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2.1. Neural predictors of recovery in aphasia 

This chapter provides a review of the literature on the neural correlates of aphasia. 

It is divided according to the differences in the anatomical and functional 

organization of grey and white matter regions. The grey and white matter 

structures’ dissimilarities cause variation between methods and measurements that 

are used to assess their anatomical features. These features are of interest in 

neuroimaging studies that aim to find relations between behavior and brain 

damage. We start this chapter with highlighting those brain areas that are 

purportedly involved in impaired language processing in untreated aphasia. Then, 

we will report on the structural parameters of particular brain regions that perform 

as either correlates or predictors for treatment-induced recovery in aphasia. Finally, 

we will focus on with the gaps existing in current research on the neural 

mechanisms of recovery in aphasia.   

 

2.1.1.  Predicting recovery in aphasia        

Aphasia is a language disorder resulting from brain damage. About 30% of stroke 

survivors suffer from aphasia in the hyperacute and acute phases of stroke (Flowers 

et al., 2013; Maas et al., 2012; Watila & Balarabe, 2015). Across studies, between 

26% (Maas et al., 2012) and 98% (Flowers et al., 2016) individuals who have 

aphasia in the acute phase retain a language deficit over time. Aphasia negatively 

affects communicative skills and sometimes leads to severe disability and poor 

quality of life (Lam and Wodchis, 2010) while improvement in language abilities 

has been linked to an increase in patients’ quality of life (Spaccavento et al., 2014). 

Apart from the impact on the individual's life, aphasia has negative economic 

consequences for society, due to the direct and indirect costs resulting from loss of 

income and need for life-long care. Therefore, a reliable prognosis is essential not 

only for the individuals with chronic aphasia and the professionals working with 
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them, but also for governmental/private health organizations that must decide on a 

responsible allocation of resources.  

The factors influencing recovery in aphasia are hard to establish because of 

the complexity of language disorders and the differing underlying mechanisms. 

These factors can be divided into two large groups: stroke-related and patient-

related factors (Plowman et al., 2012). Stroke-related factors may include the type 

of stroke, initial aphasia severity, type of aphasia, treatment time window, lesion 

site, and lesion size. Patient-related factors are gender, age, handedness, 

educational level, socio-economic status, and intelligence level. Stroke- and 

patient-related factors are not easy to disentangle, as anatomical damage may be 

also affected by age, gender, or lateralization of brain functions (Catani et al., 

2007).  

A review by Plowman et al. (2012) demonstrated that stroke-related factors, 

especially aphasia severity, lesion site, and lesion size, are more important 

determinants of aphasia recovery than patient-related factors. This encourages 

researchers to consider lesion characteristics as prominent predictors for aphasia 

recovery. Different lesion parameters may affect language impairments and 

recovery differently.  

Lesion size seems to be a critical dimension. In a prospective cohort study 

of 669 subjects with acute stroke, smaller lesions correlated with better aphasia 

recovery at six-month post onset (Maas et al., 2012). Goldenberg and Spatt (1994) 

also found that lesion size had a negative correlation with both spontaneous and 

treatment-induced recovery. A large retrospective study demonstrated that long-

term outcomes in aphasia can be predicted by lesion volume, lesion location, and 

length of time since the stroke (Hope et al., 2013). Forkel et al. (2014) reported that 

in acute stroke, when only left-hemisphere parameters are taken into account, 

lesion size was the only prognostic factor for aphasia severity. Another study on 

100 participants with acute stroke found a negative correlation between the lesion 

volume and both repetition and comprehension scores (Kümmerer et al., 2013). 
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According to Geva et al. (2015), lesion size can also predict the behavioral 

outcomes at the chronic stage (Geva et al., 2015).  

However, lesion size is not the only critical lesion parameter. Naeser and 

Palumbo (1994) concluded that lesion size is of prognostic value only in the case 

of very small or very large lesions, and that lesion site has a more significant 

correlation with aphasia outcome. This argument was supported by later findings 

from several neuroimaging studies (Hosomi et al., 2009; Laska et al., 2001; 

Marchina et al., 2011; Meinzer et al., 2010; Rosso et al., 2015; Sul et al., 2016). 

Although other authors have argued that lesion site may be less relevant than lesion 

size for the outcome at the single-patient level (Basso & Farabola, 1997), cohort 

studies suggest that specific anatomical structures are associated with language 

outcomes at the different stages of aphasia evolution (Basilakos et al., 2014; 

Bonilha et al., 2016). It is essential to mention here that the pace of recovery may 

be influenced not only by the damage but also by the preservation of specific brain 

areas. However, the impact of particular brain structures in recovery remains 

unclear.  

For this review, studies on aphasia resulting from left-hemispheric stroke are 

used to assemble evidence on brain structures significant for recovery of aphasia. 

