
IBRO Neuroscience Reports 10 (2021) 42–50

2667-2421/© 2020 Published by Elsevier Ltd on behalf of International Brain Research Organization. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Review Article 

Extreme capsule is a bottleneck for ventral pathway 

Ehsan Shekari a, Sepideh Goudarzi b, Elahe Shahriari c, Mohammad Taghi Joghataei a,* 

a Department of Advanced Technologies in Medicine, Iran University of Medical Science, Tehran, Iran 
b Department of pharmacology, Faculty of Pharmacy, Tehran University of Medical Sciences, Tehran, Iran 
c Department of Physiology, Faculty of Medicine, Iran University of Medical Science, Tehran, Iran   

A R T I C L E  I N F O   

Keywords: 
Extreme capsule 
Uncinated fasciculus 
Inferior occipito-frontal fasciculus 
Ventral pathway of language 
Bottleneck 
Diffusion tensor imaging 

A B S T R A C T   

As neuroscience literature suggests, extreme capsule is considered a whiter matter tract. Nevertheless, it is not 
clear whether extreme capsule itself is an association fiber pathway or only a bottleneck for other association 
fibers to pass. Via our review, investigating anatomical position, connectivity and cognitive role of the bundles in 
extreme capsule, and by analyzing data from the dissection, it can be argued that extreme capsule is probably a 
bottleneck for the passage of uncinated fasciculus (UF) and inferior fronto-occipital fasciculus (IFOF), and these 
fasciculi are responsible for the respective roles in language processing.   

Introduction 

The extreme capsule (EmC) is a very thin location of intersect, con-
necting the frontal and temporal opercula with insula (Bajada et al., 
2015). A capsule in neuroanatomy, is an anatomical location for the 
neural fiber tracts and bundles to pass through, whereas a fascicle 
(bundle) is a collection of white matter nerve fibers connecting two 
regions of the brain (Bajada et al., 2015). This poses a doubt on the fact 
that EmC itself is a nerve bundle involved in language processing 
(Bajada et al., 2015; Kümmerer et al., 2013; Makris and Pandya, 2009a, 
2009b; Ueno et al., 2011; Weiller et al., 2011). It appears that the lingual 
processes of EmC, are in fact the roles of the bundles coursing the EmC, 
being a part of the ventral pathway (Axer et al., 2013; Rijntjes et al., 
2012). Hence in the present study, we have aimed to search the litera-
ture thoroughly on the role and structure of the ventral pathway. At first, 
a brief overview of anatomy of the EmC and its bundles is provided; 
then, the role of ventral pathway and its fibers in human cognitive 
language functions and development are discussed. Next, we review 
diseases in which these bundles are involved. Finally, we discuss the fact 
that EmC, in contrast to humans, is only a bundle in monkeys, known as 
the extreme capsule fiber system. 

Anatomical location of extreme capsule 

Extreme capsule and external capsule are two white matter struc-
tures, located between insula and putamen. These structures that are 

separated by claustrum, connect occipital, temporal, and frontal lobe 
together (Makris et al., 1999; Makris and Pandya, 2009a, 2009b; Miller 
et al., 2011). (Fig. 1). 

Dissection 
On the lateral surface of the brain, the insula is identified by removal 

of the frontal, parietal, and temporal lobes (Morino et al., 2002). After 
removing half of the cortex above the insula, the EmC appears, con-
sisting of association fibers connecting the insula and the operculum. 
Upon gentle removal of the insular cortex, from internal to external, 
external capsule, claustrum and EmC could be seen respectively, as well 
as putamen (Wysiadecki et al., 2019). 

EmC is the anchor of the association fibers in the insular cortex itself 
and the connecting fibers between the insular and the opercular cortex. 
In angular gyrus, the short association fibers in the EmC become 
convergent, and form the white matter of short and long insular gyrus 
(Nachtergaele et al., 2019). Deeper inside, the inferior occipito-frontal 
fasciculus (IFOF) and the uncinate fasciculus (UF) are seen. The UF is 
made up of long association fibers that connect the frontal and temporal 
lobes. It is located deeply in the Insula border beneath the basal cortex of 
the insula (Baldoncini et al., 2019), and is therefore seen uncinated. The 
very close anatomical connections between uncinate fasciculus and the 
IFOF prevents accurate and complete dissection of this area (Baldoncini 
et al., 2019); however, IFOF connects the superior and posterior tem-
poral and the posterior parietal gyrus to the pars opercularis and pars 
triangularis in the inferior frontal gyrus and is located above the UF 
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(Hugues Duffau, 2015; Martino et al., 2010; Sarubbo et al., 2013). It 
passes through the extreme capsule internally and caudally, along the 
middle temporal gyrus (Cloutman et al., 2012). These two form the main 
bundles in the EmC and are two of the four bundles of ventral pathway. 

