5 university of °
groningen °

University of Groningen

The treatment of apraxia of speech
Hurkmans, Josephus Johannes Stephanus

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2016

Link to publication in University of Groningen/lUMCG research database

Citation for published version (APA):
Hurkmans, J. J. S. (2016). The treatment of apraxia of speech: speech and music therapy, an innovative
Joint effort. [Thesis fully internal (DIV), University of Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/lUMCG research database (Pure): http.//www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 13-09-2026


https://research.rug.nl/en/publications/90ecf3b0-b652-4c62-91f4-b363e33b508b

The treatment of Apraxia of Speech

Speech and Music Therapy, an Innovative Joint Effort

Joost Hurkmans



' ‘g\ @ Stichting
rijksuniversiteit Revali ddtl € ‘ Afasie
groningen Friesland Nederland

The work reported in this thesis has been carried out under the auspicies of the
Graduate School for the Humanities (GSH), the Center of Language and Cognition
Groningen (CLCG) and Revalidatie Friesland. Publication of this thesis was financially
supported by the University of Groningen and the Stichting Afasie Nederland (SAN).

(pbbii.

Groningen Dissertations in Linguistics 148
ISSN: 0928-0030

ISBN 978-90-367-8592-1 (printed version)
ISBN 978-90-367-8593-8 (digital version)

© 2016 by Joost Hurkmans

Cover design and layout style by Martin Dijkstra

Printed by CPI Koninklijke Wohrmann, Zutphen, The Netherlands



: rijksuniversiteit
s groningen

The treatment of Apraxia of Speech

Speech and Music Therapy, an Innovative Joint Effort

Proefschrift

ter verkrijging van de graad van doctor aan de
Rijksuniversiteit Groningen
op gezag van de
rector magnificus prof. dr. E. Sterken
en volgens besluit van het College voor Promoties.
De openbare verdediging zal plaatsvinden op

donderdag 11 februari 2016 om 16.15 uur
door

Josephus Johannes Stephanus Hurkmans

geboren op 14 oktober 1974
te Someren, Nederland



Promotores:
Prof. dr. Y.R.M. Bastiaanse
Prof. dr. J.H. Arendzen

Copromotores:
Dr. R. Jonkers
Dr. H.A. Reinders-Messelink

Beoordelingscommissie:
Prof. dr. C.F.S. Code

Prof. dr. P.A.M. Gerrits

Prof. dr. B.A.M. Maassen

Prof. dr. K. Postema



Dankwoord | Acknowledgements

Dankwoord | Acknowledgements

Samen met begeleiders en de steun van talloze collega’s, vrienden en
familie heb ik mijn promotieonderzoek succesvol afgerond. Daarvoor
wil ik mijn oprechte dank uitspreken. Het liefst zou ik iedereen bij naam
willen noemen maar het zijn er simpelweg teveel. Een aantal mensen wil

ik echter persoonlijk bedanken.

Allereerst mijn eerste promotor, Roelien Bastiaanse. Ondanks onze
jarenlange samenwerking, was ik aangenaam verrast en zeer vereerd
toen je de toezegging deed om je als eerste promotor te verbinden aan
mijn promotieonderzoek. Ik ben je zeer erkentelijk voor de grote bijdra-
ge die je hebt geleverd aan het theoretisch kader van mijn proefschrift.
Ik bewonder je scherpte en heldere visie op wetenschap.

Dan mijn tweede promotor, Hans Arendzen. Jouw belangstelling
voor muziektherapie in de revalidatie bestond al lang voor mijn promo-
tieonderzoek. Jij was actief betrokken bij het schrijven van de boeken
die Madeleen de Bruijn schreef over dit onderwerp en het was dan ook
vanzelfsprekend om jou te betrekken in mijn promotieonderzoek. Jouw
bijdrage vanuit de revalidatiegeneeskunde was zeer waardevol. Je rust en
relativeringsvermogen tijdens soms heftige discussies hebben een con-
structieve bijdrage geleverd aan de totstandkoming van dit proefschrift.

Roel Jonkers was mijn dagelijkse begeleider vanuit de universiteit.
Wij werken al langer samen maar jouw rol als directe begeleider was
nieuw. Ik heb veel geleerd van jouw kennis over spraakapraxie. Ik kijk
met veel genoegen terug op de vele discussies die we hadden over dit
controversiéle onderwerp. Naast je vakinhoudelijke kennis deelde je
ook je ervaring over het vaderschap dat voor mij tijdens mijn promotie
begon. Toen ik alle mogelijkheden onderzocht om rond de geboorte van
Job naar een congres in Turkije te gaan, wist jij mij te overtuigen dat dat
een absurde gedachte was. Uiteindelijk besloten we om een poster te
maken en jij was ook nog zo genereus om de posterpresentatie te ver-



Dankwoord | Acknowledgements

zorgen op dat congres. Tot slot kon ik altijd direct bij je terecht wanneer
ik een teleurstelling had te verwerken. Dat waardeer ik enorm!

De dagelijkse begeleiding vanuit het revalidatiecentrum werd ver-
zorgd door Heleen Reinders-Messelink. Jij hebt me vanaf het begin ge-
steund en het vertrouwen gegeven dat ik het kon. Met plezier denk ik
terug aan onze uurtjes bij Roy waar ik veel heb geleerd over statistiek.
Daarnaast gaf je me de ruimte om een eigen invulling te geven aan mijn
onderzoek en ook jij stond altijd voor me klaar. Je oprechte belang-
stelling beperkte zich nooit tot mijn onderzoek maar onze gesprekken
waren altijd een combinatie van werk en privé. Ik zie enorm uit naar
verdere samenwerking binnen Revalidatie Friesland waar we samen het
wetenschappelijk onderzoek nég beter verankeren in de organisatie!

Prof. dr. Gerrits, Prof. dr. Code, Prof. dr. Postema and Prof.dr. Maas-
sen kindly agreed to be on my reading committee and attend my defen-
se, for which I would like to thank them. I am grateful for their willing-
ness to read my thesis and give an oral presentation at the symposium.

Voor het uitvoeren van de studies werd het onderzoeksteam uitge-
breid met Annemarijke Boonstra, Madeleen de Bruijn en Paul Pieter
Hartman. Vele uren hebben we gediscussieerd over methodologie, re-
sultaten en de conclusies van het literatuuronderzoek en de drie studies
die we hebben uitgevoerd. We ontdekten dat de culturen binnen taal-
wetenschap en de medische wetenschap verschillend zijn maar dat het
samenbrengen van deze twee disciplines leidt tot boeiende discussies
en resultaten. Ik wil alle leden van dit team bedanken voor de bereid-
heid tot het delen van kennis en ervaring. Niet alleen hadden we een
verschillende achtergrond maar ook een andere werkgever. Uiteinde-
lijk bleek Haren een centrale locatie en vonden we onderdak bij Oker,
het kennis & innovatieteam van het UMCG Centrum voor Revalidatie
Beatrixoord. Voor de gastvrijheid bedank ik dr. Ant Lettinga, onder-

zoekscoordinator.

Vi



Dankwoord | Acknowledgements

Met één van de medewerkers van Oker heb ik intensief samenge-
werkt; Judith Feiken. Toen ik bezig was met het ontwikkelen van mijn
evaluatie-instrument, zat jij volop in de ontwikkeling van het DIAS. We
namen elkaars testen af en scoorden de responsen van de deelnemers
aan ons onderzoek. Ik zag een bondgenoot in je want net als ik combi-
neer je het onderzoek met het klinische werk. Jouw kennis en expertise
over spraakapraxie is enorm en de discussies die we hierover hadden
(we waren het lang niet altijd eens met elkaar!) hebben mij verdieping
gebracht in dit boeiend vakgebied. Toen ik nog zoekende was naar waar
de SMTA nou precies ingreep, was jij een van de eersten die aangaf dat
het wel eens de spraakapraxie zou kunnen zijn in plaats van de afasie.
We gaven samen praatjes en bezochten internationale congressen. Ik
denk met veel plezier terug aan ons tripje in de auto naar Antwerpen! Ik
hoop dat we nog lang blijven samenwerken.

Veel dank ben ik verschuldigd aan mijn collega’s van Revalidatie
Friesland. Verschillende logopedisten en muziektherapeuten (van alle
locaties!) hebben de SMTA behandeling gegeven in de effectstudie.
Hiervoor moest een onderzoeksprotocol gevolgd worden waarop ik
streng toezicht hield. Ik realiseer me terdege dat dit extra aandacht heeft
gevraagd in jullie drukke roosters. Ik heb echter nooit een wanklank
waargenomen en alleen maar een constructieve houding ervaren, jullie
zijn toppers! Bovenal waren jullie oprecht geinteresseerd in mijn on-
derzoek, jullie belangstelling en medeleven was groot (ik heb inmiddels
een stapel kaartjes voor de momenten waarop ik iets te vieren had maar
zeker ook wanneer het tegen zat!) en derhalve heb ik veel steun ontvan-
gen. Ik beschouw het als een voorrecht om in zo'n hecht team te werken.

Er zijn echter meer mensen bij Revalidatie Friesland die betrokken
waren bij mijn promotieonderzoek en die ik bij deze heel hartelijk wil
bedanken. Ik denk dan aan de raad van bestuur en het managment team
die mij de kans gaven om me te ontwikkelen in het wetenschappelijk

onderzoek; een richting die voor een revalidatiecentrum niet vanzelf-

Vil



Dankwoord | Acknowledgements

sprekend is. Ik denk ook aan de research commissie die mijn onderzoek
steunde. En tot slot de collega’s uit de behandeleenheid die regelmatig
belangstelling toonden terwijl ik steeds minder in de directe patiénten-
zorg acteerde.

Veel werk is verzet door studenten van Neurolinguistieck aan de
Rijksuniversiteit Groningen en de opleiding Logopedie van de Hanze-
hogeschool Groningen. In het kader van hun afstudeerscriptie hebben
zij testen afgenomen, uitgewerkt en geinterpreteerd. Veel dank ben ik
dan ook verschuldigd aan Line Atsma, Baukje Pijnacker, Anke Naaijer,
Aniek van Keulen, Nynke Boersma, Tryntsje v.d. Kooy, Wiebke Bengen
en Femke van Dijk.

Als buitenpromovendus was ik ook verbonden aan de Onderzoeks-
groep Neurolinguistiek van de Rijksuniversiteit Groningen. Helaas heb
ik niet veel bijeenkomsten kunnen bijwonen omdat het nauwelijks te
combineren was met het werk in Beetsterzwaag. Toch voelde ik me wel
verbonden met deze groep en heb ik het oefenen van praatjes en het
meedenken in ieders onderzoek als leerzaam en waardevol ervaren.
Ook op internationale congressen (met name de Science of Aphasia!)
kwamen we elkaar tegen en trokken we samen op. Ik dank Rimke Groe-
newold, Laura Bos, Dorte de Kok, Fedor Jalvingh, Djaina Satoer, Tom
Abouom en Vénia de Aguiar.

En dan mijn paranimfen. Doriene, wat ben ik blij dat ik je heb leren
kennen, alweer bijna 20 jaar geleden. Ik heb ontzettend veel van je ge-
leerd en ik doe dat nog steeds, je bent een inspirator! Je bent creatief,
verbindend, constructief en doortastend en dat maakt jou een perfecte
samenwerkingspartner voor mij. We vinden elkaar in de ambitie om
uitdagingen aan te gaan en grenzen te verleggen. We hebben samen veel
meegemaakt en wat mij betreft blijven we dat doen, ook al gaat jouw
carriere in een andere organisatie verder! Ik voel me vereerd dat jij mijn

paranimf wil zijn.

Vil



Dankwoord | Acknowledgements

Line, ook jou heb ik als collega leren kennen in het revalidatiecen-
trum. Je kwam als student binnen en inmiddels ben je een belangrijke
kracht in ons team. Ik was eigenlijk al direct onder de indruk van je
kwaliteiten. Jij hebt een unieke combinatie van intelligentie, humor en
sociale sensitiviteit. Jij kan mij de juiste vragen stellen op het juiste mo-
ment, ook op persoonlijk vlak en dat waardeer ik enorm. Ik ben dan ook

super blij dat je mijn paranimf bent bij mijn promotie!

Tea en Madeleen, eigenlijk is het heel simpel: zonder jullie was dit
proefschrift er nooit geweest! Ongeveer 15 jaar geleden hadden jullie
het briljante idee om logopedie en muziektherapie te combineren. Uit-
eindelijk is het uitgegroeid tot een programma dat in heel Nederland
wordt gebruikt, internationale erkenning heeft en ook in de weten-
schappelijk belangstelling staat. En dat allemaal dankzij jullie! Daar ben
ik jullie uiteraard ongelooflijk dankbaar voor! Tea, ik heb ontzettend
veel respect voor jouw enorm groot hart voor de patiént. Jij weet als
geen ander mensen te ‘raken’ en hebt altijd oog voor de mens achter de
patiént. Madeleen, wat hebben we veel uren doorgebracht in jouw tuin
voor het review artikel! Samen artikelen lezen, beoordelen en beschrij-
ven. Jouw gedrevenheid is onuitputtelijk en inspirerend. Ik heb veel
van je geleerd over muziek en muziektherapie. Samen hebben we vele
praatjes gegeven, ook op muziektherapie congressen, een hele nieuwe
ervaring voor mij! En we zijn nog niet klaar! Ik zie uit naar een nieuwe

druk van SMTA, op naar de toekomst!

Lieve familie, jullie belangstelling en steun zijn ook zeker helpend
geweest, zeker in de laatste fase van mijn promotie. In de weekenden gaf
ik voorrang aan het schrijven en dat maakte dat er geen tijd was voor
een bezoekje aan het Noorden of voor mij een autoritje naar het Zuiden.
Jullie hebben altijd begrip getoond voor mijn keuzes en zijn in die zin
altijd achter mij blijven staan. Dat waardeer ik enorm, dankjewel! Lieve
pa, helaas kan mijn moeder mijn promotie niet meer bijwonen. Wat zou
ze trots zijn geweest en wat ben ik dankbaar dat jij er wel bij bent, je bent

een kanjer!



Dankwoord | Acknowledgements

Mijn allergrootste dank gaat uiteraard uit naar Elske! Wij leerden el-
kaar kennen vlak voor de start van mijn promotietraject en uiteindelijk
ben jij ook vanuit Breda naar Groningen verhuisd voor mij. Ik schatte
in dat het zo'n vijf jaar zou duren maar inmiddels wonen we er veel lan-
ger en hebben we twee schatten van jongens gekregen waar we allebei
intens veel van houden. Zonder jou was het me niet gelukt om deze
wetenschappelijke expeditie te volbrengen. Inmiddels ken jij ook alle
hoogte en dieptepunten die bij promoveren horen. Jouw onvoorwaar-
delijke steun is van onschatbare waarde! Uiteindelijk is thuiskomen bij

jou het fijnste dat er is!



Contents

Contents

General introduction and outline of the thesis

Chapter 1 | Theoretical framework

1.1
1.2
1.2.1
1.2.2
1.2.3
1.3
1.4

Introduction

Linear models of speech production
Phonological encoding

Syllabary

Phonetic encoding

Nonlinear models of speech motor control
Speech motor theories:

Speech motor programming and planning

Chapter 2 | Apraxia of Speech

2.1
2.2
2.3
2.3.1
2.4
2.5

Introduction

History and definition

Motor theories of Apraxia of Speech
General motor deficit?

Aetiologies and localisation

Clinical presentation and diagnosis

Chapter 3 | Treatment of Apraxia of Speech

3.1
3.2
3.3
3.4
3.5

Introduction

Motor learning in the treatment of Apraxia of Speech
Articulatory-kinematic approaches

Rate and rhythm control strategies

Melodic Intonation Therapy (MIT)

Chapter 4 | Music

4.1
4.2
4.3

Music and language
Neural correlates of music and language
Music therapy

O 0 O\

16

19

20
24
27
29
31

35

36
38
39
41

43
44
45
49

Xl



Contents

Chapter 5 | Music in the treatment of neurological language

and speech disorders

5.1
5.2
53
5.3.1
53.2
533
534
535
5.4
55

Chapter 6 | Speech-Music Therapy for Aphasia (SMTA)

6.1
6.2
6.2.1
6.2.2
6.3
6.4
6.4.1
6.4.2

Introduction

Methods

Results

Patient characteristics
Interventions
Methodological quality
Effectiveness of intervention
Mechanisms of recovery
Discussion

Conclusion

Introduction

Target groups

Non-speaking patients

Non-fluent speaking patients
Objectives

Treatment methodology

The speech-therapy line of treatment
The music therapy line of treatment

Chapter 7 | Prognostic factors of recovery after SMTA

treatment in non-fluent aphasia and Apraxia of Speech

7.1
7.2
7.3
7.3.1
7.3.2
7.3.3
7.3.4
7.3.5

Xl

Language and speech recovery
Prognostic factors of speech recovery
Methods

Subjects

Primary outcome measures
Prognostic factors of speech recovery
Procedure

Statistical analysis

51
52
54
57
57
60
62
64
67
68
72

74
74
75
75
76
76
77

83
84
85
87
87
89
89
90
90



Contents

7.4 Results 91
7.5 Discussion 94
7.6 Conclusion 96

Chapter 8 | The Modified Diadochokinesis Test, an evaluation

instrument for the treatment of Apraxia of Speech 97

8.1 Introduction 98

8.2  Methods 102
8.2.1 Participants 102
8.2.2 Materials 104
8.2.3 'The Modified Diadochokinesis Test (MDT) 104
8.2.4 Testand scoring procedures 104
8.2.5 Statistical analysis 106
8.3  Results 107
8.3.1 Internal consistency 107
8.3.2 Complexity 108
8.3.3 Reliability 108
8.3.4 Validity 108
8.3.5 Convergent validity 109
8.3.6 Discriminant validity 109
8.4 Discussion 109
8.5  Conclusion 112

Chapter 9 | The effectiveness of Speech-Music Therapy for

Aphasia (SMTA) in five speakers with AoS and aphasia 115
9.1 Introduction 116
9.2  Methods 123
9.2.1 Participants 123
9.2.2 Outcome measures 127
9.2.3 Design and procedure 129
9.2.4 Treatment 132
9.2.5 Statistical analysis 133

9.3 Results 133

Xin



Contents

9.3.1 Participant J.V. 135

9.3.2 Participant J.A. 136
9.3.3 Participant ].K. 138
9.3.4 Participant M. A. 139
9.3.5 Participant EP. 140
9.4 Discussion 142
9.5 Conclusion 148
Chapter 10 | General discussion 149

10.1  Introduction

10.2  The relation between speech motor control and musicial
parameters 150

10.3  Evaluating AoS treatment of rate and rhythm control

strategies 154
10.4  Effectiveness of SMTA in patients with AoS and aphasia 156
10.5 SMTA and MIT in clinical practice 158
10.6  Future perspectives 159
References 163
Summary 181
Nederlandse samenvatting 189
Appendices 197

A. Appendix to Chapter 7: Prognostic factors of recovery
after SMTA treatment in non-fluent aphasia and apraxia

of speech 198
A.1  Pretreatment scores of the subjects 198
A2 Posttreatment scores of the subjects 199

A3 Regression model of the significant correlations between
the outcomes on the AAT Token Test and the prognostic
factor ‘duration’ (in weeks) 200

XV



Contents

A4  Regression model of the significant correlations between

the outcomes on the AAT naming test and the prognostic

factor ‘type’

A5  Regression model of the non-significant correlation
between the outcome on the phonology measure of the
spontaneous speech of the AAT and the prognostic
factors ‘type’ and ‘severity’

200

200

A6 Regression model of the non-significant correlation between

the outcome on the intelligibility measure of the ANELT and

the prognostic factors ‘syndrome, ‘type’ and ‘severity’

B. Appendix to Chapter 8: The Modified Diadochokinesis Test,

an evaluation instrument for the treatment of Apraxia of
Speech
B.1  Scores of the participants with AoS

C. Appendix to Chapter 9: The effectiveness of the Speech-
Music Therapy for Aphasia (SMTA) in five speakers with
AoS and aphasia

C.1 Raw scores of the MDT and PALPA 12 of J.V.

C.2  Raw scores of the MDT and PALPA 12 of J.A.

C.3  Raw scores of the MDT and PALPA 12 of ].K.

C4  Rawscores of the MDT and PALPA 12 of M.A.

C.5  Raw scores of the MDT and PALPA 12 of EP.

C.6  Pre- and posttreatment measures and 3 months post-

treatment measures (follow-up) of the 5 participants
About the author
List of publications

Groningen dissertations in linguistics (Grodil)

201

201
201

202
202
203
203
204
204

205

206

208

213

XV



General introduction and outline of the thesis

XVI



General introduction and outline of the thesis

General introduction and outline of the thesis

Spoken language production involves the use of up to 100 muscles
(Baldo, Wilkins, Ogar, Willock, Dronkers, 2011; Ackermann & Riecker,
2010). Healthy speakers control these muscles with apparent ease. Pa-
tients with Apraxia of Speech (AoS), however, experience problems in
speech motor control. They describe their problems as follows: “I know
what I want to say, but I just can't say it. I tell my mouth to do one thing,
and it does another. Then, when I don’t want to say it, I can do it” (Lowit,
Miller, & Kuschmann, 2014).

A wide variety of behavioural methods have been developed to treat
AoS. Various therapy programmes use musical elements focusing on
the temporal aspects of speech production. To date, these therapy pro-
grammes are either speech-therapy programmes provided by a speech
therapist without a music therapist’s contribution or music therapy pro-
grammes without a speech therapist’s participation. However, a com-
bination of speech and music therapy may combine the strengths of
both therapeutic approaches. Therefore, a unique therapy programme
combining elements of speech therapy and music therapy has been de-
veloped in clinical practice, which is called Speech-Music Therapy for
Aphasia (SMTA, De Bruijn, Zielman, & Hurkmans, 2005).

In clinical practice, patients with aphasia and AoS have experienced
positive outcomes of SMTA; however, there was no evidence of this
treatment’s effectiveness. This thesis addresses that topic. First, an over-
view of the literature on speech motor control in healthy speakers and
AoS patients will be presented, followed by a description of the literature
on the treatment of AoS and various characteristics of music that may
be involved in this treatment (chapters 1-5). After an elaborate descrip-
tion of SMTA, the results of a study focusing on the prognostic factors
influencing speech recovery will be described and discussed using clin-
ical available data of patients that were treated with SMTA in the past
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ten years (chapters 6 and 7). Next, an instrument to evaluate the effect
of SMTA was not available, and, therefore, a new instrument has been
developed to assess the effects of SMTA in a clinical trial, as well as in
daily practice (chapter 8). Finally, Chapter 9 focuses on an efficacy study
of SMTA. A group of patients with AoS and aphasia followed a research
protocol in order to provide empirical evidence on the effect of SMTA,
as a ‘proof of principle’ With this study it was possible to control for
effects of spontaneous recovery, follow improvement week by week and
assess effects of generalisation without test-retest effects. In the discus-
sion of this thesis (Chapter 10), a relation between speech motor control
and various musical parameters will be presented to clarify the funda-
mentals of SMTA.

Aim of the study

The aim of this thesis was to evaluate the effect of speech-music
therapy on patients with Apraxia of Speech. Three issues are addressed
throughout the chapters: (1) the relation between speech motor control
and musical parameters; (2) the evaluation of AoS treatment in rate-
rhythm control strategies; and (3) the effectiveness of SMTA in patients
with Apraxia of Speech and aphasia.
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Chapter 1 | Theoretical framework

1.1 | Introduction

The process of speech production has been elaborately outlined in
psycholinguistic and neurolinguistic studies. Different models have
been proposed based on real-time processing and priming experiments
in healthy speakers. One of the most influential models in the litera-
ture is the logogen model (e.g., Morton, 1969). This model represents
various aspects of language processing, such as oral naming, repetition,
oral reading and writing. This chapter focuses on one particular part of
language processing: spoken word production.

The various levels of spoken word production will be described using
linear models. It will become clear that these linear models are not suit-
able to describe the process of speech motor control. Therefore, non-
linear models will be introduced and, in addition, speech motor theor-
ies will be discussed in order to outline this process.

1.2 | Linear models of speech production

One of the most influential models of speech production is the model
of Levelt, Roelofs and Meyer (1999). Building on the earlier work by
Garrett (1975), the original model developed by Levelt in 1989 was
adapted in several studies, until its current version.

Levelt et al’s (1999) model distinguishes various levels of word pro-
duction (see Figure 1.1). This chapter specifically focuses on phono-

logical and phonetic encoding. First, the preceding processes will be
briefly described.

The production of a meaningful word always starts with a speaker’s
communicative intention, which is not, itself, language. The speaker’s
intention to express information has to be transformed into a verbal
message that consists of lexical concepts. The process leading from in-
tention to lexical concepts is called ‘conceptual preparation, which is
the first process of Level et al’s (1999) model and provides an interface
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between thought and language. In this process, there is no one-to-one
mapping of notions to be expressed onto messages. This is called the
‘verbalisation problem’ (Bierwish & Schreuder, 1992), which means that
there are multiple ways to refer to the same object, even if a single lexical
concept is activated. In picture naming, for example, the same object
may be called ‘pet, ‘bird’ or ‘canary; depending on the set of alternatives
and on the task.

—> [ conceptual preparation J

lexical concept

v

[ lexical selection J .

lemma

v

[ morphological encoding J _______

v

Self-monitoring morpheme
[ phonological encoding J R

v

— phonological word

v

[ phonetic encoding J ------- SYLLABARY

v

phonetic gestural score

v

[ articulation J
v

L sound wave

lemmas

MENTAL LEXICON

word forms / lexemes

Figure 1.1 | Speech production model of Levelt et al. (1999; 3)

Apart from the verbalisation problem, additional semantic-related

activations are triggered during lexical concept activation (Levelt et al.,
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1999) resulting in a conceptual network. In this conceptual network,
many links to other semantically related concept nodes are activated.
For example, the concept node ‘bike’ links to other concept nodes, such
as ‘cycle;, ‘wheel’ and ‘car’

The next level in Levelt et al’s (1999) model is lexical selection. The
lexical selection theory has been proposed by Roelofs (1992) and is
modelled in terms of a feed-forward activation-spreading network. Lex-
ical selection implies the retrieval of a lemma from the mental lexicon.
As a result of the co-activation of lexical concepts, there is a spread of
activation to the lemma nodes. Therefore, various semantically related
lemmas in the mental lexicon become active. This process is similar to
the previous level of spread activation for concept nodes. However, this
level concerns lexical nodes. For example, in naming a picture of a dog,
the concept for dog will activate the lemma ‘dog’ in the mental lexicon.
Also, related lemmas will be co-activated, such as ‘cat. Within an effi-
ciently running system, inappropriate candidates are rejected. The state
of activation of non-target words follows a mathematical rule. This is
called ‘competition’ The target lemma will be the strongest: the lemma

of ‘dog’ in picture naming of a dog.

Once a lemma is retrieved from the mental lexicon, morphemes are
encoded at the level of morphological encoding. At this level, features
for number, person, tense and mood are added to the lemma. The verb
lemma ‘walk’, for example, can be phonologically realised as walk, walks,
walked, walking, depending on the values of its features.

1.2.1 | Phonological encoding

The level after morphological encoding is phonological encoding.
This level begins with the activation of the word form. Encoding the
word form is divided into two separate processes: (1) retrieval of the
phonological content of the word (segments), and (2) syllabification,
which is the retrieval of the word structure (e.g., number of syllables; cf.
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Hartsuiker, Bastiaanse, Postma, & Wijnen, 2005). Figure 1.2 illustrates
the process of phonological encoding of the word ‘table’

Phonological word
<table>
segments

@

\ word /
syllable 1 syllable 2

NN
PR

structure

word

syllable 1 syllable 2

It le:/ Ibl 19l 11

Figure 1.2 | Process of phonological encoding based on Hartsuiker et al. (2005; 6)

Spelling out the segmental and structural properties of the word
form finally assembles and language-specific syllabification rules com-
plete the process of phonological encoding. For example, in Dutch, the
voiced /d/ in the word form of ‘hond’ (dog) changes in a voiceless /t/,
due to the final devoicing rule in Dutch, that is, syllables cannot end in
a voiced obstruent (/b/, /v/, /z/ or /d/), resulting in the pronunciation
[hOnt] (Bastiaanse, 2010).

Syllabification is a late process of phonological encoding because
it depends on the word’s phonological environment. For example, the
syllabification of the word form ‘demand’ is de-mand. However, the
syllabification of the morphologically related word ‘demanding) for in-
stance, is different: de-man-ding, where the syllable -ding straddles the
two morphemes demand and -ing. Levelt et al. (1999) assume that in
the syllabification process, morphemes and phonemes become available
simultaneously. The metrical template (i.e., the rhythmic pattern) may
stay as it is, or may be modified in the context (see 1.2 for an elaborate
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description of this process). Syllabification follows universal as well as
language specific rules (Levelt et al., 1999).

1.2.2 | Syllabary

Most languages have several thousands of syllables and a relatively
small proportion is necessary to generate the majority of a language’s
lexical repertoire (Cholin, Levelt, & Schiller, 2006). For example, in
Dutch, approximately 500 syllables, which is 5% of the entire syllable in-
ventory, are used in everyday communication (Schiller, Meyer, Baayen,
& Levelt, 1996). Since these syllables are used over and over again during
a lifetime, it has been suggested that high-frequency syllables are stored
in a repository, the so-called ‘syllabary’ (Levelt et al., 1999). Levelt and
Wheeldon (1994) included the syllabary in their dual-route model to
explain the process of syllable retrieval. Figure 1.3 represents this model.

[ Phonological word form ]

e S

Direct route encoding: syllabary Indirect route encoding: segment-by-segment

D E
\ /

articulation

Figure 1.3 | The dual-route model of Levelt and Wheeldon (1994)

The dual-route model comprises two routes of encoding syllables:
direct and indirect. The direct route is used for retrieving high-fre-
quency syllables stored as pre-programmed units. The indirect route is
used for encoding low-frequency syllables. These low-frequency sylla-
bles require online assembly each time they are used by a speaker. On
the basis of reaction-time experiments, Levelt and Wheeldon (1994)
suggest that direct-route encoding has shorter durations than the en-
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coding via the indirect route. The duration of retrieving high-frequency
syllables is shorter as a consequence of fewer computational steps. The
retrieval of low-frequency syllables via the indirect route involves com-
puting the phonetic representation of segment-to-segment assembly
each time it is used.

While some researchers still refer to the syllabary, the evidence for
its existence is limited. Brendel, Erb, Riecker, Grodd, Ackermann, &
Ziegler (2011), for example, showed with their fMRI study, that there is
no effect of syllable frequency on brain activity, but they emphasise the
impact of syllable structure. Syllables with a complex onset (i.e., CCV)
yield higher activation in motor execution areas than syllables with a
simple onset (i.e., CV). Therefore, Brendel et al. (2011) suggest that syl-
lables are not stored as equal holistic units in the syllabary as suggested
by Levelt and Wheeldon (1994), but the process of encoding syllables
depends on the complexity of syllable structure.

1.2.3 | Phonetic encoding

After the process of phonological encoding resulting in a phono-
logical word, there is another process before articulation of the word:
phonetic encoding. At this level of word production, articulatory ges-
tures are assigned to the phonological word, specifying which patterns
of articulatory movements are required. This still rather abstract rep-
resentation needs to be modified at three different tiers (i.e., articulatory
levels): (1) oral, (2) velar and (3) glottal. The oral tier contains lip and
tongue (tip and body) structures. At this level, it may be necessary, for
example, to close the lips for the production of the phoneme /b/ when
starting to pronounce the word ‘ball’ At the velar tier, there is activation
for nasal consonants, for example, to lift the velum for the production
of the phoneme /n/ in the word ‘noise’ Finally, at the glottal tier, vocal
tracts need activation for voiced consonants, for example, to produce
the phoneme /d/ in the word ‘dog’ Figure 1.4 illustrates the process of
phonetic encoding of the word ‘table.
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\

Phoneme assembly Syllable structure phonological encoding
[te:] . [bO1] phonological word
[te:] [bO1]
lip/tongue /1 I lip/tongue
velum _ _ velum phonetic encoding
glottis —I_ _ glottis

Figure 1.4 | Process of phonetic encoding adapted from Levelt et al. (1999)

The results of the process of phonetic encoding are phonetic gestural
scores. There is either activation or no activation of the three different
tiers for each phoneme in the syllable structure. However, relations be-
tween neighbouring phonemes are not specified in linear models. Other
relevant components of phonetic encoding are underspecified in linear
models as well. For example, supra-segmental aspects, such as prosody,
are not accurately described in linear models. These aspects are better
described in nonlinear models of speech motor control.

1.3 | Nonlinear models of speech motor control

Linear models, such as Levelt et al’s (1999) model, represent various
levels of speech production. At the level of phonetic encoding, these
models are restricted to local fragments of the speech stream. In such
small fragments (the size of phonemes) there is little attention to rela-
tions between phonemes (Miller, 2000). Isolated movements are only
employed in interaction with other movements. Lip movement, for
example, in relation to velum and laryngeal movements determines
whether the lip closure is perceived as /p/, /b/, or /m/ (Miller, 2000).
Therefore, the question raised is whether the architecture of speech mo-
tor control can be considered as a linearly ordered string of units.

n
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Ziegler, Thelen, Staiger, & Liepold (2008) examined speech errors
from patients with Apraxia of Speech (AoS) to identify the primitives
of linear representations. They studied the architecture of phonetic en-
coding modelled by a tree-like, nonlinear metrical structure (see Figure
1.5). Ziegler et al. (2008) described five different error-source models
from where phoneme errors may arise. These models can be regarded
as various levels in a metrical tree-structure (see Figure 1.5) of where
phoneme errors may arise. The first model is a phoneme model (PHO),
postulating that the source of phoneme errors is the segment: the phon-
eme. In this model, utterances are considered strings of phonemes. Ef-
fects of length can be predicted with this model: the more phonemes
there are in a word, the more errors may occur. The second model is a
constituent model (ONC), postulating that phonetic encoding operates
on syllabic constituents involving onsets (O), nuclei (N) and codas (C).
This model predicts that more errors occur in syllables in which con-
stituent positions are filled (e.g., CVC) than in syllables with an emp-
ty onset (e.g., VC) and open syllables (e.g., CV) with an empty coda
position. The third model is a syllable model (SYL) grounded on the
assumption that phonetic encoding operates on units of syllable size.
Syllables, in this approach, are considered as holistic units. This model
relates to the proposed syllabary of Levelt and Wheeldon (1994), see
1.1.2 for discussion. According to this model, errors are sensitive to syl-
lable frequency and accuracy is independent of syllable structure. The
fourth model is a metrical foot model (MFT). In this model, stressed
and unstressed syllables form a metrical foot that constitutes the core
unit of phonetic encoding. Ziegler (2005) demonstrated the influence
of metrical-foot structure in a word-repetition task with AoS patients,
irrespective of the number of syllables or phonemes within a foot. The
final model is a word model (WRD) with the phonological word as the
core unit of phonetic encoding. Errors, in this model, are sensitive to the
total number of words, irrespective of how many phonemes, syllables,
or metrical feet these words contain. Figure 1.5 represents a template of
the different models in a metrical tree.
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w WRD
/ V
F F MFT
S S S SYL
R R R
(0] N (0] N (0] N C ONC
X X X X X X X PHO

Figure 1.5 | Template of a metrical tree adapted from Ziegler, 2005 and Ziegler et al., 2008. W=word,
s=strong, w=weak, F=foot, S=syllable, R=rhyme, O=onset, N=nucleus, C=coda, x=segment, WRD=word,
MFT=metrical foot, SYL=syllable, ONC=onset, nucleus, coda; PHO=phoneme

Ziegler et al. (2008) tested the five models with data from AoS pa-
tients on a word-repetition test. They showed that the models were re-
lated to each other. There was not one type of error pattern in repeating
words and the errors were influenced by various structural factors. For
example, syllable-based errors were influenced by the word’s foot-struc-
ture, and phoneme-based errors were modulated by metrical param-
eters. Ziegler et al. (2008), therefore, concluded that the domain of
phonetic encoding incorporates several levels in a hierarchical architec-
ture of word production, which asks for a nonlinear model.

Apart from the structural relationships between the levels in the
metrical tree structure (Ziegler et al., 2008), there is additional evidence
for nonlinear processing of speech motor control. Ziegler (2005) found
that the workload of phonetic encoding strongly depends on structural
properties of a word. Speech error data of a large sample (N=100 data
sets) of patients with AoS showed that phonemes in a syllabic rhyme and
trochaic foot contribute least to word-production errors. For example,
more errors appear in the word ‘straight’ by adding the onset [str] to the

rime [e:t] than in the word ‘eight’ with an empty onset. Likewise, more

13
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errors occur in the stressed syllable [tri] by adding an unstressed sylla-
ble [tropk] to form the trochee [tre:tronk] (‘tree-trunk’), as compared
with [tri], for example, in the word ‘tree.

According to Ziegler (2005), complexity of syllable retrieval depends
on higher-order phonetic units. Rhymes and trochees are important
motor programing units in phonetic encoding. With this finding, Zieg-
ler (2005) emphasises the importance of rhythmicity in stress-timed
languages, such as Dutch, German and English. Although word stress
can vary in these languages, there is a preference for trochaic stress: first
syllable strong, second weak (Domahs, Wiese, Bornkessel-Schlesewsky,
& Schlesewsky, 2008; Brendel & Aichert, 2014). In contrast, in French,
word stress is relatively fixed to the final syllable within multisyllabic

words.