Since recovery can be attributed to conditions emerging at different time points, 

we include not only studies that describe spontaneous and therapy-induced 

recovery in the acute stage, but also prediction studies that observed language 

changes as a consequence of recovery at the chronic stage of aphasia. We will start 

by describing the neural correlates of aphasia regardless of treatment. We will 

include studies dealing with spontaneous recovery from acute stroke and with 

language deficits in chronic aphasia. Then we will review studies focusing on the 

relations between damage/sparing of brain tissue and treatment-induced changes 

in aphasia.   
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2.1.2. Neural correlates for language deficits in aphasia 

Neural correlates in the grey matter  

Frontal lobe 

Broca’s area, the Inferior Frontal Gyrus (IFG) in the left hemisphere, was the first 

area to be identified as a language-related brain region and to be linked to a specific 

disorder of linguistic behavior. Although there is a tendency to revise the views on 

its functional role (Bates et al., 2003; Fadiga et al., 2009), studies have shown that 

damage to the IFG and other prefrontal regions correlates with aphasia outcome 

(Borovsky et al., 2007; Fridriksson et al., 2013; Sul et al., 2016).  

In chronic aphasia, damage to the left inferior frontal gyrus (IFG) was related 

to a reduced overall number of produced tokens and mean length of utterance (in 

morphemes) in conversational speech (Borovsky et al., 2007). Whole-brain 

analysis in the study by Fridriksson et al. (2013) showed that lower fluency scores, 

as measured by the Western Aphasia Battery (WAB; Kertesz et al., 1993) fluency 

scale, were associated with damage to the rolandic operculum, pars opercularis, 

pars triangularis, precentral gyrus, and to the white matter underlying the IFG and 

surrounding structures. In Sul et al. (2016), less spontaneous recovery as measured 

by the WAB aphasia quotient was associated with damage to the IFG, inferior 

prefrontal gyrus, and premotor cortex; and, extensive damage to the IFG was 

associated with poor prognosis for spontaneous recovery. 

In acute aphasia, damage to the IFG was associated with a comprehension 

deficit, and lesions in the primary sensory-motor and premotor cortex correlated 

with impaired repetition (Kümmerer et al., 2013). Aphasia severity at 6 months 

post onset was linked to lesions of the posterior and ventral region of the left frontal 

lobe (Forkel & Catani, 2018). 

Frontal regions of the right hemisphere also appeared to correlate with the 

course of language deficits in aphasia. In a prospective study, Hope et al. (2017) 

investigated the changes in cortical thickness expected to correspond to the 

variability in the scores of the Comprehensive Aphasia Test (CAT – Swinburn et 
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al., 2004) over time in people with chronic aphasia. Each subject was scanned and 

tested twice. Results suggest that an increase of grey matter volume in the right 

precentral gyrus, in particular in premotor area BA 6, is associated with lower 

object naming scores in chronic aphasia. However, a significant drawback of this 

study is the failure to consider treatment that could have influenced the behavioral 

outcome. Additionally, there was considerable within-group inconsistency 

between the time points of scanning and testing sessions of participants. Since the 

period needed for structural reorganization, especially in the chronic phase, is 

unknown, the different time gaps between examinations and post onset time in this 

study may have affected its findings. At face value, increased cortical thickness in 

the frontal lobe of the right hemisphere following a lesion in the left hemisphere 

seems to have a negative influence on language performance.  

 

Insular cortex 

Insular damage may result in impaired articulation and reduced fluency in 

spontaneous speech (Bates et al., 2003; Dronkers et al., 1996). In two studies, 

insular damage in chronic aphasia predicted reduced speech fluency (Fridriksson 

et al., 2013), lower mean length of utterance and reduced number of tokens in 

conversational speech (Borovsky et al., 2007). In a study by Kümmerer et al. 

(2013), in the acute stage lesions of the anterior insula and the deep white matter 

between the insula and the putamen were associated with poor word and sentence 

comprehension, while damage to the posterior insula was linked to impaired 

repetition. 

 

 Temporal lobe, temporal-parietal, and temporal-occipital junction 

In Wernicke’s aphasia, lesions in the anterior mid-temporal regions correlate with 

poor spontaneous recovery as measured by the WAB Aphasia Quotient. Sul et al. 

(2016) found that, apart from frontal lobe areas, temporal lobe damage had the 

highest correlation with a low Aphasia Quotient measured by the Korean version 

of the WAB after spontaneous recovery (time of second assessment range from 3 



Chapter 2 A review: neural correlates 

 32 

till 10 months). This was especially true when damage affected the superior 

temporal gyrus (STG), Wernicke’s area (posterior part of the superior temporal 

gyrus), and the middle temporal gyrus (MTG). Damage to the STG was associated 

with the worst prognosis. Damage to the STG and Heschl’s gyrus (the transverse 

temporal gyrus) in the acute phase was associated with more severe aphasia at 6-

months post onset, as reflected in the Aphasia Quotient (Forkel & Catani, 2018). 