Stephanie et al. (2018) used different ROIs to distinguish bundles of 
the ventral pathway. One ROI was placed on the occipital lobe on the 
coronal plate just behind the parieto-occipital sulcus, the second on the 
extreme and external capsules’ white matter, and the third on the 
anterior white matter of the anterior temporal lobe. The pathway be-
tween the occipital and the ROI of EmC was considered the IFOF, the 
occipital-anterior temporal pathway was considered the ILF, and the 
pathway between the anterior temporal and the extreme/ external 
capsules was considered the UF (Forkel and Catani, 2018). It appears 
that the IFOF and the UF have an overlap in the area where EmC exists 
(Fig. 2). 

In summary, bundles passing the EmC are short and long association 
fibers. The long fibers are the IFOF and UF, being the deeper bundles of 
the ventral pathway, too. 

Structural connectivity of ventral pathway 

Ventral pathway is projected on the ventral-lateral side and includes 
cortices in the inferior frontal gyrus (IFG), inferior parietal lobe (IPL), 
superior temporal sulcus (STS) and in the posterior inferior temporal 
lobe (parts of the middle temporal gyrus (MTG)) and the inferior tem-
poral gyrus (ITG) (Hickok and Poeppel, 2004). The ventral pathway is 
mostly a pathway of language, proved by its structural connectivity: 
(Table 1, Fig. 3). 

Language functions of the ventral pathway 

EmC is at a strategic position in the language comprehension 
network due to the functions of its bundles. Several studies have 
investigated the results of stimulating ventral and dorsal pathway bun-
dles using intraoperative stimulation (IOP) technique. The results are 
summarized in Table 2, which are very well in line with their structural 
connectivity (Table 1). Considering the structural connectivity and IOP 
stimulation of the IFOF and UF bundles, it can further be hypothesized 
that the lingual roles known to be due to the EmC fiber system, are 
eventually the roles of these bundles. 

Semantic and Comprehension Processing 
The fact that ventral pathway is placed in areas involved in language, 

indicates its central role in language processing, particularly the 
connection of the Broca area in the frontal lobe with Wernicke’s area in 
the temporal and parietal lobes. Ventral pathway extends to the primary 
auditory cortex, the middle and superior temporal gyrus, the anterior 
superior temporal gyrus, the pars opercularis and triangularis in inferior 
frontal gyrus and the insula. These structures are involved in many 
lingual roles (Axer et al., 2013; Venkatasubramanian et al., 2008; Zhang 
et al., 2018). The IFOF and the UF are the predominant bundles of this 
pathway in language. In DTI, reduction of FA in IFOF is associated with 
impairment in many language modalities (J. Zhang et al., 2018). 

IFOF is the main bundle for semantic processing in ventral pathway. The 
inferior frontal gyrus is largely involved in lexical and semantic features 
in word repetition task and plays a role in extracting meaning from the 
acoustic-phonetic derivations (Ueno et al., 2011; Wilson et al., 2011). In 
the semantic network of the left hemisphere, the nodes in the middle 
temporal gyrus are directly connected to the orbital prefrontal nodes. 
Middle temporal gyrus (and adjacent areas in the inferior temporal 
gyrus), connected to the prefrontal region via the IFOF, is involved in 
storing and accessing lexical-semantic representations. Thus, this 
anatomical relationship between temporal and prefrontal areas, appears 
to play a role in the choice of lexical information, as well as adjusting 
linguistic meanings to the stored knowledge about the world (Saur et al., 
2010). In the process of learning a verbal stimulus with an image, it is 
found that the clusters of parietal and temporal regions are related. 
These two areas are among the ones most of whose connections are via 
the IFOF. 

A DTI study placed the seeds both on the white matter below the pars 
orbitalis and pars triangularis in the inferior frontal gyrus, and in the 
middle part of the white matter below the superior temporal gyrus. The 
study found that damage to the UF was neither a good predictor of the 
level of damage to speech speed and fluency, nor of the person’s ability 
to name (Marchina et al., 2011). Despite this and the fact that in the 
intraoperative stimulation, the UF did not give any responses, there is 
evidence that this bundle is also engaged in semantic processing espe-
cially by the famous people naming task results (O’Rourke and de Diego 
Balaguer, 2020; Papagno, 2011). It is further hypothesized that the UF 
along with the ILF form an indirect pathway of semantic processing 
which contribute to its role in famous people naming. Moreover, in se-
mantic dementia of famous naming task, the most damaged white 
matter was that of the UF (Cocquyt et al., 2020; Mangnus, 2020). It is 
observed that in patients with dementia, UF undergoes impairments 
sooner than many other, causing proper naming anomia (Cocquyt et al., 
2020). 

