two giving a minimal description and in three studies
settings described insufficiently. Four studies gave a
description of the therapist or interventionist con-
ducting the intervention. Procedures in baseline and
intervention phases were sufficiently described by
Gross et al. (2010), Lagasse (2012) and Martikainen
and Korpilahti (2011). None of the four case studies
had a sufficient description of the baseline phase, but
Beathard and Krout (2008) and Helfrich-Miller
(1994) described the intervention phase in sufficient

Study Participant Setting Therapist Baseline/intervention Dependent variable Opverall
Beathard and Krout (2008) 1 2 2 1 0 0
Catrini and Lier-DeVitto (2019) 1 0 0 0 0 0
Gross et al. (2010) 2 2 2 2 1 1
Helfrich-Miller (1994) 0 0 0 1 0 0
Krauss and Galloway (1982) 0 1 0 1 1 0
Lagasse (2012) 1 2 2 2 1 1
Martikainen and Korpilahti (2011) 2 0 0 2 1 0
Sutton (1993) 1 1 1 0 0 0
0 =insufficient description, 1 =minimal description, 2 = sufficient description.
Table VI. Additional phase and assessment descriptive quality indicators.
Study Maintenance Generalisation Raw data Fidelity Social validity Overall
Gross et al. (2010) 0 2 1 2 1 0
Krauss and Galloway (1982) 0 0 0 0 0 0
Lagasse (2012) 0 0 0 0 0 0
Martikainen and Korpilahti (2011) 2 0 2 0 0 0
0: insufficient measure; 1: minimal measure; 2: sufficient measure.
Table VII. Experimental design basic quality indicators.
Inter-rater Data Data

Study IV/intervention reliability Effect points Blinding analysis Overall
Krauss and Galloway (1982) 2 0 0 0 0 2 0
Lagasse (2012) 2 0 0 0 1 1 0
Martikainen and Korpilahti (2011) 2 1 0 0 0 2 0

Selection  Study Data Withdrawal and Intervention
Study bias design Confounders Blinding collection drop-outs integrity Analysis  Overall
Gross et al. (2010) 2 1 2 2 2 2 2 2 2

0: does not meet design standards; 1: meets design standards with reservations; 2: meets design standards.



detail. All the experimental design studies described
the dependent variable, but none operationally
defined the dependent variable, described the data
collection on these target behaviours AND gave a rea-
son for targeting these behaviours.

Experimental design studies were appraised for
additional phase and assessment descriptive quality
indicators, as presented in Table VI. Overall, all four
studies provided insufficient measures. Gross et al.
(2010) provided minimal or sufficient information for
most indicators, with the exception of maintenance.
Martikainen and Korpilahti (2011) provided suffi-
cient information on maintenance and raw data.
Krauss and Galloway (1982) and Lagasse (2012) met
or reported on none of the indicators that were
assessed.

The single-subject design studies were additionally
appraised on basic design standards quality indica-
tors. An overview is presented in Table VII. Overall,
the three single-subject design studies did not meet
basic design standards. They had a limited amount of
data points and attempts to present an effect. The
studies by Krauss and Galloway (1982) and
Martikainen and Korpilahti (2011) were not blinded,
and inter-rater reliability was not reported by Krauss
and Galloway (1982) and Lagasse (2012).

The cohort study by Gross et al. (2010) does meet
design standards, as appraised with the EPHPP-tool
described in the methods section, scoring strong on
all indicators except for study design, where the score
is moderate, considering this is not a Randomised
Controlled Trial or Controlled Clinical Trial.

Discussion

The purpose of this study was to review existing lit-
erature on the effect of music or musical elements in
the treatment of childhood SSDs, and the working
mechanisms explaining potential effects. A broad
search yielded four studies with an experimental
design and four case studies. Seven out of eight
articles reported positive outcomes after interventions
including music or musical elements in the treatment
of SSDs. However, the evidence supporting these
claims is limited, since only one of the experimental
studies had a strong methodological quality.
Additionally, the significant effects in this study by
Gross et al. (2010) were on measurements regarding
language and cognition rather than speech. This
review shows that evidence of effectiveness on the use
of music in the treatment of childhood SSDs is
limited.