Another study on acute aphasia showed that co-occurring disorders of repetition 

and of word/sentence-level comprehension were associated with STG and MTG 

lesions (Kümmerer et al., 2013). In chronic aphasia, mean length of utterance and 

the number of tokens in spontaneous speech correlated with damage to anterior 

temporal areas, and decrease in the type-token ratio correlated with posterior 

temporal damage (Borovsky et al., 2007).  

There is also evidence for a relationship between right temporal regions and 

outcome in chronic aphasia. For instance, increased grey matter volume in 

temporoparietal cortex positively correlated with better scores in spontaneous 

speech, naming, and repetition scores on the WAB (Xing et al., 2016). However, 

increased volume in the right MTG and inferior temporal gyrus (ITG) has been 

linked to decreased scores in object naming (Hope et al., 2017). 

 

Parietal lobe  

Damage to the inferior parietal lobe correlated with poor aphasia recovery 

measured with the WAB Aphasia Quotient in individuals with Wernicke’s aphasia 

(Kertesz et al., 1993). Damage to the same brain area was linked to fewer words 

produced in conversational speech in a heterogeneous group of chronic speakers 

with aphasia (Borovsky et al., 2007). Damage to the inferior portion of the 

supramarginal gyrus and the parietal operculum was associated with poor 

repetition in acute aphasia (Fridriksson et al., 2010; Kümmerer et al., 2013). 
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Basal ganglia 

Kümmerer et al. (2013) found that comprehension deficits in acute aphasia are 

associated with a lesion extending to the basal ganglia.  

  

Neural correlates in the white matter 

Methods to study white matter tracts 

Before discussing the current findings on the white matter correlates of aphasic 

deficits, we provide a short overview of the main methods used to quantitatively 

measure structural parameters of white matter regions in vivo. By pointing out the 

principles and limitations of the neuroimaging techniques, we aim to demonstrate 

an explanation for the diversity of findings presented in the following section.  

Several methods for calculating the extent of white matter damage rely on 

lesion overlay techniques. The main advantage is that they can be applied by using 

standard structural magnetic resonance imaging (MRI) or computer tomography 

(CT) sequences and do not require additional scanning. With this approach, lesion 

masks delineated on structural scans are overlaid over white matter atlases of large 

cohorts of non-brain-damaged individuals. This method has several limitations. 

First, it is an indirect measure, like all non-invasive neuroimaging techniques (this 

shortcoming applies to all the techniques discussed in this chapter). Second, atlases 

provide averaged white matter skeletons. Due to significant anatomical variability 

across human brains, atlas-based techniques are rather imprecise, especially when 

used against a clinical aphasia population, in which abnormalities in brain tissue 

occur due to brain damage and possible neuroplasticity or comorbid pathology. 

Finally, the best approach to quantify the extent of damage to white matter 

pathways is still debated (Hope et al., 2015). One way to establish the extent of 

damage is to calculate the proportion (i.e., the lesion load) of the tract voxels 

overlapping with an individual lesion mask, without controlling for the spatial 

distribution of the supposedly damaged area within a tract (Marchina et al., 2011; 

Rorden et al., 2009). An alternative approach is to calculate the degree of 

disconnections between the extremes of a tract (Hope et al., 2016). This method 
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would allow researchers to detect the impact of a smaller lesion that cuts across a 

tract, which may lead to a more severe disconnection than a bigger lesion that 

partially overlaps a tract lengthwise.  

Other methods for quantifying white matter parameters require particular 

MRI sequences and further processing, such as diffusion weighted imaging (DWI; 

Le Bihan et al., 1985; Le Bihan et al., 1986). DWI is a form of MRI that allows 

investigating body tissue organization based on water molecules diffusion in that 

tissue’s cells and extracellular fluid. A widely used extension of DWI is diffusion 

tensor imaging (DTI), where white matter tract direction is taken into account. 

Alternatives methods rely on other mathematical models to transform raw DWI, 

but they are rarely used in current aphasia research; thus, we do not discuss them 

here. 

In tensor modelling, water molecule diffusion is rendered as an ellipsoid that 

can be described with a three-dimensional tensor – a [3x3] array of numbers 

representing diffusion rates in different directions. DTI images can provide various 

diffusion tensor scalar maps that are used in further white matter analysis. These 

maps are the images representing specific diffusion characteristics of a tissue. For 

instance, fractional anisotropy (FA) map shows the degree of anisotropy in the 

diffusion tensor. Another scalar map is the mean diffusivity (MD) map, which 

indicates the mean amount of diffusion (three eigenvalues of the tensor), 

disregarding its direction. There are also axial (AD) and radial diffusivity (RD) 

maps, that present the first largest eigenvalue and the average of the two other 

eigenvalues in the tensor, respectively. Yet another type of maps are the colour-

coded maps (i.e., RGB). Additional parameters that can be derived from DTI data 

will not be considered, as they are not frequently used in the studies we will 

discuss.  

