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Summary 

The role of neuroanatomical features, such as characteristics of damaged and spared 

brain tissue, has been of interest in research on treatment-induced recovery patterns in 

aphasia. The present study aims to contribute to this subject by investigating the white 

matter neural correlates of treatment-induced improvements in spontaneous speech and 

communicative abilities in chronic aphasia. To this end, diffusion-based in vivo 

tractography allowed us to measure physical properties of white matter tracts 

previously associated with language processing and investigate which of these 

structures are relevant for post-therapy changes in spontaneous speech and 

communicative abilities. Considering the potential role of spared brain tissue, the study 

aims to examine the properties of the affected white matter tracts and the supposedly 

intact ipsi- and contralesional regions. Spontaneous speech analysis and 

communicative abilities task (the Amsterdam-Nijmegen Everyday Language Test – 

ANELT) were chosen as primary behavioral methods of investigation as speech 

production and communication deficits are the main issues that people with aphasia 

encounter in daily life. Furthermore, spontaneous speech analysis previously was 

shown to be a sensitive tool for tracking treatment-induced recovery. There were three 

main issues covered in this thesis. The first one was to investigate how abnormal 

spontaneous speech production and communicative abilities are in Russian speakers 

with chronic aphasia and whether observed deficits improve after deficit-specific 

treatment. The second issue was to highlight the bilateral white matter neural correlates 

of spontaneous speech, communicative abilities, and aphasia severity measurements in 

chronic non-treated aphasia. Finally, we established which white matter tracts are 

important for treatment-induced changes in the same behavioral variables. 

 

The general introduction in Chapter 1 begins with the aims of this thesis, followed 

by a brief overview of the literature on recovery in aphasia, highlighting particular 

methodological issues the current project aimed to avoid. Four main research 

objectives follow this short introductory part, forming the framework of the 
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subsequent experimental chapters and giving rise to specific research questions this 

thesis aims to collect data on. The general introduction concludes with an overview 

of the dissertation’s structure and a brief outline of the experimental design applied 

throughout this thesis. 

 

Chapter 2 provides a literature review on the neural correlates of aphasia. The 

outline of the chapter’s structure is followed by the discussion of the importance of 

aphasia prognosis and an overview of known predictors. Lesion site and size are the 

two of the most critical prognostic factors for post-stroke recovery. The main part 

of the chapter describes known grey and white matter correlates of aphasia deficits 

separately, divided according to their anatomical organization. We start this chapter 

by highlighting those grey matter areas purportedly involved in impaired language 

processing in untreated aphasia. The neural structures’ dissimilarities cause 

variation between methods and measurements that are used to assess their 

anatomical features. Thus, before moving on to the white matter predictors of 

language deficits in untreated aphasia, we focus on various neuroimaging methods 

used to examine the white matter, as one of these methods is further applied in our 

study. Then, we report on the structural parameters of particular grey and white 

matter brain regions that perform as either correlates or predictors for treatment-

induced recovery in aphasia. Finally, we focus on the gaps existing in current 

research on the neural mechanisms of recovery in aphasia.   

 

In Chapter 3, we present the results of two subsequent behavioral studies. The first 

study investigates spontaneous speech and verbal communicative abilities 

(measured by the ANELT) in fluent and nonfluent chronic aphasia. This provides 

us with a more detailed picture of the initial language deficit in chronic aphasia. 

Both participants with fluent and nonfluent aphasia produced shorter sentences, 

which were more often ungrammatical. Additionally, spontaneous speech of 

nonfluent speakers was slower and contained simpler sentences than that of the 

non-brain-damaged individuals. Finally, speakers with both fluent and nonfluent 
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aphasia demonstrated a lexical deficit, as shown by a reduced number of noun 

types. Participants in both aphasia groups had communicative difficulties. In Study 

2, we investigate the post-treatment change in spontaneous speech and 

communicative abilities, as well as in aphasia severity in the same two groups. In 

nonfluent aphasic speakers, treatment focusing on their underlying (i.e., 

grammatical) deficit resulted in longer and more correct utterances in spontaneous 

speech. This improvement did not generalise on their communication disorder nor 

the aphasia severity. For fluent aphasic speakers, no changes in spontaneous 

speech, communication in daily life, or aphasia severity were observed after 

treatment.  