A paradox of Ziegler et al’s (2008) model is the focus on isolated
phonemes to explain mechanisms at the level of phonetic encoding. As
stated before, relations between phonemes may be important in under-
standing the process of speech motor control (Miller, 2000). Therefore,
Ziegler (2009) proposed to add gestural movements to the model de-
scribing transitions between neighbouring segments with sub-segment-
al units. He incorporated these gestures into the nonlinear metrical
tree-model.

Gestures are directed to the articulatory levels as described in 1.1.3
(oral, velar and glottal tiers). Each single gesture is related to the rhyth-
mically organised motor units in a word structure. Ziegler (2009) pro-
poses a model that accounts for the probability of accurate word pro-
duction in a series of steps. With this model, the likelihood of accurate
word production can be calculated. Oral gestures form the basis of the
model, including lip gestures, tongue-tip gestures and tongue-body
gestures. These oral gestures can be combined with velar gestures (i.e.,
the transition between oral and nasal consonants) and glottal gestures

(i.e., transitions between voiceless and voiced consonants). Subsequently,
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six coefficients have been added to the probalistic model resulting in
a formula. These coefficients relate to transitions of gestures at various
levels in the metrical template. With this formula, Ziegler (2009) exam-
ined whether the prediction of accurate word production in patients
with AoS was better using a nonlinear model than using a linear model.

First, Ziegler (2009) predicted word accuracy according to a linear
model of speech production. He used a list of words and non-words, re-
peated by patients with AoS, including one, two, three and four syllabic
words resulting in a large set of data samples (N=120). The probability
of a correct pronunciation for one-syllabic words was .51. In a linear
model, syllables are stored as holistic units and, therefore, Ziegler (2009)
could predict accurate word production of two, three and four syllabic
words (see Figure 1.6). Then, he observed word accuracy in the same set
of data (see Figure 1.6). Ziegler (2009) showed a clear discrepancy with
higher repetition scores for the observed word accuracy. This is visual-

ised in Figure 1.6.

Linear model
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0,3
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number of syllables
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Figure 1.6 | Linear model of word accuracy in relation to the number of syllables adapted from Ziegler (2009)

Next, Ziegler (2009) predicted word accuracy according to a non-
linear model. He predicted word accuracy with his above-mentioned

formula, considering the gestural movements at the various levels in the

15
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metrical template. In the nonlinear model, the predicted and the ob-
served accuracy were almost identical. This is visualised in Figure 1.7.
This study was replicated with Dutch data (Van den Eynde, Temmink,
Kooi, Willemsen, Timmerman, Jonkers, & Feiken, 2010). Comparable
findings were revealed for the German and Dutch data suggesting that
this nonlinear approach is specifically suitable for one language.

Nonlinear model
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Figure 1.7 | Nonlinear model adapted from Ziegler’s (2009)

It can be concluded that, from a psycholinguistic perspective, the
process of speech motor control is a complex, nonlinear, hierarchical
organisation of motor units extending from the level of articulatory ges-
tures to the level of metrical feet.

In addition to the nonlinear model of speech production, processes
of speech motor programming and planning are needed to complete the
description of the process of speech motor control. These processes are
described in speech motor theories and will be discussed in the follow-
ing paragraph.
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1.4 | Speech motor theories: Speech motor programming
and planning

The Schema Theory of Schmidt (1975; 2003) is a theory on motor
control and learning. It assumes that production of rapid complex move-
ments involves the determination of related groups of motor actions
(i.e., motor programs) rather than a series of individual movements.
These motor actions are retrieved from memory and then adapted to
the actual situation. Motor programs, according to this theory, are never
produced exactly the same. Therefore, Schema Theory presumes that
the programs are generalised. A Generalised Motor Program (GMP)
captures the timing and force of the movement and specifies relative
timing and force of muscle contraction, which is an abstract movement
pattern. The GMP defines the shape of the movement. For individual
movement patterns, parameters are activated for the absolute timing
and force. With parameters it is possible to determine the movement
pattern in context. Therefore, values are assigned to the parameters. The
result is a variation in duration and amplitude of timing and force. For
example, serving a ball in tennis involves a basic pattern of a backswing
and a forward swing motion; the GMP governs these movements (Maas,
Robin, Austermann Hula, Freedman, Wulf, Ballard, & Schmidt, 2008).
However, the speed and the amplitude of the movement are varied by
assigning different values to the parameters of the GMP for each specific
action (Clark & Robin, 1998).

Within an articulatory motor program, a GMP corresponds to the
motor commands associated with a phoneme, syllable, word or even
a frequently produced phrase (Varley, Whiteside, Windsor, & Fisher,
2006). Schema Theory presumes that a series of GMPs that occur in a
serial order, such as for the production of phonemes, become integrated
into a single GMP (Schmidt & Lee, 2005). Two phonemes in isolation
have a different GMP than those two phonemes in a cluster or word. Fur-
ther, speakers can realise phonemes in many ways. The bilabial plosive

17
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/b/, for instance, can be produced by either moving both lips or only one
lip, with or without jaw movement. Moreover, it remains to be specified
which aspects of speech movements are to be considered as GMPs (Bal-
lard, Granier, & Robin, 2000). Ballard, Maas and Robin (2007) suggest
that features of articulation are the distinctive aspect. Syllables with the
same place of articulation (such as ‘my’ and ‘pie’; labial) are governed by
the same GMP. In contrast, syllables with a different manner of articula-
tion (such as ‘my ‘and ‘sigh’; full closure versus narrow constriction) are,
according to Ballard et al. (2007), governed by different GMP’s.

Within the Schema Theory, parameters correspond to motor plan-
ning. Planning speech production is a speaker’s constant task during
articulation; it functions as a control system. Therefore, motor planning
interacts with motor programming. Motor planning can adjust speech
production if necessary. Speech rate, for example, can be reduced to en-
hance speech accuracy and fluency by producing a long and infrequent
word with recurring phonemes or phonemes with analogous features
of articulation. For instance, in uncommon names, such as ‘Eyjafjalla-
jokull, which is a volcano in the Republic of Iceland, Dutch speakers
will reduce speech rate for a fluent articulation. However, there are more
parameters to adapt the process of speech production by speech plan-
ning, such as the prosodic features pitch, loudness, duration and inten-
sity. Motor planning also controls various emotional prosodic features,
such as in anger, happiness and sadness.

Figure 1.8 represents a model in which the various processes of
speech motor control are incorporated as discussed in the above de-
scribed psycholinguistic models and speech motor theories. This model
will be used in the subsequent chapters on AoS and the treatment of AoS.
In the final chapter of this thesis, the model will be used to relate various
musical elements to the process of speech motor control, in order to
explain the underlying mechanisms of SMTA leading to an understand-
ing of which therapeutic musical elements contribute to its success.
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Visualising the nonlinear process of speech motor control in a
two-dimensional way is hardly possible. The two-way directions of the
arrows between the level of phonetic encoding and the processes of mo-
tor programming and motor planning, modulated by the metrical tree
and the parameters, is an attempt to represent the assumed continuous
interaction between these abstract processes and, therewith, the dy-

namic nature of speech motor control.
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[ Phonological encoding ]
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Phonetic encoding:

Motor
programming
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[ Articulation ]
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Figure 1.8 | Model of speech production (based on Levelt et al. 1999) with an extension of the level of
phonetic encoding including the process of speech motor control
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Chapter 2 | Apraxia of Speech

2.1 | Introduction

A considerable body of research has been achieved in the last four
decades on theories and concepts around Apraxia of Speech (AoS).
However, there remains debate about the nature of the deficit, its neu-
ro-anatomic basis and the symptoms of AoS. This chapter deals with
these issues.

2.2 | History and definition

Liepmann (1863 - 1925) was influential in neuropsychology for his
contribution on apraxia and he is usually credited with the first descrip-
tions of apraxia (Code, 1998; Goldenberg, 2003). However, Tesak and
Code (2008) refer to Bouillard (1825) who presented patients reporting
symptoms that indicate what modern day linguists identify as Apraxia
of Speech. Bouillard described patients with motor speech disorders but
he emphasised that the tongue was not impaired. Unfortunately, fur-
ther descriptions of symptoms and lesion location were relatively vague.
Also, Broca (1861) and Steintahl (1881) described patients who were
unable to articulate in absence of paretic speech muscles. Broca used
the term aphemia to define an inability to coordinate the movements for
the articulation of syllables and words. With this term, he distinguished
between speech and language disorders but his patients only produced
recurring utterances, which is insufficient to characterise specific AoS
symptoms. Steinthal was a linguist who observed an aphasic patient
with ideomotor apraxia in his “Synopsis of Linguistics” He concluded:
“This apraxia in the narrow sense is an exaggeration of aphasia” (Stein-
thal, 1881). Liepmann did not cite Steinthal but in his first single case
study he used the term ‘Apraxie der Sprachmuskeln: Apraxia of the
speech muscles to characterise the ‘motor aphasia’ of his patient (Liep-
mann, 1900).

Darley introduced the term ‘Apraxia of Speech’ in 1968. He based
his first definition on Liepmann’s theory and he describes AoS as an
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impairment of the capacity to program movements of the articulators.
Subsequently, Darley, Aronson and Brown (1975) defined AoS as a pro-
gramming disorder of the articulators for the ‘violational production
of phonemes’ (p.255). This definition entails two distinct elements of
AoS: (1) positioning and (2) sequencing of articulatory movements.
Incorrect positioning of articulators results in incorrect speech sound
productions and the latter relates to speech sounds in an inappropriate
order. An important distinctive mark in this definition is that AoS con-
cerns a disturbed speech programming, but no phonological disorders,
which are abstract phonological entities. AoS is, therefore, considered a
disorder at the level of phonetic encoding.

There is a considerable amount of evidence resulting in various def-
initions (e.g., Wertz, LaPointe, & Rosenbek, 1984; Code, 1998; Dutfty,
2005; McNeill, Robin, & Schmidt, 2009; Lowit, Miller, & Kuschmann,
2014). Most recent definitions refer to a deficit in the programming of
speech movements. Accordingly, AoS patients have a preserved know-
ledge of the phonological word form and no deficits in motor execu-
tion. Instead, transforming abstract representations of word forms into
speech motor commands is disrupted.

Current studies using online methods, such as a delayed naming task,
have suggested that phonological encoding impairments may co-exist
with AoS. Maas, Gutiérrez and Ballard (2014), for example, propose that
activation of phonological information is delayed or protracted in AoS,
according to the results of their study, which used a real-time task. The
distinction between phonological and phonetic encoding disorders de-
pend on clinical symptoms that are expected from impairments at these
levels of speech production, but also on fundamental theoretical issues,
such as how the processing from lexical representations to articulation
proceeds (Croot, Ballard, Leyton, & Hodges, 2012; Ziegler, Aichert,
& Staiger, 2012; Laganaro, 2012). Therefore, Haley, Jacks, de Riesthal,
Abou-Khalil and Roth (2012) emphasise that until now, there are no
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clear criteria to resolve the uncertainty arising from the overlap between
phonological and phonetic disorders.

In this thesis, a definition of AoS as provided by Feiken and Jonkers
(2012) is used for the theoretical background. According to them, most
definitions of AoS describe a disorder of speech motor programming
and speech motor planning is regarded an adaptation process of articu-
lation. This adaptation process focuses on the dynamics of articula-
tion and the temporal and rhythmical aspects such as tempo, stress
and pause. Motor planning can be disturbed, but errors in motor plan-
ning result from deficits in motor programming (Seddoh, Robin, Sim,
Hageman, Moon, & Folkins, 1996). One frequently mentioned temporal
characteristic of AoS is reduction in speech rate. Effects of increased
vowel and consonant durations have been observed in multisyllabic
words and phrases (Kent & Rosenbek, 1983). According to Feiken and
Jonkers (2012), these abnormalities in speech rate are caused by a dis-
turbed process of speech motor programming resulting in an abnormal
phoneme realisation and are not directly caused by a deficit in the pro-
cess of speech motor planning. Figure 2.1 represents the underlying dis-
order of AoS in reference to the model of speech production including
speech motor control.
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parameters
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Figure 2.1 | Speech motor programming disorder of AoS
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Various factors influence the error pattern in AoS. First, the influence
of syllable frequency and complexity has been described (Aichert &
Ziegler 2004, 2013; Staiger & Ziegler; 2008). Aichert and Ziegler (2004),
for example, studied syllable-frequency effects as well as the influence
of syllable structure in AoS patients on a word-repetition task. They
showed an influence of syllable frequency: fewer errors were found in
high-frequency syllables in both control subjects and in patients with
AoS. Moreover, the results demonstrated an effect of syllable structure.
Aichert and Ziegler (2004) observed a difference in the productions of
monosyllabic (CCVC and CVCC) versus bi-syllabic (CVC.CV) words.
Accuracy of combinations of two consonants (i.e., clusters) depends on
where the clusters are located: before, after or across a syllable boundary,
where the latter is not an official cluster, except if one assumes that pro-
gramming takes place per phoneme. Two consonants separated by a syl-
lable boundary were less frequently reduced to a single phoneme than
clusters in the onset or the coda of a syllable, which showed that AoS
patients could use syllables as a programming unit. The analysis also
showed that error rates decreased from syllable-onset clusters (CCVC)
to coda clusters (CVCC). Staiger and Ziegler (2008) also studied the
effect of syllable frequency and syllable structure in AoS in spontaneous
speech. They interviewed AoS patients with questions about everyday
life topics (e.g., profession). Staiger and Ziegler (2008) observed that the
same factors that influenced single word tasks, syllable frequency and
syllable structure, also influenced articulatory accuracy in spontaneous
speech.

Second, an influence of word stress was found in AoS (Ziegler, 2005;
Aichert, Biichner, & Ziegler, 2011). This effect was language specific and
related to the metrical structure of a language. AoS patients show more
segmental and prosodic errors in iambic words (e.g., bi-syllabic words
with a weak-strong structure, such as, ‘pedal’) compared to trochaic
words (e.g., bi-syllabic words with a strong-weak structure, such as,
‘offer’) in stress-timed languages, such as Dutch, German and English.
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Therefore, the regular metrical pattern may facilitate word accuracy in
AoS patients (Brendel & Aichert, 2014).

2.3 | Motor theories of Apraxia of Speech

Principles of motor learning with the proposed General Motor Pro-
grams (GMPs) and parameters in the Schema Theory (Schmidt, 2003;
see 1.3) can be applied to impaired speech motor systems. Schema
Theory focusses on motor programming in general and it is applicable
to motor speech disorders, such as AoS. Considering Schmidt’s (2003)
model, various aspects of motor programming may be disrupted in AoS.
Actually, there are three possible levels of disruption. First, activating
the GMP itself may be damaged (e.g., Clark & Robin, 1998). Alterna-
tively, the schema that supplies the parameter settings may be impaired
(Kent & Rosenbek, 1983). Finally, a combination of these two factors
may underlie disorders in speech motor programming. These different
levels will further be explained below.

Clark and Robin (1998) suggested a damaged GMP in AoS. They
examined an oral visuomotor tracking (VMT') task in AoS patients
and patients with conduction aphasia. The participants learned four la-
bio-mandibular movement sequences. The amplitude of these sequen-
ces was the same, but temporal aspects of the pattern differed. Subse-
quently, the amplitude determined the accuracy of the GMP and the
temporal aspects were related to timing and force parameters. Clark and
Robin (1989) predicted that AoS patients would show reduced GMP
accuracy and, in addition, impaired parameterisation. However, none
of these predictions were found to be true. Clark and Robin (1989) ob-
served an apparent dissociation: AoS patients showed impairments in
the GMP itself or in parameterisation, but not in both. Clark and Robin,
therefore, concluded that AoS patients focus more on either the GMP
or the parameters.

'VMT is an experimental task in which participants are presented with, in this study, an animation of a

jaw-movement on a monitor and they are required to imitate this movement after the target pattern had

been removed from view.

27



Chapter 2 | Apraxia of Speech

A point of criticism of this study, and other VMT studies, is that
VMT tasks aim at detecting problems of learning an oral motor-task
rather than performing a motor skill, such as speech (Ziegler, 2002).
Therefore, the use of VMT in AoS is debated and this debate relates
to the discussion about the presence of a general motor deficit in AoS,
which will be described in 2.2.1.

Kent and Rosenbek (1983) suggested that the timing and force par-
ameters might be impaired in AoS. They examined acoustic descrip-
tions of prosodic characteristics in seven AoS patients using spectro-
grams of conversations. The results showed prosodic abnormalities
including slow speech rate, prolongations, inter-syllabic pauses and
initiation difficulties. Kent and Rosenbek (1983) suggested that these
error patterns were based on disturbed spatial-temporal schemata
(i.e., parameters in Schmidt’s model).

Apartfrom the Schema Theory (Schmidt, 2003), two other approaches
from the motor theory have been described in the AoS literature: (1)
the two-stage model of motor programming (Klapp, 2003) and (2) the
DIVA model of speech processing (Guenther, Ghosh, & Tourville, 2006).
These two approaches complement the theory of Feiken and Jonkers
(2012) and will be described to provide deeper insight into impair-
ments in AoS. First, Klapp (2003) proposes a model that distinguishes
two separate motor programming processes. The first one prepares the
internal (INT) spatial and temporal structure of the movement. This in-
formation is retrieved from a motor buffer, which can be defined as a
short-term memory store. INT is completed prior to initiation and is
sensitive to complexity: complex units, such as syllables with an initial
cluster, require longer processing time. The second process sequences
(SEQ) motor units into their correct serial order. SEQ is sensitive to the
number of units (i.e., length) but not to complexity.

Klapp (2003) examined the model’s validity with reaction-time ana-
lyses and initially proposed the model on the basis of finger movements
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(Klapp, 1995). Subsequently, he extended the model to speech produc-
tion. Klapp (2003) suggested that words may be programmed as single
units and the number of syllables determines its complexity. The hy-
pothesis was that AoS reflects impairment of the INT stage but not of
the SEQ stage. Deger and Ziegler (2002) examined this hypothesis using
a reaction-time paradigm. They used non-word syllable repetition with
manipulations of sequence complexity (such as, ‘da-da” versus ‘da-ga’)
and length (such as ‘da-da’ versus ‘da-da-da’) to examine the INT and
SEQ process, respectively. The results showed a complexity effect but no
length effect on reaction times, and, therefore, seemed to confirm the
hypothesis of Klapp (2003) that AoS is a disorder in the INT stage but
not in the SEQ stage. Maas, Robin, Wright, & Ballard (2008) also tested
Klapp’s (2003) theory with two experiments using online reaction-time
measures. The first experiment was a non-speech, finger-movement
task, with four different key-press responses as targets. Responses dif-
fered in terms of sequence length (i.e., one or four presses) and press
duration (i.e., long or short). In this experiment, patients with AoS and
non-brain damaged participants were included. The second experiment
involved speech movements analogous to the finger movements with
the same patients as in the first experiment. All four target-responses
consisted of the repetition of the syllable [ba]. Maas et al. (2008) used
a reaction-time paradigm that provided two dependent measures: (1)
study time (i.e., the time to prepare a motor response; INT) and (2)
reaction time (i.e., time between a “go-signal” and the execution of the
response; the initiation of the movement: SEQ). The data of both experi-
ments were also consistent with the view that AoS involves an impair-
ment of the INT stage with an intact SEQ stage.

Second, the Directions Into Velocities of Articulators model (DIVA;
Guenther et al., 2006) is an acoustically based model. The process of
speech motor programming in the DIVA model starts with the activa-
tion in the so-called ‘Speech Sound Map’ (SSM). The SSM representation
activates, in turn, a feed-forward command, which results in previously
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learned motor actions for speech sounds: a speech motor program. The
size of a speech motor program ranges from phonemes, to syllables and
even to words and phrases (Guenther et al., 2006).

Within the DIVA model, two hypotheses are formulated to specify
the speech motor programming disorder in AoS. First, the ‘retrieval’
hypothesis states that access to the motor programs is disturbed: acti-
vation or selection of the SSM representation is impaired. Second, the
‘damaged programs’ hypothesis states that the feed-forward commands
from the SSM are disturbed, resulting in a damaged speech motor pro-
gram. Mailand and Maas (2013) tested the two hypotheses within the
DIVA model in a delayed picture-word interference task. In the retrieval
hypothesis, more speech errors and longer reaction times are expected
in trials where a distractor is presented. Therefore, Mailand and Maas
(2013) manipulated the phase immediately preceding speech onset by
occasionally playing a distractor word over headphones. They found
that reaction times of picture naming were slower in AoS patients when
using a distractor. These findings were predicted by the retrieval hypoth-
esis but not by the damaged programs hypothesis. Therefore, Mailand
and Maas (2013) provide preliminary support for the hypothesis that
the retrieval of speech motor programmes is impaired in AoS patients.

2.3.1 | General motor deficit?

A highly debated issue in AoS literature is whether AoS is considered
a general motor programming deficit (e.g., Ballard et al., 2000; Maas
et al., 2008), which involves both speech and non-speech movements,
or if impairments of these movements should be considered separate
(e.g., Ziegler, 2003). The suggestion that AoS involves a fundamental
impairment of praxis in the articulatory motor system that crosses both
speech and non-speech tasks originates from the coincidence of AoS and
orofacial apraxia. Duffy (2005) observed that 69% of the AoS patients
suffer from orofacial apraxia. Also, Ballard et al. (2000) emphasised that
all AoS patients suffer from orofacial apraxia. Therefore, Ballard, Robin
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and Folkins (2003) argue that, an overlapping neuromotor-control sys-
tem controls speech and non-speech movements. However, Wertz et al.
(1984) and Dufty (1995) observed AoS patients without impairments
in non-speech movements and emphasise that speech and non-speech
movements are controlled by separate systems. They indicated dissoci-
ation between orofacial apraxia and AoS. Ballard et al. (2000) argued, in
return, that standard clinical measures of oral and speech motor pro-
gramming often lack sensitivity to detect disturbances in non-speech
movements, particularly in mild AoS. For example, studies using more
sophisticated methods to examine non-speech motor control (i.e.,
VMT) showed that motor impairment in AoS patients was not restrict-
ed to speech (e.g., Clark & Robin, 1998; Robin, Jacks, Hageman, Clark,
& Woodworth, 2008; Maas et al., 2008).

Ziegler (2003) prefers a distinction between speech and non-speech
movements in AoS patients. He discussed this issue within two models:
first, a task-independent model where all motor functions are controlled
by a universal sensory-motor system, irrespective of their purpose and
second, a task-dependent model that distinguishes vegetative functions
(such as breathing and swallowing), emotional expression (such as smil-
ing and laughing) and speech. Ziegler (2003) supports the task-depend-
ent model demonstrating that both AoS and dysarthria are dissociated
from non-speech motor impairments of the oral, facial, lingual, velo-
pharyngeal and laryngeal muscles.

Furthermore, the use of VMT in AoS has been criticised in various
studies (e.g., Mchenry, Minton, Wilson, & Post, 1994; Deger, Ziegler,
& Wessel, 1999; Ziegler, 2003). Mchenry et al. (1994) found no relation
between intelligibility and orofacial tracking abilities and concluded
that speaking is too complex to be assessed by VMT. Also, Deger et al.
(1999) showed that VMT accuracy was related to scores based on limb-
motor measures but not with measures of speech production. Finally,
also Ziegler (2003) is not convinced by VMT studies in AoS. He argues
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that VMT is not sensitive to detect core symptoms of AoS because there
is no evidence for a causal relationship between visuomotor skills and
AoS or dysarthria. Speech motor processes, according to Ziegler (2003),
involve specific sensory-motor patterns and impairments are dissociated

from impairments of other motor functions of the same musculature.

To conclude, there is no consensus whether the underlying disorder
of AoS is a general motor programming impairment, including orofacial
apraxia or even exceed vocal tract muscles, such as finger movements
(Maas et al., 2008), or that AoS is restricted to disturbances of speech
motor programming. This thesis focuses on disorders of speech move-
ments and not on non-speech movements, and, therefore, considers at
least for the purpose of the current studies these two processes as sep-
arate disorders.

2.4 | Aetiologies and localisation

A neuro-anatomic representation of AoS demonstrates the associ-
ation between symptoms of AoS, brain lesions and brain structures.
However, there is no one-to-one mapping between a damaged brain
area and AoS symptoms (Knollman-Porter, 2008).

AoS is usually associated with a stroke to the left cerebral hemisphere
(Dufty, 1995; Ogar, Willock, Baldo, Wilkins, Ludy, & Dronkers, 2006;
Bonilha, Moser, Rorden, Baylis, & Fridriksson, 2006). However, AoS
may also result from head trauma, tumor or other neurological diseases.
A number of brain areas have been associated with AoS. Figure 2.1 shows
these various regions. According to classical neuronal organisation (i.e.,
Brodmann areas), primary motor cortical areas of the face, mouth and
larynx are located in the left frontal motor cortex (Brodmann areas 4
and 6; Yorkston, Beukelman, Strand, & Hadel, 2010). Initially, lesions in
these regions were mentioned as the potential cause of AoS in several
case studies (e.g., Leroux, Berger, Haglund, Pilcher, & Ojemann, 1991;
Dronkers & Ogar, 2004). AoS has also been associated with Broca’s area
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(Brodmann areas 44 and 45). Other cortical areas have been described
in association with AoS, such as the parietal lobe (e.g., Square, Roy, &
Martin, 1997), and subcortical regions, such as the basal ganglia and
thalamus as possible origins for AoS (Miller, 2002; Peach & Tonkovich,
2003; Wambaugh & Shuster, 2008).

Dronkers (1996) was the first to associate AoS to the left insula. How-
ever, Hillis, Work, Barker, Jacobs, Breese and Maurer (2004) found no
association between AoS and lesions of the left insula, anterior insula
or superior tip of the pre-central gyrus of the insula, in their MRI study
of 80 acute stroke patients with and without insular damage. Instead,
AoS was associated with structural damage or low blood flow in the left
posterior inferior frontal gyrus. Therefore, Hillis et al. (2004) suggested
that the left posterior inferior frontal gyrus is crucially involved in ar-
ticulation.

Ogar et al. (2006) examined the relationship between AoS severity
and the extent of the lesion. They found that all patients with AoS had
lesions that included the superior pre-central gyrus of the insula where-
as patients without AoS did not. However, almost every AoS patient was
also diagnosed with dysarthria or aphasia. Therefore, it remains impos-
sible to associate AoS to a single brain region.

There is an inconsistency in the neuro-anatomic findings associated
with AoS; contradictory findings are influenced by various definitions
of AoS. Moreover, as mentioned in Chapter 1, speech motor control
consists of various processes, such as activation-competition, trans-
lation and syllabification, which are in the nonlinear dynamic fashion
dependent on multiple cortical and sub-cortical circuits (Miller, 2000).
Hence, it seems impossible to associate AoS to one certain location in
the brain (McNeill et al., 2009). The left insula is not the location of
a speech programmer, but it is an important position for the junction
of motor and sensory cortices where inter hemispheric pathways and

loops occur.
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Pre-central sulcus
(Dronkers & Ogar, 2004)

Figure 2.2 | Regions associated to AoS (adapted from www.wikipedia.org)
2.5 | Clinical presentation and diagnosis

The definition of AoS used in this thesis, as described in 2.1, relies
on model-based terms, which is clinically insufficient. In addition, a de-
scription of speech characteristics completes the clinical presentation of
AoS. Therefore, this paragraph discusses the many AoS symptoms.

In 1975, Darley et al. identified the following clinical features: effort-
tul groping for articulatory movements, consonants being more affect-
ed than vowels, inconsistent error pattern, increase of errors in com-
plex syllable structures (e.g., initial clusters), errors that approximate
the target phonemes within one or two features, errors that represent
perseveration, anticipation and transposition of phonemes, schwa in-
sertions in consonant clusters and awareness of errors. Kent and Rosen-
bek (1983) observed disturbed timing features such as slowed speech
rate with prolongation of segments, impaired coordination of voicing
with movement of other articulators, and difficulty with the initiation
of utterances. During the subsequent years, 33 distinctive features have
been described in the literature (Sijbinga, 2009). There is partial con-
sensus on at least some salient symptoms of AoS. Feiken and Jonkers
(2012) considered the presence of eight key-symptoms of AoS in their
Diagnostic Instrument for Apraxia of Speech (DIAS): (1) inconsistent
realisations of phonemes, (2) more errors on consonants than on vowels,

34



Chapter 2 | Apraxia of Speech

» b2l
ta,

(3) more difficulty in producing alternating syllables (e.g., “pa’,
“ka”) than sequencing syllables (e.g., “pa’, “pa’, “pa”), (4) groping, (5)
initiation problems, (6) segmentation of syllables, (7) segmentation of

consonant clusters, and (8) effect of articulatory complexity.

In clinical practice, however, these symptoms have also been reported
in patients with other neurological speech and language disorders, such
as dysarthria and phonological disorders in aphasia. Therefore, no iso-
lated symptom could serve as unambiguous inclusion criteria for diag-
nosing AoS (Croot, 2002). However, with a combination of symptoms it
seems possible to describe AoS. Feiken and Jonkers (2012) state that the
diagnosis of Dutch AoS patients, according to the DIAS, can be based
on the presence of at least three of the eight mentioned symptoms. In
more than 85% of the patients with speech and phonological disorders,
including patients with AoS, aphasia, and dysarthria, this leads to the
correct diagnosis.

Various behavioural symptoms of AoS can be classified into three cat-
egories, which will act as a distinctive mark in this thesis: impairments
in accuracy, consistency and fluency (Ziegler, 2008). First, impairments
in accuracy refer to segmental errors such as phonetic distortions. In
this error type, transitions between phonemes or syllables may sound
awkward and ill formed. For example, the target item [fe] may sound
somewhere between a proper [fe] and [ve]. Phonemic paraphasias be-
long to this category as well, including (1) deletions (i.e., omission of a
segment, for example “able” for “table”); (2) substitutions (i.e., replace-
ment of a segment, for example, “cable” for “table”); (3) additions (i.e.,
replenishment of a segment, for example, “stable” for “table”); and (4)
transpositions (i.e., conversion of two segments, for example, “battle”
for “table”).

Second, impairments in consistency refer to error variability. Johns
and Darley (1970) were the first two researchers who described the
variability-consistency phenomenon in AoS. Generally, error variabil-
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ity serves to characterise how variable patients with AoS are in their
attempts to produce speech (Staiger, Finger-Berg, Aichert, & Ziegler,
2012). Traditionally, error variability is claimed to be a key-symptom
of AoS (Darley et al., 1975; Duffy, 1995; Wertz et al., 1984). However,
Miller (1992) emphasised that various definitions are used on the term
‘variability’. Two aspects of variability are differentiated. First, inconsis-
tency of error occurrence refers to the extent to which multiple repeti-
tions of the same target item varies in accuracy. The target item can be
produced accurate in one instance and inaccurate in another. Second,
inconsistency of error types refers to the variability of the quality of an
error (e.g., phonetic distortion versus phonemic paraphasia). For ex-
ample, the target item [sa] may be produced correctly in one instance,
but may sound like a voiced [za] in another instance or somewhere be-
tween [sa] and [fa] on a third occasion. Although error variability has
been a core criterion for identifying AoS since early descriptions made
by Darley et al. (1975), Staiger et al. (2012) questioned the usefulness
of error variability as a diagnostic criterion because there is no consen-
sus about definition and standardised approach. Also, Haley, Jacks and
Cunningham (2013) criticised the use of error variability in AoS. They
found no differences in error variability in patients with AoS versus pa-
tients with aphasia with phonemic paraphasias. Accordingly, error vari-
ability should not be considered a single criterion for diagnosing AoS,
but should always be connected with other symptoms of AoS. In this
thesis, the DIAS is used to diagnose AoS. As described above, incon-
sistent realisations of phonemes is one of the eight key-symptoms of
AoS in DIAS. Furthermore, consistency has been used in the evaluation
instrument to measure changes in speech production during SMTA
treatment. Consistency has been defined and standardisation was per-
formed.

Finally, impairments in fluency refer to prosodic abnormalities, such
as disturbances in the flow and melody of speech (Ziegler, 2008). These
prosodic abnormalities are, next to articulatory errors, hallmarks of AoS
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(Ogar, Slama, Dronkers, Amici, & Gorno-Tempini, 2005). However, it
is a secondary effect of poor articulation resulting in false starts, repairs,
pauses between syllables and repetitive attempts at initiating speech
production. Also, prosodic impairments cause abnormal rhythm, stress
and intonation patterns. These abnormalities can be assessed with the
administration of screening tools, such as Motor Speech Evaluation
(MSE; Wertz et al., 1984) and standardised tests for AoS, such as the
Apraxia Battery for Adults (ABA-2; Dabul, 2000). For Dutch speaking
AoS patients, the DIAS is used to diagnose AoS. However, dysfluent ar-
ticulation in terms of the corruption of the regular rhythm and mel-
ody of speech is not defined as one of the key-symptoms in the DIAS.
Therefore, a fluency measure is included in the evaluation instrument
(i.e., MDT; see Chapter 8) to measure changes in prosodic features of
speech production after SMTA.
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3.1 | History and definition

In clinical practice, a variety of behavioural methods is used to treat
patients with AoS. Wambaugh, Dufty, McNeill, Robin, & Rogers (2006b)
identified five general categories of AoS treatments: (1) articulatory-kine-
matic approaches, (2) rate-rhythm control, (3) alternative-augmentative
communication, (4) intersystemic facilitation/reorganisation, and (5)
others. This chapter describes articulatory-kinematic and rate-rhythm
control strategies because the rationales of these approaches are based
on the processes of speech motor programming and planning, as de-
scribed in the previous two chapters. First, general principles of motor
learning are described as the fundamentals of AoS treatment.

3.2 | Motor learning in the treatment of Apraxia of Speech

Maas, Robin, Austermann Hula, Freedman, Wulf, Ballard and
Schmidt (2008) described the application of the principles of motor
learning in the treatment of motor speech disorders. Many methods aim
to establish new motor routines or re-establish old ones, thus involving
motor learning. Figure 3.1 represents this basic idea.

[Articulatory—kinematic approaches} [ Rate and rhythm control strategies}

t t

( Principles of motor learning }

Figure 3.1 | Principles of motor learning in realtion to AoS treatment

Motor learning refers to processes that provide the ability to re-
organise the execution of a movement (Schmidt & Lee, 2005). Princi-
ples of motor learning have emerged from studies involving non-speech
motor tasks, such as throwing a ball by participants with intact motor
systems. However, the relation between motor control of non-speech
movements and speech is unclear (Duffy, 2007). Therefore, the transfer
of information about motor learning in general to speech motor control,
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and, moreover, to patients with brain damage, is in a premature stage.
Maas et al. (2008) reviewed the literature in which principles of motor
learning were extended to the treatment of speech motor control. Maas
et al. (2008) found no evidence for practice amount (i.e., number of ses-
sions), practice distribution (i.e., length of the treatment in a period of
time) or attentional focus (i.e., concentration on various components
and effects of a movement). Furthermore, they showed limited evidence
for practice variability (i.e., constant and variable practice), practice
schedule (i.e., random and blocked practice) and target complexity (i.e.,
simple versus complex target items). The results of this tutorial suggest
that principles of motor learning hold promise for AoS treatment, but,
again, this is in a premature stage.

Therapies that rehearse isolated sounds or syllables in regular rhyth-
mical strings have been criticised in AoS treatment literature and ar-
ticulatory movements should assemble to functional goals: meaningful
words (Miller & Docherty, 1995). However, traditional therapies usually
start with isolated sounds, and then move on to two sounds and so on.
These therapies run the risk of losing the dynamic nature of motor con-
trol as described in Chapter 1. Instead, patients should practice articula-
tory gestures and gestural movements and gradually differentiate them.
Generally, there may be two ways to improve the process of speech mo-
tor control. Articulatory-kinematic approaches focus on spatial aspects
of segmental accuracy. Details of the disturbed segments are differenti-
ated with regard to the articulatory levels, such as lips, velum and glottis,
to change the target word into accurate speech production. Alternative-
ly, therapies using rate and rhythm control strategies prefer a different
approach. Here, the emphasis is on the dynamics of articulation and
the temporal and rhythmical aspects of fluent speech. Prosodic aspects,
such as the flow and melody of speech, are exaggerated to improve in-
telligible speech production (Miller, 2000). Figure 3.2 shows how these
different approaches relate to the model of speech motor control. The
next section describes both techniques.
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Figure 3.2 | Techniques of AoS treatment in relation to the disturbed process of speech motor control

3.3 | Articulatory-kinematic approaches

The authors of treatments using the articulatory-kinematic approach
focus on improvement of spatial and temporal aspects of speech pro-
duction (Wambaugh et al., 2006b). Rosenbek, Lemme, Ahern, Harris
and Wertz (1973) emphasise that AoS articulatory-kinematic treat-
ment should concentrate on the impairments in accuracy (i.e., phonetic
distortions and phonemic paraphasias). Therefore, treatments in this
category are related to the level of speech motor programming. Vari-
ous tasks may be used, such as reading aloud, naming and repeating
phonemes, syllables, words and sentences. The therapist assists the AoS
patient to explain how a phoneme should be articulated. For example,
when an AoS patient experiences difficulty producing the phoneme /b/,
the therapist concentrates on opening and closing of the lips. This ex-
ercise can be followed by building up oral pressure, and finally adding
sound by activation of the vocal cords.