Defining speech and language

The articles included in this review describe speech
and language disorders in various ways. Based on
inclusion criteria this review intended to only include
children with SSDs. During the review process it
became clear that “speech” was defined differently
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across studies regarding participant inclusion, inter-
vention choice, measurements and outcome descrip-
tions. All four studies from a speech-language
pathology perspective included children with SSDs,
used an intervention aimed at speech and included
outcome measurements or provided outcome
descriptions relating to speech.

However, three of the studies by Music Therapists
had a broader focus in speech and language disorders,
intervention and outcomes. Yet, all these studies
came to conclusions on “speech” or “speech
development”.

The study by Lagasse (2012) is an exception
among the articles by Music Therapists regarding the
specificity of the description of “speech” in partici-
pants, interventions and outcome measurements. In
this study, there was collaboration between a Music
Therapist and a SLP, with an intervention (MIT) and
outcome measurements both at the level of articula-
tion. This is an example of how collaboration across
both fields can help to improve the specificity of the
speech and language disorders addressed and the
measurements chosen to operationalise “speech” in
studies that use Music Therapy as an intervention in
the treatment of SSDs.

Participant description

All studies included speech- and language disorders
of the participants, but only one described the criteria
that were used to reach this diagnosis. Several others
provided a description of symptoms to support the
diagnosis. In the case of CAS, the diagnosis in five of
the studies in this review, stating just the diagnosis is
not sufficient, since there is debate on the diagnostic
criteria (Tuzzini-Seigel & Murray, 2017). In the case
of CAS, but also in other diagnoses, clear description
of diagnostic criteria in future studies could enable
comparison of participants across studies and allow
clinicians to assess the relevance of the study for their
patients.

Since there are no methods available to objectively
determine the severity of SSDs, this was reported in
none of the studies. Five studies gave a subjective
description of the severity of the speech and language
disorder but did not include this factor in their discus-
sion of treatment outcomes. However, severity can
play a major role in the outcome of interventions.
Variation in severity of childhood speech disorders is
one of the factors that contribute to contradictory
research findings (Crosbie, Holm, & Dodd, 2005).
Future inclusions of severity in the description of
SSDs could possibly clarify these contradictions.
Indicators of severity that can be used for both
research and clinical practice are speech accuracy,
intelligibility in different contexts, and children’s per-
ception of their own speech (Van Doornik, Gerrits,
Terband, & McLeod, 2020).
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Intervention description

The studies in this review were difficult to compare,
due to variation in applications of methods and treat-
ment dose. MIT was the most prevalent method used
in the studies described, even though all studies using
MIT made alterations to the method. While all these
studies could be summarised as using MIT, this
would be inaccurate. These different applications of
MIT not only lead to difficulties comparing studies,
but also make it difficult for clinicians to assess the
applicability of MIT for their patients. Ideally, studies
on specific methods should apply the same treatment
protocol, to allow for adequate comparison and appli-
cation in clinical practice. Where use of an original
protocol is not possible, deviations should be clearly
stated and conclusions on the efficacy of the method
should be drawn with caution.

Reports on dose were incomplete, with dose
(teaching episodes per session; Warren, Fey, & Yoder,
2007) not being reported in any of the studies and
therefore replaced with session time in the summary.
The reported total intervention durations varied
widely. Dose could be an important feature in the
effect of intervention in specific SSDs, such as CAS
(Namasivayam et al., 2015). Clear descriptions on
dose may contribute to clarifying differences in treat-
ment outcomes and provide directions for clinical
application of an intervention.

