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CHAPTER 1 
General introduction 
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1.1. Introduction 

This thesis aims to investigate the brain networks that are putatively involved in 

treatment-related behavioral changes in chronic aphasia. The study focuses on 

chronic, rather than acute, aphasia because the presence and the amount of 

spontaneous recovery in the acute phase of stroke are hard to measure and control. 

Although some studies question the efficacy of deficit-oriented treatment in 

chronic aphasia (Bowen et al., 2012; Laska et al., 2011), it is widely applied in 

clinical and research settings (Basso & Farabola, 1997; Della Rossa et al., 2014; 

Goldenberg & Spatt, 1994; Weniger et al., 1987). However, the mechanisms 

underlying aphasia recovery and its prognosis are still not fully understood. 

Therefore, it is essential to establish the neurological factors that influence 

treatment-induced improvements.  

Some differences in treatment-induced recovery patterns can be attributed to 

neuroanatomical features unique to individual patients, such as the distribution of 

damaged and spared brain tissue. Unfortunately, the majority of studies 

investigating the neural correlates of aphasia recovery used a composite measure 

of the severity of the language deficit  as their primary behavioral outcome (e.g., 

aphasia quotient - AQ; Bonilha et al., 2016; Forkel et al., 2014; Forkel & Catani, 

2018; Goldenberg & Spatt, 1994; Hope et al., 2013; Hosomi et al., 2009; Kertesz 

et al., 1993; Laska et al., 2001) and/or concentrated on naming accuracy before and 

after anomia treatment (Bonilha et al., 2016; Fridriksson, 2010; Hees et al., 2014; 

Meinzer et al., 2010; Parkinson et al., 2009). These outcome measures have 

limitations. They cannot directly measure, nor generalize to, the speech production 

deficit, which is the main problem that people with aphasia encounter in daily life. 

In addition, some studies do not provide data on presence and amount of treatment 

(Kertesz et al., 1993; Laska et al., 2001; Naeser & Palumbo, 1994; Xing et al., 

2016, 2017). These methodological factors were taken into account in the design 

of the present study. Since cognitive functions presumably affected by brain 

damage can be placed on a scale from totally impaired to unimpaired, it is essential 
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to examine not only the properties of the affected brain tissue but also of the 

supposedly intact ipsi- and contralesional regions. 

This work has four main objectives. The first is to provide an in-depth review 

of the available literature that links language deficits in aphasia and spontaneous 

or treatment-induced recovery to structural parameters of grey and white matter 

regions in both hemispheres (Chapter 2). 

The second objective is to investigate spontaneous speech in chronic aphasia 

before and after therapy (Chapter 3). Since a speech production deficit is one of the 

primary causes of communication disability in people with aphasia, this study also 

explores pre- and post-treatment communicative skills and aphasia severity 

(Chapter 3).  

The third objective of the study is to highlight the neural correlates of the 

deficits in spontaneous speech, communicative abilities and aphasia severity 

measurements in chronic aphasia (Chapter 4). The fourth and final objective is to 

establish the neural correlates of treatment-induced changes in spontaneous speech, 

communicative abilities, and aphasia severity variables (Chapter 5). 

Due to the longitudinal nature of the current study, the behavioral and the 

neuroimaging data were collected simultaneously and then treated separately in 

three chapters according to the research questions. Therefore, behavioral data 

described and analyzed in Chapter 3 are also used in Chapters 4 and 5 as a set of 

dependent variables.  

In combination, the four research objectives allowed us to extend the 

evidence on the neural mechanisms underlying the deficits and post-treatment 

improvement in spontaneous speech and in communicative skills in chronic 

aphasia.  

 

1.1.1. Research questions addressed in the dissertation 

The main findings on the neural correlates of treatment-induced recovery in 

chronic aphasia result from the remediation of anomia in experimental settings. 
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However, it remains unknown which subcortical structures support or undermine 

the changes triggered by deficit-specific therapy, that is usually provided in a 

clinical environment. Moreover, the behavioral measurements commonly used to 

investigate recovery in chronic aphasia do not provide sufficient information on 

the domains that are typically most affected – spontaneous speech and 

communicative abilities.  