The treatments target segmental accuracy, by using techniques such
as phonetic derivation, progressive approximation, phonetic placement,
the use of phonetic contrasts, increasing awareness of spatial dimen-

sions of speech movements and improvements in the accuracy of articu-
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lation by modifying the production of phonemes, syllables or words
(Rosenbek, 1985; Wertz et al., 1984; Square-Storer, 1989). Wambaugh,
Duffy, McNeill, Robin and Rogers (2006a) described articulatory-kin-
ematic treatment guidelines. Also, they performed the first systematic
review in the area of AoS treatment (Wambaugh et al. (2006b). They
concluded that AoS patients improve their speech production as a result
of treatment, even in chronic stages. However, the quantity and quality of
the evidence was limited (Wambaugh et al., 2006b; Wambaugh & Shuster,
2008). The results of a recent systematic review of AoS treatment lit-
erature between 2004 through 2012 nevertheless supported posi-
tive effects of articulatory-kinematic techniques (Ballard, Wambaugh,
Dufty, Layfield, Maas, Mauszycki, & McNeil, 2013).

3.4 | Rate and rhythm control strategies

The underlying premise of a treatment focussing on rate and rhythm
is that AoS is characterised by disruptions in speech production tim-
ing (Wambaugh et al., 2006b). These treatments concentrate on pros-
odic aspects of speech production, such as stress, tempo and intonation
(Brendel, Ziegler, & Deger, 2000). The same tasks can be used as in the
articulatory-kinematic approaches (i.e., reading aloud, naming and re-
peating), but the techniques are more ‘dynamic’ in nature. Therefore,
treatments in this category are related to motor planning, including tim-
ing and force parameters of Schmidts (2003) Schema Theory and the
dynamic nonlinear approach of speech motor control, such as Ziegler’s
(2009) gestures theory (see Chapter 1).

Various techniques are used in the rate and rhythm control strat-
egy. Reducing speech rate, for example, to improve intelligibility is a
frequently used technique in clinical practice (e.g., Southwood, 1987).
Speech rate is then used as a compensatory mechanism: it is a way in
which speech production is modified to cope with the speech motor
programming deficit. However, therapies using melody and rhythm,
such as Melodic Intonation Therapy (MIT; Albert, Sparks, & Helm,
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1973; Sparks, Helm, & Albert, 1974) or music therapy, such as Speech-
Music Therapy for Aphasia (SMTA; De Bruijn, Zielman, & Hurkmans,
2005), target to improve task-specific coordinative processes. Therefore,
these techniques cannot be considered to be aiming at compensatory
mechanisms. Moreover, the aim is to improve speech motor control by
restorating function rather than creating a compensation mechanism.

Examples of rhythm-based treatment methods are contrastive stress
drill, finger tapping or counting, the use of a pacing board or metronome,
and metrical pacing (Wertz, et al. 1984; Dworkin, Abkarian, & Johns,
1988; Square, Martin, & Bose, 2001; Brendel & Ziegler, 2008; Mauszycki
& Wambaugh, 2011). Techniques that resemble melodic-speech ther-
apies include singing and control of speech rate by encouraging pro-
longed speech production (Southwood, 1987; Keith & Aronson, 1975;
Wambaugh & Martinez, 2000).

Efficacy studies in the rate and rhythm control strategy are scarce and
the methodological quality of the studies is low. Therefore, no firm con-
clusions can yet be drawn with regard to the effect of rate and rhythm
control therapies. However, studies claim some techniques to be suc-
cessful according to case and case-series reports. Brendel and Ziegler
(2008), for example, evaluated the effect of a Metrical Pacing Technique
(MPT), a rather novel treatment of AoS based on rhythmic stimulation.
MPT was applied to ten patients with AoS in a crossover design, includ-
ing control of treatment. Brendel and Ziegler (2008) observed that the
patients were more fluent, faster, and more accurate in the production
of a set of untrained test sentences after MPT compared to the control
treatment (i.e., a combination of traditional word and sentence based
treatments, such as phonetic placement, gestural facilitation and integral
stimulation). Overall treatment effects were also seen in diadochokinesis
(i.e., rapid syllable repetitions), word and non-word repetition and in
conversation. The results exceeded the effects of spontaneous recovery.
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The most common treatment using melody and rhythm in the rate
and rhythm control strategy is MIT (Albert et al., 1973; Sparks et al.,
1974) and this program has been used most frequently in efficacy studies.
Therefore, the next paragraph will deal with MIT in more detail.

3.5 | Melodic Intonation Therapy (MIT)

Melodic Intonation Therapy (MIT; Albert, et al., 1973; Sparks, et al.,
1974, Helm-Estabrooks, Nicholas, & Morgan, 1989; Helm-Estabrooks
& Albert, 2004; Sparks, 2008) is a hierarchically-structured therapy
using three main components: melodic intonation, rhythmic speech
and the use of common phrases (so called ‘formulaic speech’). Both the
melodic and the rhythmic structures are restricted to two notes (high
and low) and two durations (long and short). Further, MIT focusses
on three prosodic aspects of articulation. The first aspect is the melodic
line (i.e., variations in pitch). The second aspect is tempo (i.e., reduction
of speech rate). The final prosodic aspect is rhythm and stress. These
aspects are exaggerated in MIT. The original program prescribes a pro-
cedure of five steps. In the first step the therapist introduces a simple 2
to 3 syllabic utterance (e.g., “I love you”) by showing a visual cue (e.g.,
a written word or a gesture) and humming the target phrase. During
this first step no verbal response is required from the patient. In the
following step the therapist presents the target utterance in so-called
‘Sprechgesang’. An example of an MIT utterance is presented in Figure
3.3. The melodic contour is determined by the natural-speech prosody.
Stressed syllables are sung on the higher of the two pitches. The patient
joins the therapist in unison, intoning (i.e., singing) the target utterance
while the therapist taps the patient’s left hand (one time per syllable).
During the next step, the therapist fades out while the patient continues
to sing without the support of either oral or facial cueing. The subse-
quent step is a repetition phase. The therapist intones (by humming)
and taps the target utterance. The patient immediately repeats with a
verbal response, assisted by tapping of the left hand. In the final step, the

patient responds to a probe question.
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| want co- ffee

Figure 3.3 | Example of a MIT utterance

MIT is used worldwide. However, many interpretations of the origin-
al protocol have been described (see for review Zumbansen, Peretz, &
Hébert, 2014a). Furthermore, modifications to the MIT protocol have
been developed, especially by including elements from music therapy
(for example, the Modified MIT; Baker, 2000). Also, new programmes
that fit within the rate and rhytm control strategies were developed fo-
cussing on the role of music in therapy, such as SMTA. Various issues
related to music, including music therapy, will be discussed in the fol-
lowing chapter.
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Chapter 4 | Music

4.1 | Music and language

Music and language are believed to share hierarchical rules (Peretz
& Zatorre, 2003). This insight gave rise to the proposal of a formal gen-
erative theory of tonal music (i.e., a system of musical organisation) by
composer Lerdahl and linguist Jackendoft (1983). They described how
a listener recognises music by considering some notes and chords to
be more prominent than others. It enables the listener to recognise the
construction of a complete piece. This is comparable to how a reader
divides a text. A reader distinguishes paragraphs, sentences and con-
stituents. Therefore, language and music have much in common; both
disciplines structure and temporally order information the same way
(Liberman, 1975; Gilbers, 1992). Also, both music and language show
rhythm and intonation and contain syntactically structured sequen-
ces. Finally, music is, like language, ‘generative’ in the sense that it uses
rule-governed combinations of hierarchically structured signals (Fitch,
2006).

Patel (2003) assumes similar syntactic structures in language and
music and introduced the ‘Shared Syntactic Integration Resource
Hypothesis’ (SSIRH). This hypothesis is based on Gibson’s (1998) ‘de-
pendency locality’ theory and Lerdahl’s (2001) ‘tonal pitch space’ theory.
These theories share the notion of structural integration as a key part of
syntactic processing, which is connecting each incoming element X to

another element Y in the evolving structure.

Patel, Iversen, Wassenaar and Hagoort (2008) tested the SSIRH
hypothesis for aphasia. They designed two experiments with Broca’s
aphasia patients. The first experiment examined linguistic and musical
syntactic processing using judgements of the acceptability of sentences
(i.e., subject-verb agreement) and chords (i.e., indication of an accept-
able sequence). The second study probed musical syntactic processing
using harmonic priming. Nine patients with Broca’s aphasia listened to
a prime and a target chord separated by 50 milliseconds and they were
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asked to judge whether the second chord was tuned or mistuned. The
results of both studies suggested that patients with Broca’s aphasia suffer
not only from a language disorder but also have difficulty in processing
the harmonic syntax of tonal music (Patel et al., 2008).

There is more overlap in the processing of music and language. The
musical stream of sounds is hierarchically divided into structural do-
mains. Each domain contains some smaller domains, which in turn
contain smaller domains (Schreuder, 2006). The smallest domain in
music is the motif consisting of a rhythmic, melodic or harmonic block.
Several motifs together form phrases. A phrase is a kind of musical
sentence (Randel, 1986). Comparable domains are found in language.
The building block in language comparable to the motif in music, is the
morpheme. Morphemes are joined together into larger units: words and
constituents (i.e., phrases). The melodic division in music is comparable
to the rhythmic division in language within a metrical tree structure as
described in Chapter 1.

To conclude, music and language show similar structural properties.
Both are rule-governed and are recursive.

4.2 | Neural correlates of music and language

In cognitive neuroscience, the functional and neural architecture of
music in the brain has been studied intensively over the past 20 years,
thanks to the advance of neuroimaging techniques (mainly fMRI, PET
and ERP). The primary auditory cortex (i.e., Brodmann’s area, BA 41
and 42) is dominant for processing of auditory stimuli. Not only this
region of the brain processes language perception, but also critical com-
ponents of music perception are represented in the primary auditory
cortex, including pitch (Bendor & Wang, 2010), harmony (Passynkova,
Sander, & Scheich, 2005), timbre (Deike, Gaschler-Markefski, Brech-
mann, & Scheich, 2004) and musical syntax (Patel, 2003). However,
motor regions, including the primary motor cortex, supplementary mo-
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tor area, Broca’s area and anterior insula, have also been defined during
music perception (Brown, Martinez, & Parsons, 2006; Chen, Penhune,
& Zatorre, 2008). In the context of rhythm, Chen et al. (2008) showed an
inherent link between auditory and motor systems of the brain. Further-
more, auditorily presented musical stimuli appeared to activate bilateral
regions (Brown et al., 2006).

However, not only cortical areas are involved in musical processing.
Also, subcortical brain structures, including the basal ganglia and ven-
tral thalamus were shown to play a role in processing various compon-
ents of music (Brown, Martinez, Hodges, Fox, & Parsons, 2004; Brown
etal., 2006; Chen et al., 2008). Finally, brainstem nuclei seem sensitive to
rhythm and intensity (Koelsch, 2011; Abrams, Bhatara, Ryali, Balaban,
Levitin, & Menon, 2011).

In neuropsychology, patients with amusia, which is a disorder of
musical processing, and aphasia have been described to explore the re-
lationship between music and language processing. Basso (1993) con-
firmed in a review of amusia the classical lateralisation of speech per-
ception in the left temporal areas and, in parallel, music processing in
the right hemisphere. In contrast, Patel, Peretz, Tramo and Labreque
(1998) showed that the perception of speech intonation and melodic
contour share neural resources. They observed two patients with bilat-
eral lesions and, as a result, both suffered from amusia without any signs
of aphasia. Prosodic and musical discrimination were assessed using
linguistic and musical stimuli in a series of tests. According to the lesion
and behavioural data, Patel et al. (1998) suggested that the left primary
auditory cortex and the right prefrontal cortex might play an important
role in the retention and comparison of pitch and temporal patterns in
both musical and linguistic domains. These results were in line with the
data of non-brain damaged speakers implicating right frontal circuits
in the retention and comparison of pitches in both melodic phrases
and syllables (Zattore, Evans, Meyer, & Gjedde, 1992; Zattore, Evans, &
Meyer, 1994).
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Many brain imaging studies aimed at comparing language and music
regarding the functional specificity of cerebral brain regions. Tervaniemi,
Medvedev, Alho, Pakhomov, Roudas, van Zuijen, & Nadtanen (2000),
for example, conducted a PET scan study with 30 healthy subjects to
determine whether the neural processing of phonetic and musical infor-
mation was lateralised in auditory processing. They found that in a word
classification task, phoneme change was lateralised in the left auditory
cortex whereas sound change in music (i.e., chords) was lateralised in
the right auditory cortex.

In songs, language and music are combined. Therefore, songs have
frequently been used to determine whether words and melodies in songs
are processed interactively or independently. Jeffries, Fritz and Braun
(2003), for example, demonstrated different hemispheric lateralisation
for sung and spoken language. When healthy subjects spoke words and
sang words of a familiar song, Jeffries et al. (2003) found more activity
in the left hemisphere for speech and a more active right hemisphere
while singing in their PET scan study. Jeffries et al. (2003) suggested
that singing involves selective activation of the right hemisphere and
concomitant suppression of activity in the left perisylvian areas. Con-
versely, activity in the right hemisphere may be suppressed when the left
hemisphere is more strongly engaged during speech production. Jeffries
et al. (2003) emphasised that these lateralisation processes have been
observed in homologous brain regions. However, lateralised differences
between singing and speaking were larger in non-homologues regions
in the brain. For speaking, more activity in the left posterior super-
ior temporal regions was observed, while more right anterior temporal
areas were activated for singing. Gordon, Schon, Magne, Astésano and
Besson (2010) supported the claim of interaction between words and
melody in songs and suggested a network of brain regions typically in-
volved in language and music processing (i.e., left temporal and right
anterior areas respectively). They showed in their ERP study of healthy
participants that language and music share neural resources through
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interactive phonological and semantic processing and melodic and har-
monic processing.

Rogalsky, Rong, Saberi and Hickok (2011) questioned the view that
processing of speech and music rely on the same neural systems. They
designed an fMRI experiment with healthy participants. The partici-
pants listened to sentences, scrambled sentences (i.e., randomly re-
arranging the word order) and novel melodies. Rogalsky et al. found
some overlap in the activation patterns for speech and music, although
this was restricted to relatively early stages of acoustic analysis and not
in regions such as the anterior temporal cortex or Broca’s area. Even
within the region of overlap in the auditory cortex, stimuli yielded dis-
tinguishable patterns of activity. Therefore, Rogalsky et al. concluded
that different acoustic features are involved in speech and music. They
suggested that earlier findings are based on data from higher-order cog-
nitive processes, such as working memory and cognitive control, which
can operate both on speech and music domains.

Also, Abrams et al. (2011) disagreed on the claim that speech and
music share neural resources. In their fMRI study, non-musicians lis-
tened to natural and temporally ordered musical and speech stimuli
to examine brain activation in response to manipulations of temporal
structure, controlling for arousal and emotional content. The results
supported Patel’s (2003) SSIRH hypothesis: the same temporal manipu-
lation in music and speech produced fMRI signal changes in prefrontal
and temporal cortices of both hemispheres. However, post-hoc analysis
revealed different fMRI responses between music and speech. In par-
ticular, the inferior frontal cortex, the posterior and anterior temporal
cortex and the auditory brainstem bilaterally were found to encode tem-
poral structures in music and speech differently (i.e., high classification
rates in various areas but differential sensitivity).

To conclude, there is a great interest in understanding the extent to
which the neural resources for the processing of music and speech are
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distinctive or shared. Neuropsychological research has shown cases of
dissociations between music and linguistic processing, for example, pa-
tients with amusia and no signs of aphasia (e.g., Peretz, 1993). However,
a growing body of evidence from neuroimaging studies suggests that
speech and music employ shared computational systems. Recent fMRI
studies (Rogalsky et al., 2011; Abrams et al., 2011) confirm that music
and speech processing share neural substrates, but that the temporal

structure in the two domains is encoded differently.
4.3 | Music therapy

Music Therapy (MT) is a multidisciplinary field that overlaps with
several disciplines, including psychology, sociology and neurology (Hil-
lecke, Nickel, & Bolay, 2005). This dissertation focusses on Neurologic
MT (NMT; Thaut, 2005). NMT concerns treatment of (1) cognition,
such as episodic memory (Sloboda & Juslin, 2001); (2) behaviour, such
as movement disorders as in Parkinson’s disease (e.g., Thaut, McIntosh,
McIntosh, & Hoemberg, 2001) and (3) communication.

Various NMT approaches aim to improve verbal expression and
communication, using musical elements, such as melody, rhythm,
dynamics, tempo and meter. However, not all therapies using these
musical elements automatically qualify as music therapy. For example,
Melodic Intonation Therapy (MIT; Albert et al., 1973) is not music
therapy as indicated by the original developers of the treatment ap-
proach and MIT is provided by a speech therapist without the con-
tribution of a music therapist. Within NMT, various modifications
have been developed on MIT-principles (e.g., the Modified Melodic
Intonation Therapy; MMIT, Baker, 2000). Apart from variations on
MIT, within this field various programs aiming at verbal communi-
cation have been developed, such as Singen Intonation Prosodie At-
mung Rhytmusiibungen Improvationen (SIPARI, Jungblut & Aldridge,
2004) and SMTA. The following chapter reviews the existing litera-
ture on the effect of music in the treatment of patients with aphasia,
AoS and dysarthria.
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5.1 | Introduction

Musical structures and language structures have many similar fea-
tures, which generates continuous research interest. Studying the rela-
tion between these two entities dates back to the nineteenth century.
Gamer (1892) studied animal noise and the human voice and trans-
formed these sounds to musical instruments like piccolo and other
flutes. More recently, sophisticated techniques like event-related poten-
tial (ERP), positron emission tomography (PET), and functional mag-
netic resonance imaging (fMRI) have been used to study perceptual
elements of music and language in order to gather information on the
functional and neural architecture of both domains (Brown, Martinez,
& Parsons, 2006; Jeftries, Fritz, & Braun, 2003; Patel, 2003).

Communication impairments resulting from neurological damage
were already being studied in the nineteenth century. Broca (1861)
reported language disorders in patients who suffered from a stroke.
In 1914 Déjérine, as one of the first researchers, observed a superior
singing ability in aphasia. Subsequently, more researchers reported
data relative to severely impaired patients who barely had the ability
to speak in spontaneous speech, but were able to produce well-articu-
lated, linguistically accurate words while singing familiar songs that had
been learned prior to their stroke (e.g., Cohen & Ford, 1995; Gerstman,
1964; Hébert, Racette, Gagnon, & Peretz, 2003; Racette, Bard, & Peretz,
2006; Straube, Schultz, Geipel, Mentzel, & Miltner, 2008). Clinical ap-
plications using musical elements were then a natural consequence in
aphasia intervention. Melody and rhythm have been used by non-fluent
speakers to enhance speech production or to improve speech fluency.
The most common therapy intervention using melody and rhythm is
the Melodic Intonation Therapy (MIT; Albert, Sparks, & Helm, 1973).
MIT consists of speaking with a simplified and exaggerated prosody,
characterised by a melodic component (two notes, high and low) and
a rhythmic component (two durations, long and short). Various music
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therapy approaches are aimed at verbal expression and communication
as well. Therapy methods using different musical elements, like melody,
rhythm, dynamics, tempo, and metre, to regain speech production need
not automatically contain music therapy. For example, the MIT is not
a therapy of music as indicated by the original developers of the treat-
ment approach. However, several music therapy variations have been
developed mostly based on MIT principles (e.g., Modified Melodic In-
tonation Therapy, MMIT, Baker, 2000; and Singen Intonation Prosodie
Atmung Rhytmusiibungen Improvationen, SIPARI, Jungblut & Ald-
ridge, 2004). Similar to MIT, the MMIT programme is also based on
repetition of phrases set to musical structures. However, the phrases in
MMIT are more melodic in structure and less like the “sprechgesang”
style of intonation adopted in MIT (Baker, 2000). A rather new ther-
apy programme in which music performs a major role is Speech-Music
Therapy for Aphasia (SMTA; de Bruijn, Zielman, & Hurkmans, 2005).
SMTA is a treatment programme with a combination of speech lan-
guage pathology and music therapy. SMTA has components similar to
MIT; however, the most important difference is the expanding of music-
al elements such as dynamics, tempo, and metre.

Therapy interventions using musical elements to remediate language
and speech abilities have been developed from clinical practice, includ-
ing SMTA. During the past 10 years positive outcomes have been experi-
enced by patients with neurological communication deficits; however,
evidence of the effectiveness of treatment based on the components of
music remains unknown. Therefore a systematic review of literature was
needed. The purpose of the study in question is a general review and
meaningful before studying the effect of SMTA in future research.

This article reviews the existing literature on the effect of music in the
treatment of patients with neurological language and speech disorders.
Studies were considered for this review if published in a peer-reviewed
journal prior to 2009. In addition, mechanisms of recovery explaining
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positive effects of the use of music in the treatment of patients with
neurological language and speech disorders were evaluated.

5.2 | Methods

A list of search terms was set-up in order to systematically search
in the literature: <language disorders>, <speech disorders>, <com-
munication disorders>, <aphasia>, <articulation disorders>, <aprax-
ia>, <speech>, <language>, <verbal>, <oral>, <communication>, <mo-
tor speech disorder> and <music>. These terms were linked using the
combinations of: 1) <language disorders> or <speech disorders> or
<communication disorders> or <aphasia> or <articulation disorders>,
2) <apraxia> and (<speech> or <language> or <verbal> or <oral> or
<communication> or <motor speech disorder>), 3) <music> and (#1
or #2). The following databases were used: PubMed, CINAHL, PsycIN-
FO and EMBASE. Reference manager was used to remove duplicates.
Subsequently, inclusion criteria were formulated to judge whether an
article contributes to the research questions: (1) effect controlled by
measurements before and after intervention, (2) musical elements as a
form of therapy of speech and language disorders caused by non-con-
genital neurological disorders (e.g., CVA and TBI), (3) adults, (4) any of
the linguistic modalities, (5) language restrictions: only English, French,
German, and Dutch articles were reviewed. Music was defined as fol-
lows: one or more of the following elements: rhythm, melody, accent,
practised in vocal or instrumental form. Language and speech disorders
were defined as follows: disorders of production as well as disorders in
reception in all linguistic modalities (speech, reading, writing, and audi-
tory language comprehension). Particular exclusion criteria were also
delineated: amusia, language acquisition disorders, stuttering, psychi-
atric diseases, dementia, hearing disorders (including word deatness),
voice disorders, healthy participants (including professional musicians),
epilepsy, and autism.
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A music therapist and a speech therapist reviewed the abstracts of the
selected articles independently of each other. Various articles needed to
be read more extensively because it was unclear from the abstract if they
met the inclusion criteria. Both selections were then compared. When

in doubt, the two reviewers consulted with a third reviewer.

A list of variables was compiled in order to describe the articles. The
description of articles contains three variables with various indicators.
Indicators had to be reported in more than 50% of the articles in order
to be included in the results of this review. When information on an
indicator was missing in > 50% of the articles, the indicator was exclud-
ed from the analyses because the lack of information would be too large
to make firm conclusions. All the information of the variables is based
on information provided by the authors of the articles. Any missing in-
formation is noted in the reviews and indicated as ‘not reported.

The following variables with indicators have been used: (1) pa-
tient characteristics: age, gender, education, dominance, aetiology,
speech-language diagnosis, time post onset, severity of the speech-
language impairment, and musical background, (2) intervention and
outcome variables: objective of the treatment, level of outcome meas-
urements in terms of international classification of functioning (ICF),
treatment programme/method (including condition, schedule, linguis-
tic level, musical parameters) and other language, speech and music
therapy interventions, 3) methodological quality (originated from the
guidelines of the ASHA levels-of-evidence scheme): study design,
blinding, sampling, group/participant comparability, treatment fidelity,
outcomes, significance, precision and intent-to-treat. The described as-
pects of methodological quality are ‘indicators. A study received 1 point
for each quality indicator if the highest level of quality was incorporated.
In the cases of indicators with multiple possible levels, only the highest
level of quality received credit. Table 5.1 outlines the indicators of meth-

odological quality with a description and quality marker.
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5.3 | Results

The combination of search terms yielded 1250 articles. How-
ever, 94% of the articles were excluded since they concerned no therapy
study and/or other participant group than patients with language and
speech disorders caused by neurological disorders. A total of 50 arti-
cles were close to to being included but were dropped because no effect
controlled by measurements before and after intervention was includ-
ed in the study. The music therapist and speech therapist identified a
total of 18 articles that met initial inclusion criteria, with agreement in
most of the cases. During the selection of the articles three were rejected
upon review of the full text and after consultation with a third reviewer.
Thus 15 studies were used in the review. The results of 583 patients are
described below of which 82% were depicted in the study of Popovici
(1995).

5.3.1 | Patient characteristics

Table 5.2 provides an overview of the 15 studies and correspond-
ing patient characteristics. Three variables were not reported 50% of the
time, not meeting the 50% criteria. These included education, domin-
ance, and musical background. Thus these variables were excluded from
this review. Various ages, from 18 years onwards, were represented in
the studies, through an adequate spreading, meaning that all age groups
were equally divided. Four articles did not report any gender informa-
tion. In the other studies both sexes were represented in group studies
and case series. Notable from Popovici’s study (1995) is the high per-
centage of males: 77%. It has not been reported whether this had any in-
fluence on the result of the study. In all (but one) studies, stroke was the
cause of speech disorder of the treated patients (in five studies in com-
bination with other medical diagnoses). The exception was the study of
Baker (2000) who described two patients with traumatic brain injury
(TBI). In nine studies the location of the lesion was reported; these pa-
tients suffered from a left hemisphere stroke. The speech-language diag-
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nosis was non-fluent aphasia (Broca’s aphasia or global aphasia) in 13
studies, with an accompanying Apraxia of Speech in 2 studies. In two
articles (Cohen & Masse, 1993 and Tamplin, 2008) patients with dys-
arthria were also investigated. Most patients were treated in the chronic
phase of recovery, more than 1 year post onset, for severe language and
speech disorders (not explicitly defined).
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Table 5.2

Patient characteristics

Study Number Age Gender Aectiology Speech - language diagnosis Time post onset Severity speech-language
(years) impairment
Baker, 2000 2 32 and 1fand I m TBI non-fluent aphasia and AoS 9and 3 months severe
30
Belin et al., 1996 7 40-58 nr CVA left unilateral 2 Broca aphasia and 5 global 4-41 months severe
aphasia
Buttet & Aubert, 1980 7 25-74 2fand5m CVA left unilateral non-fluent aphasia and 1 week - 11 nr
dysarthria months
Cohen, 1992 8 nr 5fand 3 m TBIand CVA left and Broca aphasia, AoS and nr nr
right dysarthria
Cohen & Masse, 1993 32 26-76+ nr PD, MS, CVA and CP dysarthria nr moderate and severe
Goldfarb & Bader, 1979 1 50 m multiple CVA’s lefts global aphasia 10 years severe
frontal
Jungblut & Aldridge, 2004 15 49-76 8mand7f CVA left Broca aphasia and global 4-26 years severe
aphasia
Jungblut et al., 2006 1 57 m CVA left global aphasia 37 months severe
Kim & Tomaino, 2008 7 57-84 2mand5f single and multiple non-fluent aphasia, AoS and 9 months - 21 mild, moderate and severe
CVA’s left dysarthria years
Naeser & Helm- 8 24-62 nr CVA and TBI Broca aphasia and global 0-51 months severe
Estabrooks, 1985 aphasia
Popovici, 1995 480 17-82 77% m and CVA, tumor, TBI Broca-, Wernicke- and anomic nr mild, moderate and severe
23% f aphasia
Schlaug, et al., 2008 2 47 and 2m CVA left Broca aphasia 12 and 13 months severe
58
Sparks et al., 1974 8 nr nr CVA left non-fluent aphasia > 6 months severe
Tamplin, 2008 4 19-51 3fand1f CVA and TBI dysarthria 2,5-9,5 months mild - severe
‘Wilson et al., 2006 1 52 m CVA left Broca aphasia 46 months severe

m=male, f=female, nr=not reported, TBI=Traumatic Brain Injury, CV A=cerebrovascular accident, PD=Parkinson’s Disease, MS=multiple scleroses, CP=cerebral palsy,
AoS=Apraxia of Speech
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5.3.2 | Interventions

Table 5.3 is a summary of information for therapeutic interventions
relative to the 15 studies. One variable did not meet the 50% criterion
of reporting: other language, speech, and music therapy interventions.
This variable was therefore not reported in this overview.

Nine studies evaluated the effectiveness of MIT (Albert et al,,
1973). MIT was therefore the most studied treatment programme.
Individual treatment (speech-language therapy as well as music ther-
apy) was the most studied treatment condition: in 12 studies patients
received individual treatment. Combinations of SLT and music ther-
apy have not been reported. The schedules of the treatment interven-
tion varied. MIT prescribes an intensive treatment schedule of twice
a day, 30 minutes each, five times a week. However, this guideline
was not always followed in the studies evaluating the effectiveness of
MIT; generally less therapy than recommended was given. All ob-
jectives have been formulated at the impairment level. At this level,
sentences were studied the most at linguistic levels, and melody and
rhythm were the most frequently used musical parameters.
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Table 5.3

Intervention and outcome variables

Study Objective ICF Treatment Condition schedule Linguistic level Musical elements
programme
Baker, 2000 similarities and differences 1 MMIT ind (MT) 3-4x pw, 1 hour, 5-23 months words and sentences familiar songs, melody and
between MIT and MMIT rhythm
Belin et al., 1996 mechanisms of recovery 1 MIT ind (SLT) 1-108 months, frequency and sentences melody and rhythm
session time, nr
Buttet & Aubert., 1980 effectiveness MIT 1 MIT ind (SLT) 4-10 pw, 20 min, 2-8 months sentences melody and rhythm
Cohen, 1992 effect of music on speech 1 group singing group 3x pw, 30 min, 3 weeks text familiar songs, melody and
rhythm
Cohen & Masse, 1993 effect of rhythm and singing 1 singing group and group 2x pw, 30 min, 9 weeks phonemes, words, familiar songs, melody and
on speech rhythm group sentences and text rhythm
Goldfarb & Bader, 1979 effectiveness MIT 1 MIT ind (SLT) 2x pw, 1 hour, 12 weeks + home sentences melody and rhythm
training
Jungblut & Aldridge, effectiveness SIPARI 1 SIPARI ind (MT) 1x pw, 1 hour group, 10 wk and nr familiar songs, melody and
2004 and group 2x pw, 1 hour ind+group + rhythm
home training
Jungblut et al., 2006 effectiveness SIPARI 1 SIPARI ind (MT) 48 wk, 1x pw, 45 min ind and nr familiar songs, melody and
and group 52 wk, 2x p ind+group rhythm
Kim & Tomaino, 2008 treatment protocol with 1 musically assisted ind (MT) 2-3x pw, 30 min, 4 weeks phonemes and familiar songs, rhythm
working guidelines speech techniques sentences and dynamics
Naeser & Helm- mechanisms of recovery 1 MIT ind (SLT) nr sentences melody and rhythm
Estabrooks., 1985
Popovici, 1995 effectiveness MIT 1 MIT and semantic ind (SLT) nr nr melody and rhythm
training
Schlaug, et al., 2008 effectiveness MIT 1 MIT and SRT ind (SLT) 5X pw, 1,5 hours, 75 sessions sentences melody and rhythm
total + home training
Sparks et al., 1974 effectiveness MIT 1 MIT ind (SLT) nr sentences melody and rhythm
and group
Tamplin, 2008 effect of singing on speech 1 vocal exercises and ind (MT) 3x pw, 30 min, 8 weeks phonemes and text melody, tempo, rhythm
singing and familiar songs
‘Wilson et al., 2006 effectiveness MIT 1 MIT ind (MT) 2x pw, 1 hour, 4 weeks + home sentences melody and rhythm

training

MIT=melodic Intonation Therapy, MMT=Modified Melodic Intonation Therapy, SIPARI=Singen Intonation Prosodie Atmung Rhytmusiibungen Improvisationen,
International Classification of Functioning; ICF, 1=body function/impairment, SRT=Speech Repetition Therapy, Ind=individual, group=group therapy, MT=music therapy,

SLT=speech language therapy, nr=not reported
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5.3.3 | Methodological quality

An overview of the quality indicators for all 15 studies is presented
in Table 5.4. There was high agreement between the music therapist and
speech therapist in classifying each article. The methodological quality
of the studies varied with scores ranging from 0 - 4 (on a scale of 0 - 9).
Five studies obtained a score of 0, and two studies obtained a score of 4.
The scores of the other studies were in this range. The most frequently
used study design (N=9) was case series. None of the studies involved a
randomised controlled trial (RCT), and mention of blinding, the use of
intention-to-treat, and precision is not reported. In eight studies infor-
mation on validity and reliability of the outcome measures was missing.
All studies used multiple outcome measures without classification of
main study parameters. Five studies used comprehensive language tests
as outcome measure like the Boston Diagnostic Aphasia Examination
(BDAE; Goodglass & Kaplan, 1972) and the Aachen Aphasia Test (AAT;
Huber, Poeck, & Williams, 1984). No distinction has been reported in
related (speech parameters) and unrelated measures (non-speech par-
ameters like reading, writing, and auditory comprehension). In eight
studies no p-values were reported.
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Table 5.4 Methodological quality

Study Study design Blinding  Sampling  Group/participant  Treatment  Outcomes significance  precision intention
comparability fidelity to treat
Baker, 2000 case series nr no no nr no no nr nr
Belin et al, 1996 case series nr no yes nr yes yes nr nr
Buttet & Aubert., 1980 case series nr no no nr no no nr nr
Cohen, 1992 case series nr no no nr no no nr nr
Cohen & Masse, 1993 group study nr yes yes nr no yes nr nr
Goldfarb & Bader, case study na no no nr no no nr na
1979
Jungblut & Aldridge, group study nr no yes nr yes yes nr nr
2004
Jungblut et al., 2006 case study na no yes nr yes no nr na
Kim & Tomaino, 2008 case series nr no no nr no no nr nr
Naeser & Helm- case series nr no no nr yes nr nr nr
Estabrooks, 1985
Popovici, 1995 group study nr no yes nr no yes nr nr
Schlaug, et al., 2008 case series nr yes yes nr yes no nr nr
Sparks et al., 1974 case series nr no yes nr yes yes nr nr
Tamplin, 2008 case series nr no no nr yes yes nr nr
Wilson et al., 2006 case study na no yes nr no yes nr na

nr=not reported, na=not applicable
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5.3.4 | Effectiveness of intervention

An overview of the effectiveness of interventions of the 15 studies
is summarised in Table 5.5. All studies reported positive results. It is
difficult to define the exact number of patients that improved because
the depiction of the results varied extensively. Detailed information on
which patients improved at which outcome measures was lacking in
most studies that evaluated more than one patient (group studies and
case series). It is difficult to state the effectiveness of the interventions
because all studies included multiple outcome measures without de-
fining the primary study outcome measure. Cohen and Masse (1993),
for instance, reported improvement at verbal intelligibility but none at
speech rate.
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5.3.5 | Mechanisms of recovery

In three studies (Belin et al., 1996; Naesser & Helm-Estabrooks, 1985;
Schlaug, Marchina, & Norton., 2008) examinations of mechanisms of
recovery by PET, CT, and fMRI were conducted in the method of the
study to explain the research findings. Neural correlates focused mainly
on the observed brain activities in both hemispheres during language
tasks and the location of the lesion. The other 12 studies interpret their
research findings but are hypothetical, since mechanisms of recovery
are absent from the method of the study and therefore not objectively
identical.

Schlaug et al. (2008) described two patients: one patient received
MIT and the other patient received a combination of MIT and a con-
trol treatment (SRT: speech repetition therapy). The patient receiving
only MIT showed more fMRI activities in the right hemisphere. Naeser
and Helm-Estabrooks (1985) studied two groups of patients receiving
MIT: a good response group and a poor response group of MIT. CT
information characteristics of both groups have been examined. The
good response group showed lesions in Broca’s area in the left hemi-
sphere. The poor response group showed lesions in both hemispheres
and/or Wernicke’s area. Belin et al. (1996) evaluated a group of seven
non-fluent aphasic patients who successfully finished MIT intervention.
They measured changes in relative cerebral blood flow with PET during
listening and repetition of words and during repetition of MIT loaded
words (i.e., with melody and rhythm). Their findings revealed abnormal
activation in the right hemisphere without the MIT language task and,
in contrast, reactivation in Broca’s area and the left prefrontal cortex by
repeating MIT loaded words.

Asa concluding remark of the results, we gathered extensive informa-
tion about music and language in the literature. Treatment approaches
using musical elements reported measurable improvement. However,
the methodological quality of the efficacy studies was low and mechan-

isms of recovery were contradictory.
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5.4 | Discussion

The purpose of this study was to review the existing literature on the
effect of treatment using musical elements in the treatment of patients
with neurological language and speech disorders and mechanisms of
recovery explaining positive effects. This review shows that a certain
amount of information is revealed in the literature concerning therapies
using musical elements in the treatment of neurological language and
speech disorders. In the reviewed studies frequent gaps in the descrip-
tions of patient characteristics and therapy interventions have been de-
termined. Overall, the methodological quality of the studies was rated

as low.