Selection of outcome measurements

The ICF level of interventions and outcome measure-
ments was reported in none of the studies. From
judgement, it was clear that all interventions focus on
levels of body function and structures, and/or activ-
ities. All outcome measurements described speech
(or language) at the level of functioning. It is unclear
if measured improvement has led to improved com-
munication in daily life and improved participation in
social situations and/or school. Case studies reported
treatment outcomes at the level of participation, but
these statements are not supported by data. While
outcome measurements at the level of functioning
provide insight in the effect of an intervention, the
ultimate goal in clinical practice is to improve child-
ren’s participation in daily life. Measurements at this
level should therefore be included in effect studies on
speech and language interventions.

While there is measured improvement in the sin-
gle-subject design studies in this review, the methodo-
logical quality of these studies is insufficient. Studies
did not include enough data points, providing insuffi-
cient support for reported positive results. In the
study of Martikainen and Korpilahti (2011) for
example, most significant improvements seem to
occur during no-treatment phases and positive trends
directly after MIT treatment cannot be clearly sepa-
rated from baseline trends. Inclusion of sufficient

data points in single-subject design studies is neces-
sary to provide clear evidence for any outcome.

The methodological quality of the cohort study by
Gross et al. (2010), however, is adequate. With meas-
urements focussing, in our opinion, on indicators of
language processing and psychological development,
it is unclear whether the treatment with music ther-
apy influenced (motor) speech abilities. However, the
measures of language processing and psychological
development yielded measurable improvement, lead-
ing to conclusions by the authors of improvement in
speech development. In a review of the outcomes of
music-based interventions in adult patients with
aphasia, Zumbansen and Tremblay (2019) reported
that these interventions were most likely to yield posi-
tive outcomes for patients with motor speech disor-
ders. Positive outcomes were also found on language
measures, but mostly in patients with motor speech
disorder. As Terband, Maassen, et al. (2019)
reported, speech processes are interdependent and a
limitation in one process affects development in adja-
cent processes. It is likely that improvement in one
process will lead to improvement in adjacent proc-
esses. While language improvement through music-
based intervention is thus likely to co-occur with
speech improvement, studies in children that include
both measures for (motor) speech abilities and lan-
guage abilities are needed to see if music-based inter-
ventions mostly influence motor speech disorders in
children with SSDs as reported in adults with
acquired speech and language disorders.

Identification of working mechanisms

Working mechanisms were not examined in the stud-
ies included in this review. Five of the studies inter-
preted their findings, with three studies mostly
focussing on beneficial effects on speech production
of slowing speech rate and supporting rhythm and
stress through MI'T. Two studies hypothesised mainly
about the beneficial effects of music and music ther-
apy on (joint) attention, interaction and perception of
sounds and musical structures. The focus of the
hypotheses in these studies appears to be influenced
by the researcher’s background. Theories regarding
speech rate and rhythm were proposed by SLPs and
theories regarding the beneficial effects of music were
suggested by Music Therapists. As Merrett et al.
(2014) concluded in their review of MIT, these theo-
ries should not be seen as opposing explanations
regarding the working mechanism, but rather as con-
tributing mechanisms at different levels. While it is to
be expected that this also applies to the other inter-
ventions using music, further research is needed to
understand the working mechanisms of music in the
treatment of SSDs.

Six studies in this review included participants
with CAS, suggesting that music-based interventions
are mostly applied in the treatment of speech disor-
ders at the level of planning and programming. This



use is supported by evidence that the music-based
intervention SMTA improved accuracy, consistency
and fluency of articulation in adults with AoS
(Hurkmans et al., 2015), since CAS and AoS share
characteristics such as inconsistency and inappropri-
ate prosody. Speech and music are highly associated
in prosody, e.g. stress is expressed by a combination
of pitch, loudness and duration (Terband,
Namasivayam, et al., 2019) that relate to the musical
elements melody, dynamics (volume) and rhythm,
respectively (Hurkmans et al., 2015). While there is
debate on how these associations support speech
rehabilitation, there is growing evidence that these
associations contribute to the effect of music-based
interventions (Merrett et al., 2014).

