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Abstract 

Homologous neural networks seem to exist in the human left and right hemispheres tightly 

linking cortical regions straddling the sylvian fissure. White matter fiber bundles connect the 

inferior parietal lobule with the ventrolateral frontal cortex, ventrolateral frontal cortex with 

superior/middle temporal cortex, and superior/middle temporal cortex with the inferior 

parietal lobule. It is argued that these perisylvian networks serve different cognitive functions, 

a representation for language and praxis in the left hemisphere and a representation for 

processes involved in spatial orienting in the right. The tight perisylvian anatomical 

connectivity between superior/middle temporal, inferior parietal and ventrolateral frontal 

cortices might explain why lesions at these distant cortical sites around the sylvian fissure in 

the human right hemisphere can lead to the same disturbance of orienting behavior, namely to 

spatial neglect.  
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In recent years, it has been shown that functional and structural lateralization of the brain is 

more widespread among vertebrates than previously believed. Nevertheless, it is still 

appropriate that many motor, sensory, visual, but also cognitive functions show bihemispheric 

representations in the human and non-human primate. Only few (so-called 'higher') cognitive 

functions have obvious asymmetrical representations. Among them are language, praxis, and 

spatial orienting. While an elaborate representation for language and praxis has evolved in the 

human left hemisphere, a neural system involved in spatial orienting is dominantly 

represented in the right hemisphere. Consequently, locally corresponding damage to one of 

the two hemispheres leads to different symptoms. While the dominant disorders in 

neurological patients with left hemisphere involvement are aphasia and apraxia, patients with 

right hemisphere damage typically show spatial neglect. The latter describes a spontaneous 

deviation of the eyes and the head towards the ipsilesional, right side (Fruhmann-Berger and 

Karnath, 2005; Fruhmann-Berger et al., 2006). Patients with such a disorder disregard objects 

located on the contralesional, left side. When e.g. searching for targets, copying, or reading 

they concentrate their exploratory movements predominantly on the right side of space 

(Heilman et al., 1983; Behrmann et al., 1997; Karnath et al., 1998). The question thus arises 

whether the development of these different functions in the human left and right hemispheres 

corresponds with different anatomical representations. Or is it possible that homologous 

neural structures serve as correlates for language and praxis in the left and for spatial 

orientation in the right hemisphere? 

Three major cortical areas have been described as neural correlates of spatial neglect 

in the human right hemisphere. A first study by Heilman and co-workers (1983) revealed the 

right inferior parietal lobule (IPL) and the temporo-parietal junction (TPJ). Subsequent studies 

reported comparable observations (e.g. Vallar and Perani, 1986; Mort et al., 2003). Lesions 

located in the right ventrolateral frontal cortex were also observed to correlate with spatial 

neglect (Vallar and Perani, 1986; Husain and Kennard, 1996; Committeri et al., 2007). 

Finally, several studies have revealed the right superior temporal cortex and adjacent insula as 

being critically related to the disorder (Karnath et al., 2001, 2004; Buxbaum et al., 2004; 

Corbetta et al., 2005; Committeri et al., 2007; Sarri et al., 2009).  

Interestingly, a similar pattern of perisylvian correlates have been observed in the 

human left hemisphere when stroke patients suffer from aphasia. Early analyses (e.g., Kertesz 

et al., 1979; Poeck et al., 1984) as well as more recent studies of cortical lesion localisation in 

neurological patients with disorders in language comprehension and/or speech production 

(e.g., Kreisler et al., 2000; Dronkers et al., 2004; Borovsky et al., 2007) revealed involvement 
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of the ventrolateral frontal cortex, superior and middle temporal gyri, insula, and the IPL. 

These findings are supported by electrical mapping of the human cortex during surgery in 

awake patients as well as functional magnetic resonance imaging (fMRI) in healthy subjects. 

A recent meta-analysis of 129 fMRI studies on phonological, semantic, and syntactic 

processing revealed activation in distributed areas predominantly involving left middle and 

inferior ventrolateral frontal, superior and middle temporal, as well as inferior parietal cortices 

(Vigneau et al., 2006). These sites correspond very well with those in which intraoperative 

cortical stimulation evoked distubances of language processes, such as anomia, alexia, or 

speech arrest (e.g., Boatman, 2004; Duffau et al., 2005; Sanai et al., 2008). 