All but one of the studies involved stroke patients. This is under-
standable because stroke patients are a rather homogeneous group in
comparison to other patients with acquired brain injuries (ABI). Find-
ings in these studies can also theoretically be applied to patients with
other types of ABI; however, studies in this subject still need to be done.
Both males and females were included in the investigations under study.
In Popovici (1995) men dominated the study population. This may be
explained by a large subgroup of patients with TBI in their study sample
(Tagliaferri, Compagnone, Korsic, Servadei, & Kraus, 2006). However,
selection bias cannot be ruled out.

The studies included patients who were primarily in the chronic
phase of post onset recovery. However, therapy is also given in the sub-
acute phase. It is therefore important in future research to study the ef-
fect of music elements in treatment in the subacute phase.

Education was not reported in the description of patient characteris-
tics in one third of the reviewed studies. Education may influence learn-
ing and is therefore an important aspect in studying the effectiveness
of treatment. Next to education, cognitive functioning is an important
predictor of outcome since non-linguistic cognitive impairments may
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limit rehabilitation efficacy in patients with aphasia (Seniéw, Litwin, &
Lesniak, 2009). We will therefore study cognitive functioning next to
education in future efficacy research. Dominance was also not reported
in more than half of the reviewed studies. Mainly in studies where music
is a central topic of research interest, information about dominance is
valuable, since mechanisms of recovery focuses on brain activities in
one of the two hemispheres. Information about musical background was
also lacking in patient characteristics (not specifically defined by object-
ive criteria); theoretically, we assume that this variable may influence
treatment outcome. The discrepancy is substantial between the descrip-
tion of language and speech functioning when information about the
musical background is missing. This is especially the case when study-
ing an intervention in which music plays such an important role. Nota-
ble is that musical elements of therapy mainly comprised of melody and
rhythm. The fact that MIT is the most studied programme to date may
be an explanation; melody and rhythm are distinguished features of
MIT. Other musical parameters like dynamics, tempo and metre have

not been applied.

In general, therapy interventions have been adequately described.
MIT is an internationally well-known programme (Norton, Zipse,
Marchina, & Schlaug, 2009). Deviations with respect of content as well
as therapy intensity of the original method have been well described.
Only a few times have other therapy interventions than the studied
intervention (e.g., MIT) been reported. In clinical practice aphasic pa-
tients receive various intervention programmes. It is therefore import-
ant to know if the revealed improvement can be assigned to the studied

programme or to co-interventions.

All the objectives of the reviewed studies were aimed at the (ICF)
level of impairments. None of the studies conducted outcome measures
at the (ICF) level of activities and/or participation. Therefore it is un-

known whether revealed improvement at the level of impairments can
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be generalised in their application to communication in daily life and if
it has any social implications.

The power of evidence was low for the majority of the reviewed stud-
ies. A randomised controlled trial (RCT) with an adequate size is hardly
accomplishable from a practical as well as a methodological standpoint
(e.g., realising a homogeneous group). For that reason adequate alterna-
tive study designs are available: single-participant designs and case ser-
ies (Howard, 2003). These study designs have frequently been used in
the reviewed studies. Case studies and case series offer an extraordinary
opportunity to describe patient characteristics and intervention pro-
grammes in detail. The effectiveness of the therapy can be verified very
precisely, even in a small group. Not only is a well-described method
important to measure effectiveness of therapy but also the use of statis-
tics is needed to calculate p-values and to determine the likelihood that
study findings are results of chance. It is here that results of many articles
were limited: all studies report improvement but in over half the studies
no statistics were used. That makes it difficult to conclude whether the
measured improvement is the result of the studied therapy programme.
For example, although a sufficient number of patients are included in
the study of Popovici (1995), the low level of evidence (score 3) make
their conclusions about the positive effect of the treatment doubtful.

MIT is the therapy programme that was used in the three studies that
identify neural correlates to explain mechanisms of recovery. The pur-
pose of MIT is to exploit the prosodic and melodic process components
of the intact right hemisphere for use with left hemisphere brain-dam-
aged aphasic patients. The authers of the MIT hypothesised that suc-
cessful recovery engages expressive language areas in the undamaged
right hemisphere. This hypothesis is over 30 years old. Brain plasticity
is profound, and reorganisation processes are dynamic with recovery of
language function incorporating both hemispheres (e.g., Saur, Lange,
Baumgaertner, Schraknepper, Willmes, Rijntjes, & Weiller, 2006). How-
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ever, this premise of the original developers of MIT is still appropriate,
as there has been no research to date that disproves this hypothesis. Two
out of three studies in this review (Naeser & Helm-Estabrooks, 1985;
Schlaug et al., 2008) support the hypothesis of Albert et al. (1973). The
findings of Belin et al. (1996) were surprising and contrary to the hy-
pothesis proposed by the developers of MIT and the original interpret-
ation of MIT successes. Belin et al. (1996) reported that the recovery
process coincides with the reactivation of left prefrontal structures with
melody and rhythm tasks rather than mechanisms of compensation in

right hemisphere structures.

This review shows the difficulty of proving the effectiveness of ther-
apy using musical elements. Research in this field is in a fairly early state
and an adequate system to classify and describe complex interventions
is lacking. We highly recommend the development of research guide-
lines to standardise data-reporting parameters such as patient’s char-
acteristics, intervention, and methodological quality. Different models
can be used relevant to rehabilitation. Wade (2005) suggests a method
for describing rehabilitation interventions derived from two models: (1)
the World Health Organization’s International Classification of Func-
tioning model of illness and (2) a model describing rehabilitation inter-
ventions. Patient characteristics can be adequately reported in the ICF
model. Intervention and outcome variables can be adequately reported
in Wade’s model where interventions may be described in terms of the
situations where these actions are applied, the immediate goals of any
action, the level at which the intervention acts, the actions involved, the
knowledge and skills needed to give the treatment, any specific equip-
ment used, and any concomitant actions that may be necessary. For
methodological quality, we recommend study designs using the highest
level of quality indicators in the guidelines of ASHA levels-of-evidence
scheme.
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5.5 | Conclusion

Measurable improvement was reported in studies where musical
components were used in the treatment of neurological language and
speech disorders. However, the methodological quality of studies was
rated low. Therefore no conclusions can yet be drawn with regard to
the effect of the use of musical elements in the treatment of individuals
with acquired neurological disorders. Mechanisms of recovery remain
unclear: two of the three studies that examined mechanisms of recovery
via neuroimaging techniques supported the role of the right hemisphere,
but reports are contradictory and exact mechanisms of recovery remain
indefinable. Shortcomings in the current research can be overcome by
following standards as outlined by the discussion section in this article.

No therapies were found in the literature using a combination of
music therapy and speech therapy. Moreover, the most used musical
elements are melody and rhythm, as in MIT. SMTA uses all musical
elements and it combines speech therapy with music therapy. In the fol-
lowing chapter, the programme will be described in detail.
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6.1 | History and definition

To date, all reported therapy programmes using musical elements in
the treatment of AoS and aphasia, as described in the previous chapter,
are either speech therapy programmes provided by a speech therapist
without the contribution of a music therapist (as in MIT, Albert et al.,
1973) or music therapy programmes without participation of a speech
therapist (for example, in SIPARI, Jungblut et al., 2006). However, in-
tegrating speech and music therapy using all musical elements may
produce a new therapeutic approach founded upon a combination of
the strengths of both of these therapeutic approaches: the speech ther-
apist’s specific knowledge of neurological speech disorders and cueing
strategies skills, and the music therapist’s knowledge of musical param-
eters and specific skills of music composition. Therefore, a therapeut-
ic approach combining elements of speech therapy and music therapy
has been developed, which is called Speech-Music Therapy for Aphasia
(SMTA, De Bruijn, Zielman, & Hurkmans, 2005). With the integration
of a music therapist in SMTA, treatment effects may be maximised by
adding more musical elements.

Speech-Music Therapy for Aphasia (SMTA, De Bruijn et al., 2005)
is a treatment programme for AoS and aphasia in the rate and rhythm
control strategy category (see Chapter 3). It is a combination of speech
therapy and music therapy in which a speech therapist and a music
therapist provide the therapy simultaneously. The fundamental ideas for
SMTA are based on various similarities between language and music, as
described in Chapter 4.

SMTA is designed for patients with AoS and aphasia. Two patient
groups can be distinguished: (1) non-speaking patients; and (2) non-flu-
ent speaking patients. These two target groups will be described below.
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6.2 | Target groups
6.2.1 | Non-speaking patients

Non-speaking patients are the most severe AoS patients with a total
inability to articulate, even a single phoneme (mutism). These patients
suffer from a severe disorder in initiating speech production. Also, pa-
tients with a severe aphasia, such as global aphasia, are classified in this

category.
6.2.2 | Non-fluent speaking patients

Non-fluent speaking AoS patients suffer from prosodic impairments,
which cause disturbances in the flow and melody of speech production.
The prosodic impairments result in false starts, repairs, pauses and re-
petitive attempts at initiating speech production. Furthermore, patients
in this category may show segmental impairments, such as phonetic
distortions, causing disturbances in word accuracy and impairments
in consistency (see Chapter 2 for an elaborate description of the AoS
symptoms). In clinical practice, most patients with AoS also experience
some degree of non-fluent aphasia, such as Broca’s aphasia and conduc-
tion aphasia.

The above-described patient groups would imply that SMTA is not
indicated for fluent-speaking patients, such as in Wernicke’s aphasia.
However, these patients may show AoS symptoms such as groping, re-
pairs and phonetic distortions, as well. SMTA is then indicated to re-
duce these symptoms.

6.3 | Objectives

For each patient, the aims are personalised, dependent on the sever-
ity and symptoms of the speech disorder, and the needs of the patient.
The general aims of SMTA are different for non-speaking and non-flu-
ent speaking patients. First, for non-speaking patients, SMTA treatment
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is aimed at ‘de-blocking’ From the early days of aphasia rehabilitation, it
is known that mute patients may be able to use language when singing.
Various researchers found a preservation of singing in non-speaking
aphasic patients (e.g., Broca, 1861; Falret, 1867). This finding has been
reported in several later cases (e.g., Yamadori, Osumi, Masuhara, &
Okubo, 1977; Hébert, Racette, Gagnon, & Peretz, 2003; Straube, Schulz,
Geipel, Mentzel, & Miltner, 2008).

Second, for non-fluent speaking patients, SMTA treatment is aimed
at improving speech motor programming and planning. This means
improvement in: (1) accuracy; (2) consistency; and (3) fluency (i.e., the
flow and melody of speech) of articulation.

6.4 | Treatment methodology

SMTA consists of two interwoven lines of treatment: (1) the
speech-therapy line, and (2) the music-therapy line. Although the
speech therapist and the music therapist work together with the AoS
patient at the same time and in the same room, the two lines of treat-
ment will be described separately.

Each SMTA session starts at the phoneme level with single phon-
emes and/or phoneme sequences to ‘warm up’ the voice. Depending
on the target objectives, the exercises build up from the phoneme level
towards the word and sentence level. The speech therapist selects the
target items. Subsequently, the music therapist creates a composition
of these items including various musical elements, usually played on a
piano or a guitar.

6.4.1 | The speech-therapy line of treatment

The speech-therapy line of treatment consists of three levels: (1)
phonemes (including syllables); (2) words; and (3) sentences. Exercises
at the phoneme-level target improvement in the production of phon-
emes and syllables. For phonemes, vowels can be trained in isolation.
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Usually sequences of three vowels are used. These can be sequential, for
example, “aa” - “aa” - “aa’, or alternating, for example, “aa” — “00” - “e¢”.
Phoneme selection in the sequence is based on distinctive features of
articulation. Usually consonants are not practiced in isolation because
they may obstruct the airflow and, therefore, limit the speech fluency,
but they are used in syllables. As with vowels, syllables may be trained
sequentially, for example “maa” - “maa” — “maa’, or in an alternating
manner, such as, “maa” - “moo” - “mee”. At this level, initial clusters
can be used, for example, “smaa” - “smoo” - “smee”. Trained items at the
phoneme level are always related to the target items at the word level.
For example, “fra” can be trained at the phoneme level in preparation to
the word “Frans”, a common Dutch name, at the word level.

The word-level exercises are designed to be functionally relevant for
AoS patients. Names of family members, places holding meaning, and
other words deemed important to the AoS patients are trained. These
personally relevant words are practiced alongside frequently occurring
phrases such as “hello” (i.e., formulaic language). At the word level,
common daily utterances, such as “good morning’, are trained as well.
These include more than one word but are not considered a sentence.

At the sentence level, selected sentences that are functionally relevant
to individuals with AoS are trained. For example, “enjoy your meal” and
“can you help me?” In selecting target sentences, grammar is inferior
to comprehensibility. For example, at a restaurant the phrase “Inside or
outside?” is preferred instead of “Would you prefer sitting inside or out-
side?”

The speech therapist uses various cueing strategies, including (1)
phonetic cueing (i.e., auditory presentation of the first phoneme of a
syllable, word or sentence), (2) visual cueing (i.e., showing mouth ref-
erences), and (3) gestures (i.e., natural gestures supporting daily utter-
ances, such as waving the hand while saying ‘goodbye’).

86



Chapter 6 | Speech-Music Therapy for Aphasia (SMTA)

6.4.2 | The music therapy line of treatment

The musical line of treatment follows a structured procedure from
singing to rhythmical chanting and speaking. Each and every select-
ed target item follows this structure. The musical interventions are de-
signed to musically support the speech exercises, and thus, they share
the same structural composition from phoneme level to word and sen-
tence level (De Bruijn, Hurkmans, & Zielman, 2011).

At the phoneme level, the music therapist uses scales or parts of
scales because they are easy and known to the individual with AoS and
aphasia. At the word and sentence level, the music therapist composes
new melodies. SMTA does not make use of familiar songs because the
language output in familiar songs is usually automatically generated
(e.g., Schon, Gordon, & Besson, 2005).

Using tempo, meter, thythm and dynamic parameters, the music
therapist is able to support the melody in order to closely follow the
prosodic features of speech production. These various musical param-
eters will be described below and originate from De Bruijn, et al. (2011).

6.4.2.1 | Melody

Melody relates to pitch. Various pitches assemble in musical scales
and these are frequently used in MT, because their structure is familiar
to the patient (De Bruijn et al., 2011). Parts of the scales may be suitable
such as, the first three, four or five tones of the scale, as they are short and
they represent limited pitch ranges. Scales determine the exercise’s level
of difficulty and should match the patient’s level of concentration. For
example, the singing of strings of clusters (e.g., “stra”-“spra”) requires
effort. By limiting the number of tones sung in the scale, the therapist
may prevent errors in articulation.

When practicing single words, the music therapist composes new
melodies that best represent normal intonation and articulation. Musical
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variations that deviate from these patterns are not recommended, for
example, lengthening notes to emphasise endings or using syncopations
to make the melody ‘swing, as these distract the patient. To ensure that
the syllable structure remains intact, it is imperative that each syllable
is assigned only to one tone. For example, “Ju-dith” has to be composed
at two notes and not at three resulting in ‘Ju-hu-dith’ In songs, this is
accepted (such as in Baroque music) but not in speech production.
However, in words with a medial cluster, it may be necessary to insert a
short pause within the word: “sister” - “sis- ter”. An upbeat can be used
to divide two consonants in a word with an initial cluster. For instance,
when the word “playing” is too difficult, an upbeat is inserted resulting
in a schwa-sound: “pu-lay-ing”. After the cluster is well articulated using
this intervention, removing the upbeat may reconnect the consonants:
“play-ing”. Finally, a word that is practiced in earlier sessions may be
elicited merely by playing its associated melody.

To ensure that the patient associates a melody with a target item, a
new melody needs to be composed for each new target item. Familiar
tunes and melodies introduced earlier cannot be used in case they auto-
matically evoke the recall of other utterances (Peretz, Gagnon, Hébert, &
Macoir, 2004; Schon et al., 2005; Stahl, Kotz, Henseler, Turner, & Geyer,
2011). Each newly composed melody should be clearly distinguishable
from all others as it is the melody itself that elicits the production of the
utterance.

As mentioned earlier, the transition from singing to speech is only
possible when the melodies closely match the prosodic features of
speech production. The use of melisma, syncopation, accidental notes,
complex melodic structures or large melodic intervals should, therefore,
be avoided as these are not features of prosody and intonation in the
Western language. The music therapist should compose simple mel-
odies and ignore his or her desire for ‘musical’ creativity or excellence
when composing melodies. This is particularly important at the begin-
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ning of the therapy period when the structure of the melodies should
be clear. The melodies should be easy to listen to including an adequate
pitch range that matches the vocal range of the patient. Melodies that
are too high or too low in pitch, limit the efficacy of the exercise, while

complicated melodies may distract the patient.

Musical variation can be introduced when fluency of articulation im-
proves. For example, tonality (major/minor) can be introduced to en-
hance the expression of various emotions. Certain common intervals
may be used, such as the ‘ascending fourth’ as a signal for attention, for
example in “Watch out!”

6.4.2.2 | Rhythm

Rhythm relates to duration: long and short. Some characteristics of
rhythm are important in MT: the order of long and short note-values
influences the degree of rhythmic complexity and, therefore, the level of
difficulty of the exercises. For example, in 4/4 time the sequence long-
short-short is more difficult than short-short-long because it allows the
patient less time to prepare himself for the repetition of the exercise.
Furthermore, syncopation, which is the irregular flow of rhythm, is not
part of natural speech, and should therefore be avoided in MT.

The prosodic features of the target item determine the selected
rhythm by the music therapist. For example, the daily utterance “good
morning” should have the rhythm short-long-short because the accent
is located at the second syllable, and, therefore, this syllable should be
long.

6.4.2.3 | Meter

Meter directly relates to rhythm: the duration of long and short has
to be embedded in a frame; a beat. Some distinctive features of meter
are the following: 4/4 and 2/4 beats are supportive, familiar, and easy to

sing; 3/4 and 3/8 beats evoke a swaying motion, and are suitable when
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relaxation (decrease in tension) should enhance the patient’s perform-
ance in the exercises. Finally, the movement stimulated by the 6/8 beat

is relaxing, but may lead to an increase in tempo.
6.4.2.4 | Tempo

MT considers tempo to be the key for melodic adaptation. Some fea-
tures of tempo are well known in MT. A slow tempo, for example, cre-
ates a sense of relaxation. However, a tempo that is too slow becomes
static: there is no flowing motion. A tempo that is too slow does not
stimulate the patient and may negatively affect the patient’s singing.
Contrarily, a fast tempo may stimulate the patient, and increase the level
of concentration required to perform the task. When the tempo is too
fast, the patient will not be able to articulate accurately. Therefore, when
a new target item is introduced, the tempo usually is slow. While word
accuracy improves, the tempo can increase, and, thereby, increasing the
difficulty of the exercise.

6.4.2.5 | Dynamics

Dynamics relates to volume. In MT, dynamics ranges from mez-
zo-piano to mezzo-forte, which is usually the least taxing on the voice.
However, the use of forte or even fortissimo can be necessary, for ex-
ample to call or warn someone or to express emotions by the use of
emotional prosody. For example, when the sentence “Peter, watch out!”
is targeted, the top of a patient’s volume is required.
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7.1 | Language and speech recovery

Recent research of speech recovery after therapy using musical ele-
ments focusses on lyric type in relation to brain regions. Stahl, Henseler,
Turner, Geyer, and Kotz (2013) propose a two-path model of speech re-
covery in which formulaic speech (i.e., common phrases, such as “How
are you?”) has been differentiated from propositional speech. Figure 7.1
represents Stahl et al’s (2013) two-path model. In this model, cortico-
stratial areas of the right hemisphere support features of singing (e.g.,
Ozdemir, Norton, & Schlaug, 2006) and processing of formulaic speech
production (e.g., Sidtis, Canterucci, & Katsnelson, 2009). Converse-
ly, left perilesional regions are involved with propositional speech in
standard speech therapy (e.g., Saur, Lange, Baumgaertner, Schraknep-
per, Willmes, Rijntjes, & Weiller 2006; Meinzer, Flaisch, Breitenstein,
Wienbruch, Elbert, & Rockstroh, 2008). Therefore, Van Lancker-Sidtis
(2004) suggests that formulaic and propositional speech may be lat-
eralised differently in the brain. Stahl et al. (2013) studied lyric type in
patients with non-fluent aphasia (i.e., Broca’s aphasia and global apha-
sia). Propositional speech was used in standard therapy and formulaic
speech was applied to singing and rhythmic therapy. The results showed
that patients who received standard therapy improved their production
of propositional speech, in contrast to patients who received singing
and rhythmic therapy and improved in formulaic speech. Stahl et al.
(2013) found that only patients who received standard therapy showed
generalisation to the production of unknown phrases. Therefore, they
concluded that their results were in line with the suggested neural path-
ways of propositional and formulaic speech (Van Lancker Sidtis, 2004)
and proposed the two-path model of speech recovery.
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Propositional speech J [ Formulaic Speech
! !
Standard speech therapy J [ Singing and rhythmic therapy J
' !
Left perilesional brain regions J ( Right cortiscostratial brain regions J
| |
( Improved propostional speech ] ( Improved formulaic speech ]

Figure 7.1 The two-path model of speech recovery (Stahl et al., 2013)

SMTA uses formulaic speech (such as, “Good morning”) as well
as propositional speech (such as, names of relatives). Furthermore, in
Stahl et al’s (2013) model, singing and rhythmic therapy are related to
formulaic speech. SMTA also uses the musical parameters melody and
rhythm. However, these musical parameters are used both in formulaic
speech and in propositional speech. Therefore, it is unknown how vari-
ous aspects of SMTA fit in Stahl et al’s (2013) model.

Apart from lyric type and brain regions, little is known about prog-
nostic factors influencing speech recovery after therapy in which musical
elements are used. Therefore, the current study focuses on prognostic
factors after SMTA treatment and speech-language therapy (SLT). First,
general therapy related factors from motor learning related to AoS treat-
ment and central issues in aphasia treatment are discussed in the follow-
ing paragraph.

7.2 | Prognostic factors of speech recovery

Principles of motor learning give shape to various aspects of AoS
treatment, as discussed in Chapter 3. Maas et al. (2008) reviewed the
literature in which principles of motor learning were extended to the
treatment of speech motor control. They found no evidence for practice
amount (i.e., number of sessions) or practice distribution (i.e., treatment
duration). However, limited evidence was found for practice variability
(i.e., constant and variable practice), practice schedule (i.e., random and

94



Chapter 7 | Prognostic factors of recovery after SMTA treatment in non-fluent aphasia and Apraxia of Speech

blocked practice) and target complexity (i.e., simple versus complex tar-
get items).

Central issues in efficacy studies of aphasia treatment are intensity
and time post-onset at the start of therapy. In their review of treatment
intensity, Bhogal, Teasell and Speechley (2003) showed that with intense
therapy, (i.e., 8.8 hours per week across 11.2 weeks) treatment effects
were significant, while no positive effects were found in more protracted
interventions (i.e., averaging two hours/week across 22.9 weeks). Also,
Sage, Snell and Lambon Ralph (2011) compared the outcome of inten-
sive (i.e., every day for two weeks) and non-intensive naming therapy
(i.e., twice a week for five weeks). Naming improved in both types of
therapy; however, one month after therapy, accuracy was better for the
items learned non-intensively than for those learned intensively. Regard-
ing time post-onset, Robey (1998) found that treatment, started within
three months of symptom onset, was more effective than no treatment.
Finally, many clinicians assume that patients make less progress in ther-
apy after the first year, but Moss and Nicholas (2006) demonstrated in
their review of single-subject studies that even patients receiving treat-
ment many years post onset responded positively. The authors found no
correlation between time of post onset and magnitude of change with
treatment in chronic patients (i.e., less than twelve months post onset).

Apart from intensity and the time post-onset of therapy, severity
of the aphasia must be considered in the recovery process as well, be-
cause of its direct impact on outcome (Cherney & Robey, 2008). There
is general agreement that the better the initial performance on aphasia
tests is, the better the recovery will be (Basso, 1992). Still, De Riesthal
and Wertz (2004) reported that the relationship between initial severity
and total change on their measures was uncertain. Pederson, Jorgensen,
Nakayama, Raaschou, and Olsen (1995) found a longer recovery pro-
cess in patients with severe aphasia than in patients with a moderate or
mild aphasia.
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It can be concluded that the information about prognostic factors
until now is inconclusive. Furthermore, it remains unknown whether
various prognostic factors as discussed above, are applicable to treat-
ments using musical elements in non-fluent aphasia and AoS. There-
fore, a retrospective study on patients treated with SMTA in parallel
with regular speech language-therapy (SLT) was performed.

The current study focused on prognostic factors influencing recovery
after therapy for patients with non-fluent aphasia and AoS. First, it was
assessed whether patients improved after therapy on language tests. The
Dutch Aachen Aphasia Test (AAT; Graetz, De Bleser, & Willmes, 1992)
was used as the general aphasia measure. The Amsterdam-Nijmegen
Everyday Language Test (ANELT; Blomert, Koster, & Kean, 1995) was
used to measure verbal communication. Next, associations were studied
between the AAT and ANELT scores and selected prognostic factors of

recovery.

7.3 | Methods
7.3.1 | Subjects

The datasets of 78 patients treated with SMTA were available for
this study. The data of 37 patients were excluded because there were no
post-treatment scores, leaving 41 datasets for analysis. Apart from the
data pre- and post-treatment on AAT, 10 of these 41 patients had also
completed the ANELT before and after therapy. Characteristics of the 41

included patients are shown in Table 7.1.
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Table 7.1 Patient characteristics (n = 41)
Predictors Sub-category n (%) Predictors mean (SD)
Gender Male 24 (59) Age (years) 56.32 (12.02)
Female 17 (41)
MPO 2.33(1.47)
Handedness Right 35(85) Duration (weeks) 30.56 (16.91)
Left 6 (15)
# sessions SMTA 35.95 (20.19)
Education High 9 (30) # sessions SLT 111.83 (52)
Intermediate 9 (30)
Low 12 (40)
Aetiology ICVA left 36 (88)
Other 5(12)
Lesion location MCA 33 (87)
Other 5(13)
Diagnosis Aphasia 7 (17)
Aphasia + AoS 34 (83)
Syndrome Global 16 (39)
Broca 19 (46)
Other 6 (15)
Type Nonspeaking 16 (39)
Nonfluent 25 (61)
speaking
Severity of aphasia Severe 24 (59)
Moderate/mild 17 (41)
Cognitive functioning Impaired 26 (63)
Normal 15 (37)

ICVA = ischaemic cerebrovascular accident, MCA = medial cerebral artery, MPO = months post onset, AoS =
apraxia of speech, n= number, SD = standard deviation, SMTA = speech-music therapy for aphasia, SLT =
speech language therapy, # = number

Patients were suffering from non-fluent aphasia (39% global apha-
sia and 46% Broca’s aphasia, as indicated by the AAT) and in 83% AoS
accompanied the aphasia. The speech disorder was in 88% of the sub-
jects caused by a left ischaemic CVA. The most common lesion location
was the middle cerebral artery region (i.e., 87%). Apart from the speech
disorder, 63% had impaired cognitive functioning. Almost 60% of the
participants were male, 85% were right-handed and education-level was
equally distributed over the subjects across high, intermediate and low
education. All participants received SMTA and SLT.

All participants had been treated at the rehabilitation centre “Re-
validatie Friesland” with a rehabilitation programme of on average six
hours per week, consisting of SMTA, individual SLT and group treat-
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ment aimed at improving their writing performance and general com-
munication skills.

7.3.2 | Primary outcome measures

For this study, the scores on the Dutch version of the Aachen Aphasia
Test (AAT; Graetz et al., 1992) and the Amsterdam Nijmegen Everyday
Language Test (ANELT; Blomert, et al., 1995) were selected as outcome

measures.

The AAT is a comprehensive, psychometrically valid and reliable
language test-battery. It provides an evaluation of spontaneous speech,
naming, repetition, comprehension, reading and writing. For the pur-
pose of this study, only subtests that required speech production were
included, since SMTA is targeted at speech production. Comprehension,
reading and writing were thus excluded from the analysis. The AAT al-
lows a psychometric single-case analysis of each subtest for each patient
(Code, Torney, Gildea-Howardine, & Willmes, 2010). The overall sever-
ity of the language impairment is tested with the AAT Token Test.

The ANELT assesses functional verbal communication. Verbal re-
sponses to 10 everyday scenarios are scored on two 5-point scales for
comprehensibility and intelligibility. An example of a scenario is: “Your
neighbour’s dog barks all day long. You are really fed up with it and want
to discuss this situation with your neighbour. What do you say to him?”
The ANELT has adequate ecological and construct validity, adequate
inter-rater reliability and test-retest reliability (Blomert et al., 1995).

The AAT and ANELT were administered by the patient’s speech ther-
apist before and after treatment (no longer than 4 weeks post treatment).

7.3.3 | Prognostic factors of speech recovery

In order to identify variables that were most likely to explain recovery
from aphasia and AoS, eleven potential prognostic factors were selected:
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(1) aetiology (left ischemic CVA and other; e.g., traumatic brain injury),
(2) lesion location (Middle Cerebral Artery and other; e.g., posterior
artery), (3) diagnosis (aphasia and aphasia + AoS), syndrome (global,
Broca and other), (4) type (non-speaking and non-fluently speaking),
(6) severity of aphasia (severe and moderate/mild as defined by the AAT
Token Test scores), (7) cognitive functioning (impaired or normal as de-
fined by psychological report), (8) months post onset (MPO), (9) dur-
ation (length of treatment in weeks), (10) number of sessions SMTA, and
(11) number of sessions SLT (individual and group sessions; communi-
cation and writing).

Each factor needed to be adequately distributed in order to be in-
cluded in the analyses. Therefore, a cut-off criterion was established and
the level was set at 25% (i.e., 10 patients). This means that each sub-
category of a factor needed to be reflected in at least 10 patients. For
example, gender was adequately distributed; 24 males and 17 females.
However, handedness was not adequately distributed; 35 right-handed
and 6 left-handed. If this condition was not met, the factor was not in-
cluded in the analyses.

7.3.4 | Procedure

Inclusion criteria were: participation in at least five SMTA sessions
and administration of the pre- and post-treatment assessments (AAT
and ANTAT). The medical files of 78 patients having received SMTA
between 2001 and 2010 were reviewed to see whether they met the in-
clusion criteria. The data of eligible patients (i.e., with AAT and ANELT
scores before and after therapy) were assessed using the factors de-
scribed above.

7.3.5 | Statistical analysis

Paired t-tests were used to compare the AAT and ANELT pre- and
post-treatment scores. The dependent outcome variables were the pre-
to-post differences in the scales’ subtest scores. Apart from the paired
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t-tests, clinically relevant changes were analysed using the norms of the
test manuals (Graetz et al., 1992; Blomert et al., 1995).

To analyse associations between the outcome variables and the vari-
ous prognostic factors, Spearman or Pearson correlation coefficients
were used depending on the type of data. A multiple backward stepwise
regression analysis was used for those outcome variables that were in-
fluenced significantly by more than one independent variable. The level
of statistical significance was set at p <0.05.

7.4 | Results

Table 7.2 provides the means and standard deviations of the overall
scores on the different AAT and ANELT subtests. The results revealed
significant changes on all AAT measures and the comprehensibility
measure of the ANELT. No significant change was found on the intelli-
gibility measure of the ANELT.

Table 7.2 Scores on the AAT and ANELT for the patients included in the study

Subtest Pre-treatment Post-treatment t P
(maximum score) mean score (SD) mean score (SD)

AAT (n=41)

SP COM (5) 1.29 (1.12) 2.05 (1.34) -5.83 0.001
SP ART (5) 2.02 (1.63) 3.02 (1.69) -4.13 0.001
SP AUT (5) 1.95 (1.80) 3.02 (1.73) -4.46 0.001
SP SEM (5) 1.80 (1.50) 2.56 (1.76) -4.36 0.001
SP PHON (5) 1.54 (1.38) 2.54 (1.64) -4.58 0.001
SP SYN (5) 1.12 (1.33) 1.93 (1.52) -3.99 0.01
Token Test (50) * 39.83 (11.67) 29.85(15.62) 6.54 0.001
Repetition (150) 59.05 (42.66) 90.68 (37.58) -6.58 0.001
Naming (120) 28.78 (34.06) 59.73 (40.68) -7.29 0.001
ANELT (n = 10)

Comprehensibility (50) 24.50 (8.30) 33.60 (11.01) -3.48 0.007
Intelligibility (50) 36.80 (9.87) 36.90 (10.51) 0.03 0.97

SP = spontaneous speech, COM = communication, ART = articulation and prosody, AUT = automatic speech,
SEM = semantic structure, PHON = phonological structure, SYN = syntactic structure, *= number of incorrect
responses, t=t-value of the t-test, p=level of statistical significance

Table 7.3 provides an overview of the proportion of patients with
clinically relevant changes on the AAT and ANELT scores according to
manual instructions (Graetz et al., 1992; Blomert et al., 1994). Signifi-
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cant positive change on the AAT spontaneous speech measures ranged
between 19% and 34%. All other subtests of the AAT (i.e., Token Test,
repetition and naming) revealed significant positive changes ranging
between 51% and 73%. For the ANELT, 50% of the patients significantly
improved on the comprehensibility measure and 33% on the intelligibil-
ity measure.

Table 7.3 Clinically relevant pre-to-post changes (in percentages) on the primary outcome measures
Outcome measures No Negative Non-significant significant
(critical significance in raw scores) change change positive change positive change
AAT (n=41)

SP COM (2) 46.3 0 34.1 19.5

SP ART (2) 41.5 7.3 22.0 29.3

SP AUT (2) 34.1 7.3 24.4 34.1

SP SEM (2) 48.8 49 22.0 24.4

SP PHON (2) 39.0 4.9 26.8 29.3

SP SYN (2) 48.8 24 24.4 24.4

Token Test (8) 12.2 24 34.1 51.2

Repetition (15) 0 2.4 26.8 70.7

Naming (17) 12.2 0 14.6 73.2

ANELT (n=10)

Comprehensibility (7) 10.0 0.0 40.0 50.0
Intelligibility (5) 0.0 333 333 333

SP = spontaneous speech, COM = communication, ART = articulation and prosody, AUT = automatic speech,
SEM = semantic structure, PHON = phonological structure, SYN = syntactic structure, TT = Token Test in
incorrect scores

Three factors did not meet the 25% condition (i.e., the cut-off criter-
ion for inclusion of at least 10 patients in each sub-category) and were
accordingly excluded from the regression analysis: aetiology, lesion
location and diagnosis. The remaining eight factors were entered into
the analysis and Table 7.4 shows the positive and negative associations
between these predictors and the measurable changes in the AAT and
ANELT scores.

Since the “other” subcategory of the factor ‘syndrome’ was too small
for the Kruskal-Wallis test (N = 6), only 35 datasets were entered for the
two subcategories, “global” and “Broca’, into the analysis. The number
of months post-onset of the disease was unknown for six patients, also
leaving 35 datasets.
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The factors MPO, cognitive functioning and number of sessions
SMTA were not significantly associated with recovery as assessed with
the AAT and ANELT. Table 7.4 lists the nine significance values for the
factors syndrome, type, severity, duration and number of sessions SLT

for the different outcome variables.

Table 7.4 Significance values of the prognostic factors for the AAT and ANELT subtest scores
Factors AAT AAT AAT AAT AAT  AAT AAT AAT AAT ANELT ANELT
(n=41) Sp SP SP N N SP TT REP NAM COMP INTEL
COM ART AUT SEM PHON SYN
Syndrome (n=35) 0.15 036 0.80 0.09 0.14 050 0.06 079 0.01 0.69 0.01
Type 0.05 017 0.83 0.10 0.01 007 009 094 ¢,01 071 0.01
Severity 033 076 077 019 0.02 020 065 095 046 054 0.02
Cognitive functioning 0.73 029 0.82 033 095 0.68 0.18 049 0.78 0.12 0.67
Duration (weeks) 0.92 020 074 027 058 052  0.01 009 0.10 0.24 0.89
MPO (n=35) 0.36 094 0.65 094 084 043 043 086 095 0.64 0.79
Number of sessions SMTA  0.61 023 015 086 0.65 0.08 006 025 028 0.50 0.33
Number of sessions SLT 0.26 023 021 037 015 099 0.01 021 0.30 0.56 0.40

AAT: SP = spontaneous speech, COM = communication, ART = articulation and prosody, AUT = automatic
speech, SEM = semantic structure, PHON = phonological structure, SYN = syntactic structure, TT = Token Tes
in false scores, REP = repetition, WR = written language, NAM = naming, ANELT: COMP = comprehensibility
INTEL = intelligibility, MPO = Months Post Onset, SLT = Speech Language Therapy, bold type = significant
(p<0.05)

Four outcome measures revealed significant correlations with mul-
tiple factors: (1) the phonological structure of spontaneous speech, (2)
the AAT Token Test, (3) the AAT naming test, and (4) the ANELT in-
telligibility measure. Two associations remained significant in the mul-
tiple regression analysis. The first significant association was between
the AAT Token Test score and duration (¢ = 4.42, p<0.05): the longer the
therapy period lasted, the more likely it was that the scores on the Token
Test decreased. The second significant association concerned the scores
on the AAT naming test with aphasia type (¢ = 2.60, p<0.05): non-fluent
speakers showed most improvement on naming. The regression models
of the significant and non-significant correlations are included in ap-

pendix A.3 - A.6.
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7.5 | Discussion

The main research question of the current study was whether pa-
tients improved after therapy on language tests and which prognostic
factors influence recovery after SLT and SMTA therapy in patients with
non-fluent aphasia and AoS. The outcomes of the AAT and ANELT were
studied in patients treated for non-fluent aphasia and AoS, in relation to
factors that best predict the outcome.