There is growing evidence of an overlap in neural
processing of speech and language (e.g. Brown,
Martinez, & Parsons, 2006). The OPERA-hypothesis
is based around the idea that through this overlap,
musical training can improve speech processing
(Patel, 2014). Future research may allow us to iden-
tify the working mechanism responsible for the effect
of music on speech production. Implementing and
testing (combinations of) hypotheses on music in the
treatment of SSD could contribute to this goal and
will additionally contribute to improving efficacy of
treatment for children with SSD.

Conclusion

While most studies in this review on musical elements
in the treatment of childhood SSDs included children
with CAS, the evidence for the effectiveness of this
kind of interventions with this group is insufficient.
Studies with a high-quality study design, comparing
different kinds of interventions and outcome meas-
ures specific to (motor) speech abilities are necessary
to provide more insight in the effect of music in
the treatment of SSD and CAS specifically.
Implementing various hypotheses on working mecha-
nisms of music in the treatment of SSD in such stud-
ies could contribute to the identification of these
mechanisms.
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(2010; 2013), OR

visual analysis aided

by quasi statistical
techniques OR
statistical methods
with rationale for
their suitability.

0 =does not meet
design standards
(scores 0 in one
or more design
indicators).

1 = Meets design
standards with
reservations
(scores a 1 on at
least one design
indicator).

2 = Meets design
standards
(scores a 2 on
all design
indicators).

Additional Phase and Assessment Descriptive quality indicators

Maintenance

Generalisation

Raw data

Fidelity

Social validity

Overall score

0 = Maintenance phase or
maintenance data is
NOT reported.

1 = Maintenance data is
collected after the
intervention is
implemented AND
there are less than 3
data points in at least
one maintenance phase
OR all maintenance
probes are recorded
within one month or
less from the conclusion
of the intervention
phase.

2 = Maintenance data is
collected after the
intervention is
implemented, there are
3 or more data points
in each maintenance
phase, and all
maintenance probes are
recorded for more than
1 month from the
conclusion of the
intervention phase.

0 = Generalisation phase
or generalisation data is
NOT reported.

1 = Generalisation data is
collected only after the
intervention is
implemented (i.e. no
generalisation data is
taken during baseline or
intervention phases)
OR there are less than
3 total data points in at
least one generalisation
phase.

2 = Generalisation data is
recorded in baseline
and intervention phases
(in addition, there can
be a specified
generalisation phase at
the end of the
intervention) and there
is a total of 3 or more
data points per
generalisation phase.

0 =Ad hoc selection
of data.

1 =Incomplete data
such as multiple
probe designs,
aggregated data.

2 = Complete record
of raw data at a
session-by-session
level.

0 = Fidelity is recorded
for less than 20% of
overall data (or is not
reported) and/or
overall fidelity scores
are less than 80%j; or
fidelity measures are
NOT reported.

1 =Procedural/
Treatment fidelity is
recorded for at least
20% of overall data
recorded; overall
fidelity scores are 80%
or above; and fidelity
is only recorded in
either the baseline
phase or intervention
phase.

2 =DProcedural/
Treatment fidelity is
recorded for at least
20% of data in each
condition with overall
scores of 80% or
above; and fidelity is
recorded for
procedures in both
baseline and
intervention phases.

0 = Social validity is
NOT reported or
only includes one
out of the 5%
components of
social validity.

1 = Social validity
measure includes at
least 2 out of the 5%
components of
social validity.

2 = Social validity
measure includes at
least 4 out of the 5%
components of
social validity.

0 = Insufficient
Measure (scores a 0
in two or more of
the indicators).

1 = Minimal Measure
(scores a 0
in only one of the
indicators AND
scores a 1 or higher
for the other
indicators).

2 = Sufficient Measure
(scores a 1 in one
of the indicators
AND scores a 2 in
the other
indicators).