To fill these research gaps, we first need to identify the variables deviant 

in Russian fluent and nonfluent aphasic speech and establish the verbal 

communicative abilities and the aphasia severity before treatment. For that, 

the first three research questions have been formulated. The following 

research question is included to study treatment-induced changes. Research 

questions 5–7 focus on the correlation between the language measure and 

white matter integrity, whereas questions 8–10 study the correlation 

between treatment-induced changes and the language measure: 

1) On which grammatical and lexical spontaneous speech variables do 

fluent and nonfluent aphasic speakers differ from non-brain-damaged 

speakers? 

2) To which extend are fluent and nonfluent aphasic speakers impaired 

in language use in daily life (communicative abilities)? 

3) How severe is the aphasia in the fluent and nonfluent groups? 

4) Are there treatment-induced changes in the spontaneous speech, 

communicative abilities, or aphasia severity of fluent and nonfluent 

aphasic speakers?  

5) Which structural properties of white matter tracts in both hemispheres 

correlate with the mean length of utterance in chronic aphasic speech? 

6) Which structural properties of white matter tracts in both hemispheres 

correlate with communicative abilities in chronic aphasia? 

7) Which structural properties of white matter tracts in both hemispheres 

correlate with aphasia severity in chronic aphasia? 
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8) Which structural properties of white matter tracts in both hemispheres 

correlate with treatment-induced changes in mean length of utterance 

in chronic aphasia? 

9) Which structural properties of white matter tracts in both hemispheres 

correlate with treatment-induced changes in communicative abilities 

in chronic aphasia? 

10) Which structural properties of white matter tracts in both hemispheres 

correlate with treatment-induced changes in aphasia severity in 

chronic aphasia? 

 

1.1.2. Structure of the dissertation 

Chapter 2 will provide a review of the literature on neural predictors for language 

deficits in untreated chronic aphasia, as well as in spontaneous and treatment-

induced recovery. An overview of the experimental chapters is provided in Table 

1.1. We will address the first four research questions in Chapter 3, which deals with 

the initial performance and treatment-related differences in spontaneous speech 

variables and on tests for communicative abilities and aphasia severity. We also 

contrast spontaneous speech variables in fluent and nonfluent individuals with 

aphasia with those in non-brain-damaged speakers in order to compare the 

discrepancies between normal and aphasic speech before and after treatment. 
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Table 1.1. An overview of experimental chapters 

Chapter Time 

points 

Treatment Behavioral 

variables 

Neuroimaging 

Chapter 3 test1-test3 Yes Spontaneous 

speech  

variables 

ANELT 

Token Test 

No 

Chapter 4 test1-test2 No MLU 

ANELT 

Token Test 

Yes 

Chapter 5  test2-test3 Yes MLU 

ANELT 

Token Test 

Yes 

Note: Spontaneous speech variables include speech rate, MLU, proportion of 
correct sentences, proportion of embedded clauses, number of lexical verbs, 
proportion of correctly inflected verbs, diversity of lexical verbs, number of nouns, 
proportion of correctly inflected nouns, diversity of nouns; MLU = mean length of 
utterance. 
 

We will address research questions 5-7 in Chapter 4 by exploring the neural 

correlates of the baseline performance in chronic aphasia reported in Chapter 3. 

We will apply a neuroimaging technique (tractography) that allows investigation 

of both damaged and intact brain regions in both hemispheres.  

The last three questions will be answered in Chapter 5, where, with the use of 

tractography, we will study the neuroanatomical variables linked to the better post-

treatment improvement in spontaneous speech, communicative abilities, and 

aphasia severity.    

In Chapter 6, we will discuss the study results and relate them to the current 

body of evidence on the subject. 
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