Evaluating the pre- and post-treatment scores on the primary out-
come measures, significant improvement was found on speech produc-
tion (i.e., AAT spontaneous speech, repetition and naming) and the
comprehensibility of verbal communication (ANELT); this means that

patients improved after therapy on language tests.

Contrary to our expectations, no improvement was found in the in-
telligibility of verbal communication as measured with the ANELT. The
most plausible explanation is a lack of generalisation from test meas-
ures to functional measures since significant improvement was found
for various phonemic aspects (e.g., repetition) on the AAT that were
not reflected in the functional communication (i.e., intelligibility) meas-
ure of the ANELT. Furthermore, only ten patients were evaluated with
ANELT, and, therefore, the results of the ANELT are based on a small
group of patients.

As to the clinical implications of the findings, there was an obvious
difference between the statistically significant (i.e., group) and the clin-
ically significant (i.e., individual) changes as described in the test manu-
als. For the group, changes on the AAT’s spontaneous speech variables
were all significant, whereas at the individual level significant positive
changes ranged between 19% and 34% of the patients. For all other AAT
subtests, the changes in the raw group scores were clinically signifi-
cant, with individual positive changes ranging between 51% and 73%.
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Apparently, repetition and naming improve, but generalisation to spon-
taneous speech is not consistently achieved.

To identify prognostic factors, eleven factors were related to the
patients’ AAT and ANELT outcome scores. Four outcome measures
revealed significant correlations with multiple factors and two associ-
ations remained significant in the multiple regression analysis. First, the
regression model showed a significant association between duration and
the AAT’s Token Test, which is considered a severity outcome measure.
The longer the therapy period, the more likely it was that the scores on
the Token Test decreased as the Token Test counts the numbers of er-
rors; this means that the severity of aphasia decreased more with longer
treatment duration. These results are in line with the findings of Peder-
son et al. (1995), who suggested that in severe-aphasia language recov-
ery is a long and slow process. The patients tested post-treatment had,
on average, received 30 weeks of therapy, which is quite long for this
type of treatment. These findings are not in line with the findings of
Bhogal et al. (2003) who concluded that effects are strongest with in-
tense treatment (eight hours/week within eleven weeks). The duration
data of the current study are in line with Sage et al. (2011) who observed
a superior effect in non-intensive learning. Finally, these findings do not
correspond with the results of Maas et al. (2008) who found no effect on
practice distribution (i.e., duration) and practice amount (i.e., number
of sessions).

The regression analysis also yielded a significant association between
aphasia type (non-speaking versus non-fluently speaking) and the AAT
naming test. Non-fluent speakers showed most improvement on nam-
ing. The model, thus, suggests that non-fluent aphasic speakers improve
more than non-speaking aphasic patients.

It was concluded that subjects in this study (i.e., patients treated
with SMTA and SLT) form a homogeneous group. From the 41 patients
evaluated, more than 80% were right-handed, had a lesion in the left
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hemisphere in the area of the middle cerebral artery and were diagnosed
with aphasia, AoS and impaired cognitive functions. However, no out-
come measures related to AoS were included. Therefore, to study the
effectiveness of SMTA in a prospective study a sensitive test to meas-
ure improvement on accuracy, consistency and fluency of articulation is
needed and must be added to the general language test (AAT) and the
verbal communication measure (ANELT). A general articulation test is
available with the Diagnostic Instrument for Apraxia of Speech (DIAS),
recently developed by Feiken and Jonkers (2012). However, a test that
measures improvement on speech motor programming for weekly test-
ing in a case-series design with multiple measurements, was missing.

The development of such an instrument will be described in Chapter 8.
7.6 | Conclusion

In this retrospective study patients received SMTA in parallel with
SLT. The results revealed significant changes on all spontaneous-speech
measures, repetition and naming of the AAT. Also, the comprehensibil-
ity measure of the ANELT improved significantly. No significant change
was found on the intelligibility measure of the ANELT.

Duration and aphasia type were identified as prognostic factors of
speech recovery after SMTA and SLT. Duration was associated with se-
verity of aphasia: the longer the therapy period, the more likely it was
that the scores on the Token Test decreased. Finally, aphasia type was as-
sociated with naming: non-fluent speakers showed most improvement

on naming.
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8.1 | Introduction

The present study describes the development and evaluation of a new
instrument to evaluate treatment in Apraxia of Speech: the Modified
Diadochokinesis test (MDT).

Although the debate about the underlying deficit in Apraxia of
Speech (AoS) is ongoing, there is agreement on at least some salient
symptoms of this disorder. Ziegler (2008) characterised AoS as dysflu-
ent, with groping and effortful speech, phonetic distortions, phonemic
paraphasias, and a frequent occurrence of false starts. The key symptoms
can be divided into three categories: (1) segmental impairments, (2)
error variability and (3) prosodic impairment. Segmental deficits con-
cern phonetic distortions (awkward-sounding speech sounds) and
phonemic paraphasias (deletion, substitution and additions of speech
sounds). The inconsistency in the production of errors tends to be large:
a patient may produce the same sound accurately or inaccurately, while
multiple inaccurate productions may have different qualities. Recent
research, however, has suggested that errors may not be variable. Dis-
tortions have been found to be the predominant error type (Mauszycki,
Wambaugh, & Cameron, 2010). Prosodic impairments concern dis-
turbances in the flow and melody of speech. Speech is hesitant and
halting with pauses between syllables, false starts, repairs and repetitive
attempts at initiating speech (Ziegler, 2008, McNeil, Robin, & Schmidt,
2009).

AoS is often accompanied by other linguistic and motor execu-
tion disorders, such as aphasia and dysarthria (West, Hesketh, Vail, &
Bowen, 2005). In both atactic dysarthria and conduction aphasia sound
errors result in non-fluent speech and this may cause considerable prob-
lems in clinical diagnosis. The speech patterns of dysarthric patients are
characterised by predictable and constant disturbances of speech phon-
ation and articulation (Ziegler, 2008). This is an important distinction
with AoS with variable articulatory skills. There is too little empirical
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evidence for the distinctions between phonological impairment and
AoS. There are, however, some indications. It has been speculated that
phonological impairment afflicts word and syllable endings more than
word and syllable onsets, whereas the reverse is true for AoS (Aichert &
Ziegler, 2004).

In clinical practice a variety of techniques are applied to treat patients
with persisting AoS. The majority of objective evidence supporting treat-
ment for AoS addresses articulatory-kinematic therapeutic approaches
(Wambaugh, Duffy, Mc Neill, Robin, & Rogers, 2006b, Wambaugh &
Shuster, 2008). Recent research has suggested that rate/rhythm treat-
ments also may improve articulation in AoS (Brendel & Ziegler, 2008,
Wambaugh & Shuster, 2008).The Melodic Intonation Therapy (MIT,
Albert, Sparks, & Helm, 1973) is probably the best-known therapy in
the rate/rhythm category. An important characteristic of the MIT is the
assumption that melody and rhythm can support fluency of speech. Par-
ticularly in the field of music therapy there is great variety in approach-
es (see e.g. Modified MIT, Baker, 2000; SIPARI, Jungblut & Aldridge,
2004). Recently, Hurkmans, de Bruin, Boonstra, Jonkers, Arendzen, &
Reinders-Messelink (2012) reviewed more therapy programmes that
make use of musical elements in the treatment of non-fluent aphasic
speakers and in speakers with AoS, among which Speech-Music Ther-
apy for Aphasia (SMTA; De Bruijn, Zielman, & Hurkmans, 2005), a
programme combining elements of speech therapy with music-based
components. Like in the MIT, melody and rhythm play an important
role here, but SMTA also uses other musical elements, such as dynam-

ics, metre and tonality.

As mentioned above, most of these programmes were developed in
clinical practice, and empirical support for their efficacy and effective-
ness is still scarce. The few available studies have poor methodological
quality; in a Cochrane meta-analysis of AoS interventions none fulfilled
the criteria of a randomised controlled trial (West et al., 2005). How-
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ever, several studies with small patient groups using behavioural treat-
ments based on speech motor exercises do show substantial improve-
ments in the samples tested (Ziegler, 2008, Wambaugh, 2002, Brendel
& Ziegler, 2008). Using a multiple-baseline-across-behaviours design,
Fucetola, Tucker, Blank and Corbetta (2005) showed that effectiveness
evaluations of evidence-based aphasia treatment were feasible in clin-
ical practice in small patient groups. This design refers to treatments
with an established outcome at early trial phases now progressing to the
effectiveness phase. Treatment evaluation included pre-treatment tests,
weekly evaluations during the experiment, and post-treatment and fol-
low-up assessments.

To date, there are no clearly defined methods to evaluate rate and
rhythm control therapies for the treatment of AoS, although symptom
changes can be evaluated with various tests, such as the Aachen Aphasia
Test (AAT; Graetz, de Bleser, & Willmes, 1992), gauging overall lan-
guage functions and the Amsterdam-Nijmegen Everyday Language Test
(ANELT; Blomert, Kean, Koster, & Schokker, 1995), assessing func-
tional communication (Mumby, Bowen, & Hesketh, 2007). A specific
diagnostic instrument for AoS in Dutch was still missing until Feiken
and Jonkers (2012) recently developed the Diagnostic Instrument for
Apraxia of Speech (DIAS), measuring planning and programming of
speech movements. This means that a diagnostic test for AoS can also
be used for evaluation. A sensitive test that allows the improvement in
phonetic encoding to be assessed on a weekly basis is, however, lacking.

Rapid syllable repetitions require alternating articulatory move-
ments, allowing oral diadochokinesis (DDK) to be tested (Ackermann,
Hertrich, & Hehr, 1995). Also Ziegler (2002) considered repetitions
of monosyllables a sensitive measure for the assessment of the motor
performance of speech. A DDK task might then also be adequate to
evaluate the effectiveness of speech therapy at the phonetic encoding
level. Most diadochokinesis tests distinguish sequential DDK, in which
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the same syllable (e.g., “pa” — “pa” — “pa”) is to be repeated, from alter-
nating DDK, in which different syllables (e.g., “pa” - “ta” -“ka”) are to
be alternated. The literature shows that patients with AoS perform bet-
ter on the sequential tests than they do on the alternating tests (Wertz,
LaPointe, & Rosenbek, 1984, Deger & Ziegler, 2002, Ogar, Willock,
Baldo, Wilcins, Ludy, & Dronkers, 2006). Speech rate is often used as
a variable to measure DDK performance and has been shown to pro-
vide a sensitive indicator of the presence and severity of neurological
impairment (Ackermann et al., 1995). Speech rate can be scored by the
count-by-time procedure, in which the number of repetitions within a
preset interval is recorded, or by the time-by-count method, where the
time needed to repeat an item is measured (Prathanee, 1998). Gades-
mann and Miller (2008), however, reported problems regarding rate
measurements and the intra- and inter-rater reliabilities of DDK tests.
They also claimed that the relationship between impaired DDK and
other functional speech measures is not transparent. Goozée, Murdoch
and Theodoros (2001) argued that DDK performance does not predict
intelligibility, or overall functional communicative success in any trans-
parent way. Attempts to improve the tests, entailing modifications to
allow a more accurate assessment of the control and output characteris-
tics of natural speech, have met with equivocal results (Lowit, Miller, &
Poedjianto, 2003).

Seeking to preclude the mentioned problems with assessing DDK in
patients with AoS, the present study describes the development of the
Modified Diadochokinesis Test (MDT), a new instrument to help assess
the effects of rate and rhythm therapies in clinical trials as well as daily
practice. The MDT was designed with the assessment procedure pro-
posed by Fucetola, Tucker, Blank, & Corbetta (2005) in mind and an ef-
fectiveness evaluation of the Speech-Music Therapy for Aphasia (SMTA;
De Bruijn, Zielman, & Hurkmans, 2005).
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First, to be suitable on a weekly basis, the test needed to be concise
as well as sufficiently sensitive. Second, to measure motor performance
in AoS we opted to test DDK in both sequential and alternating syllable
structures. We did not make use of language-based tests as the aim was
to use these in the final pre- and post-treatment and follow-up evalu-
ations of the SMTA. Finally, one important modification to a classic-
al feature of DDK measurement was made. Given the poor intra- and
inter-rater reliability Gadesmann and Miller (2008) reported, it was de-
cided not to consider speech rate with the test.

In accordance with Ziegler’s (2008) AoS symptom classification, the
MDT assesses consistency (i.e., error variability), accuracy (i.e., seg-
mental errors) and fluency of speech (i.e., prosodic disturbances). Also,
to determine articulatory complexity the influence of syllable structure
and type of alternation on motor performance was charted. The MDT’s
internal consistency and reliability (test-retest, intra- and inter-rater re-
liabilities) were investigated and validity (convergent and discriminant
validities) was constructed.

8.2 | Methods
8.2.1 | Participants

Twenty-four adults with AoS took part in the trial. Relevant demo-
graphic data are provided in Table 8.1. All patients were referred to the
rehabilitation centre “Revalidatie Friesland” or the Center for Rehabili-
tation of the University Medical Center Groningen by speech therapists
working in the northern region of the Netherlands. Eleven patients were
male and 13 female, with ages ranging from 34 to 78 years. Educational
levels were equally distributed across patients. All had suffered a stroke,
with post-onset times varying from 1 to 29 months. The diagnosis of
AoS was established by experienced speech therapists on the basis of
clinical judgment. The patients were tested with the recently developed
Diagnostic Instrument for Apraxia of Speech (Feiken & Jonkers, 2012)
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to confirm the original diagnosis. Three patients were also dysarthric,
as was established with the Radboud Oral Assessment (ROO; Kalf & de
Swart, 2007) and the Radboud Dysarthria Assessment (RDO; Knuijt &
de Swart, 2007). Eighteen patients were concomitantly suffering from
aphasia (conduction aphasia and Broca’s aphasia) as assessed with the
AAT (Graetz et al., 1992).

Twelve control speakers with unaffected speech, matched for age,
gender and educational level, were recruited from among hospital staff
and by posters (at the rehabilitation centre). None of the participants
reported above-average hearing loss or visual problems.

The study was approved by the medical ethics committee of the Uni-
versity Medical Center Groningen and informed consent was obtained
from all participants.

Table 8.1 Demographics of the participants with AoS and the unimpaired control speakers

Pat nr Medical MPO Diagnosis Age Gender Education
diagnosis

1 ICVA 5 AoS-+aphasia 65 male Intermediate

2 ICVA 3 AoS+dysarthria 42 male High

3 ICVA 3 AoS+dysarthria 51 female Low

4 ICVA 8 AoS-+aphasia 34 female Intermediate

5 HCVA 27 AoS+aphasia 62 female High

6 ICVA 5 AoS+aphasia 52 male High

7 ICVA 29 AoS+aphasia 49 female Low

8 ICVA 6 AoS+aphasia 51 female Intermediate

9 ICVA 16 AoS+aphasia 47 male Low

10 ICVA 19 AoS+aphasia 38 female High

11 ICVA 3 AoS+aphasia 75 male Low

12 ICVA 3 AoS+aphasia 63 female Intermediate

13 ICVA 2 AoS+aphasia 69 female High

14 HCVA 7 AoS+aphasia 78 male Low

15 ICVA 24 AoS 50 male High

16 ICVA 5 AoS+aphasia 36 female Intermediate

17 ICVA 3 AoS+aphasia 70 male Intermediate

18 ICVA 2 AoS 39 male Low

19 ICVA 1 AoS+aphasia 64 female High

20 ICVA 4 AoS+aphasia 71 male Low

21 ICVA 1 AoS+aphasia 70 female Low

22 ICVA 1 AoS+aphasia 62 male Intermediate

23 ICVA 2 AoS 47 female High

24 ICVA 3 AoS+dysarthria 64 female Low

Control - - - M 55.8 male 5 High 6

participants SD 11.28 female 7 Intermediate 2

(N=12) Low 4

ICV A=Ischaemic cerebrovascular accident, HCVA=Haemorrhagic cerebrovascular accident, MPO=months
post onset, AoS=apraxia of speech, M=mean, SD=standard deviation
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8.2.2 | Materials
8.2.3 | The Modified Diadochokinesis Test (MDT)

The MDT consists of four blocks, each comprising four strings of
three single-syllable non-words with 16 items in total. Table 8.2 pro-
vides an overview of all sequences presented. Each block starts with
sequential diadochokinesis and then systematically alternates three dis-
tinctive features, i.e., place of articulation (e.g., “pa” - “ta” - “ka”), manner
of articulation (e.g., “da” - “na” - “la”) and vowel change (e.g., “pa” - “po”
- “pu’).

The participants also completed related subtests of the AAT (articu-
lation/prosody and phonological structure of spontaneous speech; the
repetition subtest (repetition of phonemes, words and sentences)), the
intelligibility measure of the ANELT, and the subtests DDK, articulation
of phonemes and articulation of words of the DIAS.

Table 8.2 The consonant/vowel (C/V) syllable sequences of the Modified Diadochokinesis Test
(MDT) per block

Block 1 (CV) Block 2 (CVC) Block 3 (CVCC) Block 4 (CCVC)

papapa(1.1) paf paf paf (2.1) paks paks paks (3.1) spag spag spag (4.1)

pataka (1.2) paf taf kaf (2.2) paps pats paks (3.2) spag stag skag (4.2)

danala(1.3) daf naf laf (2.3) pats pans pals (3.3) stag snag slag (4.3)

pa po pu (1.4) paf pof puf (2.4) paks poks puks (3.4) spag spog spug (4.4)

C=consonant, V=vowel

8.2.4 | Test and scoring procedures

All participants were tested by the same examiner: an experienced
speech therapist. They were offered a visual representation of the MDT
syllable sequences and were requested to repeat the examiner’s model of
each string five times as accurately as possible. If requested, the exam-
iner repeated the string, but only once. The test started with two practice
strings before the actual test sequences were presented. No particular
instructions regarding speech rate were given. The tests were recorded

on videotape.
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Consistency was scored by comparing all five repetitions of the sylla-
bles in each item with each other. A repetition was awarded a score of 1
when it was identical to and 0 when it differed from the other repetition.
The total consistency score per syllable string consequently ranged from
0 (all repetitions being different) to 4 (all repetitions being identical).

Accuracy was established by rating segmental impairments, i.e.,
errors concerning segments (phonemes), as reflected by (1) phonemic
paraphasias such as deletions, additions and substitutions and (2) phon-
etic distortions. Each repetition of a syllable was scored as follows: 3 =
response identical to target; 2 = one or two segmental errors; 1 = three
to five segmental errors; 0 = more than five segmental errors. Total ac-

curacy scores ranged from 0 to 15 per syllable sequence.

Fluency was assessed by scoring interruptions in the flow of speech,
i.e., hesitations, halting (pauses between syllables), false starts, repairs,
and repetitive attempts at initiating a syllable. The separate repetitions
of the syllable strings were scored as follows: 1 = fluent; 0 = non-fluent,
with the total fluency score ranging from 0 (each repetition of all or one
of the three syllables being dysfluent) to 5 (each repetition being fluent).

To determine the test-retest reliability of the MDT, ten randomly
selected speakers from the AoS group were tested twice and the same
examiner scored the recorded sessions (the author) at a 4-week interval.
To exclude spontaneous recovery as much as possible, it was verified
that the post-onset time for all ten patients was at least 3 months. To
establish the intra-rater reliability, the same examiner scored the video-
tapes of ten again randomly selected patients after an interval of at least
3 months. Inter-rater reliability was tested by comparing the ratings
of ten sessions independently conducted by two examiners (the au-
thor and another experienced speech therapist and clinical linguist).
The construct validity of the MDT was evaluated by testing its conver-
gent and discriminant validities. The scores of the MDT were compared
with the scores obtained with allied subtests of the AAT, the ANELT and
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the DIAS to determine the convergent validity. The scores of the MDT
of the patient group were compared with the scores of the control group
to establish the discriminant validity.

8.2.5 | Statistical analysis

Internal consistency was determined in two ways. Using a confirm-
atory factor analysis (CFA) the loading of the syllable sequences on the
outcome measures consistency, accuracy and fluency was inspected. The
correlations were subsequently tested as a function of the total scores on
the three outcome measures (consistency, accuracy and fluency). The
data were not normally distributed; a non-parametric test, i.e., Spear-
man’s rho was therefore used.

The effects of syllable structure and distinctive features of articula-
tion (place, manner and vowel change) were analysed with repeated
measures ANOVAs. Correlation coefficients were determined using
Spearman’s rho for test-retest reliability, intra- and inter-rater reliability
and convergent validity. Mann-Whitney U-tests were used to compare
the scores of the patients and the controls. All data were analysed using
SAS 9.2 or SPSS 16.0. The level of significance was set at p < 0.05, two-
tailed. For an overview of the statistical analyses, see Table 8.3.

Table 8.3 Overview of all statistical analyses conducted
Character Analysis Table
Internal consistency syllable sequence CFA 8.4
total Spearman 8.5
Complexity syllable structure ANOVA
distinctive feature ANOVA
Reliability test-retest Spearman 8.6
intra-rater Spearman 8.6
Inter-rater Spearman 8.6
Validity convergent Spearman 8.7
discriminant Mann-Whitney U

CFA=confirmatory factor analysis
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8.3 | Results

The individual scores of the patients are provided in Appendix B.1.
8.3.1 | Internal consistency

The loadings of sequential DKK in the CV syllables were < 0.35. The
loadings of all other CV and CVC structures ranged between 0.4 and
0.7. The loadings in the syllable structures with a cluster were > 0.7. The
coefficients varied considerably but certain trends could be observed.
The coefficients of the sequential DDKs (1.1, 2.1, 3.1 and 4.1) were the
lowest for all three factors and the correlations became stronger in each
block (see Table 8.4).

The total scores of the three MDT outcome measures correlated
highly (see Table 8.5).

Table 8.4 Loadings on the three Modified Diadochokinesis Test outcome measures
Consistency Accuracy Fluency
CV1l1 0.34 0.30 0.12
CvV1.2 0.74 0.71 0.65
CV13 0.61 0.78 0.55
CV14 0.68 0.62 0.63
CvC2.l 0.51 0.56 0.16
CvC2.2 0.61 0.83 0.47
CvC23 0.84 0.84 0.80
CvC24 0.79 0.82 0.70
CVCC3.1 0.87 0.87 0.77
CVCC3.2 0.87 0.95 0.90
CVCC3.3 0.97 0.99 0.94
CVCC34 0.89 0.97 0.89
CCVC4.1 0.85 0.74 0.86
CCVC4.2 0.91 0.95 0.79
CCvVC4.3 0.95 0.98 0.95
CCVC4.4 0.98 0.99 0.93

C=consonant, V=vowel
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Table 8.5 Correlation coefficients for internal consistency for the three Modified Diadochokinesis
Test outcome measures.

Consistency Accuracy Fluency
Consistency X 0.95* 0.93*
Accuracy 0.95* X 0.91*
Fluency 0.93* 0.91* X

*=p<0.05

8.3.2 | Complexity

A significant effect for syllable structure (F(3,195)=67.5; p<0.001)
was found. Post-hoc analyses revealed an effect on all structures, with
mean differences of 9.3 between CV and CVC (CI 95%=6.2-12.3), 14.0
for the CVC-CVCC comparison (CI 95%=10.2-17.9), and 4.8 for CV-
CC-CCVC (CI 95%=2.3-7.3). None of the three distinctive features
of articulation had significantly affected the scores (F(2,130)=2.18;
p=0.118).

8.3.3 | Reliability

The results of the reliability tests are summarised in Table 8.6. The
test-retest reliability for all three MDT outcome measures was high
(r=0.74 - 0.97). The same holds for MDT intra-rater reliability (r = 0.97
- 0.99) and inter-rater reliability (r = 0.96 to 0.98).

Table 8.6 Correlation coefficients for the Modified Diadochokinesis Test outcome measures
Intra-rater reliability Inter-rater reliability Test-retest reliability

Consistency 0.97* 0.96 * 0.80 *

Accuracy 0.99 % 0.97* 0.98 *

Fluency 0.98* 0.98* 0.84*

* = p<0.05

8.3.4 | Validity

The results of the construct validity tests are summarised in Table 8.7.
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8.3.5 | Convergent validity

Analysis of the MDT outcome measures and the DIAS yielded sig-
nificant correlations (ranging between 0.55 to 0.91) except for the cor-
relation between the DIAS DDK test and the MDT fluency outcome
measure (r=0.44). Analysis of the three MDT outcome measures and
aphasia tests (AAT and ANELT) yielded significant correlations be-
tween the AAT measure phonological structure in spontaneous speech
(ranging between 0.63 to 0.80) and ANELT’ intelligibility measure
(ranging between 0.52 to 0.70). No significant correlations were found
for the AAT subtest repetition and the AAT measure articulation/pros-
ody in spontaneous speech.

Table 8.7 Correlation coefficients for the construct validity of the measures consistency, accuracy
and fluency with related subtests and measures of the AAT, ANELT and the DIAS

AAT/art AAT/phon AAT/rep ANELT/INTEL DIAS/DDK DIAS/art ph DIAS/art wrd

consistency 0.461 0.803 * 0.473 0.709 * 0.726 * 0.912* 0.905*
accuracy 0.468 0.633* 0.424 0.556 * 0.853* 0.828 * 0.888 *
fluency 0.172 0.645* 0.221 0.528* 0.448 0.828 * 0.766 *

AAT/art = articulation in spontaneous speech, AAT/phon = phonology in spontaneous speech, AAT/rep =
repetition of phonemes, words and sentences, INTEL = intelligibility in verbal communication, DIAS/art ph =
articulation of phonemes, DIAS/art wrd = articulation of words, *=p<0.05

8.3.6 | Discriminant validity

The scores of the control speakers were at ceiling. The patient group
scored significantly lower than the control group on all outcome meas-
ures: consistency: Z=-4.51, p<0.001; accuracy: Z=-4.51, p<0.001; and flu-
ency: Z=-4.55, p<0.001).

8.4 | Discussion

In search of a more accurate approach to assessing therapy outcome
in Apraxia of Speech that would be suitable for both clinical trials and
practice, the Modified Diadochokinesis Test (MDT) was developed.
The high level of internal consistency founded in this first evaluation
illustrates that each item of the MDT has a strong relationship with the
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three outcome measures tested, i.e., consistency, accuracy and fluency
of speech. Sequential diadochokinesis showed the lowest correlation to
all variables. These results correspond with those described by Wertz et
al. (1984), Deger and Ziegler (2002) and Ogar et al. (2006), who argued
that patients with AoS experience more difficulty alternating syllables
than repeating the same syllables. Even though sequential DKK contrib-
uted the least to the discriminative power of the MDT, for the purpose
of evaluating effects of speech therapy in patients with severe AoS we
would suggest preserving these items.

The scores on the MDT revealed a clear relationship between the ef-
fects of complexity (syllable structure) and internal consistency. Post-
hoc analyses showed the highest scores for simple consonant-vowel
structures and the lowest for CCVC structures as a function of con-
sistency, accuracy, and fluency. When the data of the loadings on the
three measures were examined more closely, higher coeflicients (up to
0.99) were found in the CCVC sequences of each block. In other words,
the patients with AoS in this study experienced the most problems re-
peating phonemes in a syllable sequence with a consonant cluster in
the initial position,with these items contributing the most to the test’s
discriminative power. The opposite trend was observed in the distinct-
ive features of articulation examined. Contrary to what we expected, no
effect of alternations in the place and manner of articulation or vowel
change was found. The loadings on the outcome measures were very
similar. The variations in the three articulatory aspects generated simi-
lar performance results, with these items contributing equally to the
three outcome measures. As with the sequential items, for the purpose
of speech therapy evaluations it is nevertheless important to reserve
these articulation variations in DKK testing to detect possible possible
changes in these outcome measures when changes in syllable structure
are lacking.
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MDT inter-rater reliability was good, implying that the results ob-
tained were not influenced by the rater. This contrasts the findings of
Gadesmann and Miller (2008) who reported poor inter-rater agreement
in a classical DDK task requiring fast syllable repetitions. We accord-
ingly propose that speech rate might be an important determinant in
the reliability of DDK tasks.

The results for convergent validity were more varied. Although some
caution should be taken in the interpretation of the correlations, con-
sidering the number of analyses that were performed, it is clear that the
MDT outcome measures correlated significantly with most of the relat-
ed measures of the AAT, ANELT and DIAS, with three exceptions, one
of which was the articulation/prosody measure of the AAT. Arguably,
the MDT and AAT measures gauge different domains of speech. In the
AAT, the articulation/prosody measure is designed to assess symptoms
of dysarthria, prosody and speech rate. In this study, only three AoS
patients also displayed dysarthria symptoms. Prosody influences speech
fluency and is thus suitable to assess speech at the phonetic encoding
level. In the MDT, however, all items concern single syllables. Disturb-
ances concerning the flow of speech can hereby be assessed. Melody
and rate of speech can only be assessed in sentences and spontaneous
speech, as is the case in the AAT. Given that with the MDT speech rate
is not gauged and sentences are not used, the absence of a correlation
between the AAT subtest and the MDT measures is not surprising.

The repetition subtest of the AAT also did not correlate with the
MDT. The first important difference between the two tests is that in the
AAT repetitions involve phonemes, words (containing up to nine syl-
lables; wa-pen-stil-stands-on-der-han-de-ling) and sentences, whereas
the MDT exclusively uses syllables. The MDT scores did correlate sig-
nificantly with the scores on the DIAS, which requires the repetition of
phonemes and short words (up to three syllables). It is hence probable
to assume that the repetition of long words and sentences largely deter-
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mines the final score in the AAT. In addition, the AAT subtest requires
one response, whereas the MDT, like the DIAS, requires multiple repeti-

tions, calling for complex motor programming and planning.

Finally, the MDT fluency scores did not correlate with the DDK scores
on the DIAS. In the DIAS subtest, repetitions are scored by counting the
number of repetitions of the same or alternating syllables the speaker
can produce in 8 seconds, while in the MDT speech rate does not play a
role. Also, in the DIAS-DDK the presence of additions and distortions
is measured, while in the MDT these errors are gauged in the accuracy
domain, which measure did correlate significantly with the DIAS-DDK.

The MDT exploits the repetitive production of meaningless or pseu-
do-syllables to evaluate the effects of speech therapy and not words or
sentences. Gadesmann and Miller (2008) stated the lack of association
between para-speech tasks (such as DDK-based tests) and speech tasks.
The present study, however, found significant correlations between
MDT outcomes and those obtained with ‘classical’ speech tasks, the
DIAS (articulation of phonemes and words) and the ANELT assessing
functional language skills. And although Goozée et al. (2001) argued
that DDK performance does not predict intelligibility, the MDT scores
correlated significantly with the Intelligibility measure of the ANELT.
Still, evaluating speech therapy solely by means of a para-speech task is,
in our view, insufficient and inaccurate. Tasks such as the AAT, ANELT
and DIAS should be used to supplement the MDT. Thus, to study the
effectiveness of speech therapies (in this case the SMTA) appropriate
comprehensive and well-developed assessment batteries should be em-
ployed as pre- and post-treatment and follow-up assessments, while the
MDT can be used for the baseline measurements and the weekly assess-
ments during the therapy period.
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8.5 | Conclusion

The syllable sequences in the MDT gauge the test construct: the load-
ings on the three outcome measures were high and showed significant
correlations. The test’s internal consistency can therefore be regarded
as strong. Syllable structure affected the performance of the patients in
that they had more difficulty remaining consistent, accurate and fluent
with increasing within-syllable phonemes. The location of the cluster
also affected performance: outcomes on initial clusters were poorer than
those for final clusters. MDT scores were not affected by any distinctive

feature of articulation examined.

The results also showed the MDT to have strong test-retest, and intra-
and inter-rater reliability. Furthermore, its discriminant validity was ad-
equate; the test differentiated the healthy speakers from the speakers
with AoS on all three outcome measures. With respect to convergent
validity the analyses yielded diverse results. The MDT outcome meas-
ures correlated with the AAT phonological structure of spontaneous
speech measure, the ANELT intelligibility measure, and all subtests of
the DIAS except for the fluency-DDK comparison. No significant cor-
relations emerged from the MDT scores and the AAT scores for articu-

lation in spontaneous speech and repetition.

The study shows that the MDT has adequate psychometric proper-
ties, implying that it can be used to measure changes in speech motor
control during treatment for AoS. The results demonstrate the validity
and utility of the instrument as a supplement to speech tasks in assess-
ing speech improvement aimed at the level of planning and program-
ming of speech.
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9.1 | Introduction

Apraxia of Speech (AoS) is a neurogenic speech motor disorder that
is characterised by a wide variety of symptoms (Dufty, 2005; McNeill,
Robin, & Schmidt, 2009; Lowit, Miller, & Kuschmann, 2014). The vari-
ous symptoms of AoS can be classified into three categories: disorders
in (a) accuracy, (b) consistency and (c) fluency (Ziegler, 2008). Accord-
ing to Ziegler, accuracy disorders refer to segmental impairments such
as phonetic distortions and phonemic paraphasias. Disorders in con-
sistency refer to the error variability: inaccurate productions with dif-
ferent qualities of the same phoneme. Finally, fluency disorders refer to
prosodic impairments, such as disturbances in the flow and melody of
speech, causing false starts, repairs, pauses and repetitive attempts to
initiate speech production.

Various methods have been developed by speech therapists to im-
prove verbal communication? in daily life in speakers with AoS. Wam-
baugh, Dufty, McNeill, Robin, & Rogers (2006) identified five general
categories of AoS treatments: (1) articulatory-kinematic approaches,
(2) rate-rhythm control, (3) alternative-augmentative communication,
(4) intersystemic facilitation/reorganisation and (5) other. Because the
treatment program under investigation (Speech-Music Therapy for
Aphasia, SMTA) belongs to the rate-rhythm control strategies, we fo-
cussed on treatments in this category.

Rate-rhythm control strategies concentrate on the dynamics of ar-
ticulation, such as the timing of speech production (Wambaugh & Mar-
tinez, 2000). Therapies in this category closely relate to prosodic features
of articulation, and, therefore, therapies using musical elements belong
to the rate-rhythm control strategies. Hurkmans, De Bruijn, Boonstra,
Jonkers, Bastiaanse, Arendzen, & Reinders-Messelink (2012) reviewed
*We define verbal communication in terms of intelligibility and comprehensibility of verbal expression ac-

cording to the conceptors of the Amsterdam-Nijmegen Everyday Language Test (Blomert, Kean, Koster, &
Schokker, 1994).
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the existing literature on the effect of music in the treatment of patients
with neurological language and speech disorders. They found that Mel-
odic Intonation Therapy (MIT; Albert, Sparks, & Helm, 1973) is one
of the most studied treatment programmes. Although MIT has been
regarded as a treatment for aphasia, Zumbansen, Peretz, and Hébert
(2014a) recently proposed that MIT could actually be affective with re-
spect to symptoms of AoS as well.

MIT is a hierarchically structured therapy using three main compon-
ents: (a) melodic intoning, (b) rhythmic speech and (c) the use of com-
mon phrases (formulaic language). Both the melodic and the rhythmic
structures are restricted to two notes (high and low) and two durations
(long and short). Several studies have reported positive effects after
MIT treatment, but the evidence from these studies is limited by the
design: study groups have been small, and the use of variable outcome
measures makes it difficult to compare these studies (Hurkmans et al.,
2012; Van der Meulen, Van de Sandt-Koenderman, & Ribbers, 2012).
However, Van der Meulen, Van de Sandt-Koenderman, Heijbrok-Kal,
Visch-Brink, and Ribbers (2014) have recently conducted a randomised
controlled clinical trial examining the efficacy of MIT in treatment of
individuals with severe non-fluent aphasia during both sub-acute and
chronic phases after a stroke. The results showed improved language
repetition with generalisation to word retrieval and verbal communica-
tion in daily life for individuals in the subacute phase.

Although MIT uses restricted elements of music, the developers of
the programme emphasised that MIT must not be seen as music therapy
(MT) (Albert et al. 1973). MT is also a discipline focussing on com-
munication, including in individuals with neurological speech and lan-
guage disorders. MT is a multidisciplinary field that overlaps with sever-
al disciplines, including psychology, sociology, and neurology (Hillecke,
Nickel, & Bolay, 2005). For example, neurologic MT concerns treatment
of (1) cognition, such as episodic memory (Sloboda & Juslin, 2001); (2)
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behaviour, such as movement disorders as in Parkinsons disease (e.g.,
Thaut, McIntosh, McIntosh, & Hoemberg, 2001) and (3) communica-
tion. The focus of this article is on modulation of communication that is
used in neurologic MT for individuals who are not able to use language
or speech, such as in individuals with AoS and aphasia. Music therapists
have developed several variations of MIT, including Modified Melodic
Intonation Therapy (MMIT, Baker, 2000). Apart from modifications on
MIT, neurologic MT uses other programs aiming at verbal communi-
cation, such as Singen Intonation Prosodie Atmung Rhytmusiibungen
Improvationen (SIPARI, Jungblut & Aldridge, 2004). Within these ther-
apies, various musical elements are used to improve speech production,
such as melody, rhythm, dynamics, meter and tempo (Baker & Uhlig,
2011). However, both Hurkmans et al. (2012) and Van der Meulen et al.
(2012) emphasised in their reviews that although several studies have
reported improvement on speech production in individuals with AoS
and aphasia with the use of musical elements, the quality of the data
does not permit a firm conclusion about the benefits of MT.