Even though, in some studies, diffusivity parameters are used as measures 

of ‘white matter integrity’ (Basilakos et al., 2014; van Hees et al., 2014; Ivanova 

et al., 2016; Meinzer et al., 2010; Menke et al., 2009), the limitations of the 

mathematical modelling and data acquisition do not allow extrapolating these 
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values to the actual anatomical properties of the white matter. For instance, voxels 

with crossing white matter fibers naturally have lower FA values even in normal 

brain tissue (Jones et al., 2013). Therefore, to avoid confusion, we will not use the 

term ‘white matter integrity’, even when the cited study employed this expression. 

Instead, we mention the measured diffusivity parameters. 

Diffusivity maps can be used in various ways according to specific research 

questions. Whole brain analysis of white matter may be performed by tract-based 

spatial statistics (TBSS) and by the histogram analysis of diffusion parameters. 

TBSS is a voxel-vise method allowing to create a whole-brain fractional anisotropy 

skeleton for a group and to produce statistical maps with the behavioral variables 

of interest (Smith et al., 2006). The drawbacks of this method are the lack of tract-

specificity and incorrect anatomical representation, especially in small structures 

(Bach et al., 2014). Histogram analysis enables comparison between groups of 

subjects based on the mean value, the peak value and the location of various 

diffusion parameters. However, the method does not provide data on the location 

of anomalies and is biased to the occurrence of atrophy in brain tissue (Delle Nave 

et al., 2007; Soares et al., 2013).  

In voxel-based analysis (VBA), diffusion maps are normalised to the 

standard space to align anatomical structures across subjects, before voxel-wise 

statistical analysis is applied. In contrast to TBSS and histogram analysis, voxel-

based analysis and tractography are used for region-of-interest (ROI) analyzes. The 

ROI analysis takes into account only pre-defined clusters of voxels and not the 

whole brain volume. While this approach reduces error inflation caused by multiple 

comparisons, it limits the findings only to the chosen region. The main issue of this 

method is the problematic co-registration for the tensor-related data (Abe et 

al., 2010; Soares et al., 2013).  

Unlike voxel-based analysis, tractography does not require within-subjects 

alignment of the images. White matter tracts are first separately delineated and 

visualised based on pre-determined seed points (Basser et al., 2000; Behrens et al., 

2006). Then individual tract statistics are extracted, and selected parameters can be 
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obtained both for the whole tract and for specific segments. The most widely used 

tract-related parameters are FA, MD, AD, RD, the volume and length of a tract, 

and the number of streamlines (usually referred to in the literature as ‘fiber count’; 

Jones et al., 2013). Because a voxel fits a number of streamlines passing through 

it, one voxel often corresponds to multiple overlapping tracts. When this is the case, 

dissection of a particular tract may be significantly affected by curving fibers or by 

crossing fibers belonging to another tract (Jones, 2008). Another drawback of 

tractography is operator-dependency, especially when it comes to placing the 

anatomically-based seed points for a tract in group or longitudinal studies.  

Connectomics is another complex neuroimaging analysis that is gaining 

popularity in aphasia research. This approach aims at establishing a connectivity 

network between cortical regions (Sporns et al., 2005). Functional and structural 

connectivity networks can be reconstructed. In this work we do not discuss 

functional neuroimaging, as it addresses research questions different to those 

addressed in this study, and focus instead on the structural connectome. Structural 

connectivity networks are built based on DTI data. The connectome model allows 

the study of connections at the whole-brain and at the regional level. Thus, in 

contrast to lesion-mapping techniques, it also provides information on non-

lesioned areas in people with brain damage, (Kuceyeski et al., 2016). Since the 

structural connectome method uses tractography data, it shares its limitations 

(image acquisition artefacts, processing flaws, and operator-dependant parcellation 

choice).  

A limitation of all the DWI-based techniques mentioned so far is the inability 

to disentangle the significance of the white versus grey matter initial damage in the 

measured parameters. Moreover, white matter changes after stroke can be caused 

not only by direct anatomical damage but also by neuroplasticity phenomena 

(which may have both negative and positive behavioral outcomes; Forkel et al., 

2014; Forkel & Catani, 2018; Schlaug et al., 2009; Xing et al., 2016; Zipse et al., 

2012). This inevitably results in uncertainty when relating cognitive functions to 

neural substrate. This drawback may be partially solved by combining tractography 
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with other neuroimaging techniques that provide additional structural or functional 

data (e.g., voxel-based lesion symptom mapping (VLSM; Baldo et al., 2012; Bates 

et al., 2003;) or fMRI.  