These perisylvian brain areas in the human left hemisphere do not appear to represent 

language processes solely. Recent analyses of lesion localisation in patients suffering from 

apraxia suggested that they are also involved in the organisation of motor actions (Goldenberg 

and Karnath 2006; Goldenberg et al., 2007). Stroke patients with either disturbed pantomime 

of tool use or with disturbed imitation of finger postures typically showed damage of the left 

inferior frontal gyrus (IFG) and adjacent portions of the insula, while disturbed imitation of 

hand postures was associated with posterior lesions affecting the IPL and TPJ. This close 

anatomical relationship between the representation of praxis on the one hand and language on 

the other led to the assumption that these left perisylvian areas might represent an 

observation/execution matching system providing the bridge from ‘doing’ to ‘communicating’ 

(Rizzolatti and Arbib 1998; Iacoboni and Wilson 2006). Its development was seen as a 

consequence of the fact that before speech appearance the precursors of these areas in the 

monkey were endowed with a mechanism for recognizing actions made by others. This 

mechanism was seen as the neural prerequisite for the development of interindividual 

communication and finally of speech (Rizzolatti and Arbib 1998). 

Thus, it seems as if very similar anatomical cortical areas straddling the sylvian fissure 

are involved in representing language and praxis in the human left hemisphere and spatial 

orienting in the right hemisphere. Recent anatomical studies have revealed that a dense white 

matter connectivity exists specifically between these perisylvian cortical areas. In the 

following, it will be argued that intimitely interconnected homologous perisylvian networks 

have evolved in the human left and right hemispheres serving for different cognitive 

functions, a representation for language and praxis in the left hemisphere and a representation 

for spatial orienting in the right hemisphere. Further, it will be argued that for these cognitive 

processes the functioning of the perisylvian cortical areas is critical, not the mere 

disconnection of their white matter interconnections. 
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Dense perisylvian white matter connectivity  

 

Beyond traditional axonal tract tracing and myelin staining techniques, the development of 

diffusion-based imaging, e.g. diffusion tensor and diffusion spectrum imaging (DTI / DSI), 

has opened new opportunities for identifying long range white matter pathways. By 

combining the findings from DSI and from histological tract tracing, Schmahmann and 

colleagues separated ten long, bidirectional association fiber bundles in the monkey brain 

(Schmahmann and Pandya 2006; Schmahmann et al., 2007). Anatomical homologies have 

been described in the human with the aid of diffusion-based imaging in vivo (e.g., Catani et 

al., 2002; 2005, 2007; Makris et al., 2005, 2007; Mori et al., 2005; Upadhyay et al., 2008) and 

myelin staining post-mortem (Bürgel et al., 2006). In the following, the focus will be on those 

pathways that connect the perisylvian cortical areas, i.e. the superior/middle temporal, inferior 

parietal, and ventrolateral frontal cortices – where damage has been shown to provoke spatial 

neglect in the case of right brain lesions and aphasia and/or apraxia after left hemisphere 

involvement.  

In the monkey and human, the superior longitudinal fasciculus (SFL) is the major 

cortical association fiber pathway linking parietal and frontal cortices. It is subdivided into 

different, separable components (Petrides and Pandya 1984; Makris et al., 2005; Schmahmann 

et al., 2007). One part – the SLF I – is situated dorsally of the perisylvian network area, 

connecting the superior parietal lobule with dorsal premotor areas. Two further 

subcomponents connect the IPL with premotor and prefrontal cortices. The SLF II links the 

IPL and intraparietal sulcus with the posterior and caudal prefrontal cortex, while the SLF III 

connects the rostral IPL with the ventral part of premotor and prefrontal cortex. A further 

fiber tract that is separable from these connections stems from the caudal part of the 

superior/middle temporal gyrus (STG/MTG), arches around the caudal end of the sylvian 

fissure, and extends to the lateral prefrontal cortex along with the SLF II fibers. This latter 

fiber tract is termed the arcuate fasciculus (AF) and has been described in human (Burdach, 

1819-26; Dejerine and Dejerine-Klumpke 1895; Catani et al., 2002, 2005; Makris et al., 2005; 

Vernooij et al., 2007; Upadhyay et al., 2008) as well as in monkey (Petrides and Pandya, 