Apart from above-mentioned efficacy studies, scientific attention has
focussed on different therapeutic elements of MT or therapies using
musical elements in neurological speech disorders, such as MIT. The
production of sung and spoken utterances has been examined to assess
whether the singing aids speech production for individuals with AoS
and aphasia. Various experiments using different conditions, such as
spoken lyrics versus lyrics sung to the original melody, and lyrics sung
to a new but familiar melody, did not show that singing facilitates speech
production (Hébert, Racette, Gagnon, & Peretz, 2003; Peretz, Gagnon,
Hébert, & Macoir, 2004; Racette, Bard, & Peretz, 2006). This raises
the question of the contribution of singing in therapies such as MIT.
Recent findings suggest that singing may not be decisive but, instead,
rhythm may be crucial (Stahl, Kotz, Henseler, Turner, & Geyer, 2011).
Stahl, Henseler, Turner, Geyer, and Kotz (2013) found that both singing
and rhythmic therapies were effective in the production of formulaic
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speech in 15 individuals with global or Broca’s aphasia. They, therefore,
concluded that singing may not benefit speech recovery over and above
rhythmic speech. Finally, Zumbansen, Peretz, and Hébert (2014b) stud-
ied the contribution of the rhythmic and pitch features of MIT. They
compared melodic therapy with rhythmic therapy and spoken therapy
in a cross-over design in three individuals with chronic Broca’s aphasia.
Their results showed, in contrast to Stahl et al. (2013), that only the mel-
odic therapy, which consisted of both pitch and rhythm, significantly
improved speech production. The above-mentioned controlled studies
have demonstrated the importance of using musical elements in the ef-
ficacy of MIT, including various modifications on MIT, without leading
to an understanding of which therapeutic elements, melody or rhythm,
contribute to its success.

To date, all reported therapy programmes using musical elements in
the treatment of AoS and aphasia are either speech therapy programmes
provided by a speech therapist without the contribution of a music ther-
apist (as in the MIT, Albert et al., 1973) or MT programmes without
participation of a speech therapist (e.g., in SIPARI, Jungblut & Aldridge,
2006). However, a combination of speech and MT using all musical
elements might permit a combination of the strengths of both of these
therapeutic approaches: the specific knowledge of neurological speech
disorders and skills of cueing strategies of the speech therapist, and the
knowledge of musical parameters and specific composing skills of the
music therapist. Therefore, we have developed a therapeutic approach
combining elements of speech therapy and MT, which we call Speech-
Music Therapy for Aphasia (SMTA, De Bruijn, Zielman, & Hurkmans,
2005). With the integration of a music therapist in SMTA, we assume
that treatment effects may be maximised by adding more musical ele-
ments, and, thereby, reach variation, which seems elementary in the
dynamic nature of speech motor control (Miller, 2000). Furthermore,
composing melodies and selecting adequate musical elements require
specific skills. A music therapist has developed these skills in contrast to
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a speech therapist who might at most be musically engaged. Therefore,

SMTA requires the participation of a music therapist.

In SMTA, a speech therapist and a music therapist treat the indi-
vidual with AoS and aphasia simultaneously. The rationale for SMTA
is based on similarities between language and music. A growing body
of evidence from neuroimaging studies suggests that speech and music
recruit shared neural systems (e.g., Brown, Martinez, & Parsons, 2006).
Recent fMRI studies (Abrams, Bhatara, Ryali, Balaban, Levitin, &
Menon, 2011; Rogalsky, Rong, Saberi, & Hickok, 2011) agree with the
findings that music and speech processing share neural substrates but
that the temporal structure in the two domains is encoded differently.
Another focus of the resemblance between language and music is that
both domains share hierarchical rules. Patel (2003), for example, sug-
gested an overlap in the process of musical and linguistic syntax. Both
forms of syntax relate to the connection of each incoming element X to
another element Y in the evolving structure. According to Patel (2003),
overlap in the processing of language and music can be conceived of as
overlap in the neural areas and operations, which provide the resour-
ces for syntactic integration. Moreover, various musical elements and
prosodic aspects of articulation are closely related (Stahl et al., 2011).
For example, both speech and music show rhythm and intonation. In
individuals with AoS, these aspects can be disturbed in speech produc-
tion (Ziegler, 2008). As mentioned earlier, MIT uses two musical ele-
ments: thythm and melody of which both underlying mechanisms are
still unclear (Stahl et al., 2013; Zumbansen et al., 2014b). However, MIT
structures are restricted to two notes and two durations. SMTA not only
uses two notes and two durations, but maximises the spectra of melody
and rhythm. Moreover, SMTA uses all musical elements (i.e., melody,

rhythm, meter, tempo and dynamics).

SMTA consists of two interwoven lines of treatment: (a) speech ther-
apy and (b) MT. Although the speech therapist and the music therapist
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work together with the individual with AoS at the same time and in the
same room, we will describe the two lines of treatment separately. The
speech therapy line of treatment consists of three levels: (a) phonemes
(including syllables), (b) words and (c) sentences. Trained items at the
phoneme level are always related to the target items at the word level.
For example, the syllable ‘fra’ can be trained at the phoneme level in
preparation to the word “Frans”, a common Dutch name, at the word
level. Furthermore, vowels can be trained in isolation. Usually, sequen-
ces of three vowels are used. These can be sequential, for example, “aa”
- “aa” - “aa), or alternating, for example, “aa” - “00” - “ee”. Phoneme
selection in the sequence is based on distinctive features of articulation.
Usually, consonants are not practiced in isolation, because they may ob-
struct the airflow and, therefore, limit the speech fluency, but they are
used in syllables. As with vowels, syllables may be trained sequentially,
for example “maa” - “maa” — “maa’, or in an alternating manner, such as,
“maa” - “moo” - “mee”. At this level, initial clusters can be used, for ex-
ample, “smaa” - “smoo” — “smee”. The word-level exercises are designed
to be functionally relevant for individuals with AoS. Names of family
members, places holding meaning and other words deemed important
to the individuals with AoS are trained. These personally relevant words
are practiced alongside frequently occurring phrases such as “hello”
(i.e., formulaic language). At the word level, common daily utterances,
such as “good morning’, are trained as well. These include more than
one word but are not considered a sentence. At the sentence level, select-
ed sentences that are functionally relevant to individuals with AoS are
trained. For example, “enjoy your meal” and “can you help me?”. In se-
lecting target sentences, grammar is inferior to comprehensibility. For
example, we prefer the phrase “Sit inside or outside?” instead of “Would
you prefer sitting inside or outside?”.

Various cueing strategies are used by the speech therapist. These in-
clude (a) phonetic cueing (i.e., auditory presentation of the first phon-
eme of a syllable, word or sentence), (b) visual cueing (i.e., showing
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mouth references) and (c) gestures (i.e., natural gestures supporting
daily utterances, such as waving the hand while saying “goodbye”).

The musical line of treatment follows a structured progression from
singing to rhythmical chanting and speaking. Each and every selected
target item follows this structure. The musical interventions are designed
to musically support the speech exercises, and thus, they share the same
structural composition from phoneme level to word and sentence level
(De Bruijn, Hurkmans, & Zielman, 2011). At the phoneme level, the
music therapist uses scales or parts of scales because they are easy and
known to the individual with AoS and aphasia. At the word and sen-
tence levels, the music therapist composes new melodies. SMTA does
not make use of familiar songs because the language output in famil-
iar songs is usually automatically generated (Schon, Gordon, & Besson,
2005). This means that only novel melodies will be used when prop-
ositional speech is targeted. Using tempo, meter, rhythm and dynamic
parameters, the music therapist is able to support the melody in order
to closely follow the prosodic features of the spoken speech production.
For example, the music therapist selects a 4/4 or 3/4 beat according to
the stress pattern of the spoken word production.

In clinical practice, we have observed that individuals with AoS
improve in their speech production after SMTA treatment. However,
there is still no empirical evidence of the effect of SMTA. Therefore, the
present study was a first attempt to find empirical evidence on the effect
of SMTA in a small group of individuals with AoS and aphasia, as a
“proof of principle”. Earlier aphasia efficacy studies (Bastiaanse, Hurk-
mans, & Links, 2006; Links, Hurkmans, & Bastiaanse, 2010) showed that
a multiple-baseline, across-behaviours design (Fucetola, Tucker, Blank,
& Corbetta, 2005) was useful to examine an experimental therapy in
clinical practice. Within this design, it is possible to control for effects of
spontaneous recovery, effects of generalisation without test-retest effects
and follow improvement week by week. However, SMTA is a dynamic
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process, because for each individual with AoS and aphasia the aims are
personalised. This means that the treatment program is not structured
in blocks, such as phoneme, word and sentence level, and the recovery
process is expected to be gradual (i.e., not related to certain steps in the
program). Therefore, we used the principle of multiple measurements
before the treatment as a baseline, but excluded the various behaviours
in the study design.

As the name suggests, SMTA was originally developed for non-flu-
ent speakers with aphasia (such as Broca’s aphasia and global aphasia).
However, Zumbansen et al. (2014a) suggested that improved scores on
language tests following MIT might be due to motor speech improve-
ment. On the basis of our clinical judgement, we had the same idea but
there was no reliable assessment tool to objectively examine changes in
motor speech functioning, until Feiken and Jonkers (2012) developed
a test to objectively measure AoS (Jonkers, Terband, & Maassen, 2014).
Therefore, we included individuals with AoS in the current study to
examine the effectiveness of SMTA treatment for AoS. The main re-
search question was whether verbal communication in daily life im-
proved after SMTA therapy in five individuals with AoS and aphasia
after stroke. Related questions were whether accuracy, consistency, and
fluency of articulation improved, whether improvement was the result
of the therapy or spontaneous recovery, whether the severity of aphasia
decreased and whether the improvement was stable.

9.2 | Methods
9.2.1 | Participants

Five participants were included in the study. These were the first five
consecutive participants that met the inclusion criteria when the study
started. The following inclusion criteria were formulated: (a) age be-
tween 18 and 75, (b) speech problems due to stroke, (c) no language or
articulation disorders before stroke, (d) normal or adjusted-to-normal
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hearing, (e) between 3 and 6 months poststroke, (f) diagnosis of AoS
on the basis of the DIAS (Feiken & Jonkers, 2012) and (g) no previous
SMTA treatment. All participants were right-handed as assessed with
the “Vragenlijst voor Handvoorkeur” (Van Strien, 1992), a Dutch adap-
tation of the “Edinburgh Handedness Inventory” (Oldfield, 1970). None
of the participants sang in a choir nor were they otherwise musically
engaged.

A summary of the demographic and diagnostic data of the partici-
pants is given in Table 9.1. Diagnosis, typology of aphasia syndrome
and severity of aphasia were based on the qualification of the Aachen
Aphasia Test (AAT) (Graetz, De Bleser, & Willmes, 1992). Diagnosis,
severity and characteristics of AoS were based on the DIAS (Feiken &
Jonkers, 2012). Both tests are described in more detail in the Outcome
measures section. Cognitive disorders were assessed by a neuropsychol-
ogist. Information on motor functioning of arms or legs originated from

a physiotherapeutic report.

Table 9.1 Descriptive data of the participants

participant J.V. participant J.A. participant J.K. participant M.A. participant F.P.

Gender M F M M M
Age (in years) 68 47 72 56 49
Handedness Right Right Right Right Right
Education IE IE LE HE IE
Aetiology ICVA SAH ICVA HCVA ICVA
Lesion location MCA left PCA left MCA left MCA right MCA left
MPO 4 3 6 4 3
Diagnosis AoS + Aphasia  AoS + Aphasia  AoS + Aphasia  AoS + Aphasia ~ AoS + Aphasia
Syndrome Broca Broca global Broca Wernicke
Severity
AoS mild severe mild mild severe
Aphasia moderate moderate severe moderate severe

MPO=months post onset during pre-treatment measurements, M=male, F=female, HE = higher education, II
intermediate education, LE = lower education, ICVA = ischaemic cerebro vascular accident,
HCVA=haemorrhagic cerebral vascular accident, SAH= subarachnoid haemorrhage, MCA = medial cerebral
artery, PCA= posterior cerebral artery, AoS=apraxia of speech
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9.2.1.1 | Participant J.V.

J.V. was a 68-year-old, right-handed man who had suffered a sin-
gle stroke in the left middle cerebral artery. He had mild AoS that was
characterised by (a) errors with consonants more than with vowels; (b)
groping; (c) initiation problems and (d) segmentation of syllables. At 4
months poststroke, his aphasia was diagnosed as Broca’s aphasia. His
spontaneous speech was slow including phonetic distortions, phonemic
paraphasias, and he was hardly intelligible. There were no other accom-
panying cognitive disorders than his aphasia and no motor disorders of

arms or legs.
9.2.1.2 | Participant J.A.

J.A. was a 47-year-old, right-handed woman who had suffered a sub-
arachnoid haemorrhage of the left posterior artery. She had a severe AoS
with the following symptoms: (a) more difficulty in repeating alternat-
ing syllables than similar syllables on a diadochokinesis (DDK) test; (b)
groping and (c) initiation problems. At 3 months poststroke, her apha-
sia was diagnosed as Broca’s aphasia. Her spontaneous speech was hesi-
tant and halting with many false starts, repairs and phonetic distortions.
Her cognitive functioning was good except for her working memory,
which was slightly reduced according to the neuropsychological report.
Finally, she showed mild limb apraxia (i.e., right hand).

9.2.1.3 | Participant J.K.

J.K. was a 72-year-old, right-handed man who had suffered a single
stroke in the left middle cerebral artery. He was diagnosed with mild
AoS with the following characteristics: (a) more difficulty in repeating
alternating syllables than similar syllables on a DDK test; (b) groping;
(c) initiating problems and (d) segmentation of syllables. At 6 months
poststroke, his aphasia was diagnosed as global aphasia. His spontan-
eous speech production was severely impaired. He had a hemiparesis of
his right arm and no other cognitive disorders than his aphasia.
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9.2.1.4 | Participant M.A.

M.A. was a 56-year-old, right-handed man with a haemorrhagic
stroke in the middle cerebral artery in the right hemisphere. He was
diagnosed with mild AoS that was characterised by (a) more articulation
errors with consonants than with vowels; (b) more difficulty in repeating
alternating syllables than similar syllables on a DDK test; (c) initiation
problems and (d) segmentations of syllables. At 4 months poststroke,
his aphasia was diagnosed as Broca’s aphasia. His spontaneous speech
was telegraphic: his speech rate was slow and he used predominantly
content words (mainly nouns and adjectives) and he had poor morphol-
ogy. The neuropsychologist reported the following cognitive disorders:
(a) weak memory skills for visual stimuli; (b) decreased sustained atten-
tion; (c) slow working speed and (d) disorders in executive functioning
(i.e., he was not able to rapidly switch from one task to another). His left
arm and leg were paralysed.

9.2.1.5 | Participant F.P.

EP. was a 49-year-old, right-handed man who had suffered from a
single stroke in the left middle cerebral artery. He was diagnosed with
severe AoS that was characterised by (a) articulation errors with con-
sonants more than with vowels; (b) more difficulty in repeating alter-
nating syllables than similar syllables on a DDK test; (c) groping and
(d) segmentation of syllables. At 3 months poststroke, his aphasia was
diagnosed as Wernicke’s aphasia. He spoke fluently but used ill-formed
sentences in his spontaneous speech, with neologisms and he was con-
tinuously attempting to repair his errors. No disorders were observed in
other cognitive functioning as assessed by neuropsychological tests, nor

were pareses of arms and legs present.

The participants were referred to and treated in rehabilitation centre
“Revalidatie Friesland” in The Netherlands. Informed written consent

was obtained from the participants prior to their inclusion in the study.
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The study was approved by the Medical Ethics Committee of the Uni-

versity Medical Center Groningen.
9.2.2 | Outcome measures

The intelligibility score of the Amsterdam-Nijmegen Everyday
Language Test (ANELT; Blomert, Koster, & Kean, 1995; maximum 50
points) was the primary outcome measure in this study since the most
important goal of AoS therapy is improvement of verbal communica-
tion. The ANELT incorporates a series of daily life situations involving
verbal social interaction. The verbal responses are rated on two scales:
(a) comprehensibility and (b) intelligibility. The former relates to infor-
mational content and the latter relates to articulation (i.e., the degree to

which the utterance can be perceived clearly).

The secondary outcome measures were: (a) The comprehensibility
score of the ANELT (maximum 50 points), (b) The Token Test score
on the Aachen Aphasia Test (AAT; Graetz, et al., 1992) that indicates
the presence and severity of aphasia (maximum 50 points), and the
repetition score of the AAT (maximum 150 points), (c) Diagnostic In-
strument of Apraxia of Speech (DIAS; Feiken & Jonkers, 2012) and (d)
Modified Diadochokinesis Test (MDT; Hurkmans, Jonkers, Boonstra,
Stewart, & Reinders-Messelink, 2012). The DIAS and the MDT will be

explained in more detail.

The DIAS is an instrument to diagnose AoS and assesses its severity
(see Jonkers et al., 2014 for a more elaborate description of this test).
The test consists of four subtests. In this study, three of them were used
as outcome measures. The first subtest addresses articulation of phon-
emes. The test consists of 30 items. In this test 15 consonants and 15
vowels (including diphthongs) have to be repeated three times and the
reactions are scored considering both accuracy and consistency (max-
imum score: 30 points). The goal of this task is to find out whether the
AoS patient is able to consistently produce three identical phonemes
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in a row and to establish whether more errors are made on conson-
ants compared to vowels. The second subtest is a DDK test. This test
contains 12 items; six sequencing syllables and six alternating syllables.
The DDK is set up according to the level of complexity, starting with

» » <« b2

simple Consonant-Vowel (CV) structures, such as “pa”-“pa’-“pa” versus

<« » b2

pa’-“ta’-“ka” and ending with words with CCVCC structures, such as
“stank”-“stank”-“stank” versus “tank”-“blank”-“drank”. The participant
has to repeat each item as many times as possible in 8 seconds. With this
test, the accuracy of repeating syllables and groping is assessed. There is
no maximum score for this scale. The third test is articulation of words.
This subtest contains 66 items increasing in length and articulatory
complexity. The items are subdivided in 11 blocks of 6 words differing
in number of syllables, number of phonemes and articulatory complex-
ity (CVC structures, CC clusters within a syllable, CCC clusters within a
syllable, CC clusters at the syllable boundary). The reactions are scored
and analysed for initiation, segmentation of clusters and syllables and
effects of articulatory complexity (maximum score: 264 points). In the
DIAS, the diagnosis of AoS is based on the presence of eight indicative
symptoms of AoS: (1) inconsistency of errors, (2) more errors with con-
sonants than with vowels, (3) more difficulty with alternating DDK than
with sequential DDK, (4) visible or audible groping, (5) initiation prob-
lems, (6) syllable segmentation, (7) segmentation of consonant clusters
and (8) effects of articulatory complexity. When any three of these eight
are present, a diagnosis of AoS can be secured. The authors of the DIAS
compared in their validation study data of subjects with presumed AoS
to subjects with dysarthria and subjects with phonological disorders in
aphasia. Both the selectivity and the sensitivity of this comparison were
85%, which means that this test is good in discriminating between sub-
jects with AoS and subjects with comparable deficits. All these symp-
toms are described in detail in the manual (Feiken & Jonkers, 2012) with
adequate psychometric properties, such as inter-rater reliability. There
are critical differences available for measuring individual improvement.
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The MDT measures three symptoms of AoS: disorders in (a) con-
sistency (i.e., error variability), (b) accuracy (i.e., segmental impair-
ment) and (c) fluency (i.e., prosodic impairment; disturbances in the
flow of speech). The MDT contains 16 pseudo-syllables. These items are
divided in four blocks with the following syllable structure: (a) conson-
ant (C) vowel (V), such as “pa’, (b) CVC, such as “pat”, (c) CVCC, such
as “paks”, and (d) CCVC, such as “spag”. Each block starts with sequen-
tial diadochokinesis (e.g., “pa’-“pa’-“pa’), and then systematically alter-
nates three distinctive features, i.e., (a) place of articulation (e.g., “pa’

» « »

“ta’, “ka”), (b) manner of articulation (e.g., “da’, “na’, “la”) and (c) vowel
change (e.g., “pa; “po’, “pu”). The individuals with AoS and aphasia
were requested to repeat the examiner’s model of each string five times
as accurately as possible. With regard to consistency, the maximum
score is 64 points. As for accuracy, the maximum score is 240 points.

Finally, as regards fluency, the maximum score is 80 points.

The control outcomes were (a) The comprehension score of spoken
words and sentences of the AAT (maximum: 60 points) and (b) The
score of the Dutch version of Psycholinguistic Assessment in Language
Processing of Aphasia (PALPA 12) “repetition of number series”, a for-
ward digit span task measuring short-term memory (STM) (Bastiaanse,
Bosje, & Visch-Brink, 1995). The participants were requested to re-
peat 30 items of two, three and four number series (maximum score:
30 points). When the participants were unable to do this, they were
allowed to point to the numbers on a paper.

9.2.3 | Design and procedure

We used a case series design with multiple measurements to examine
treatment effects. Within this design, methodological quality was opti-
mised. First of all, experimental control was carried out. During weekly
testing, data that were related (MDT) and unrelated (PALPA 12) to the
trained items were collected. Before and after treatment, an unrelated
test (auditory comprehension AAT) was administered to control for
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spontaneous recovery. Second, the raters participating in the analysis of
the tests (both weekly testing and pre-, post-treatment, and follow-up
testing) were blind to the content of the treatment, such as the trained
items of phonemes, words and sentences, and all tests were in a ran-
dom order when rated in a block at the end of the treatment. Third, all
measures used to quantify improvement have been shown to be reliable
and valid outcome measures. Finally, statistical testing was done to test
whether found differences were significant.

The assessment procedure was divided into five phases. Table 9.2
provides a schematic representation of these phases.

Table 9.2 Schematic representation of the moments of administering the tests during the study

Phase T1 Baseline Weekly T2 T3
testing
Tests ANELT MDT (4 times) MDT ANELT ANELT
AAT PALPA 12 (once) PALPA 12 AAT AAT
DIAS DIAS DIAS

Tl=pretreatment, T2=posttreatment, T3=follow-up (3 months posttreatment), AAT=Aachen Aphasia Test,
DIAS=Diagnostic Instrument for Apraxia of Speech, ANELT=Amsterdam-Nijmegen Everyday Language Test,
MDT=Modified Diadochokinesis Test

9.2.3.1 | Baseline testing

Accuracy, consistency, and fluency of articulation needed to be stable
before the start of SMTA treatment to ensure that higher scores on the
MDT after treatment resulted from therapy and not from test-retest ef-
fects. Therefore, the MDT was administered four times during a 2-week
period prior to the first treatment session. A 10% criterion was used as
a definition of stability, implying that the measures of the MDT should
not exceed 10% of the consecutive scores. If there was a change of more
than 10% on one of the three measures (i.e., consistency, accuracy and
fluency), this had to be followed by a decrease during the following as-

sessment.

PALPA 12 was used to measure the level of performance before the
SMTA treatment as an unrelated control test. During the final baseline

session, this test was administered as well.
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9.2.3.2 | Weekly testing

During the treatment period, all participants were tested weekly with
MDT and PALPA 12.

9.2.3.3 | Pretreatment, posttreatment and follow-up testing

Participants were tested with the ANELT, AAT and DIAS prior, 1
week and 3 months after completing the SMTA treatment. The tests
were administered by a speech therapist who did not participate in the
project team, or by master’s students in Speech and Language Pathol-
ogy (SLP) who were experienced in testing individuals with AoS and
aphasia. The speech therapist providing SMTA treatment and the per-
son administering the tests were never the same person. The assessment
of the DIAS, repetition test of the AAT and ANELT were video- and
audio-recorded and presented to various speech therapists and master’s
level students in SLP who did not know the participants. Per partici-
pant, the rater was always the same person for the different times of
administration (pretreatment, and posttreatment and follow-up). The
interrater agreement for DIAS and ANELT is high (Blomert et al., 1995;
Feiken & Jonkers, 2012). Finally, the raters were blinded for time of ad-
ministration (pretreatment or posttreatment and follow-up), and they
scored the tests in random order in a block at the end of the treatment.

Posttreatment assessment was to measure generalisation of trained
materials to (a) functional verbal communication (ANELT), (b) lan-
guage repetition and severity of aphasia (AAT) and (c) articulation
(DIAS). The follow-up assessment was to determine whether changes
in verbal communication, articulation and the severity of aphasia re-
mained stable.
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9.2.4 | Treatment
9.2.4.1 | SMTA treatment protocol

SMTA treatment is a dynamic process. Within this process, the
speech therapy line of treatment (i.e., training at the phoneme, word
and sentence level) and the music therapy line of treatment (i.e., singing,
rhythmical chanting and speaking, see Introduction section) take place
at the same time. All musical elements are interwoven in the target items
at all levels of the therapy line of treatment. This means that the treat-
ment is not divided into blocks, such as phoneme, word and sentence
level. However, there was standardisation in the treatment protocol.

The SMTA protocol comprised the following: (a) 24 treatment ses-
sions, (b) two SMTA sessions per week and (c) 30-min treatment ses-
sion. Each SMTA session started with warming up of the voice for ap-
proximately 2 minutes. Then, the speech therapy line of treatment (i.e.,
phoneme, word and sentence level) was followed, depending on the de-
gree of the speech problem and target objectives. Therefore, this line of
treatment was variable per participant (see Table 9.3 for the characteris-
tics of this study). In contrast, all participants followed the same music
MT line of treatment (i.e., singing, rhythmical chanting and speaking).
Each target item was trained within this structure. The content of the
treatment (i.e., level of the speech therapy line of treatment and the use
of various musical elements) and the selection of target items were de-
cided by the speech therapist and music therapist and were not standar-
dised by the investigators of this study. Each target item was practised
until the participant was able to produce it fluently without the ther-
apist’s help.

All participants practised the trained target items from the therapy
sessions at home three times a week (i.e., on the days of the week when
no SMTA therapy session was given) for half an hour. For this purpose,
the target items were recorded during the therapy sessions. Recording

143



Chapter 9 | The effectiveness of Speech-Music Therapy for Aphasia (SMTA) in five speakers with AoS and aphasia

procedures were standardised. The participants then practised at home
with CD, MP3 or another device that was suitable for them.

All participants took part in an intensive rehabilitation programme.
This meant that they were receiving other interventions as well, such
as physical therapy, occupational therapy, contact with a social work-
er, and so forth, but these never focused on speech production. Verbal
communication was not trained in additional individual speech ther-
apy. Training of auditory comprehension was excluded as well in speech
therapy since this was a control task. However, reading and writing
training was permitted.

9.2.5 | Statistical analysis

Kendall’s tau (t) test (with ties) was used to test for change on the
MDT measures “consistency”, “accuracy” and “fluency” for weekly test-
ing during the treatment period per participant. This test establishes
every week’s improvement (i.e., positive correlation between two weeks
resulting in a p-score of +1) or decrease (i.e., negative correlation be-
tween two weeks resulting in g-score of -1) of each measure. A tie (i.e.,
the same score) was scored by 0. The level of significance was set at p
< 0.05. The Kendall test was also used to test changes on the unrelated
control test (i.e., PALPA 12).

For the ANELT, AAT and DIAS critical differences for significant
improvement are provided in the test manuals (Blomert et al., 1995;
Feiken & Jonkers, 2012; Graetz et al., 1992) and Appendix C.6. These
scores were used to evaluate whether a participant’s score had signifi-
cantly improved (T1 versus T2 and T2 versus T3).

9.3 | Results

All participants received 24 SMTA treatment sessions. However, the
length of treatment in weeks varied per participant due to illness and
holidays ranging from 12 to 20 weeks. Apart from duration, the number
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of trained items for each participant varied as well due to the dynamic
nature of the SMTA program. Table 9.3 provides an overview of these
two characteristics.

Table 9.3 Number of trained items by the participants at all linguistic levels

participant participant participant participant participant
J.V. J.A. J.K. M.A. F.P.
Linguistic level
Phoneme 210 (45.6) 212 (76.5) 194 (57.1) 259 (76.6) 93 (28.4)
Word 229 (49.8) 34 (123) 102 (30) 43 (12.4) 169 (51.5)
Sentence 21 (4.6) 31(11.2) 44 (12.9) 37 (10) 66 (20.1)
Total 460 (100) 277 (100) 340 (100) 339 (100) 328 (100)

Length of treatment (weeks)
20 15 12 15 15

Number of trained items in raw scores and percentages (in brackets)

The data were analysed at the individual level. Thus, the individuals
with AoS and aphasia are presented as single cases. First, intelligibility
and comprehensibility of verbal communication (ANELT), articulation
measures (DIAS and language repetition of the AAT), control meas-
ure (auditory comprehension AAT) and severity of the aphasia (Token
Test) are described per participant directly after treatment (T2) and 3
months after treatment stopped (T3; follow-up). Second, the results of
the MDT test and the control test (i.e., PALPA 12) at baseline and week-
ly testing during the treatment are reported (the raw scores have been
transformed to percentages). Raw scores of the MDT and PALPA 12 of
the weekly testing, and the raw scores of the ANELT, AAT and DIAS of
T1, T2 and T3 are summarised in Appendices C.1- C.6.

The Tables show the performance patterns at T1 and T2 of the
ANELT, AAT and DIAS. The figures of all participants show the results
of the weekly testing’.

*The raw scores have been transformed to percentages.
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9.3.1 | Participant J.V.
9.3.1.1 | ANELT, AAT and DIAS

The intelligibility of verbal communication (ANELT) changed af-
ter therapy. However, the comprehensibility of verbal communica-
tion (ANELT) showed no improvement. Articulation of phonemes
(DIAS) and scores on language repetition (AAT) improved. There was
no improvement on the DDK or on articulation of words (DIAS). No
improvement was observed on the control task (auditory comprehen-
sion of the AAT). No improvement was seen on the Token Test (AAT)
either, indicating that the SMTA treatment did not influence the severity
of the aphasia. During the follow-up, no change was observed, implying
that the improvement was stable, except for the intelligibility measure
of the ANELT.

Table 9.4 | Performance patterns of J.V.

ANELT AAT DIAS
intelligibility ~ comprehensibility ~ repetition =~ Token  auditory comprehension  articulation ~ DDK  articulation
Test of phonemes of words
T1 + - + - - +

T2 # - = - - - _ -

+=significant improvement, #=significant decrease, -=no significant improvement, ==stable, T1=direct after treatment,
T2=follow-up (3months after treatment)

9.3.1.2 | Modified Diadochokinesis Test and the control test

The baseline was stable: all MDT measures met the 10% criterion.
J.V. showed a high score on the fluency measure of the MDT at the
first baseline testing. During further baseline assessment, there was a
decrease between the first and the second assessments. The scores re-
mained stable at assessments 3 and 4. Accuracy improved more than
10% in the final assessment but decreased at the first assessment of the

weekly testing during the treatment period.
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Figure 9.1 shows that during treatment all MDT measures (i.e., con-
sistency, accuracy and fluency) gradually improved. This is most clearly
visible for the consistency measure since the accuracy and fluency meas-
ure already reached levels between 70% and 80% during baseline test-
ing. All MDT measures yielded significant improvement: consistency
(Kendall T = 0.58; p<0.01), accuracy (Kendall T = 0.63; p<0.01) and flu-
ency (Kendall T = 0.62; p<0.01). However, the same holds for the control
test: significant improvement was observed on PALPA 12 (Kendall T =
0.65; p<0.01).
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Figure 9.1 | Percentage correct production of consistency, accuracy and fluency of the MDT and
repeating number series of the PALPA (control) during baseline and treatment phases of
J.V., b=baseline, wk=week, *=p<0.05, Kendall test with ties

9.3.2 | Participant J.A.
9.3.2.1 | ANELT, AAT and DIAS

The intelligibility of verbal communication (ANELT) changed after
therapy. Also, comprehensibility of verbal communication (ANALT)
and all subtests of the AAT and DIAS yielded significant improvement,
except the unrelated control test for auditory comprehension of the AAT.
This means that articulation improved and this improvement enhanced
verbal communication. Apart from the improvement on articulation,
the severity of the aphasia decreased and this is related to SMTA since
there was no improvement on the control task (auditory comprehension
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of the AAT). No change occurred during the follow-up testing, implying
that improvement was stable.

Table 9.5 | Performance patterns of J.A.

ANELT AAT DIAS
intelligibility =~ comprehensibility ~ repetition ~Token  auditory comprehension  articulation ~DDK  articulation
Test of phonemes of words
T1 + + + + - + + +
T2 = = = = = = + =

+=significant improvement, -=no significant improvement, ==stable, T1=direct after treatment,
T2=follow-up (3months after treatment)

9.3.2.2 | Modified Diadochokinesis Test and the control test

The baseline was stable: all MDT measures met the 10% criterion.
Consistency improved more than 10% in the final assessment but de-
creased between the last baseline assessment and the first assessment of
the weekly testing during treatment.

Figure 9.2 shows that all MDT measures gradually improved and
reached ceiling level. Improvement was found directly after treatment
for all the MDT measures: consistency (Kendall T = 0.93; p<0.01), ac-
curacy (Kendall = 0.98; p<0.01) and fluency (Kendall T = 0.88; p<0.01).
No improvement was seen in the control test (Kendall T = 0.20; p>0.05).
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Figure 9.2 | Percentage correct production of consistency, accuracy and fluency of the MDT and
repeating number series of the PALPA (control) during baseline and treatment phases of
J.A., b=baseline, wk=week, *=p<0.05, Kendall test with ties
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9.3.3 | Participant J.K.
9.3.3.1 | ANELT, AAT and DIAS

The intelligibility of verbal communication (ANELT) changed after
therapy. Also, comprehensibility of verbal communication (ANELT)
and various articulation measures improved after SMTA treatment:
improvement was seen on articulation of phonemes and DDK (DIAS)
and repetition (AAT), except for the articulation of words (DIAS). No
improvement was found on the control task (auditory comprehension
of the AAT). The aphasia severity decreased: improvement was found
on the Token Test (AAT). No significant changes were seen at follow-up
evaluation, implying that improvement was stable.

Table 9.6 | Performance patterns of J.K.

ANELT AAT DIAS
intelligibility ~ comprehensibility ~ repetition ~Token  auditory comprehension  articulation ~ DDK articulation
Test of phonemes of words
T1 + + + + - +

T = = = = = = = =

+=significant improvement, -=no significant improvement, ==stable, T1=direct after treatment,
T2=follow-up (3months after treatment)

9.3.3.2 | Modified Diadochokinesis Test and the control test

The baseline was stable: all MDT measures met the 10% criterion.
Both consistency and fluency improved more than 10% between the
first and the second assessments. However, this was followed by a de-
crease on both measures in the third assessment.

Figure 9.3 shows that the improvement was gradual for all MDT
measures. Improvement was found directly after treatment for all the
MDT measures: consistency (Kendall T = 0.86; p<0.01), accuracy (Ken-
dall T = 0.92; p<0.01) and fluency (Kendall T = 0.90; p<0.01). No sig-
nificant improvement was seen on the control test (Kendall t = 0.33;
p>0.05).
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Figure 9.3 | Percentage correct production of consistency, accuracy and fluency of the MDT and
repeating number series of the PALPA (control) during baseline and treatment phases of
J.K., b=baseline, wk=week, *=p<0.05, Kendall test with ties

9.3.4 | Participant M.A.
9.3.4.1 | ANELT, AAT and DIAS

The intelligibility of verbal communication (ANELT) changed after
therapy. Also, comprehensibility of verbal communication (ANELT),
repetition (AAT) and DDK (DIAS) improved after SMTA. However,
no improvement was found on the articulation of phonemes and words
(DIAS). Improvement was seen on the Token Test, implying that the
aphasia severity decreased. However, there was also improvement on
the control task (auditory comprehension task of the AAT). Improve-
ment remained stable during follow-up.

Table 9.7 | Performance patterns of M.A.

ANELT AAT DIAS
intelligibility ~ comprehensibility ~ repetition Token  auditory comprehension  articulation ~ DDK  articulation
Test of phonemes of words
T1 + + + + + - + -

T2 = = = = = = = =

+=significant improvement, -=no significant improvement, ==stable, T1=direct after treatment,
T2=follow-up (3months after treatment)
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9.3.4.2 | Modified Diadochokinisis Test and the control test

The baseline was not stable for the fluency measure of the MDT. Flu-
ency improved more than 10% in the final assessment and did not de-
crease in Week 1. However, the consistency and fluency measure were
stable. Consistency improved more than 10% during the third baseline
assessment but decreased during the final assessment.

Figure 9.4 shows that the improvement was gradual for all MDT
measures with consistency and fluency improving the most. Significant
improvement was found for all the MDT measures: consistency (Ken-
dall T = 0.65; p<0.01), accuracy (Kendall T = 0.55; p<0.05) and fluency
(Kendall t = 0.74; p<0.01). The control test received, however, also sig-
nificantly higher scores (Kendall T = 0.75; p<0.01).
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Figure 9.4 | Percentage correct production of consistency, accuracy and fluency of the MDT and
repeating number series of the PALPA (control) during baseline and treatment phases of
M.A., b=baseline, wk=week, *=p<0.05, Kendall test with ties

9.3.5 | Participant EP.
9.3.5.1 | ANELT, AAT and DIAS

The intelligibility of verbal communication (ANELT) changed af-
ter therapy. Furthermore, comprehensibility of verbal communication
(ANLET) and all subtests of the AAT and DIAS improved, except the
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unrelated control test for auditory comprehension (AAT). Therefore,
this improvement seems to be the result of the SMTA treatment. The
severity of aphasia decreased, as shown by improvement on the Token
Test (AAT). The improvement was stable 3 months after therapy.