#Social validity components: (1) social significance of the dependent variables (i.e. the target behaviours are beneficial to the participant
and relevant to the context), (2) the intervention was efficient and cost effective, (3) the change in behaviour or intervention effects
were significant according to the criterion or goals set for individual studies, (4) all individuals involved are satisfied with the proce-
dures and outcomes and (5) the intervention contains a natural component (i.e. the interventionist is an individual that is present in
the participant’s natural setting, or the intervention is implemented in the natural setting).
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Quality assessment tool for quantitative studies (EPHPP)

Data
collection Withdrawal/ Intervention Overall

Selection bias Study design  Confounders Blinding methods drop-outs integrity Analyses score

0=The selected 0=will be 0 =will be 0=The outcome 0=The data 0=will be 0 =Very likely that0 = Analysis 0 =weak (two
individuals are assigned to assigned when assessor is collection assigned subjects are not or more
not likely to be  those that used  less than 60% aware of the tools have when a received an appropriate ~ weak
representative any other of relevant intervention not been follow-up unintended (Q3 is no) ratings)
of the target method or did confounders status of shown to rate is less intervention AND
population (Q1  not state the were controlled  participants be valid than 60% (contamination  analyses are
is 3); or there method used. (Qlis 1) and (Q1lis 1); and (Qlis2)or (Q2is3)or orco- not
is less than (Q2is 3) or the study both if the intervention; performed
60% control of participants are  reliability withdrawals Q3 is yes) OR with
participation confounders aware of the and validity  and drop- Less than 60% intention to
(Q2is 3) or was not research are not outs were of participants treat.
selection is not described (Q1 question (Q2is  described not received the
described (Q1 is 3) and (Q2 1); or blinding (Qlis 3 described allocated
is 4); and the is 4). is not described and Q2 (Ql is No intervention
level of (Qlis 3 and is 3). orQ2is4). (Ql=3or4).
participation is Q2 is 3).
not described
(Q2 is 5).

1=The selected 1=will be 1=will be given 1=The outcome 1=Data 1 =will be 1 ="Unclear if 1 = Statistical 1=moderate
individuals are assigned to a to those studies  assessor is not collection assigned subjects analyses are  (one weak
at least cohort analytic that controlled aware of the tools have when the received an appropriate  rating)
somewhat likely  study, a case for 60—79% of intervention been shown follow-up unintended (Q3 is yes),
to be control study, a  relevant status of to be valid rate is intervention intention to
representative cohort design, confounders participants (Qlis 1); 60—79% (g3 = cannot treat is
of the target or an (Qlis 1) and (Q1is 2); or data (Q2is 2) tell), OR NOT
population (Q1  interrupted (Q2is 2). the study collection OR Ql is4 consistency of applied or
is 1 or 2); and time series. participants are  tools have or Q2 is 5. intervention unclear.
there is not aware of not been was not
60—79% the research shown to measured (Q2
participation question (Q2 be reliable is no) AND Q1
(Q2 is 2). is 2). (Q2is 2) or is 1 or 2.

“Moderate” reliability is
may also be not
assigned if Q1 described
is 1 or 2 and Q2 is 3).
Q2is 5

(cannot tell).

2 =The selected 2=will be 2 =will be 2 =The outcome The data 2 =will be 2 =More than 2 = Statistical 2 =strong (no
individuals are assigned to assigned to assessor is not collection assigned 80% of subjects  analyses are  weak
very likely to those articles those articles aware of the tools have when the received appropriate  rating)
be that described that controlled intervention been shown follow-up allocated inter-  AND
representative RCTs for at least 80%  status of to be valid rate is 80% vention (Q1 is performed
of the target and CCTs. of relevant participants (Qlis 1); or greater 1) AND with
population (Q1 confounders (Q1 is 2); and and the (Qlis1 consistency of intention to
is 1) and there (Qlis 2); or the study data and Q2 intervention is treat.
is greater than (Q2is 1). participants are  collection is 1). measured AND
80% not aware of tools have subjects
participation the research been shown receiving
(Q2is 1). question (Q2 to be unintended

is 2). reliable (Q2 inter-vention is
is 1). unlikely.
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