1988; Schmahmann et al., 2007). Some disagreement exists related to whether or not this fiber 

bundle is regarded a fourth subdivision of the SLF (SLF IV; Makris et al., 2005; Vernooij et 

al., 2007), a stand-alone connection adjacent to the SLF (Schmahmann et al., 2007), or only 

part, namely the long segment (see below), of a three-way AF structure (Catani et al., 2005).  
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A fiber bundle situated in close proximity to the SLF II and the AF is the superior 

occipitofrontal fasciculus (SOF), also termed the '(superior) frontooccipital fasciculus' 

([S]FOF) by some authors. The SOF forms the medial border of the corticospinal tract and 

separates it from the lateral ventricles. The fibers run parallel to the dorsolateral margin of the 

lateral ventricles below the corpus callosum. Some of its fibers intermingle with SLF II and 

AF fibers. Different from expectations based on its labeling, the SOF not only connects 

occipital but also inferior parietal with frontal lobe areas. In the monkey as well as in humans, 

this long association bundle bidirectionally extends from the IPL and dorsomedial parastriate 

occipital cortex to caudal, dorsal, and medial frontal lobe areas (Catani et al., 2002; Bürgel et 

al., 2006; Makris et al., 2007; Schmahmann et al., 2007).  

Two further, ventrally located fiber bundles contribute to the perisylvian network 

focussed on in this chapter, namely the strong pathway running through the extreme capsule 

(EmC) and the middle longitudinal fasciculus (MdLF). Both bundles have been described in 

monkeys (Seltzer and Pandya, 1984; Schmahmann and Pandya, 2006; Schmahmann et al., 

2007; Petrides and Pandya, 2007) as well as in humans (Makris and Pandya, 2009; Makris et 

al., 2009). The EmC is situated between the claustrum and the insular cortex interconnecting 

the inferior frontal and orbitofrontal gyri with the mid-portion of the superior temporal region. 

It further continues caudally toward the occiptial cortex and toward the IPL, flanking here 

another fiber pathway, namely the MdLF (Makris and Pandya, 2009; Makris et al., 2009). The 

MdLF is a fiber bundle that runs within the white matter of the superior temporal gyrus 

extending from the IPL to the temporal pole. Although there is no common agreement yet, it 

appears as if the EmC corresponds with the bundle termed 'inferior occipitofrontal fasciculus 

(IOF)' [also 'inferior frontooccipital fasciculus' (IFOF)] by other authors (Nieuwenhuys et al. 

1988, Catani et al. 2002, Kier et al., 2004; Wakana et al., 2004; Bürgel et al. 2006).  

For clarification it should be pointed out that Catani and colleagues used a different 

terminology when they investigated the long perisylvian association fibers of the human left 

hemisphere (Catani et al., 2002, 2005, 2007). The SLF and AF historically have been 

regarded as a single fiber bundle in the human (Burdach, 1819-26; Dejerine and Dejerine-

Klumpke 1895). The terms 'superior longitudinal fasciculus' and 'arcuate fasciculus' thus often 

were and still are used interchangeably by some authors, including Catani and co-workers. 

However, despite the different terminology, Catani et al. (2005) also found a long and two 

shorter segments between the superior/middle temporal, inferior parietal, and ventrolateral 

frontal cortices (Fig. 17.1a). Tractography reconstruction for a group of 11 healthy subjects 

revealed a direct connection between the left ventrolateral frontal and the superior/middle 
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temporal cortex, i.e. between Broca’s and Wernicke’s language areas. In addition, two shorter 

pathways were found connecting superior/middle temporal with the inferior parietal cortex 

('posterior segment') and the inferior parietal with the dorsolateral frontal cortex ('anterior 

segment'). There is no doubt that the long connection between the superior/middle temporal 

and inferior frontal cortex represents the fiber bundle that has been termed 'AF' in the work of 

other groups (Petrides and Pandya 1988; Makris et al., 2005; Schmahmann et al., 2007; 

Upadhyay et al., 2008). The 'anterior segment' between the inferior parietal and inferior 

frontal cortex most probably represents the fiber bundle(s) that have been termed SLF II – 

maybe in combination with the SLF III and/or SOF. The 'posterior segment' between the 

superior temporal and inferior parietal cortex had been assumed to represent the MdLF 

(Schmahmann et al., 2007). However, the recent work by Makris et al. (2009) in the human 

rather argues that the MdLF is distinct from and located medial to the SLF-AF fibers.  