Table 9.8 | Performance patterns of F.P.

ANELT AAT DIAS
intelligibility =~ comprehensibility ~ repetition ~ Token  auditory comprehension  articulation ~ DDK articulation
Test of phonemes of words
T1 + + + + - + + +

T2 = = = = = = = -

+=significant improvement, -=no significant improvement, ==stable, T1=direct after treatment,
T2=follow-up (3months after treatment)

9.3.5.2 | Modified Diadochokinesis Test and the control test
The baseline was stable: all MDT measures met the 10% criterion.

Figure 9.5 shows a gradual improvement for all MDT measures,
with consistency and accuracy improving the most. Improvement was
significant for all the MDT measures: consistency (Kendall T = 0.85;
p<0.01), accuracy (Kendall T = 0.96; p<0.01) and fluency (Kendall T =
0.57; p<0.05). No significant improvement was found for the control test
(Kendall T = 0.35; p>0.05).
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Figure 9.5 | Percentage correct production of consistency, accuracy and fluency of the MDT and
repeating number series of the PALPA (control) during baseline and treatment phases of
EP, b=baseline, wk=week, *=p<0.05, Kendall test with ties
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9.4 | Discussion

This study was, in the first instance, a proof of principle to deter-
mine whether SMTA, without other treatment for AoS, might be useful
in five individuals with AoS accompanied by aphasia. Five participants
were included in a case series design with multiple measurements. The
main research question was whether improvement on verbal communi-
cation in daily life was observed after SMTA therapy. Related research
questions were whether accuracy, consistency and fluency of articula-
tion improved, whether improvement was the result of the therapy or
spontaneous recovery, whether the severity of the aphasia decreased
and whether the improvement was stable.

Training with SMTA seemed to result in more efficient communica-
tion in daily life: intelligibility improved in all participants, and compre-
hensibility of verbal communication improved in four out of five par-
ticipants after 24 SMTA treatment sessions. This improvement might be
the result of a generalisation effect: various outcome measures related to
accuracy, consistency and fluency of articulation (assessed with DIAS
and MDT) showed significant change after SMTA therapy. We assume
that the improvement in three out of the five participants was related
to the therapy, and not to spontaneous recovery, since no improvement
was found on the control tests, i.e., repetition of numbers series (PALPA
12) and auditory comprehension (AAT). These observations show that
skills that were trained showed improvement (i.e., consistency, accuracy
and fluency of speech production assessed with MDT) while skills that
were not trained remained stable (assessed with repetition of number
series assessed with PALPA 12) in these three participants.

The data showed additional findings. First, there might be generalisa-
tion to untrained related materials (DIAS) but not to untrained modal-
ities (auditory comprehension of the AAT). This observation suggests
again that higher scores on the tests were not due to spontaneous re-
covery. Second, SMTA not only affected articulation but also influenced
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language functioning: after therapy the severity of the aphasia had de-
creased in four participants (as measured with the Token Test). Final-
ly, the improvement remained stable in all participants after treatment
ended (follow-up), except for the intelligibility measure of the ANELT
in J.V.

Some results of this study, however, require further discussion. The
first issue relates to the improvement on the PALPA 12 control test of ].V.
and the improvement on both control tests of M.A. The scores of PALPA
12 of J.V. were stable until Week 8. From Week 9, he gradually improved
in repeating three-number series. ].V. was ashamed that he could not ac-
complish this, in his own view, easy task. Therefore, he intensively tried
to improve himself every week and attained 50% improvement in the
following weeks. Auditory comprehension, however, did not improve,
which makes us assume that the improvement on PALPA 12 is not due
to spontaneous recovery, but rather to extraordinary effort made by J.V.
to specifically succeed on recalling the three-number series.

However, this was not the case for M.A. His improvement seemed
to be more general since all outcome measures (including both con-
trol tests) improved. Therefore, it is not sure that the improvement of
M.A. can be fully related to the therapy. One can argue that his general
improvement related to his “crossed aphasia” However, De Witte, Ver-
hoeven, Engelborghs, De Deyn, and Marién (2008) found that the recov-
ery of individuals with crossed aphasia is not different from the recovery
of aphasia due to left hemisphere damage. Along the same lines, Benke,
Bodner, and Ziegler (2011) found similar clinical patterns in a patient
with right frontal lesion and AoS. Therefore, we assume that the explan-
ation for the general improvement pattern of M.A. relates to another
mechanism: improvement in sustained attention and working memory.
Before the SMTA therapy, M.A. showed decreased sustained attention
and slow working speed as assessed by the neuropsychologist. Although
not tested after therapy, on the basis of clinical observation it was clear
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that these two cognitive functions had improved and this might explain
the general improvement. Whether SMTA played a role in this general

cognitive improvement remains a matter for future research.

A second issue to address concerns the decrease of severity of apha-
sia, which was assessed with the Token Test of the AAT. The Token Test
is a comprehension task: participants are requested to point to squares
and circles of different colours and sizes in response to a spoken sen-
tence. Improvement on the Token Test seems, therefore, remarkable,
since auditory comprehension is not trained by SMTA. The explanation
for this finding may, however, be related to inner speech. Inner speech is
an internal monitoring process (i.e., covert speech production), and it is
needed to retain auditorily presented information. The nature of inner
speech is unclear. However, Vigliocco and Hartsuiker (2002) suggest
that inspection of covert speech production can only be reached at end
stages of the speech production process. For a successful completion of
the Token Test, listeners need the process of inner speech. In part one
of the Token Test, only a short sentence is given, such as “show me the
red square”. However, the sentences become longer during the task. In
part four, for example, participants have to respond to sentences such
as “show me the small yellow square and the big green circle” In order
to respond adequately, listeners silently repeat the sentence. However,
when accuracy, consistency and fluency of articulation is disrupted, as
in the case of AoS, inner speech, in line with Vigliocco and Hartsuiker
(2002), is also impaired. We suggest that when accuracy, consistency
and fluency of articulation improve, inner speech will improve as well.
Therefore, improved inner speech may explain the better scores on the
Token Test.

Related to this issue is the association between STM and AoS. We
selected the repetition of number series (i.e., PALPA 12) as a control
test during weekly testing. This digit span task measures STM. Hick-
ok, Rogalsky, Chen, Herskovits, Townsley and Hillis (2014) showed an
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overlapping sensorimotor network (i.e., primary motor cortex, pars
opercularis; pre-motor cortex and insula) between AoS and verbal
STM. Therefore, one could argue that when the level of performance on
STM changes, this directly influences the severity of AoS. In that case,
measuring STM might not be an adequate control test. The reason for
selecting a digit span task as a control task in our study was that SMTA
focusses on accuracy, consistency and fluency of articulation, and not
on STM. Therefore, we did not expect an effect of SMTA on STM. Re-
sults from three out of five participants of this study were consistent
with this hypothesis: they improved in accuracy, consistency and flu-
ency of articulation (assessed with MDT) and showed no improvement
on STM (assessed with PALPA 12). However, two participants signifi-
cantly improved in their articulation as well as their STM. For them,
PALPA 12 might not have been an adequate control task, and there was
no evidence of an effect of SMTA.

A third issue to address is the effect of ceiling levels. Different pat-
terns have been observed in the success of SMTA treatment; not all par-
ticipants improved significantly on all outcome measures of the differ-
ent tests. A participant’s ceiling level status prior to the SMTA treatment
(at T1) explains lack of improvement after completing treatment. J.A.,
for example, scored 55 points on auditory comprehension of the AAT
where 60 points is the maximum score. Significant improvement (a
change of 22 points) is then not feasible. Therefore, in the end, auditory
comprehension was an inadequate control measure for J.A.

A final issue we want to address relates to SMTA candidacy. Clinical-
ly, subjects of SMTA appeared to be a homogeneous group: individuals
with a lesion in the left hemisphere in the medial cerebral artery and
diagnosed as having AoS with aphasia. However, this study showed that
SMTA candidates were various: the AoS of EP. co-occurred with a fluent
Wernickes aphasia, M.A. suffered from a brain lesion in his right hemi-
sphere and the lesion of J.A. was located in the posterior brain region.
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Therefore, the results of this study indicate that SMTA might be effective
to treat accuracy, consistency and fluency of articulation independent of
lesion site, location and aphasia type.

The results of our study are in line with those of various studies on
the effectiveness of therapies using musical elements included in the
review of Hurkmans et al. (2012) and the MIT efficacy studies of Van
der Meulen et al. (2014) and Zumbansen et al. (2014b). However, some
crucial aspects can be differentiated. Measurable improvement was re-
ported in the studies included in the former review (Hurkmans et al.,
2012). The methodologies of these studies, however, were not adequate:
(a) with regard to study design, most studies included a case study or
case series without the use of any control; (b) as for blinding, most as-
sessors were not blinded; (c) concerning comparability, use of multiple
baseline assessment before treatment was sporadic; (d) with respect to
outcomes, sensitive, valid and reliable outcome measures were rare-
ly used; (e) finally, as regards significance, p-values were occasionally
reported or calculable. In the current study, an attempt was made to
improve the methodology with respect to all mentioned quality indica-
tors. However, the results of this study do not reach the highest level of
evidence due to the design (multiple baseline in multiple cases). This is
an imported difference with respect to the study of Van der Meulen et
al. (2014), who conducted a well-designed randomised controlled trial
(RCT) and found improvement in language repetition, word retrieval
and in verbal communication in individuals with subacute non-fluent
aphasia. However, no outcome measures related to AoS were included;
therefore, it was impossible to draw any conclusions regarding improve-
ment on accuracy, consistency and fluency of articulation. Zumbansen
etal. (2014b) did include measures related to AoS as additional, second-
ary outcomes. They used a diadochokinetic rate subtest of the apraxia
battery for adults (ABA2; Dabul, 2000) to determine significant change
on DDK scores. Zumbansen et al. (2014b) found generalisation effects
in connected speech (assessed with correct information units as pri-
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mary outcome) after MIT, but no significant improvement in articula-
tion. In contrast with Zumbansen et al. (2014b), we did find significant
improvement in articulation which might support the hypothesis that
the integration of music therapy in AoS treatment leads to improvement

in articulation and may drive changes in verbal communication.

Despite optimised methodology of the current study, we should
mention two methodological limitations. The first one concerns small
sample size. Inclusion of five participants prevents generalisation of the
results to universal validity. However, case series with multiple measure-
ments fit the aim of this study best. Related designs, such as the multiple
baseline, across-behaviours design, are recommended in studies on ef-
fectiveness of therapies for aphasia (Bastiaanse, et al., 2006; Links, et al.,
2010; Thompson, 2006; Thompson, Shapiro, Ballard, Jacobs, Schneider,
& Tait, 1997) since it includes multiple baseline assessments and follows
the individual’s performance on trained and untrained materials week
by week. It is, therefore, useful for evidence-based AoS treatment in
clinical practice as well, where improvement of individuals is the most
important question to be answered.

A second methodological issue relates to treatment control. The
gold standard for treatment research is that the treatment under inves-
tigation is compared to a control condition (e.g., no treatment). In the
SMTA study, control was included by adding multiple baseline meas-
urements and including related and unrelated control tests. We carefully
controlled for effects of spontaneous recovery. However, all five patients
received only SMTA treatment.

The present study was a first attempt to find empirical evidence on
the effect of SMTA in a small group of individuals with AoS and aphasia,
as a “proof of principle”. The results of this study suggest that SMTA is a
promising new treatment these individuals. In future research it would
be interesting to study the effectiveness of SMTA in a RCT. SMTA would
then be compared to another treatment, such as MIT or a treatment in
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the articulatory-kinematic approach. The use of an RCT design would
improve the level of evidence. This higher level of evidence is required
to demonstrate the benefits of the combination of two disciplines (MT
and speech therapy) compared to a therapy provided by only one pro-
fessional, such as MIT, which has already shown its efficacy at the high-
est level of evidence. In contrast to Zumbansen et al. (2014), we do not
have explicit expectations considering the role of the different musical
parameters, such as melody and rhythm, but maximise the opportun-
ities for variation by using all possibilities of various musical elements.

9.5 | Conclusion

Intelligibility of verbal communication for all participating individ-
uals, as well as comprehensibility in four out of five participants, im-
proved after 24 SMTA treatment sessions. All measures of MDT and
repetition of AAT showed significant improvement for all participants.
Four participants also improved on the test for articulation of phonemes
and the diadochokinesis test of the DIAS. Furthermore, two partici-
pants improved on the articulation of words (DIAS). The improvement
remained stable after treatment ended (follow-up). For three out of the
five participants no improvement was found on the control tests. Two
participants also showed improvement on almost all outcome measures,
but also improved on the control tests. SMTA not only affected articula-
tion but also positively influenced the severity of the aphasia in four out

of five participants.

Therefore, SMTA seems an effective treatment programme for at
least three of the five individuals that were treated in the current study.
This treatment not only led to better articulation, but more importantly,

also to improved communication in daily life.
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10.1 | Introduction

The aim of this thesis was to evaluate the effect of speech-music ther-
apy on patients with apraxia of speech. After a review of the literature on
this topic (Hurkmans et al., 2012), it was concluded that efficacy studies
of AoS treatment using musical elements are scarce and the methodo-
logical quality of the studies is low. Furhermore, there were no clearly
defined methods to evaluate rate and rhythm control therapies for the
treatment of AoS. In this research project, three studies were performed
in relation to these findings. First, available clinical data of patients that
were treated with SMTA were studied to examine prognostic factors in-
fluencing speech recovery. Second, a new instrument to help assess the
effects of rate and rhythm therapies in clinical trials as well as daily prac-
tice was developed (Hurkmans et al., 2012). Finally, a group of patients
with AoS and aphasia followed a research protocol in order to pro-
vide empirical evidence on the effect of SMTA, as a ‘proof of principle’
(Hurkmans et al., 2015).

The following sections discuss the main findings of these studies
and elaborate on three issues. First, the relation between speech mo-
tor control and musical parameters will be discussed. The second issue
addresses the evaluation of AoS treatment in rate-rhythm control strat-
egies. Third, the effectiveness of SMTA in patients with AoS and aphasia
will be described. Next, clinical implications of MIT and SMTA are pre-
sented, and, finally, an outlook for future research is given.

10.1 | The relation between speech motor control and musi-
cial parameters

Various efficacy studies on AoS treatment showed that the use of
musical elements may be effective for improving speech production at
the level of speech motor programming and planning (Brendel & Ziegler,
2008; Van der Meulen et al., 2014; Zumbansen et al., 2014a). A funda-
mental issue relates to the question how these musical elements inter-
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vene in the process of speech motor control.

Brendel and Ziegler (2008), for example, developed the Metrical
Pacing Therapy (MPT) in which patients are required to synchronise
their articulation with a rhythmical tone sequence presented over head-
phones. They showed that AoS patients improved in their articulation
after MPT training. One explanation for the MPT effect, as suggested by
Brendel and Ziegler (2008), was that MPT provides an external metric-
al frame explicitly exploiting a supra-syllabic integration mechanism.
However, the authors do not specify how this mechanism is related to a
model of speech motor control.

Similarly to MPT, it is suggested in this thesis that SMTA provides an
external musical frame directed to the process of speech motor control.
The working mechanism of this musical frame in the process of speech
motor control, as described in Chapter 1, is visualised in Figure 10.1,
and will be explained below.

( Lexicon J

Motor
( Phonological encoding J programming
Phonetic encoding: Metrical tree
Generalised Motor Program parameters

SMTA

V

( Articulation ]

Motor
planning

Melody, Rhythm,
Meter, Tempo, Dynamics

Figure 10.1 | Musical elements in relation to the model of speech motor control

SMTA uses various musical parameters to enhance a fluent speech
production. Fluency characteristics refer to the flow and melody of ar-
ticulation and these prosodic features are related to speech motor plan-
ning. However, Chapter 9 demonstrated that not only fluency of articu-
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lation improved, but also accuracy and consistency improved after 24
SMTA treatment sessions. With this finding it can be concluded that
apart from speech motor planning, SMTA also influences speech motor
programming in the dynamic process of speech motor control.

The musical elements that are used in SMTA are thought to affect
various aspects of speech motor control. First, melody relates to pitch.
In speech, pitch is important to intonation patterns. The intonation de-
fines, for example, whether an utterance is declarative or expresses a
question. A declarative utterance is characterised by a pitch fall in pros-
ody. In contrast, the tone of a question often rises to the top of the speak-
er’s range (Schreuder, 2006). Timing and force parameters of Schmidt’s
(2003) Schema Theory determine intonation patterns in the model of
speech motor control. As described in Chapter 1, these parameters are
activated to determine the timing and force of a movement. For articu-
lation, timing and force parameters are involved to determine pitch fall
or rise of an utterance. Kent and Rosenbek (1983) emphasise deficient
timing features in AoS that may cause disturbances in pitch fall or rise.
The musical parameter ‘melody’ can facilitate these intonation patterns

and support the linguistic prosody of an utterance.

Second, rhythm in music relates to duration: long and short. In lan-
guage, rhythm is related to stress and divided into weak and strong syl-
lables in a metrical structure. In Chapter 1, weak and strong syllables in
a word structure are represented in a metrical tree. According to Ziegler
(2005), rhymes and trochees are important units in the metrical tree.
He found that AoS patients make more errors at unstressed syllables
compared to stressed syllables. In SMTA, the music therapist composes
a melody, using a rhythmic pattern that follows the stress pattern of the
target item. Thus, the musical parameter, ‘rhythm’ supports the accur-
acy of all syllables, including unstressed syllables, and, thereby, prevents
AoS patients from making errors.
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Third, meter can be related to the musical beat. According to the de-
scriptions of musical parameters in Chapter 5, various beats have differ-
ent characters. For example, 4/4 beats are supportive whereas 3/4 beats
result in a swaying motion and relaxation. These musical beats can sup-
port the gestural movements at critical positions in the word structure.
As described in Chapter 1, Ziegler (2009) described transitions between
neighbouring segments. He differentiates various types of vocal tract
gestures, lip gestures, tongue-tip gestures and tongue-body gestures.
The likelihood of accurate word production depends on the number of
steps of the various gestural movements. In SMTA, the musical param-
eter ‘meter’ can strengthen these movements by selecting a beat that is
adequately related to the word structure of the target item. The swaying
motion of the 3/4 beat, for example, can support the transition of an
initial cluster, which is difficult for AoS patients.

Fourth, the musical parameter, ‘tempo’ closely relates to speech rate:
when the musical tempo is slow, speech rate of the lyrics in a song will
also decrease. Contrarily, when the musical tempo is high, speech rate
will increase. Speech motor planning can adapt articulation, such as de-
crease or increase of speech rate. In SMTA, the music therapist creates
an opportunity for the AoS patient to articulate accurate, consistent-
ly and fluently (i.e., constant airflow) by selecting a slow musical tem-
po. However, a slow speech rate is artificial in verbal communication.
Therefore, when accuracy, consistency and fluency of articulation im-
prove, the musical tempo can increase as well, resulting in a more nat-

ural way of speaking.

Finally, dynamics relates to volume. Apart from linguistic prosody,
such as stress and intonation patterns, emotional prosody is crucial to
understand a verbal message. For example, when giving an order such
as “You have to stop right now!” the emotional prosody requires the top
of a speaker’s volume at the end of the utterance. Processes of motor
planning and the parameters of Schmidt’s (2003) Schema Theory in the
model of speech motor control are related to emotional prosody. The
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musical parameter dynamics directly relate to these temporal aspects of

articulation.

Scientific attention has focussed on the working mechanisms of
these various musical elements, particularly with regard to melody and
rhythm. Stahl et al. (2011) suggest that the melody may not be decisive
but that rhythm is crucial. In contrast, Zumbansen et al. (2014b) showed
that melodic therapy improved speech production, while rhythmic
therapy did not. These contradictory findings show the lack of under-
standing of which therapeutic elements contribute to improvement of
speech production.

For SMTA, all the various musical elements are used but it remains
unknown how melody, rhythm, meter, tempo and dynamics are related
to each other. The use of the five musical parameters maximises the
opportunity of variation. Variation seems important in the dynamic
process of speech motor control, in which accuracy, consistency and
fluency of speech production depends on various aspects, such as sylla-
ble frequency and complexity (Aichert & Ziegler 2004, 2013; Staiger &
Ziegler; 2008) and the metrical structure (Ziegler, 2005; Aichert, Biich-
ner, & Ziegler, 2011), including prosodic features, such as word stress.
All various musical elements can easily respond to these aspects in the
process of speech motor control, but the specification of the working
mechanisms can be examined in future research.

10.2 | Evaluating AoS treatment of rate and rhythm control
strategies

In various studies on the effect of music in the treatment of neuro-
logical speech and language disorders, general articulation and language
tests were used as outcome measures (see Chapter 5). Also, the results of
the retrospective study (see Chapter 7) showed that patients with apha-
sia and AoS improved on language tests after SMTA in parallel with SLT.
An example of a frequently used test is the AAT (Graetz et al., 1992),
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which includes a repetition task for phonemes, words and sentences.
However, there was no sensitive test to assess improvement in speech
motor programming and, therefore, it was difficult to evaluate the
effects of AoS treatment. In 2012, Feiken and Jonkers developed the
DIAS, a test to diagnose AoS and assess its severity. The DIAS can also
be used as an evaluation instrument to measure improvement of speech
motor programming by evaluating a change in articulation of phon-
emes, diadochokinesis (DDK) and articulation of words after therapy.
However, there was no sensitive test to help assess the effects of rate and
rhythm therapies in clinical trials in a multiple baseline design, to be
suitable for weekly use.

The Modified Diadochokinesis Test (MDT; Hurkmans et al., 2012)
was designed with the multiple baseline design and an efficacy study of
SMTA in mind. In previous studies, DDK was shown to be a sensitive
variable for the assessment of speech motor programming (Ackermann
etal., 1995; Ziegler, 2002). However, until now, DDK has only been used
for diagnostic purposes and not for evaluation of the effects of AoS ther-
apy. Chapter 8 describes the development of the MDT as an evaluation
tool. MDT differs from classical DDK in one important aspect: omis-
sion of the variable ‘speech rate. Gadesmann and Miller (2008) reported
problems regarding scoring procedures of ‘rate, and the intra- and inter-
rater reliabilities of DDK tests were insufficient. In contrast, the study of
psychometric properties of the MDT showed that the reliability indica-
tors were adequate. Test-retest, and intra- and inter-rater reliability were
high. Validity of the MDT was adequate. Both discriminant and conver-
gent validity showed adequate features. MDT is, therefore, an adequate
instrument for efficacy studies of AoS treatment in both case studies and
case-series designs.

MDT exploits the repetitive production of meaningless syllables or
pseudo-syllables rather than words or sentences to evaluate the effects
of speech therapy. Gadesmann and Miller (2008) emphasised the lack
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of association between para-speech tasks (such as DDK-based tests)
and speech tasks. The results of the study described in Chapter 8, how-
ever, showed significant correlations between MDT outcomes and those
obtained with the ‘classical’ speech tasks, the DIAS (articulation of phon-
emes and words), and the ANELT, assessing functional language skills.
Although Goozée et al. (2001) argued that DDK performance does not
predict intelligibility, the MDT scores correlated significantly with the
intelligibility measure of the ANELT.

Nevertheless, evaluating speech therapy solely by means of a para-
speech task is insufficient. Therefore, speech and language tests, such as
the AAT, ANELT and DIAS were used in combination with the MDT in
this thesis. Thus, to study the effectiveness of AoS therapies, appropriate
comprehensive and well-developed assessment strategies should be em-
ployed as pre- and post-treatment and follow-up assessments. Within
this assessment strategy, the MDT can be used for the baseline measure-
ments and the weekly assessments during the therapy period.

10.3 | Effectiveness of SMTA in patients with AoS and aphasia

This efficacy study was the first attempt to find empirical evidence on
the effect of SMTA in five patients with AoS and aphasia, as a ‘proof of
principle’ (see Chapter 9). All patients improved in their intelligibility
of verbal communication in daily life. Also, comprehensibility of the
functional communication improved in four patients. Apart from ver-
bal communication, various articulation measures at the level of speech
motor programming improved. In three out of the five participants it
was assumed that this improvement was directly attributed to SMTA,
and not to spontaneous recovery, since no improvement was found on
control tests. Two participants also improved on the control tests, and,
therefore, their improvement was more general, and could not only be
attributed to SMTA. Additional findings revealed that the severity of
aphasia decreased and improvement remained stable three months after
therapy stopped.
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In this thesis, the quality indicators of the ASHA level-of-evidence
scheme (2001) have been used to judge the methodological quality of the
efficacy study. Within this scheme nine indicators have been described
(see Chapter 5) and the best methodological quality (i.e., highest score
of nine points; meet all nine indicators) can only be reached within the
highest level of evidence: controlled-group experiments. Using a mul-
tiple baseline design including five patients with AoS and aphasia, the
SMTA eflicacy study can lead to a maximum of seven points in the ASHA
level-of-evidence scheme (2001). The SMTA study scored six points
with the following indicators: (1) with regard to study design, control
was included (i.e., no treatment control but related and unrelated meas-
ures have been collected to control for spontaneous recovery); (2) as for
blinding, raters of most outcome measures were blinded; (3) concerning
comparability, participants were adequately described; (4) with respect
to outcomes, all used outcome measures had adequate psychometric
properties (i.e., measures were valid and reliable); (5) as regards signifi-
cance, statistical tests were used and p-values were reported, (6) finally,
as for precision, effect size was reported and calculable. The following
two indicators were not feasible: (1) with regard to sampling, all five
patients received the same therapy (i.e., SMTA) thus randomisation was
not possible; and (2) with respect to intention-to-treat, this can only be
applied in randomised controlled trials. Only one feasible indicator was
partly fulfilled: treatment fidelity. The research protocol prescribed two
SMTA sessions per week and a total of 24 sessions. Due to illness and
holidays of some of the patients, the protocol was not delivered as in-
tended resulting in a longer duration than the intended twelve weeks.

A second methodological issue concerns sample size. The results of
the SMTA eflicacy study cannot be generalised to a larger population
than the participants of this study. The used design (i.e., multiple base-
line in case series) does not allow this. The sample size should be in-
creased in order to generalise the results to universal validity. The gold
standard for treatment research to reach such a goal is a study using an
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RCT design. In the review study (see Chapter 5), none of the studies in-
volved RCT. However, Van der Meulen et al. (2014) used an RCT design
to study the efficacy of MIT in sixteen patients with non-fluent aphasia
and AoS. Although the sample size is not extensive, this is the first ef-
fect-study in the rate and rhythm control strategy using the highest level
of evidence with an adequate methodological quality. The results of this
study showed that patients in the sub-acute phase of recovery improve
in their articulation and verbal communication after MIT.

It can be concluded that both SMTA and MIT have shown to be ef-
fective in the treatment of AoS patients and patients with non-fluent
aphasia. That raises the question, which program is favourited in clinical
practice. The following section discusses this topic.

10.4 | SMTA and MIT in clinical practice

MIT and SMTA share similarities. Both methods (1) are hierarch-
ically structured (focusing on singing, emphasising rhythmic speech
and, finally, the intended normal speech); (2) aimed at speech motor
programming and planning; (3) share patient candidacy: patients with
non-fluent aphasia and AoS, including prosodic impairments in poorly
articulated speech; (4) use the musical elements melody and rhythm,
and are, therefore, both classified in the rate and rhythm control strat-

egies; finally, (5) exclude the use of familiar songs.

There are differences as well. First, MIT exclusively uses functionally
relevant phrases (formulaic speech). In contrast, SMTA comprises all
linguistic levels (i.e., phonemes, syllables, words and sentences) using
formulaic speech, for example, in utterances such as “good morning’, as
well as propositional speech, such as in names.

Second, the melodic and rhythmic structures in MIT are restricted
to two notes (high and low) and two durations (long and short) whereas
SMTA maximises the spectra of melody and rhythm. Moreover, SMTA
uses all musical elements (i.e., melody, rhythm, meter, tempo and dy-
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namics). Therefore, the possibilities for musical compositions are ex-
tensive with SMTA. Various musical elements can be used to compose
a melody that closely relates to the word structure and features of lin-
guistic and emotional prosody of the target words and sentences, as de-
scribed in 10.1.

Finally, probably the most important difference between SMTA and
MIT is the use of music therapy (MT) in SMTA. SMTA integrates two
disciplines: speech therapy and NMT. NMT is a multidisciplinary field
that overlaps with disciplines such as psychology, sociology and neurol-
ogy (Hilleckeetal.,2005; see Chapter 5). This means thatnot only the com-
plete range of musical elements is included in SMTA but also therapeut-
icaspects of MT are incorporated. These aspects include: (1) with regard
to action, music stimulates movement and relaxation, which can be im-
portant for speech production; (2) concerning emotion, music can affect
patients, and, therefore, patients can experience feelings of joy and hap-
piness; finally, (3) as for artistic process, during singing patients discover
new possibilities that may compensate disabilities (De Bruijn etal., 2011).

However, the contribution of MT in SMTA does not automatically
imply an advantage of SMTA over MIT in clinical practice. Therefore,
more research is needed to broaden the knowledge about the benefits
of both therapy approaches. In the next section directions for future
research will be described, including a comparative study between MIT
and SMTA.

10.5 | Future perspectives

The first direction for future research should be to improve the level
of evidence on the efficacy of SMTA. Therefore, a study is needed in
which sample size is increased and treatment type is controlled. The
most adequate design for such study would be RCT with MIT as the
control treatment. This seems the only appropriate procedure to reach
the highest level of evidence. This higher level of evidence is required
to demonstrate the benefits of the combination of two disciplines (i.e.,
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MT and speech therapy) compared to a therapy provided by only one
professional, such as MIT.

A second focus of future research should be directed towards the role
of music therapy in SMTA. The main goal of SMTA is to improve verbal
communication in daily life. Therefore, the efficacy study was designed
from a linguistic perspective. However, the role of the music therapy
and the use of musical elements could be studied more closely to de-
fine which components are crucial for the therapy success. As discussed
earlier, Zumbansen et al. (2014b) found that melodic therapy improved
speech production. However, Stahl et al. (2013) argued that it is not the
singing, but the rhythm that improves speech production and singing
functions as a mediator. These aspects can be studied to examine the
musical parameters melody and rhythm in relation to SMTA.

Moreover, melody and rhythm have been studied most because MIT
uses these two musical parameters. However, SMTA uses five musical
elements. Therefore, it is possible to study all musical elements in rela-
tion to SMTA therapy and examine how they are related to each other
and to the process of speech motor control.

Another suggestion for future research on SMTA would be to focus
on explaining mechanisms of recovery. Until 2009, only three stud-
ies were found in the literature that included examinations of recov-
ery mechanisms in the study’s methodology to explain improvement
of speech production after AoS therapy using musical elements (Belin
et al., 1996; Naesser & Helm-Estabrooks, 1985; Schlaug et al., 2008).
These mechanisms focused on neural correlates and, thus, used neu-
roimaging techniques. However, the reports are contradictory. Recent
studies focus on lyric type in relation to neural correlates, which clarifies
the recovery of speech. Stahl et al. (2013) proposed a two-path model of
speech recovery (see Figure 10.2).

173



Chapter 10 | General discussion

Propositional speech ] ( Formulaic Speech

Standard speech therapy J [ Singing and rhythmic therapy J
[ Left perilesional brain regions J [ Right cortiscostratial brain regions J
( Improved propostional speech ] ( Improved formulaic speech ]

Figure 10.2 | The two-path model of speech recovery (Stahl et al., 2013)

This model could be used to understand the mechanisms of under-
lying treatment-induced recovery. SMTA uses both formulaic speech,
in utterances such as “good morning” and propositional speech, such as

'))

“Peter, come for dinner!” In a neuroimaging study, for example using
fMRI, it is possible to examine which brain areas are activated using for-
mulaic (right corticostratial brain areas, according to Stahl et al., 2013)
and propositional language (left perilesional brain areas, according to

Stahl et al., 2013) during SMTA.

A final direction of future research relates to the use of transcranial
stimulation. The combination of behavioural therapy with complement-
ary brain stimulation methods is a promising direction in aphasia re-
search: the union would further engage neural centres that are impor-
tant for recovery, and facilitate neuro-plastic changes. Two techniques
enhance synaptic plasticity of the brain: (1) (repetitive) Transcranial
Magnetic Stimulation (rTMS) and (2) transcranial Direct Current
Stimulation (tDCS). Between 2008 and 2011, ten studies testing pa-
tients with aphasia using tDCS have been performed. Vines, Norton &
Schlaug (2011) studied the potential for tDCS to study the benefits of
MIT. The results supported the hypothesis that combining tDSC with
MIT enhances right hemisphere sensorimotor network for articulation.
Hence, the advantage of using tDCS in combination with SMTA could
be examined as well.
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In closing, this thesis has shown that using music therapy and musical
elements in combination with speech therapy is a promising direction to
improve verbal communication in daily life for patients with AoS. This
thesis has provided new insights into the theoretical rationale of SMTA,
the evaluation of AoS treatment, and the effectiveness of SMTA. Still,
there remains some potential to enhance the SMTA treatment. Sugges-
tions for future research were given with a focus on a better understand-
ing of the working mechanisms of SMTA and to improve the level of

evidence regarding the efficacy of SMTA.
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sSummary

The aim of this thesis is to evaluate the effect of speech-music therapy
on patients with apraxia of speech. Three issues are addressed: (1) the
relation between speech motor control and musical parameters; (2) the
evaluation of AoS treatment in rate-rhythm control strategies; and (3)
the effectiveness of SMTA in patients with Apraxia of Speech and apha-

sia.

The process of speech motor control is described in Chapter 1. First,
various levels of word production were discussed, related to the linear
model of Levelt et al. (1999), specifically focusing on the process of
phonological and phonetic encoding. Encoding the phonological word
form is divided into two separate processes: (1) retrieval of phonemes
and (2) retrieval of word structure: syllabification (Hartsuiker et al.,
2005). Subsequently, articulatory gestures are assigned to the phono-
logical word at the level of phonetic encoding, specifying which patterns
ofarticulatory movements are required. However, in linear models, there
is little attention to relations between phonemes (Miller, 2000). Other
relevant components of phonetic encoding are underspecified in linear
models as well, for example, supra-segmental aspects, such as prosody.
These aspects are better described in nonlinear models of speech mo-
tor control. Ziegler (2005), for example, suggests that the complexity
of syllable retrieval depends on higher-order phonetic units, in which
rhymes and trochees are important motor units in a metrical tree. From
a psycholinguistic perspective, it can be concluded that the process of
speech motor control is a complex, nonlinear, hierarchical organisation
of motor units extending from the level of articulatory gestures to the
level of metrical feet.

Processes of speech motor programming and planning are needed
to complete the description of the speech motor control process. These

processes are described in speech motor theories, for example, Schmidt’s
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(2003) Schema Theory. In this theory it is assumed that speech pro-
duction involves the determination of related groups of motor actions
(i.e., motor programs) and that these programs are generalised. A Gen-
eralised Motor Program (GMP) captures the timing and force of the
movement. Within an articulatory motor program, a GMP corresponds
to the motor commands associated with a phoneme, syllable, word or
even a frequently produced phrase (Varley et al., 2006). However, the
speed and the amplitude of the movement are varied by assigning differ-
ent values to the parameters of the GMP for each specific action (Clark &
Robin, 1998) and this refers to speech motor planning. Planning speech
production is a speaker’s constant task during articulation; it functions
as a control system. Speech motor planning can adjust speech produc-
tion if necessary, for example, speech rate.

Apraxia of Speech (AoS) is the topic in Chapter 2. AoS is a neurogenic
speech programming disorder characterised by a variety of symptoms,
such as sound distortions, articulatory groping, reduction of speech
rate and prosodic abnormalities, such as disturbances in the flow and
melody of speech (McNeil et al., 2009; Lowit et al., 2014). The various
symptoms of AoS can be classified into three categories (Ziegler, 2008):
impairments in accuracy (segmental impairments), consistency (error
variability) and fluency (prosodic disturbances). Most AoS definitions
reflect a disorder of speech motor programming. Accordingly, AoS pa-
tients have a preserved knowledge of the phonological word form and
no deficits in motor execution. However, recent studies have suggested
that phonological encoding impairments may co-exist with AoS (Maas
et al,, 2013). Furthermore, with regard to aetiology, there is an inconsis-
tency in the neuro-anatomic findings associated with AoS. There is no
one-to-one mapping between a damaged brain area and AoS symptoms.
Despite uncertainties, AoS is usually associated with a stroke to the left
cerebral hemisphere (Ogar et al., 2006) and it occurs after lesions to the
anterior perisylvian region.
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Chapter 3 describes behavioural methods to treat patients with AoS.
First, general principles of motor learning are described since these
principles function as the fundamentals of AoS treatment. Furthermore,
this chapter describes articulatory-kinematic and rate-rhythm control
strategies because these approaches relate to the process of speech mo-
tor programming and planning. Articulatory-kinematic approaches are
connected to the level of speech motor programming. The treatments
in this category concentrate on articulatory errors and have a ‘spatial’
focus, such as phonetic placement. Rate and rhythm control strategies
are connected to motor planning. The techniques are more ‘dynamic’
in nature and are aimed at prosodic aspects of speech production, such
as rhythm, stress, tempo and intonation. The most common treatment
using melody and rhythm in the rate and rhythm control strategy is
Melodic Intonation Therapy (MIT; Albert et al., 1973; Sparks et al., 1974)
and this program has been used most frequently in efficacy studies.