In summary, there is considerable variability in the methods used to study 

white matter tracts. Each has its own advantages and limitations; it is crucial to be 

aware of them when considering the results acquired with these methods.  

 

The arcuate fasciculus and the superior longitudinal fasciculus 

For a visual compilation of white matter structures associated with various 

linguistic variables in non-treated aphasia discussed further in this section, see 

Figure 2.1(a).  

There is still inconsistency in the anatomical labeling and definition of some 

brain structures, especially related to the segregation between the superior 

longitudinal fasciculus (SLF) and the arcuate fasciculus (AF), and most of the 

studies reviewed here focused only on one of them. We discuss them jointly in this 

paragraph. In chronic aphasia, damage to the SLF has been correlated with reduced 

mean length of utterance and lower number of produced tokens in spontaneous 

speech (Borovsky et al., 2007). In acute aphasia, higher fractional anisotropy of the 

SLF positively correlated with higher Aphasia Quotient on the WAB (Yang et al., 

2017). 

The volume of the left AF in a healthy population is usually larger than that 

of the right AF (Catani et al., 2005; Nucifora et al., 2005). Loss of the leftward 

asymmetry in the number of AF fibers in individuals in acute stroke predicted 

aphasia at the time of discharge (Hosomi et al., 2009). In the acute stage, a 

correlation between damage to the posterior portion of the AF and poor repetition 

was also observed (Fridriksson et al., 2010; Kümmerer et al., 2013).  

Most studies on the impact of AF on aphasia outcomes focused on the 

chronic stage. There, severity of aphasia correlated with damage to the AF, 

especially in the regions where it overlaps with the inferior fronto-occipital 

fasciculus (IFOF; Rosso et al., 2015). Griffis et al. (2017) also found that damage 
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to the “posterior temporal white matter bottleneck” (i.e., region the overlap where 

AF/SLF, inferior fronto-occipital fasciculus, and inferior longitudinal fasciculus 

(ILF) overlap) reliably predicted the composite scores of verbal fluency comprised 

of the results of the Boston Naming Test (Kaplan et al, 2001), Semantic Fluency 

Test (Kozora & Cullum, 1995), and Controlled Oral Word Associative Test (Lezak 

et al., 1995). 

Fridriksson et al. (2013) performed both a whole-brain and a ROI analysis 

to identify the brain regions most critical for speech fluency scores in chronic 

aphasia. The ROI analysis showed a correlation between nonfluency and damage 

to the anterior segment of the left arcuate fasciculus (ASAF). Similar results were 

obtained by Basilakos et al. (2014). They based their study both on the previous 

finding that the extent of damage in the left ASAF strongly predicts nonfluent 

speech in stroke-induced aphasia, and on the role of the frontal aslant tract on 

nonfluency in primary progressive aphasia (Catani et al., 2013). As expected, the 

highest correlation with the fluency scores in chronic aphasia was found in the area 

of overlap between the anterior segment of the arcuate fasciculus and the aslant 

tract.  

Ivanova et al. (2016) linked lower fractional anisotropy (FA) in the middle 

(parietal) portion of the AF to worse performance on speech production subtests 

and lower fractional anisotropy in the inferior ventral (temporal) portion of the AF 

to the comprehension deficits. Xing et al. (2017) reported that the AF lesion 

overlap, but not the tractography-based diffusivity parameters, correlated with 

sentence comprehension deficits. Apart from this deficit, Geva et al. (2012, 2015) 

also attributed poorer word repetition, object naming, sentence comprehension, and 

homophone and rhyme judgment scores to AF damage.   

As mentioned before, the prediction power of structural data may differ as a 

function of the methods used to quantify the involvement of white matter tracts. 

For example, Marchina et al. (2011) used a lesion load variable, assigned to the 

volume of the tract affected by lesion, to investigate the correlates between three 

different white matter structures (the AF, the extreme capsule, and the uncinate 



Chapter 2 A review: neural correlates 

 39 

fasciculus (UF)) and speech rate, informativeness, and efficiency of spontaneous 

speech.  The AF lesion load was the best structural predictor for all three 

spontaneous speech variables.  

Wang et al. (2013) tested different prediction models for object naming and 

speech fluency in chronic aphasia. They measured the latter by the number of 

correct information units (CIU) and speech rate (words/minute). They contrasted 

the prediction power of the lesion load of the AF, the extreme capsule, and the 

uncinate fasciculus with that of the lesion load of the functional grey matter derived 

from the fMRI activation map. The AF lesion load was the only white matter 

measure to predict speech fluency and naming ability in aphasia, and was the best 

parameter for categorizing participants according to aphasia severity.  

Challenging the methods of the previously described studies, Hope et al. 