Another possible role of UF is the semantic control (the ability of 
regulating semantic representation). This might be because of the fact 
that UF terminates in orbitofrontal cortex (OFC), which is involved in 
executive functions of cognitive processes (Cocquyt et al., 2020). 

IFOF is the main bundle for comprehension processing in ventral pathway. 
IFOF’s connection with the two classical regions of language reflects its 
importance in today’s linguistic models and appears to play a role in the 
comprehension process, naming and reading. Furthermore, part of the 
IFOF is located in the middle temporal lobe on the roof of the temporal 
horn. The role of middle temporal gyrus in processing abstract words 
and lexical and semantic processing, and the ITG in word recognition 
(Nobre et al., 1994; Visser et al., 2012), allow the IFOF to be of impor-
tance in comprehension. Electrical stimulation of the floor of EmC-the 
anterior IFOF-, can cause semantic paraphasia (Table 2). 

Phonological and syntax processing 
The dorsal pathway contains the arcuate fasciculus (AF) that con-

nects superior temporal cortex to the inferior frontal gyrus (Axer et al., 
2013), as well as the superior longitudinal fasciculus (SLF) which con-
nects parts of parietal and temporal lobes with different parts of 

Fig. 1. Anatomical location of the EmC – axial view. 
Figure taken from the following manuscript, with permission of both the 
correspondent author and the publisher: Bajada CJ, Ralph MA, Cloutman LL. 
Transport for language south of the Sylvian fissure: the routes and history of the 
main tracts and stations in the ventral language network. cortex. 2015 Aug 
1;69:141–51. (under the Creative Commons CC-BY-NC-ND license). 
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Fig. 2. Sagittal and transverse views of IFOF and UF and EmC. IFOF originates from posterior parietal and occipital cortex and through temporal lobe, reaches the 
inferior frontal cortex (red pathway). The UF originates from anterior temporal lobe and goes below the IFOF, reaching the orbitofrontal cortex (blue pathway). The 
two pathways meet in the EmC (circle).(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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premotor and prefrontal cortices (Martino et al., 2013; Yagmurlu et al., 
2016). Language functions of the dorsal pathway include phonological 
processing and verbal retrieval. The AF in the dorsal pathway connects 
IFG to the middle part of the superior temporal gyrus. This nerve fiber is 
located in the posterior part of the UF and appears to play a role in 
phonological processing (Axer et al., 2013); on the other side, IFOF 
connecting these two areas is involved in verbal retrieval. (Frey et al., 
2008). 

Bilateral reduction in FA of the ventral pathway is seen in adoles-
cents with syntactic and semantic problems (Northam et al., 2012). And 
damage to the dorsal pathway is also associated with wide dysfunctions 

in language (Holland et al., 2018). It therefore seems that both ventral 
and dorsal pathways are involved in syntax processing. Studies have 
shown that the Brodmann’s areas 44, 45, 47 are active in this process 
(Griffiths et al., 2012). This approves the role of IFOF from ventral and 
AF from the dorsal pathway, concerning their connections with these 
areas. 

Human language development and cognitive language functions 

Anatomically, human language development is not only due to an 
increase in the volume of the Broca’s area, but also whole brain growth, 
particularly proven by presence of long white matter pathways that have 
spread throughout the brain (Frey et al., 2008). This development 
happens in stages as of birth. 

The IFOF dissection shows that this bundle has two parts. One is a 
superficial tract involved in the lingual network, which terminates in 
pars triangularis and pars opercularis; and the second one, is a deep tract 
ending in three parts of the frontal region: 1) the anterior part of the 
frontal pole and the orbitofrontal cortex (OFC), 2) the middle part in the 
medial frontal gyrus and 3) the posterior part in the medial frontal gyrus 
and the lateral posterior prefrontal cortex. The deep tract moves through 
the EmC and the superficial tract moves through both the extreme and 
external capsules (Brauer et al., 2013). 

Concerning the development of these pathways in childhood, it ap-
pears that the superficial part of the IFOF forms and matures earlier than 
the other pathways, and the whole bundles of the ventral pathway 
earlier than the dorsal (Brauer et al., 2013). In order to comprehend a 
speech, the acoustic input must be transformed into semantic conceptual 

Table 1 
Structural connectivity of the ventral pathway.  