 

----- Figure 17.1 around here ----- 

 

To analyse the perisylvian connectivity between the superior/middle temporal, inferior 

parietal, and ventrolateral frontal cortices in the human right hemisphere, Gharabaghi and co-

workers (2009) investigated twelve right-handed male subjects without neurological deficits 

by using the same procedure that Catani et al. (2005) applied for the left hemisphere analysis. 

Figure 17.1b shows the averaged tractography reconstruction obtained from this DTI analysis. 

It revealed a pattern of fiber connections that largely corresponded to the one demonstrated by 

Catani et al. (2005) in the human left hemisphere (Fig. 17.1a). While Gharabaghi and co-

workers were conducting this analysis, Catani and colleagues published a study (Catani et al., 

2007) in which they also had analysed the perisylvian connectivity in the human right 

hemisphere. In line with the findings illustrated in Figure 17.1b, they found an indirect 

connection with a posterior segment connecting the superior/middle temporal with the inferior 

parietal cortex and an anterior segment running from the inferior parietal to the dorsolateral 

frontal cortex. In contrast, they found the long, direct segment between the superior/middle 

temporal and the lateral frontal cortices only in about 40% of their individuals, while this 

segment was present in all subjects (100%) studied by Gharabaghi et al. (2009). Likewise, 

some studies observed largely symmetrical conditions between the human hemispheres for 

volume, bundle density, and location of the left- and right-sided AF and SLF (Makris et al., 

2005; Bürgel et al., 2006; Upadhyay et al., 2008), while discrepant observations have also 

been reported (Powell et al., 2006; Vernooij et al., 2007; Glasser and Rilling, 2008). Possible 
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reasons for the discrepancy between these studies can be attributed to differences in fiber 

tracking methods, in the choice of the seeding ROIs, and/or the composition of subject 

samples. Future studies will have to clarify this issue. However, beyond the discrepant 

observations regarding the long, dorsally located direct connection via the AF, it is undisputed 

that the superior/middle temporal, lateral frontal and inferior parietal cortices show dense 

direct (via the EmC/IOF) as well as indirect interconnectivity. 

To summarise the hitherto existing findings from tract tracing, myelin staining, and 

diffusion-based imaging techniques, a dense perisylvian network seems to exist in both 

hemispheres connecting the inferior parietal lobule with the ventrolateral frontal cortex (via 

SLF II, SLF III, SOF), ventrolateral frontal cortex with superior/middle temporal cortex (via 

AF, EmC/IOF), and superior temporal cortex with the inferior parietal lobule (via MdLF, 

EmC/IOF). Figure 17.2 illustrates these tightly connected perisylvian neural networks. 

 

----- Figure 17.2 around here ----- 

 

Functional role of the perisylvian network in the human right hemisphere 

 

There is no disagreement that the perisylvian network in the human left hemisphere is 

involved in language processes (e.g., Frey et al., 2008; Saur et al., 2008; Catani and Mesulam, 

2008; Makris and Pandya, 2009). In contrast, the functional involvement of the right 

hemisphere perisylvian network is yet less clear. Catani and colleagues suggested that the 

perisylvian network in the human right hemisphere might represent – as in the human left 

hemisphere – a network involved in language functions (Catani et al. 2007, p.17166). In this 

chapter, a different view is suggested. The perisylvian pathways between the right IPL, 

ventrolateral frontal, and superior/middle temporal cortices and insula connect those areas 

which have repeatedly been associated with spatial neglect in the case of brain damage 

(Heilman et al., 1983; Vallar and Perani, 1986; Mort et al., 2003; Karnath et al., 2001, 2004; 

Committeri et al., 2007; Sarri et al., 2009). In contrast, aphasia is only extremely rarely 

associated with lesion of these right hemisphere perisylvian areas (as rarely as spatial neglect 

is observed after left hemisphere damage). Thus, it is proposed that the perisylvian network in 

the human right hemisphere represents the anatomical basis for processes involved in spatial 

orienting and exploration. 