(2015) set out to prove that there are more reliable measurements than lesion load 

to assess post-stroke tract damage. They compared the lesion load variable for the 

AF and the uncinate fasciculus with their disconnection parameters. For the tract 

disconnection measurement, they applied an algorithm quantifying the amount of 

disconnection between the extremes of each tract. Both tract disconnection and 

lesion load of the AF significantly correlated with fluency and CAT naming scores 

in chronic aphasia. Furthermore, of all structural parameters, only AF 

disconnection explained variance within the language outcomes.  

Forkel et al. (2014) focused on the neural predictors of aphasia recovery in 

acute stroke in both hemispheres. Apart from anatomical variables, their model 

included patient-related variables, such as age, gender, and level of education. Of 

the right hemisphere variables, recovery was predicted by age and volume of the 

long segment of the AF at 2 weeks post onset, while for the left hemisphere only 

lesion size predicted the Aphasia Quotient of the WAB at 6 months post onset. The 

volume of the long segment of the right AF doubled the power of the predictive 

model. Results support the assumption that intact right hemisphere pathways play 

a role in spontaneous aphasia recovery. 
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The frontal aslant tract 

Naeser et al. (1989) investigated the relationship between lesion characteristics and 

nonfluent spontaneous speech in aphasia. The most profound deficits in 

spontaneous speech were observed in patients with damage to the most medial and 

rostral portion of the subcallosal fasciculus and to the periventricular white matter 

near the body of the lateral ventricle. This area presumably overlaps with the left 

frontal aslant tract, which has recently become prominent in neuroanatomy studies 

(Catani et al., 2013). A study by Basilakos et al. (2014) on chronic aphasia also 

reported a correlation between damage to the overlap of the left aslant region and 

the anterior segment of the arcuate fasciculus and reduced speech fluency. 

In a more recent study (Forkel & Catani, 2018), the fractional anisotropy of 

the right aslant tract was correlated in the acute stage with aphasia severity as 

assessed by the Aphasia Quotient of the WAB. Although the result did not survive 

the correction for multiple comparisons, these data are consistent with the view that 

low fractional anisotropy values of the tract correlate with language impairment. 

 

The uncinate fasciculus 

In untreated chronic aphasia, only the disconnection but not the lesion load of the 

UF predicted fluency and naming scores (Hope, 2015; Marchina et al., 2011; 

Wang, 2013). Including lesion overlap for the UF to the model for fluency scores 

in chronic aphasia added to the predictive power of the model (Fridriksson et al., 

2013). Moreover, the anterior white matter bottleneck (i.e., UF, inferior fronto-

occipital fasciculus, and anterior thalamic radiation) strengthened the prediction 

model for the composite fluency scores in chronic aphasia (Griffis et al., 2017). 

Finally, UF damage correlated with word comprehension deficits in aphasia (Xing 

et al., 2017). 
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Figure 2.1. A comparison of bilateral white matter correlates of various aphasia-
related variables in (a) non-treated and (b) treated aphasia as found in the 
literature. Variables: 1 – aphasia severity; 2 – MLU; 3 – “verbal fluency”; 4 – object 
naming; 5 – action naming; 6 – repetition; 7 – speech rate; 8 – “informativeness” of 
spontaneous speech; 9 – homophone/rhyme judgement; 10 – speech production; 11 
– word comprehension; 12 – sentence comprehension.   
 

The inferior frontal-occipital fasciculus  

Overall severity in chronic aphasia measured with the Boston Diagnostic Aphasia 

Examination (Goodglass & Kaplan, 1983) and the Aphasia Rapid Test (Azuar et 

al., 2013) was associated with damage to the area where the left IFOF and the left 

arcuate fasciculus overlap (Rosso et al., 2015). As mentioned earlier, also Griffis 

et al. (2017) focused on regions of white matter pathway overlap, showing that both 

damage to the posterior and to the anterior bottleneck, that include the posterior 

and the anterior parts of the left IFOF, respectively, predicted fluency scores in 

chronic aphasia (Griffis et al., 2017). Also, the severity of acute aphasia expressed 

by the Aphasia Quotient correlated with the fractional anisotropy in the left IFOF 

(Yang et al., 2017). More specifically, damage to the left IFOF was associated with 

low scores on word and sentence comprehension (Xing et al., 2017). The 
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contribution of left IFOF damage to chronic aphasia was also analyzed by Ivanova 

et al. (2016). Lesions of the middle and posterior segments correlated with poor 

word and sentence comprehension, while damage to the anterior segment was 

linked to impaired production of words and sentences. In acute aphasia, the 

fractional anisotropy of the right IFOF was significantly linked with baseline 

aphasia severity (Aphasia Quotient; Forkel & Catani, 2018).  

 

The inferior longitudinal fasciculus 

Several studies have linked ILF damage to comprehension deficits. Damage to its 

anterior and middle portions was associated with poor results on an auditory word 

-picture matching task (Fridriksson et al., 2013). Poor sentence comprehension was 

also positively related to damage to the ILF (Xing et al., 2017). Ivanova et al. 