Bundle Connecting To Reference 

IFOF Posterior occipital lobe, 
Posterior parietal lobe, 
Inferior temporal gyrus, 
Middle temporal gyrus, 
Superior temporal gyrus 

Inferior frontal 
gyrus 

(Duffau, 2015; 
Martino et al., 
2010) 

UF Anterior temporal lobe Ventrolateral 
prefrontal cortex 

(Kier et al., 2004; 
Von Der Heide 
et al., 2013) 

MLF Angular gyrus, Supramarginal 
gyrus 

Superior 
temporal gyrus 

(Jouen et al., 
2015; Makris 
et al., 2013) 

ILF Posterior occipital Anterior 
Temporal lobe 

(Gil-Robles et al., 
2013; Panesar 
et al., 2018)  

Fig. 3. Structural Connectivity of the ventral pathway. 
Figure taken from the following manuscript, with permission of both the correspondent author and the publisher: Bajada CJ, Ralph MA, Cloutman LL. Transport for 
language south of the Sylvian fissure: the routes and history of the main tracts and stations in the ventral language network. cortex. 2015 Aug 1;69:141–51. (under 
the Creative Commons CC-BY-NC-ND license). 
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representations. On the other hand, the brain must connect the infor-
mation from speech acoustics to the speech motor system to produce 
vocals, via the sound pathway. Since there are various actions involved 
in converting sound mapping to meaning in words, and since sounds are 
varied in the manner of their acoustic properties, each of these steps has 
different computational tasks and consequently, particular neural 
pathways. The dual pathway model shows that ventral pathway which 
includes structures in the superior and middle parts of the temporal lobe, 
is involved in the processing of perceptual signals, while the dorsal 
pathway, which includes structures in the posterior region of the planum 
temporale, plays a role in converting acoustic signals into productive 
representations, which is essential for speech production (Hickok and 
Poeppel, 2004). It is hence hypothesized that the IFOF’s development is 
prior to that of AF, and therefore takes a variety of roles in language 
processing. After maturation of the AF, the IFOF will dominate in the 
role of perception and semantic modalities. 

It is therefore believed that semantic and comprehension processing 
happens earlier in a newborn than when they start to put vocals 
meaningfully together. The dorsal pathway that connects the temporal 
cortex and the Broca’s area is not visible in newborns, standing for the 
inability of the newborn to speak (Perani et al., 2011). However, in cases 
of immaturity of the dorsal pathway, the ventral will compensate. 
(Brauer et al., 2013) For instance, immaturity of the ventral pathway 
was ameliorated following music therapy (de Almeida et al., 2020). It is 
also mentioned that in comprehension processing of a sentence, chil-
dren, unlike adults, use the area 45 which is connected to the superior 
temporal gyrus and superior temporal sulcus by the IFOF. This use may 
be due to immaturity of the dorsal pathway (Brauer et al., 2011). Walton 
et al. (2017) has demonstrated that in preschool children whose AF is 
immature, the IFOF is involved in phonological processing and word 
formation(Walton et al., 2018). Furthermore, it is reported that the IFOF 
is associated with the ability to read in children with dyslexia. (Van-
derauwera et al., 2017). 

In children, increased testosterone levels are associated with 
increased functional connections and the integrity of the white matter 
fibers coursing the EmC. The fibers appear to be thicker (shown by 
higher fractional anisotropy) in boys with higher testosterone levels, and 
respectively thinner, in those less skilled in language than girls (Hahn 
et al., 2016). 

Comparison of bilingual and monolingual children also showed that 
in bilingual children, the FA (fractional anisotropy) values in the ventral 
pathway of language processing are higher than in monolingual children 

(Mohades et al., 2012). Also, the fact that myelination of the ventral 
pathway of the right hemisphere is greater than the left, might be 
associated with greater comprehension and expression skills in children 
(O’Muircheartaigh et al., 2013). In summary, there seems to be a ne-
cessity for expansion of knowledge in this area. 

Other cognitive functions of the ventral pathway 

Although ventral pathway is mostly involved in language, some 
other functions are found to be associated with its bundles, including the 
IFOF and UF in the EmC. It is suggested that future studies further 
explore these areas. 