Supporting evidence for this hypothesis has been reported from transcranial magnetic 

stimulation (TMS), electrical mapping of the human cortex during neurosurgery, and fMRI in 



 8

healthy subjects. Using TMS, Ellison and co-workers (2004) induced “virtual lesions” at the 

right STG and right posterior parietal cortex (PPC) in healthy subjects. They observed a 

specific impairment induced by TMS over the right STG for serial feature search (termed 

“hard feature search task”). In contrast, TMS over the right PPC resulted in increased reaction 

times during “hard conjunction search”. Gharabaghi and colleagues (2006) observed that 

intraoperative inactivation of the middle portion of the STG in human leads to disturbed serial 

visual search. Using the same technique Thiebaut de Schotten and colleagues (2005) found 

that inactivating regions in the right IPL or at the caudal and the middle parts of the STG 

leads to deficits in the perception of line length.  

Evidence for the involvement of superior temporal, inferior parietal and ventrolateral 

frontal areas in processes of spatial orienting has also been obtained from fMRI experiments 

in healthy subjects. In a cued spatial-attention task, Hopfinger and co-workers (2000) found 

bilateral activation in these cortical areas correlated with covert attentional shifts in the 

horizontal dimension of space. Himmelbach and colleagues (2006) investigated active visual 

exploration in healthy subjects, using a task that closely resembled clinical procedures (visual 

search in a letter array) known to be particulary sensitive to neglect patients’ behavioral bias. 

The authors observed significant activation associated with visual exploration located at the 

TPJ, the mid-portion of the STG, and the IFG. 

Thus, observations deriving from different techniques converge to suggest that the 

densely interconnected perisylvian neural system in the human right hemisphere (Fig. 17.2) 

represents the anatomical basis of those processes involved in spatial orientation, provoking 

spatial neglect in the case of damage. The tight anatomical connectivity between 

superior/middle temporal, inferior parietal and ventrolateral frontal cortices might explain 

why lesions at these distant cortical sites around the sylvian fissure in the human right 

hemisphere can lead to the same disturbance of orienting behavior, namely to spatial neglect.  

 

Spatial neglect – a disconnection syndrome?  

 

Beginning with the seminal work of Dejerine and his wife (Dejerine and Dejerine-Klumpke 

1895) on the human cortical pathways, several authors developed the idea that some 

neurological conditions might result from the disconnection of one area of the brain from 

another. Among them, Geschwind (1965) put forward the view that several 

neuropsychological disorders could best be interpreted as resulting from interruption of 

specific cortical association pathways. With respect to spatial neglect Mesulam and 
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Geschwind (1978) suggested that this disorder – among other disorders of attention and 

emotion – results from disruption of neural connections between limbic structures and 

neocortex. Mesulam (1981, 1985) further evolved this concept suggesting that an 

interconnected network between posterior parietal, frontal, and cingulate cortices as well as 

the reticular formation is involved in spatial neglect. A disconnection hypothesis has also 

been put forward by Watson and colleagues (1974, 1978) when observing that spatial neglect 

can be evoked in the monkey by a lesion in the mesencephalic reticular formation.  

 More recently, some authors have revived the concept to view spatial neglect as a 

'disconnection syndrome' (Catani, 2006; Bartolomeo et al., 2007; He et al., 2007). Bartolomeo 

and colleagues proposed that long-lasting signs of spatial neglect result from frontoparietal 

intrahemispheric and from interhemispheric disconnection. They suggested that 'a particular 

form of disconnection might have greater predictive value than the localization of gray matter 

lesions concerning the patients’ deficits and disabilities (Bartolomeo et al., 2007, p. 2484)'. 

Intrahemispherically, they related disconnection of the SLF (Thiebaut de Schotten et al., 

2005, 2008; Bartolomeo et al., 2007) but also of the IOF (Urbanski et al., 2008) to spatial 

neglect. Using DTI tractography, He and colleagues (2007) found damage to the SLF and AF 

in five patients with severe but not in five patients with mild spatial neglect. Furthermore, the 

analysis of interregional functional connectivity, based on coherent fluctuations of fMRI 

signals, suggested that not only anatomically but also functionally disrupted connectivity in 

dorsal and ventral attention networks might constitute a critical mechanism underlying the 

pathophysiology of spatial neglect (He et al., 2007). 