(2016) reported ILF damage results in not only poor word and sentence 

comprehension but also deficits in language production. 

 

2.1.3. Neural correlates for treatment-induced changes in aphasia 

Neural correlates in grey matter 

Frontal lobe 

Intriguingly, Parkinson et al. (2009) found that larger anterior lesions had a positive 

correlation with better naming scores before gestural or semantic/phonologic 

treatments and also with considerable improvement after the therapy. The authors 

speculated that these results are the consequence of the suppression of left frontal 

activity or that the presence of large anterior lesions in their participants affected 

the results of the statistical analysis. However, the method of analysis implemented 

in this study had several limitations. The structural scans used for the neuroimaging 

analysis were obtained with multiple different techniques (Computed tomography 

– CT; Magnetic resonance imaging sequences: T1-weighted, and T2-weighted 

fluid-attenuated inversion recovery – FLAIR) and time of acquisition (pre-acquired 

images for clinical purposes in eight out of 15 participants). Moreover, the lesion 
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assessment was based on the ROI approach, where the presence of the damage 

caused by the stroke was rated with the five-score system separately for 18 brain 

regions. Then these scores were composed into ratings for damage of three 

extensive regions – anterior cortices, posterior/temporal cortices, and basal ganglia. 

Therefore, the measure for the lesion characteristics used in this study was 

composite, and the large size of the regions included in the final analysis may have 

influenced and distorted the results presented of this study.  

 

Temporal lobe 

Goldenberg and Spatt (1994) published a longitudinal study where eight weeks of 

spontaneous recovery were followed by eight weeks of deficit-specific therapy and 

then by eight weeks without therapy in a heterogeneous group of aphasic 

individuals. Participants with more extensive damage to the temporobasal regions 

displayed less improvement during therapy and demonstrated less overall recovery. 

They did not differ from participants with an intact temporobasal region in the 

degree of spontaneous recovery. The authors assumed that lesions in this particular 

area may have disrupted the connection between hippocampal formation and 

perisylvian language areas and that this damage may have interfered with learning 

and memory contribution to compensatory mechanisms.  

Damage to the posterior portion of the left middle temporal lobe and the 

temporal-occipital junction (BA 37) had a negative effect on anomia treatment 

outcomes in a group with mixed aphasia types in the chronic stage (Fridriksson, 

2010). Another study from this group on anomia treatment in chronic aphasia 

indicated that naming improvement was associated with preservation of the left 

temporal lobe structural connectivity (Bonilha et al., 2016).  

 

Limbic system 

As mentioned above, a disconnection between the hippocampus and perisylvian 

language areas may negatively influence recovery patterns in aphasia (Goldenberg 
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and Spatt, 1994), suggesting the significance of the hippocampus for re-learning 

lost language abilities. In a functional magnetic resonance imaging study by Menke 

et al. (2009) improvement after short-term treatment was correlated with increased 

activation bilaterally in the hippocampal formation, the right precuneus and 

cingulate gyrus, and bilaterally in the fusiform gyri. This study was the incentive 

for Meinzer et al. (2010) to investigate the specific role of memory-related 

structures in treatment-induced recovery of anomia. They showed that post-therapy 

improvement correlated with intactness of the left hippocampus and the 

surrounding white matter.  

Basal ganglia 

Parkinson et al. (2009) indicated that, when controlled for damage to the anterior 

cortices, a greater extent of the damage in basal ganglia was associated with worse 

scores on an object and action naming task before and after the gestural or 

semantic/phonologic treatments for naming in chronic aphasia. Criticism for this 

study can be found in the paragraph dedicated to the frontal lobe. 

 

Neural correlates in white matter 

The arcuate fasciculus 

Linguistic variables correlated with arcuate fasciculi post-treatment are highlighted 

in Figure 2.1(b). Van Hees et al. (2014) reported that before anomia treatment, 

participants with chronic aphasia had significantly fewer fibers and lower mean 

general fractional anisotropy in the left AF compared to non-brain-damaged 

subjects. After treatment, mean general fractional anisotropy increased and was 

comparable to that of control subjects. Additionally, mean general fractional 

anisotropy in the left AF both pre- and post-treatment positively correlated with 

post-treatment naming scores, but none of the measures were statistically 

significant for the treatment-induced improvement in naming.  

Another treatment study demonstrated that improvement after Melodic 

Intonation Therapy (MIT; Albert et al., 1973) was associated with an increase in 



Chapter 2 A review: neural correlates 

 45 

the number of fibers and the volume of the right AF in people with chronic aphasia 

(Schlaug et al., 2009). These changes in the anatomical properties of the right AF 

correlated with increased picture-naming accuracy, the number of correct 

information units per minute, and the number of syllables per phrase in 

spontaneous speech. While these findings are consistent with those in spontaneous 

recovery (Forkel et al., 2014; Forkel & Catani, 2018), their correspondence to the 

anatomical properties of the left AF is unclear. This tract was initially excluded 

from the analysis because it was damaged in all six participants of the Schlaug et 

al. (2009) study.   