 

Chapter 4 focuses on neuroimaging study of language abilities in Russian-

speaking individuals with chronic untreated aphasia. The objective was to examine 

the white matter correlates of both hemispheres for grammatical abilities (measured 

by the mean length of utterance, a spontaneous speech variable that improved after 

treatment in the previous study), verbal communicative abilities (measured by the 

ANELT), and aphasia severity (measured by the Token Test). Diffusion-based 

tractography was the method of our choice, as it allows for individual anatomical 

variations while providing a regions-of-interest approach. The investigated tracts 

were the three segments of the arcuate fasciculus (the AF), the frontal aslant tract 

(the FAT), the uncinate fasciculus (the UF), the inferior longitudinal fasciculus (the 

ILF), and the inferior fronto-occipital fasciculus (the IFOF). Grammatical ability, 

measured by the mean length of utterance, was associated with damage to the long 

segment of the left AF, the left FAT, and the left IFOF, that is, shorter utterances 

were associated with damage to these segments. Additionally, shorter utterances 

were observed in individuals with intact left ILF. The structural parameters of tracts 

in the right hemisphere could not be linked to the length of utterance. As for the 

verbal communication task, better performance was observed in aphasic speakers 

with preserved left UF and IFOF. Good communicative skills were also observed 

in cases with anatomically smaller right FAT and UF. The combination of the 
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preserved left UF and a short right UF had the strongest correlation with better 

verbal communicative abilities. Aphasia severity also correlated either with intact 

left UF or with shorter right UF. Nevertheless, the combination of both predictors 

was not better than each predictor taken separately.  

 

Chapter 5 also reports findings of a neuroimaging study, where tractography is a 

primary method of investigation. Unlike in the previous chapter, the goal was to 

examine the bilateral white matter correlates of treatment-induced improvement in 

spontaneous speech (the mean length of utterance), communicative abilities (the 

ANELT scores), and aphasia severity (the Token Test scores). To track changes, a 

group of speakers with chronic aphasia was tested before and after a course of 

deficit-specific treatment. Results show that less improvement in the mean length 

of utterance was observed in people with a thicker (more preserved) long segment 

of the AF in the left hemisphere. Nevertheless, this interaction was present only 

when the length of treatment in days was taken into account. In contrast, more 

improvement was present in individuals with a longer posterior segment of the right 

AF regardless of treatment duration. The improvement in communicative abilities 

measured by the ANELT was solely associated with a larger volume of the long 

segment in the right AF. No other neural correlates were found for the ANELT in 

our study. As for pre- vs. post-treatment changes in the Token Test scores, four 

white matter tracts were found to be significant predictors in this study, reflecting 

correlation to aphasia severity. In the left hemisphere, less damage in the long and 

posterior segments of the AF was associated with better language abilities. In the 

right hemisphere, the tracts of significance were the UF and the IFOF. In other 

words, positive post-treatment changes in the Token Test were observed in cases 

with a preserved dorsal streamline within the left hemisphere and a more 

structurally profound ventral streamline in the right hemisphere. 

 

Chapter 6 provides a general discussion of the studies reported in this thesis. There 

are five major conclusions drawn from the results of the project. The first conclusion 
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is that spontaneous speech and communicative abilities in Russian speakers with 

both fluent and nonfluent aphasia differ from people without brain damage. The 

second conclusion concerns the post-treatment changes. It has been shown that after 

therapy, the improvement at the group level is observed only in grammatical 

variables in spontaneous speech in nonfluent chronic aphasia. Such changes in 

spontaneous speech did not generalize to aphasia severity and communicative 

abilities, and no significant changes were found in the group of speakers with fluent 

aphasia. The following three conclusions are related to our findings in two 

neuroimaging studies. First of all, in chronic aphasia, speech production is 

associated with the intactness of the left white matter tracts only, while 

communicative abilities and aphasia severity results correlate positively with left 

and negatively with right white matter structures. Contrasting results are observed 

after the treatment. The parameters of the right dorsal streamline tracts correlated 

positively with improvements in speech production and communicative abilities. In 

addition, improvements in speech production alone correlated negatively with the 

left dorsal streamline tracts, rendering their preservation disadvantageous to 

recovery. A decrease in aphasia severity task results during recovery relied on a 

more profound dorsal streamline in the left and a more profound ventral streamline 

in the right hemisphere. The final conclusion that arises from the previous two is 

that performance in untreated chronic aphasia and post-treatment improvements do 

not rely on the same white matter structures in the same way and left and right 

homologue structures often act as antagonists. 



 

 194 

  


	Summary