To investigate the possible impact of damage to white matter association fibers for the 

genesis of spatial neglect, Karnath and co-workers (2009) analysed lesion location in a large 

7-years sample of 140 right-hemispheric stroke patients. This large number of stroke patients 

allowed the authors not only to study a representative sample of subjects with spatial neglect, 

but also to perform a statistical voxelwise lesion-behavior mapping (VLBM) analysis (e.g., 

Bates et al., 2003; Rorden et al., 2007) to estimate which brain regions are more frequently 

compromised in neglect patients relative to patients without neglect. Karnath and co-workers 

(2009) studied the patients' white matter connectivity by using a new method which combines 

a statistical VLBM approach with the histological maps of the human white matter fiber tracts 

provided by the stereotaxic probabilistic atlas developed by the Jülich group (Amunts and 

Zilles, 2001; Zilles et al., 2002). In contrast to the reference brain of the Talairach and 

Tournoux atlas (Talairach and Tournoux 1988), or the MNI single subject or group templates 

(Evans et al., 1992; Collins et al., 1994), the Jülich probabilistic atlas is based on the analysis 
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of the cytoarchitecture in a sample of ten different human post-mortem brains. It thus provides 

information on the location and intersubject variability of brain structures, illustrating for each 

voxel of the MNI reference space the relative frequency with which a certain structure was 

present in ten normal human brains. Using a modified myelin staining technique Bürgel and 

colleagues (2006) were able to distinguish ten individual white matter fiber tracts for this atlas 

at microscopic resolution.  

The analysis of the 140 right hemisphere stroke patients revealed that 7.0% of the right 

SLF, 8.2% of the IOF, 12.7% of the SOF, and only 0.6% of the uncinate fasciculus were 

significantly more affected in patients with spatial neglect than in those not showing the 

disorder (Fig. 17.3). The authors concluded that damage of right perisylvian white matter 

connections is a typical finding in patients with spatial neglect. However, the proportion of 

involvement of each of the fiber bundles was very low. When the authors analysed how much 

of the lesion area in neglect patients overlapped with all of the perisylvian white matter 

connections, they found an overlap between 3.4% and 10.9% (Karnath et al., 2009).  

 

----- Figure 17.3 around here ----- 

 

Although the study of Karnath and co-workers (2009) cannot finally decide whether or 

not spatial neglect should best be interpreted as a 'disconnection syndrome' (Mesulam and 

Geschwind 1978; Watson et al., 1974, 1978; Catani, 2006; Bartolomeo et al., 2007; He et al., 

2007) one may conclude that their data argue more against than in favour of such a 

hypothesis. In fact, their analysis revealed that between 89.1% and 96.6% of the lesion area in 

spatial neglect affected brain structures other than the perisylvian white matter fiber tracts, 

namely cortical and subcortical gray matter structures such as the superior temporal, inferior 

parietal, inferior frontal, and insular cortices, as well as the putamen and caudate nucleus 

(Karnath et al., 2009). Damage to these gray matter structures in the right hemisphere thus 

appears to be a strong predictor of spatial neglect.  

Another aspect arguing against the view of spatial neglect as a white matter 

disconnection syndrome in the traditional sense are the perfusion-weighted imaging (PWI) 

results obtained in patients with subcortical infarcts. PWI is a MR technique that allows the 

identification of brain regions that are receiving enough blood supply to remain structurally 

intact, but not enough to function normally. By using this technique several studies showed 

that left- or right-sided subcortical lesions – including selective white matter strokes – cause 

spatial neglect only if the subcortical damage provokes additional malperfusion of cortical 
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gray matter structures in the ipsilesional hemisphere (Demeurisse et al., 1997; Hillis et al., 

2002, 2005). Without this malfunction of cortical structures subcortical brain lesions did not 

provoke disturbances of spatial orienting. Thus, it seems that damage of subcortical white 

matter connectivity alone does not provoke spatial neglect but rather requires additional 

involvement of cortical gray matter structures.  

 

Conclusions 

 

Homologous perisylvian neural networks seem to exist in the human left and right 

hemispheres composed of tightly connected cortical areas straddling the sylvian fissure (cf. 

Fig. 17.2). It is suggested that the neural network consisting of superior/middle temporal, 

inferior parietal, and ventrolateral frontal cortices in the human right hemisphere represents 

the anatomical basis for processes involved in spatial orienting. Neurons of these regions 

provide us with redundant information about the position and motion of our body in space. 