Chapter 4 addresses various aspects of music in relation to lan-
guage and music therapy. First, the hierarchical structures of language
and music resemble one another. Furthermore, there is a great interest
in understanding the extent to which neural resources for processing
music and speech are distinctive or shared. Neuropsychology has pro-
vided cases of dissociations between music and linguistic processing.
However, a growing body of evidence from the neuroimaging studies
suggests that speech and music at least recruit shared computational
systems. Recent fMRI studies (Rogalsky et al., 2011; Abrams et al., 2011)
correspond with the findings that music and speech processing share
neural substrates, but that the temporal structure in the two domains is
encoded differently. Finally, the multidisciplinary field of music therapy
(MT) is described. Various neurologic MT approaches aim to improve
verbal expression and communication, using musical elements, such as

melody, rhythm, dynamics, tempo and meter.
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The aim of the review in Chapter 5 is to synthesise studies on the
effects of music parameters in the treatment of neurological language
and speech disorders as well as explain patient’s recovery with vari-
ous possible mechanisms. 1250 Articles have been identified and fif-
teen are selected for this study. MIT is the most studied programme.
Accordingly, melody and rhythm are the music interventions that have
been applied the most. Measurable recovery has been reported in all
reviewed studies. However, the methodological quality of the studies
is not convincing when using the ASHA level of evidence (2001) indi-
cators. Therefore, conclusions regarding the efficacy of treatments that
incorporate components of music for neurologically impaired patients
should be interpreted with caution. Finally, three studies examined re-
covery mechanisms to explain the research findings; the results are con-
tradictory and, therefore, mechanisms of recovery remain unclear.

Speech-Music Therapy for Aphasia (SMTA), a combination of
speech and music therapy, is elaborately described in Chaper 6. SMTA
is designed for non-speaking patients and non-fluent speaking patients
suffering from AoS and aphasia. For each patient, the aims are person-
alised, but the general aim for non-speaking patients is ‘de-blocking. For
non-fluent speaking patients, the SMTA treatment is aimed at improv-
ing speech motor programming and planning. This means improve-
ment in: accuracy, consistency and fluency (i.e., the flow and melody of
speech) of articulation. Furthermore, the speech-therapy line of treat-
ment and the music-therapy line of treatment in SMTA are described
in this chapter.

Various factors play a role in the recovery from non-fluent aphasia
and Apraxia of Speech (AoS). In Chapter 7, eleven factors are related
to the therapy outcomes. Using measures of language impairment
(AAT) and functional communication (ANELT), this retrospective
study evaluates the outcome data of 41 patients with non-fluent aphasia
and AoS, in relation to eleven prognostic factors. All patients are treated
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with SMTA in parallel with speech and language therapy. The results
demonstrate significant improvement on all AAT subtest scores and the
comprehensibility measure of the ANELT. In this study, SMTA candi-
dates are homogeneous: patients with a lesion in the left hemisphere in
the medial cerebral artery, diagnosed as aphasic patients with AoS and
impaired cognitive functions. Two factors influence therapy outcome;
first, the severity of the aphasia decreases with long therapy duration,
and second, non-fluent speakers with aphasia and AoS respond better
to the therapy than non-speaking patients.

Chapter 8 presents the evaluation of the newly developed Modified
Diadochokinesis Test (MDT), a task to assess the effects of rate and
rhythm therapies for AoS. The consistency, accuracy and fluency of
speech of 24 adults with AoS and twelve unaffected speakers matched
for age, gender and educational level are assessed using the MDT. The
reliability and validity of the instrument are considered and outcomes
are compared with those obtained with existing tests. The results show
that the MDT has a strong internal consistency. Syllable structure com-
plexity influence scores, while distinctive features of articulation have
no measurable effect. The test-retest and intra- and inter-rater reliabil-
ities are adequate as well as the discriminant validity. For convergent
validity different outcomes are found: apart from one correlation, the
scores on tests assessing functional communication and AoS correlate
significantly with the MDT outcome measures. The spontaneous speech
phonology measure of the AAT correlates significantly with the MDT
outcome measures but no correlations were found for the repetition
subtest and the spontaneous speech articulation/prosody measure of
the AAT. The study shows that the MDT has adequate psychometric
properties, implying that it can be used to measure changes in speech
motor performance after AoS treatment. The results demonstrate the
validity and utility of the instrument as a supplement to speech tasks in
assessing speech improvement aimed at the level of speech motor pro-
gramming and planning.
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Chapter 9 reports the final study in this thesis, which examines the
effectiveness of SMTA. Five patients with AoS and aphasia are studied
in a case-series design with multiple measurements. The main research
question is whether verbal communication in daily life improves after
SMTA therapy. Related questions are (1) whether accuracy, consistency
and fluency of articulation improve; (2) whether improvement is the
result of the therapy or spontaneous recovery; (3) whether the severity
of aphasia decreases; and (4) whether the improvement remains stable.
All patients receive 24 SMTA treatment sessions. They are tested be-
fore and after this treatment period and 3 months after therapy stops
(follow-up). Various outcome measures are used: ANELT, DIAS and
AAT. During the treatment period the patients are tested weekly with
the MDT and a control test (PALPA 12). Intelligibility of verbal com-
munication for all participating individuals, as well as comprehensibil-
ity in four out of five participants, improves after 24 SMTA treatment
sessions. All measures of MDT and repetition of AAT show significant
improvement for all participants. Four participants also improve on the
test for articulation of phonemes and the diadochokinesis test of the
DIAS. Furthermore, two participants improve on the articulation of
words (DIAS). The improvement remains stable after treatment ends
(follow-up). For three out of the five participants no improvement is
found on the control tests. Two participants also show improvement
on almost all outcome measures, but also improve on the control tests.
SMTA not only affects articulation but also the severity of the aphasia
decreased in four out of five participants.

Chapter 10 discusses the main findings of the review and the three
experimental studies related to the aim of this thesis, and elaborates on
three issues. The first issue refers to the relation between speech motor
control and musical parameters. It is suggested in this thesis that SMTA
provides an external musical frame directed to the dynamic process of
speech motor control. To explain the working mechanism of this music-
al frame, the musical parameters melody, rhythm, meter, tempo and

200



Summary

dynamics are related to process of speech motor planning. The second
issue concerns the evaluation of AoS treatment in rate and rhythm con-
trol strategies. DIAS can be used as an evaluation instrument to measure
improvement of speech motor programming by evaluating a change in
articulation of phonemes, diadochokinesis (DDK) and articulation of
words after therapy. Additionally, MDT can be used to evaluate accur-
acy, consistency and fluency of articulation. The final issue addresses the
effectiveness of SMTA patients with AoS and aphasia. An efficacy study
has been performed to examine empirical evidence on the effect of
SMTA in a group of five patients, as a ‘proof of principle’ and the results
show a positive effect in three of the five participants. Methodological
issues concerning the quality of the study and sample size are described.
Furthermore, the use of SMTA and MIT in clinical practice is discussed
and an outlook for future research is described.
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Dit proefschrift beschrijft een evaluatie van het effect van een combi-
natie van spraak en muziek therapie bij patiénten met spraakapraxie en
afasie. Drie onderwerpen staan centraal: (1) de relatie tussen het aanstu-
ren van spraak en muzikale parameters; (2) de evaluatie van therapie bij
spraakapraxie waarbij muzikale elementen worden gebruikt; en (3) de
effectiviteit van SMTA bij patiénten met spraakapraxie en afasie.

Hoofdstuk 1 beschrijft de diverse taal- en spraakverwerkingsproces-
sen. Diverse niveau’s van woordproductie worden besproken volgens
het lineaire model van Levelt e.a. (1999), met name gericht op fono-
logische- en fonetische encodering. Fonologische encodering wordt
verdeeld in twee processen: het ophalen van fonemen en het uitzetten
van de woordstructuur; syllabificatie (Hartsuiker e.a., 2005). Vervolgens
worden articulatorische kenmerken toegevoegd aan de fonologische
woordvorm op het niveau van de fonetische encodering. Hierbij worden
articulatorische bewegingspatronen aangestuurd. In lineaire modellen
is echter weinig aandacht voor relaties tussen fonemen (Miller, 2000).
Tevens zijn andere relevante processen op het niveau van fonetische
encodering onvoldoende weergegeven, bijvoorbeeld supra-segmenta-
le aspecten zoals prosodie. Deze aspecten worden beter beschreven in
nonlineaire taalverwerkingsmodellen. Volgens Ziegler (2005) wordt de
complexiteit van de syllabische verwerking bepaald op hoge niveau’s in
een metrische boomstructuur, zoals rijm en trochee. Vanuit psycholin-
guistisch perspectief kan worden geconcludeerd dat de aansturing en
de controle van spraak complex is met een nonlineaire, hierarchische
structuur van motorische eenheden op het niveau van articulatorische

kenmerken tot het niveau van versvoet.

De beschrijving van motorische programmering en planning van
spraak is noodzakelijk om het proces van het aansturen van de spraak
te completteren. Motor theorieén beschrijven deze processen, zoals
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de Schema Theorie (Schmidt, 2003). Deze theorie gaat ervan uit dat
spraakproductie bestaat uit het definiéren van gerelateerde motorische
activiteiten, oftewel motorische programma’s, en deze programmass zijn
gegeneraliseerd. Een Gegeneraliseerd Motorich Programma (GMP)
bevat de ‘timing’ en kracht van een beweging. In een articulatorisch
motorisch programma komt een GMP overeen met de motorische aan-
sturing van een foneem, woord en zelfs een veelgebruikte zin (Varley
e.a., 2006). Voor individuele beweginspatronen worden zogenaamde
parameters geactiveerd voor de precieze omvang en snelheid van de be-
weging en dat is gerelateerd aan motorische planning. Het controleren
en bijstellen van de spraak tijdens de articulatie is een functie van de
motorische planning.

Spraakapraxie wordt uitgelegd in hoofdstuk 2. Spraakapraxie is een
neurologische spraakstoornis die gekarakteriseerd wordt door diver-
se symptomen, zoals distorsies, articulatorisch zoekgedrag, vertraging
van het spreektempo en prosodische onregelmatigheden, bijvoorbeeld
verstoringen in de continue luchtstroom en melodie van het spre-
ken (McNeil e.a., 2009; Lowit e.a., 2014). De diverse symptomen van
spraakapraxie kunnen worden ingedeeld in drie categorieén (Ziegler,
2008): stoornissen in de accuraatheid (segmentele fouten), consistentie
(variatie in foutenpatroon) en vioeiendheid (prosodische onregelmatig-
heden). De meeste definities van spraakapraxie gaan ervan uit dat de
stoornis is gelocaliseerd op het niveau van het programmeren van de
spraak. Dit zou betekenen dat patiénten met spraakapraxie een goede
kennis van de fonologische woordvorm hebben en geen stoornissen
in de motorische executie. Resultaten van huidige studies geven ech-
ter aan dat fonologische stoornissen samen voor kunnen komen met
spraakapraxie (Maas e.a., 2013). Met betrekking tot de etiologie van
spraakapraxie wordt vastgesteld dat er wisselende resultaten zijn gevon-
den in de neuro-anatomie gerelateerd aan spraakapraxie. Er is geen één-
op- één relatie tussen beschadigde hersengebieden en symptomen van
spraakapraxie. Ondanks onduidelijkheden, wordt spraakapraxie meestal
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vastgesteld bij een lesie in de anterieure delen van de linker hemisfeer
(Ogar e.a., 2006).

In hoofdstuk 3 worden behandelmethoden voor spraakapraxie be-
schreven. Dit hoofdstuk begint met principes uit het motorisch leren
als fundament voor de behandeling van spraakapraxie. Vervolgens be-
schrijft dit hoofdstuk articulatorisch-kinematische therapiemethoden en
tempo-ritme controle strategieén omdat deze twee benaderingen gere-
lateerd zijn aan motorische programmering en planning van spraak.
Articulatorisch-kinematische therapiemethoden zijn verbonden aan
het proces van motorische programmering. De behandelingen richten
zich op segmentele articulatiefouten en het goed uitspreken van fone-
men waarbij bijvoorbeeld gebruik wordt gemaakt van de plaats van de
articulatie. Tempo-ritme controle strategieén zijn meer verbonden aan
motorische planning en derhalve richten therapiemethoden in deze
categorie zich op prosodische aspecten van taalproductie, zoals ritme,
accentpatroon, tempo en intonatie. Aan het einde van dit hoofdstuk
wordt Melodic Intonation Therapy (MIT; Albert e.a., 1973; Sparks e.a.,
1974) uitgebreid beschreven omdat deze therapie het meest onderzocht
is op effectiviteit binnen de tempo-ritme controle strategie.

In hoofdstuk 4 worden diverse aspecten van muziek beschreven in
relatie tot taal en muziektherapie. Allereerst, tonen hierarchische struc-
turen van taal en muziek overeenkomsten. Daarnaast bestaat er een gro-
te interesse in het onderzoek naar neurale verwerkingsprocessen van
taal en muziek met de vraag of ze gelijk zijn of onderscheidend. In de
neuropsychologie zijn casus beschreven van dissociatie tussen muzikale
en talige verwerking. Er is echter steeds meer bewijs vanuit studies die
gebruik maken van beeldvormende technieken dat taal en muziek de-
zelfde hersengebieden activeren. Huidige fMRI studies (Rogalsky e.a.,
2011; Abrams e.a., 2011) bevestigen die bevinding maar geven aan dat
de temporele aspecten van de twee entiteiten verschillend worden geco-
deerd. Het hoofdstuk eindigt met een beschrijving van muziektherapie.
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Binnen de neurologische muziektherapie worden diverse muzikale ele-
menten ingezet, zoals melodie, ritme, dynamiek, tempo en maatsoort,

om de communicatie te verbeteren.

Het doel van de literatuurstudie in hoofdstuk 5 is om het effect van
muziek in de behandeling van neurologische taal- en spraakstoornissen
te onderzoeken. Daarnaast is onderzocht welke werkingsmechanismen
mogelijk ten grondslag liggen aan het herstel. Uit de databestanden ko-
men 1250 artikelen naar voren waarvan vijftien artikelen zijn beschre-
ven en beoordeeld. De MIT is het best bestudeerde programma. Der-
halve zijn melodie en ritme de muziek therapeutische interventies die
het meest zijn toegepast. Meetbare verbetering wordt gerapporteerd in
alle beoordeelde studies waarbij muziek wordt ingezet in de behande-
ling van neurologische taal- en spraakstoornissen. De methodologische
kwaliteit van de studies is echter laag waardoor geen conclusies kun-
nen worden getrokken met betrekking tot het effect van muziek in de
behandeling van neurologische taal- en spraakstoornissen. In drie stu-
dies is ook onderzoek gedaan naar werkingsmechanismen van herstel.
Deze studies richten zich op waarneembare hersenactiviteit in beide
hemisferen. De resultaten van deze studies zijn echter niet eenduidig en
daarmee blijft de neurologische verklaring ten aanzien van werkings-

mechanismen onbekend.

Speech-Music Therapy for Aphasia (SMTA), een combinatiebehan-
deling van logopedie en muziektherapie, is uitgebreid beschreven in
hoofdstuk 6. SMTA is ontwikkeld voor niet-sprekende patiénten en
niet-vloeiend sprekende patiénten met spraakapraxie en afasie. Voor
iedere patiént worden individuele doelen opgesteld maar het algemene
doel voor niet-sprekende patiénten is ‘deblokkeren’ Voor niet-vloeiend
sprekende patiénten is het doel gericht op het verbeteren van het pro-
grammeren van de spraak. Dat betekent herstel van accuraatheid, con-
sistentie en vloeiendheid van de articulatie. SMTA is onderverdeeld in
een logopedische en een muziektherapeutische therapielijn. Deze wor-
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den beschreven aan het einde van dit hoofdstuk.

Diverse prognostische factoren zijn van invloed op het herstel bij
niet-vloeiende afasie en spraakapraxie. In hoofdstuk 7 zijn deze fac-
toren verbonden aan het resultaat van taaltesten na therapie. In deze
retrospectieve studie worden de uitkomsten van 41 patiénten met
niet-vloeiende afasie en spraakapraxie onderzocht die behandeld zijn
met SMTA in combinatie met taal- en spraakbehandeling. Hiervoor
worden uitkomsten van een afasietest (AAT) en een functionele verbale
communicatietest (ANTAT) gekoppeld aan verschillende prognostische
factoren. De resultaten laten zien dat alle patiénten significant vooruit
gaan op alle AAT sub-tests en op de begrijpelijkheid van de ANTAT.
In deze studie zijn de SMTA kandidaten homogeen: patiénten met een
lesie in de linker hemisfeer in het arterie cerebri media gebied, gediag-
nosticeerd met afasie en spraakapraxie en stoornissen in de cognitieve
functies. Twee factoren beinvloeden het herstel. De ernst van de afasie
vermindert bij een lange therapieduur. En niet-vloeiende patiénten met
afasie en spraakapraxie reageren beter op de therapie dan niet sprekende
patiénten.

In hoofdstuk 8 wordt de ontwikkeling van een nieuwe test bespro-
ken; de “Modified Diadochokinesis Test (MDT)”. Deze test kan gebruikt
worden voor de evaluatie van de behandeling van spraakapraxie. De
consistentie, accuraatheid en vloeiendheid van het spreken bij 24 vol-
wassen patiénten met spraakapraxie en 12 gezonde proefpersonen over-
eenkomend in leeftijd, geslacht en opleidingsniveau, wordt vastgesteld
met de MDT. De betrouwbaarheid en validiteit worden onderzocht en
resultaten worden vergeleken met bestaande gerelateerde tests. Uit de
resultaten blijkt een sterke interne consistentie. De scores worden be-
invloed door de complexiteit van de syllabische structuur. Distinctieve
kenmerken van articulatie blijken geen rol te spelen op de resultaten
van de test. Er zit geen test-hertest effect in de test en ook de inter- en
intra-beoordelaarsbetrouwbaarheid is goed. De discriminant validiteit
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is eveneens adequaat. Voor de convergent validiteit zijn de uitkomsten
verschillend: op één correlatie na, zijn alle correlaties significant tussen
testscores van de MDT en de functionele communicatietest (ANTAT)
en de spraakapraxietest (DIAS). De fonologische maat van de spontane
taal van de AAT correleert significant met de scores van de MDT maar
er worden geen correlaties gevonden met het onderdeel ‘herhalen’ van
de AAT en de articulatie en prosodie maat van de spontane taal van
de AAT. Deze studie toont aan dat de MDT adequate psychometrische
eigenschappen bezit. Dat betekent dat dit instrument gebruikt kan wor-
den om verandering te meten van het programmeren van spraak in de
behandeling van spraakapraxie. Het instrument dient als aanvulling op
articulatietests die gebruikt worden om herstel van programmeren van
de spraak vast te stellen.

De laatste studie van dit proefschrift is een prospectieve studie naar de
effectiviteit van SMTA en wordt beschreven in hoofdstuk 9. Vijf patién-
ten zijn bestudeerd in een ‘case series design with muliple measurments’
De belangrijkste doelstelling van de studie is gericht op het vaststellen
van herstel van verstaanbaarheid in de verbale communicatie. Daarnaast
wordt onderzocht of (1) acuraatheid, consistentie en vloeiendheid van
articulatie verbetert; (2) het herstel het resultaat is van de therapie en niet
van spontaan herstel; (3) het herstel stabiel blijft nadat de therapie stopt;
en (4) SMTA ook de ernst van de afasie beinvloedt. Hiervoor worden
de patiénten voor en na 24 SMTA behandelingen getest en 3 maanden
nadat de therapie is gestopt (follow-up) met de DIAS, ANTAT en AAT.
Tijdens de behandelperiode worden de patiénten wekelijks getest met de
MDT en een controle test (PALPA 12). Alle patiénten gaan vooruit op
verstaanbaarheid van de ANTAT en de begrijpelijkheid van de ANTAT
verbetert bij vier van de vijf patiénten. Alle onderdelen van de MDT
en het naspreken van de AAT verbeteren bij alle patiénten. Vier van de
vijf patiénten verbeteren ook op twee onderdelen van DIAS: articulatie
van klanken en DDK. Daarnaast verbetert de articulatie van woorden
(DIAS) bij twee patiénten. Drie maanden na de therapie blijft het taal-
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en spraak functioneren stabiel. De vooruitgang is verbonden aan SMTA
omdat er geen herstel meetbaar is op de controle tests bij drie patiénten.
Twee patiénten gaan ook vooruit op de controle tests. De ernst van de
afasie vermindert zoals vastgesteld met de Token Test bij vier patiénten.

In hoofdstuk 10 worden de bevindingen van het review en de drie
experimenten bediscussieerd gerelateert aan het doel en de drie onder-
werpen die centraal staan in dit proefschrift. Het eerste onderwerp be-
licht de relatie tussen de aansturing van spraak en muzikale parameters.
In dit proefschrift wordt aangenomen dat SMTA een extern muzikaal
raamwerk bevat dat invloed uitoefent op het proces van het aanstu-
ren van spraak. Voor de uitleg van de werking van dit muzikaal raam-
werk worden de muzikale parameters melodie, ritme, metrum, tempo
en dynamiek gerelateerd aan de processen van plannen van spraak.
In het tweede onderwerp wordt de evaluatie van de behandeling van
spraakapraxie waarbij muzikale elementen gebruikt worden, besproken.
Het DIAS kan worden gebruikt om herstel te meten van programme-
ren van spraak. Aanvullend kan de MDT worden gebruikt om de accu-
raatheid, consistentie en vloeiendheid van articulatie te evaluaren. Het
laatste onderwerp richt zich op de effectiviteit van SMTA bij patiénten
met spraakapraxie en afasie. Een effectiviteit studie is uitgevoerd om
het empirisch bewijs van het effect van SMTA te onderzoeken bij vijf
patiénten als een zogenaamde ‘proof of principle. De resultaten laten
een positief effect zien bij drie van de vijf deelnemers aan de studie.
Methodologische aspecten zijn eveneens besproken, zoals de kwaliteit
van de studie en de groeps grootte. In dit hoofdstuk is eveneens het
gebruik van SMTA en MIT in de klinische praktijk beschreven. Tot slot
zijn voorstellen gedaan voor vervolgonderzoek.
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Appendices
A.  Appendix to Chapter 7: Prognostic factors of
recovery after SMTA treatment in non-fluent

aphasia and apraxia of speech

A.1  Pretreatment scores of the subjects

AAT AAT AAT  AAT  AAT AAT  AAT AAT AAT ANELT ANELT
coM ART AUT  SEM  PHON  SYN  TT REP NAM COMP INTEL
(0-5) (0-5) (05 (05  (0-5) (0-5)  (0-50)* (0-150)  (0-120)  (0-50) (0-50)
1 0 0 0 0 0 0 50 0 0 0 0
2 2 3 3 3 2 2 39 125 51
3 3 4 5 4 2 2 32 90 85 23 45
4 1 3 5 3 2 2 42 58 13 17 46
5 0 1 0 0 0 0 50 10 5
6 0 5 0 0 0 0 45 37 0
7 1 0 0 0 0 0 50 7 0
8 2 2 2 3 4 1 43 109 85
9 1 4 3 1 4 4 43 52 34 19 21
10 2 5 2 3 4 1 44 75 2 17 43
11 1 2 5 3 2 2 44 111 33 16 20
12 3 3 5 4 4 5 5 125 97
13 0 0 0 0 0 0 50 47 9 0 0
14 1 1 2 1 2 1 48 41 12
15 0 0 0 0 0 0 45 0 0 0 0
16 1 2 2 2 2 1 33 79 43 32 43
17 0 0 0 0 0 0 50 0 0
18 1 0 1 1 1 0 50 0 0
19 2 4 4 3 2 3 37 31 76 33 39
20 1 3 1 3 1 1 41 89 18 2 38
21 2 3 4 3 2 1 35 36 13 23 23
22 0 0 0 0 0 0 50 4 0
23 0 1 0 0 0 0 45 4 0
24 2 3 2 1 4 2 50 97 11 0 0
25 3 3 4 3 2 4 10 120 94 48 50
26 1 4 2 3 3 1 39 112 56 2 43
27 3 3 3 4 2 1 6 11 111 26 40
28 1 5 0 2 0 0 50 81 2
29 1 1 2 2 2 2 43 89 6 15 15
30 1 2 2 3 2 1 31 69 20 14 15
31 1 2 2 0 0 0 44 67 3 21 20
32 2 3 0 3 3 1 40 98 39 2 43
33 2 0 2 3 2 0 31 34 27 2 36
34 3 3 3 3 2 1 42 74 40
35 0 0 0 0 0 0 50 9 0
36 0 0 1 0 0 0 50 36 0 0 0
37 0 0 0 0 0 0 36 0 0
38 3 3 5 3 2 2 36 98 76
39 4 3 5 4 3 4 21 124 90 41 31
40 2 2 3 3 2 1 33 13 2 23 27
41 0 0 0 0 0 0 50 59 7

SP = spontaneous speech, COM = communication, ART = articulation and prosody, AUT = automatic speech,
SEM = semantic structure, PHON = phonological structure, SYN = syntactic structure, COMP =
comprehensibility, INTEL = intelligibility, *=#incorrect
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A.2  Posttreatment scores of the subjects

AAT AAT AAT  AAT  AAT AAT  AAT AAT AAT ANELT ANELT

coM ART AUT  SEM  PHON  SYN  TT REP NAM COMP INTEL

(0-5) (0-5) (0-5)  (0-5  (0-5) (0-5)  (0-50)* (0-150)  (0-120)  (0-50) (0-50)
1 0 0 0 0 0 50 10 0 - -
2 4 4 5 4 4 4 27 132 86 - -
3 3 4 5 4 4 2 16 116 108 42 48
4 2 5 3 3 3 2 21 94 54 27 39
5 1 0 1 0 0 1 45 73 45 - -
6 0 5 1 0 0 0 33 71 0 - -
7 2 3 3 3 4 1 44 118 68 - -
8 3 4 3 3 4 4 37 123 102 - -
9 1 3 3 0 2 1 35 68 56 - -
10 2 5 5 2 3 1 38 91 27 23 2
11 3 3 3 4 3 3 42 118 50 - -
12 4 4 5 5 4 5 2 142 114 - -
13 0 0 0 0 0 0 43 48 14 - -
14 1 5 4 3 3 2 37 62 32 - -
15 1 0 0 0 0 0 16 56 26 - -
16 3 3 4 4 4 2 17 103 94 33 41
17 0 0 0 0 0 0 50 11 0 - -
18 2 3 3 3 3 2 17 80 66 - -
19 3 4 5 4 3 3 21 82 94 38 39
20 3 5 2 3 5 1 47 76 38 - -
21 2 4 5 5 3 1 5 52 93 - -
22 0 3 4 0 3 1 43 29 3 - -
23 1 1 1 1 1 1 31 43 2 - -
24 2 5 3 3 4 4 50 130 69 - -
25 5 5 5 5 4 4 2 138 116 - -
26 2 4 2 3 4 1 38 117 60 - -
27 3 3 4 4 3 3 5 139 115 - -
28 2 3 2 3 5 1 34 101 41 - -
29 1 2 4 3 2 2 6 106 28 15 16
30 1 2 2 3 2 1 27 96 47 - -
31 1 2 1 0 0 0 47 97 15 - -
32 3 4 4 3 4 4 29 130 100 40 45
33 4 5 4 4 4 4 11 114 115 45 47
34 3 4 5 3 4 3 35 77 95 - -
35 0 0 0 0 0 0 50 23 0 - -
36 1 0 1 0 0 0 50 38 0 - -
37 3 3 4 4 3 4 6 122 106 - -
38 4 3 5 5 3 4 13 132 109 - -
39 4 3 5 5 3 4 6 137 111 49 39
40 2 3 3 3 3 2 19 125 107 24 33
41 2 5 5 3 0 1 39 98 23 - -

SP = spontaneous speech, COM = communication, ART = articulation and prosody, AUT = automatic speech,
SEM = semantic structure, PHON = phonological structure, SYN = syntactic structure, COMP =
comprehensibility, INTEL = intelligibility,*=#incorrect
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A3 Regression model of the significant correlations between the
outcomes on the AAT Token Test and the prognostic factor
‘duration’ (in weeks)

Model Unstandardised  Standardised t Significance level
coefficients coefficients
B SD Beta

1.

duration 0.22 0.09 0.42 2.38 0.02

number of sessions SLT 0.04 0.03 0.26 1.48 0.14

2.

duration 0.31 0.07 0.60 4.42 0.001

A.4  Regression model of the significant correlations between the
outcomes on the AAT naming test and the prognostic factor

(type)
Model Unstandardised Standardised coefficients t Significance level
coefficients Beta
B SD
1.
type 42.95 15.77 0.77 2.72 0.009
syndrome -17.20  10.59 -0.46 -1.62 0.11
2.
type 2065  7.93 0.37 2.60 0.01

A.5  Regression model of the non-significant correlation between
the outcome on the phonology measure of the spontaneous
speech of the AAT and the prognostic factors ‘type’ and ‘severity’

Model Unstandardised ~ Standardised coefficients t Significance level
coefficients Beta
B SD

type 0.78 0.53 0.27 1.47 0.14

severity 0.05 0.53 0.02 0.10 0.91
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A.6  Regression model of the non-significant correlation between
the outcome on the intelligibility measure of the ANELT and
the prognostic factors ‘syndrome’, ‘type’ and ‘severity’

Model Unstandardised  Standardised coefficients t Significance level
coefficients Beta
B SD

syndrome 536 429 0.001 0.001 1.00

type 18.00 7.61 0.63 2.36 0.06

severity 7.00 4.29 0.37 1.63 0.15

B.  Appendix to Chapter 8: The Modified
Diadochokinesis Test, an evaluation instrument for
the treatment of Apraxia of Speech

B.1  Scores of the participants with AoS

Consistency Accuracy Fluency Ccv Ccve cvce CCve Place Manner V change
(0-64) (0-240) (0-80) (0-96) (0-96) C (0-96) (0-96) (0-96) (0-96)
(0-96)
1 13 41 20 35 39 0 0 18 19 11
2 60 234 70 96 95 86 85 87 86 95
3 53 219 68 69 91 89 64 85 88 91
4 63 239 60 90 91 92 89 88 93 90
5 8 37 19 42 18 4 0 16 8 9
6 7 40 9 37 19 0 0 0 0 16
7 57 231 65 69 85 81 91 86 92 84
8 19 166 51 78 59 58 41 50 58 54
9 38 135 58 65 66 60 36 41 61 47
10 48 72 77 66 73 29 27 57 42 70
11 52 210 50 94 83 60 75 65 79 81
12 17 105 25 61 55 13 18 28 20 21
13 23 162 40 81 60 54 30 69 53 46
14 28 161 48 80 79 59 19 51 61 64
15 62 236 62 90 87 92 91 85 87 94
16 23 124 19 72 61 15 18 32 29 30
17 20 40 25 57 28 0 0 33 14 0
18 63 239 57 93 90 87 89 90 86 91
19 17 52 30 71 28 0 0 31 11 19
20 19 63 25 44 43 20 0 0 0 48
21 50 212 72 96 69 71 71 69 920 84
22 42 184 55 85 76 70 50 75 75 69
23 19 78 38 79 47 9 0 25 41 30
24 61 236 74 96 69 89 91 920 93 69
Patients M35 M 146 M 46 M75 M 65 M 47 M 41 M52 M 53 M55
(N=24) SD19.8 SD77.4 SD 20.7 SD SD 65.2 SD SD 36.3 SD 29.8 SD 33.6 SD32.2
20.1 35.4
Controls M63 M 238 M76 M95 M 95 M 94 M3 M93 M 95 M 95
(N=12) SD 1.4 SD 1.3 SD 2.6 SD 0.2 SD 1.2 SD SD2.3 SD2.3 SD 1.4 SD 1.4
2.1

C=consonant, V=vowel, M=mean, SD=standard deviation
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C.  Appendix to Chapter 9: The effectiveness of the
Speech-Music Therapy for Aphasia (SMTA) in five
speakers with AoS and aphasia

C.1  Raw scores of the MDT and PALPA 12 of J.V.

Outcome measure
(maximum score)

Consistency (0-64)

Accuracy (0-240)

Fluency (0-80)

PALPA 12 (0-30)

Baseline 1
Baseline 2
Baseline 3
Baseline 4
Week 1
Week 2
Week 3
Week 4
Week 5
Week 6
Week 7
Week 8
Week 9
Week 10
Week 11
Week 12
Week 13
Week 14
Week 15
Week 16
Week 18
Week 19
Week 20

31
31
34
39
44
42
42
45
37
45
49
44
55
50
45
48
53
50
56
50
49
53
55

171
181
162
197
130
189
210
180
194
202
210
205
210
217
203
210
216
223
216
213
215
222
216

70
58
58
59
62
68
65
70
66
61
65
65
71
72
64
71
69
74
72
78
72
75
75

10
13
11
10
11
10
11
11
13
14
15
15
14
17
15
14
16
17
17
15
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C.2  Raw scores of the MDT and PALPA 12 of J.A.

Outcome measure
(maximum score)

Consistency (0-64)

Accuracy (0-240)

Fluency (0-80)

PALPA 12 (0-30)

Baseline 1
Baseline 2
Baseline 3
Baseline 4
Week 1
Week 2
Week 3
Week 4
Week 5
Week 6
Week 7
Week 8
Week 9
Week 10
Week 11
Week 12
Week 13
Week 14
Week 15

28
23
20
30
27
28
29
38
41
40
39
46
48
47
53
61
56
63
62

90

109
117
123
134
142
159
167
183
186
185
202
217
215
218
235
229
239
238

43
51
50
45
45
60
48
59
57
52
61
60
67
64
75
75
67
78
79

10
10
15
15
12
12
14
13
16
12
13
16
14
13
12
14

C.3 Raw scores of the MDT and PALPA 12 of J.K.

Outcome measure
(maximum score)

Consistency (0-64)

Accuracy (0-240)

Fluency (0-80)

PALPA 12 (0-30) .

Baseline 1
Baseline 2
Baseline 3
Baseline 4
Week 1
Week 2
Week 3
Week 4
Week 5
Week 6
Week 7
Week 8
Week 9
Week 10
Week 11
Week 12

17
27
22
28
25
39
33
42
42
47
47
42
41
49
50
51

103
110
93

112
107
128
140
150
164
181
181
178
178
193
194
190

30
43
36
44
34
45
45
60
64
69
63
68
77
74
72
75
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C.4  Rawscores of the MDT and PALPA 12 of M.A.

Outcome measure

(maximum score)

Consistency (0-64)

Accuracy (0-240)

Fluency (0-80)

PALPA 12 (0-30)

Baseline 1
Baseline 2
Baseline 3
Baseline 4
Week 1
Week 2
Week 3
Week 4
Week 5
Week 6
Week 7
Week 8
Week 9
Week 10
Week 11
Week 12
Week 13
Week 14
Week 15

25
27
35
33
45
40
47
44
44
43
45
45
44
52
46
52
47
49
51

145
147
163
168
186
184
177
182
186
176
184
183
179
190
188
206
187
187
191

36
30
30
43
45
39
47
59
55
56
52
54
50
55
66
66
59
63
70

C.5 Raw scores of the MDT and PALPA 12 of EP.

Outcome measure

(maximum score)

Consistency (0-64)

Accuracy (0-240)

Fluency (0-80)

PALPA 12 (0-30)

Baseline 1
Baseline 2
Baseline 3
Baseline 4
Week 1
Week 2
Week 3
Week 4
Week 5
Week 6
Week 7
Week 8
Week 9
Week 10
Week 11
Week 12
Week 13
Week 14
Week 15

18
20
24
18
28
39
32
31
39
43
43
42
43
43
40
50
52
50
58

117
124
80

105
134
147
145
152
182
171
183
170
171
176
186
205
207
208
219

53
61
56
55
61
69
65
67
73
71
74
69
70
69
65
70
70
74
77
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Participant 1 2 3 4 5
QOutcome Measures T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3
(maximum score; critical difference)
ANELT
::m_rmm_um#v\ (50;5) 27 38* 32# 37 47* 49 32 43* 39 0 42* 39 35 47* 46
Ooavnmrwsﬂ_um:ﬁv\ (505 7) 22 23 23 29 50* 46 19 31* 34 0 26* 30 21 46* 43
AAT
Repetition (1505 15) 92 119* 121 67 125* 130 98 132* 129 96 111* 113 22 85* 90
Token Test (50; 8) 22 29 37* 10 39* 45 2 15* 9 12 29* 27 0 20* 28
Auditory comprehension (60; 22) 41 40 42 55 55 58 38 49 47 25 47* 50 31 38 43
DIAS
Articulation of phonemes (30; 3) 15 18* 19 17 29* 29 25 29* 28 28 29 27 15 19* 21
Diadochokinesis (NA; 15) 59 58 61 6 45* 76* 4 35* 22 8 28* 25 0 49* 53
Articulation of words (264; 29) 222 238 252 61 231* 245 214 235 228 231 258 260 62 235* 240

Pre- and posttreatment measures and 3 months post-
treatment measures (follow-up) of the 5 participants

Appendices

C.6

*=significant improvement according to the norms of the test, #=significant decrease according to the norms of the test, NA=not applicable, T1=pre-treatment, T2=post-
treatment, T3=follow up (3 months post-treatment), scores of the Token Test are transformed to good scores
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