 

2.2. Conclusion 

Brain lesion characteristics and especially lesion site correlate with aphasia 

outcome both in the acute and in the chronic stage. Studies stress that the neural 

underpinnings of aphasia are not limited to grey matter damage, and, thus, that the 

involvement of white matter pathways cannot be ignored by studies investigating 

mechanisms of aphasia recovery. Moreover, while many studies focus on the 

classical perisylvian cortical language network, evidence is still needed in relation 

to the role of subcortical regions on treatment-induced aphasia recovery. Only two 

studies sought and showed a correlation between treatment outcome and the 

parameters of the left and right AF (Van Hees et al., 2014; Schlaug et al., 2009, 

respectively). Of the studies of recovery in chronic aphasia, only one performed 

extensive tractography analysis based on multiple ROIs (Bonilha et al., 2016). The 

influence of the right hemisphere on recovery is also understudied. Available 

literature suggests that the right hemisphere may contribute to spontaneous and 

treatment-induced recovery both in a positive and in a negative way. However, 

only three studies provide evidence consistent with a role of right hemisphere 

pathways in aphasia recovery. Two studies focused on spontaneous recovery in the 

acute phase but did not control for treatment (Forkel et al., 2014; Forkel & Catani, 

2018). The third study investigated the effects of treatment in chronic aphasia, but 
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only considered one ROI – the right arcuate fasciculus (Schlaug et al., 2009). More 

evidence is needed to establish the role of the right-hemisphere white matter in 

aphasia recovery, specifically where structures in both hemispheres are taken into 

account.  

One crucial factor that should be considered when discussing neuroimaging 

studies is the statistical power of the results, which can only be ensured by a large 

number of participants. Unfortunately, large cohorts of aphasic speakers are 

challenging to recruit due to the high comorbidity and high rates of participant 

exclusion. Longitudinal studies are even harder to perform as they require a high 

level of administrative control and substantial time and personnel investments, 

while rates of withdrawal among participants drastically increase. Until this 

project, the largest study investigating the neural correlates of treatment-induced 

recovery in chronic aphasia included 26 participants (Fridriksson, 2010).  

Another methodological caveat of the reviewed studies is related to the 

behavioral part of their design. All but one of the treatment studies on chronic 

aphasia mentioned here provided different kinds of preset anomia treatment 

(Bonilha et al., 2016; Fridriksson, 2010; van Hees et al., 2014; Meinzer et al., 2010; 

Menke et al., 2009; Parkinson et al., 2009). The control for the type of the treatment 

may be beneficial for investigating a particular type of aphasia. However, little is 

known about the effects of a deficit-specific treatment that is usually applied in 

clinical settings. In the only two studies that examined the neural correlates of 

improvement caused by deficit-specific treatment, the heterogeneity of post-stroke 

intervals in the groups prevents considering the language deficits of these subjects 

as chronic (Basso & Farabola, 1997; Goldenberg & Spatt, 1994).   

Another shortcoming of the studies presented here is that most of them 

focused on very broad behavioral measures, such as an aphasia quotient or ‘speech 

fluency’ scores (Basilakos et al., 2014; Forkel et al., 2014; Forkel & Catani, 2018; 

Fridriksson et al., 2014; Goldenberg & Spatt, 1994; Griffis et al., 2017; Hope et al., 

2013; Hope et al., 2015; Kertesz et al., 1993; Rosso et al., 2015; Sul et al., 2016; 

Xing et al., 2016, 2017; Yang et al., 2017). The heterogeneity of the measures that 
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make up the overall scores further complicates the interpretation of neuroimaging 

results.  

There is also insufficient evidence of neuroimaging research on the 

communication abilities of people with aphasia. Even though difficulty in everyday 

communication reportedly has the highest impact on aphasia-related disability, 

only one study used the Amsterdam-Nijmegen Everyday Language Test (ANELT) 

as the primary treatment outcome measure in a group with acute aphasia (Laska et 

al., 2001). Whether improvement of language impairment and communicative 

skills have the same neural correlates is another crucial issue in need of 

investigation.  

Considering the discussed limitations, we performed four studies described 

in the following chapters. We examined spontaneous speech variables, verbal 

communicative abilities, and aphasia severity in a cohort of speakers with chronic 

aphasia before and after the deficit-specific treatment provided in clinical settings. 

We then investigated possible white matter neural correlates in both hemispheres 

for these behavioral variables in chronic aphasia and their treatment-induced 

improvements.  
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