They seem to play an essential role in adjusting body position relative to external space 

(Karnath and Dieterich, 2006). Damage to this perisylvian system in the right hemisphere may 

provoke spatial neglect. In the human left hemisphere, a similar perisylvian network seems to 

exist but is serving different functions, namely language and praxis. This functional 

specialisation of left and right perisylvian networks is still not observed in the non-human 

primate. Here, lesions of this perisylvian system in both hemispheres induce disturbed 

exploration and orientation towards the respective contralateral side (e.g., Luh et al., 1986; 

Watson et al., 1994; Wardak et al., 2002, 2004). Hence, the phylogenetic transition from 

monkey to human brain seems to be a restriction of a formerly bilateral function represented 

within right- and left-sided perisylvian networks to the right hemisphere (Karnath et al., 

2001). It appears as if this lateralization of spatial orientation to the right hemisphere network 

parallels the emergence of an elaborate representation for language in the left-sided 

perisylvian network. 
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Figure 17.1 

Averaged tractography reconstruction for fiber connections between the superior/middle temporal, 

inferior parietal, and dorsolateral frontal cortices by using a two-region of interest approach in (a) the 

human left hemisphere (Catani et al., 2005) and (b) the human right hemisphere (Gharabaghi et al., 

2009). A long connection was observed linking superior/middle temporal and dorsolateral frontal 

cortices (shown in red). Two shorter pathways also were found. The posterior segment running from 

the superior/middle temporal to the inferior parietal cortex is shown in yellow. The anterior segment 

running from the inferior parietal to the dorsolateral frontal cortex is shown in green. IPL, inferior 

parietal lobule; DFC, dorsolateral frontal cortex; STC, superior temporal cortex; MTC, middle 

temporal cortex. (With modifications from Catani et al., 2005, and from Gharabaghi et al., 2009). (See 

color plate 19). 
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Figure 17.2 

Sketch of the perisylvian neural network linking the inferior parietal lobule with the ventrolateral 

frontal cortex (via SLF II, SLF III, SOF), ventrolateral frontal cortex with superior/middle temporal 

cortex and insula (via AF, EmC/IOF), and superior temporal cortex with the inferior parietal lobule 

(via MdLF, EmC/IOF). SLF II/III, subcomponents II/III of the superior longitudinal fasciculus; SOF, 

superior occipitofrontal fasciculus; AF, arcuate fasciculus; EmC, extreme capsule; IOF, inferior 

occipitofrontal fasciculus; MdLF, middle longitudinal fasciculus.  
 

 



 21

 

a

1       2        3       4       5        6       7        8       9      10

SOF

SLF

SOF

SLFSLF

SOF

SLF IOF IOF IOF

SOF

SLF

Frequency in the cytoarchitectonic maps (SLF, SOF, IOF)  Lesion area

b

Lesion areaFrequency in the cytoarchitectonic maps (CT, AR, UF)  

CT CT CT CT
AR

CT
AR

CT
AR

CT
AR

CT

UF

 

 

Figure 17.3 

Overlap of the statistical VLBM lesion map (the brain territory significantly more affected in 78 
patients with spatial neglect than in 62 stroke patients without this disorder) with the probabilistic, 
cytoarchitectonic maps of the white matter association fiber tracts from the Jülich atlas. The statistical 
lesion map is illustrated in homogenous brown color. The color coding of the Jülich atlas from 1 (dark 
blue, observed in 1 post-mortem brain) to 10 (red, overlap in all ten post-mortem brains) represents the 
absolute frequency for which in each voxel of the brain a respective fiber tract was present (e.g., 
yellow color indicates that the fiber tract was present in that voxel in seven out of ten post-mortem 
brains). The pink contour demarks the area of the fiber tracts affected by the statistical lesion map. (a) 
Overlap illustrated for perisylvian fiber tracts SFL = superior longitudinal fasciculus, IOF = inferior 
occipitofrontal fasciculus, and SOF = superior occipitofrontal fasciculus. (b) Overlap illustrated for 
fiber tracts CT = corticospinal tract, AR = acoustic radiation, and UF = uncinate fascicle. (From 
Karnath et al., 2009). (See color plate 20). 
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