Attention 
In the attentional system, the ventral pathway is involved in inte-

grating the perception of space for the intended action and for accurate 
estimation of the associated stimulus. In the locomotor system, the 
posterior parietal and prefrontal regions are involved in imaging the 
movement and pantomime use of objects. We hypothesize that a more 
general function of the ventral pathway could be to extract and link a set 
of fixed properties of perceived elements (in a limited number of specific 
features, e.g. "predecessor" categories) which is related to semantic 
memory and meaning. Thus, processing of the ventral pathway does not 
depend on the chronological or spatial sequence of the elements, but is 
optimized to test compounds in order to extract meaning (Rijntjes et al., 
2012). Moreover, the activity of the right hemisphere temporo-parietal 
regions, including the supramarginal gyrus, the caudal superior tem-
poral gyrus, the anterior insula, and the caudal part of the inferior 
frontal gyrus, pars opercularis and pars triangularis, is associated with 
the "attention" network. Pars triangularis is responsible for processing 
information related to purpose, and filtering and removing the dis-
turbing signal and selecting the appropriate target. This structure along 
with insula which is responsible for integrating self-awareness and 
conscious representation, as well as the middle temporal gyrus, are 
directly connected to each other by ventral pathway involved in spatial 
visual attention (Umarova et al., 2010). 

Active visual exploration 
In active visual exploration, the superior temporal gyrus, superior 

temporal sulcus, temporoparietal junction, and the inferior frontal gyrus 
are very active. Since IFOF and MdLF are parts of the white matter that 
connects these areas, these two bundles appear to play a role in visual 
exploration and target search (spatial orientation and attention) 
(Suchan et al., 2014). 

Truth recovery 
Ventral is involved in truth recovery or recall of mathematical facts, 

by anterior sections of the rostral IFOF bundle (Klein et al., 2013). 

Social behavior 
The neural circuitry associated with social behavior is more found in 

frontal and temporal regions. The IFOF appears to be a part of the brain 
circuit associated with social behavior, along with the ILF, cingulum, 
and arcuate fasciculus (Noonan et al., 2018). 

Singing anatomy 
In singing, language processing and motor control are both involved. 

The first includes both of the ventral and dorsal pathways, i.e. SLF, AF, 
IFOF and the UF (Loui, 2015), and the latter, premotor, anterior insula, 
inferior parietal, STG and the primary sensory area. Since singing is a 
combination of a variety of musical, lingual and hearing activities, it 
could be a proper modality for investigating the evolution of commu-
nication processes. 

Table 2 
Intraoperative electrical stimulation of white matter.  

Study Structure Function 

Duffau et al. 
(2008) 

Arcuate fasciculus Phonemic paraphasia 
Inferior frontooccipital 
fasciculus (IFOF) 

Semantic paraphasia 

Subcallosal fasciculus Transcortical motor aphasia 
Frontoparietal phonological 
loop (lateral part of superior 
longitudinal fasciculus) 

Speech apraxia during 
stimulation 

Fibers coming from the ventral 
premotor cortex 

Anarthria 

Duffau et al. 
(2009) 

IFOF Semantic paraphasia 
Arcuate fasciculus Phonological paraphasias 
Stimulation of UF No response 

Mandonnet 
et al. (2007) 

IFOF Semantic paraphasia 
Arcuate fasciculus Phonological paraphasias 
ILF No response 

Leclercq et al. 
(2010) 

Arcuate fasciculus Speech arrestanarthria 
phonemic/syntactic 
semantic paraphasia 

IFOF Semantic paraphasia 
perseveration 

De Witt Hamer 
et al. (2011) 

MLF No response  
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Diseases in which the extreme capsule is involved 

Huntington’s disease 
In Huntington’s disease, fractional anisotropy (FA) of commissural 

fibers such as Corpus callosum, fornix, association fibers in the EmC, 
external capsule and the inferior longitudinal fasciculus is decreased in 
both hemispheres. In late stages of the disease, degeneration of valerian 
causes damage to the corpus callosum and the bundles in extreme and 
external capsules. Investigation of these tracts can help in further 
discovering the degenerative process of this disease (Della Nave et al., 
2010). 

Alzheimer’s disease 
Analyzing changes in the white matter in healthy elderly, people 

with mild cognitive impairment and patients with Alzheimer’s disease, a 
significant difference between FA and MD values, in the corpus cal-
losum, from the genu to the splenium, the anterior interface, the 
external capsule /bundles in EmC/ temporal stem, cingulum and SLF 
could be observed. In a study by Zhang et al. on AD patients with mild 
cognitive impairment, the left IFOF and right cingulum cingulate 
showed significantly lower rates of FA compared with the control 
(Zhang et al., 2019). These results show that in addition to the associ-
ation fibers between the hemispheres, examining the ventral pathway 
can be a helpful marker in diagnosing cognitive impairment (Douaud 
et al., 2011). In Zhang’s study, the significant decrease in FA and in-
crease in MD of the IFOF in AD patients compared with those with mild 
cognitive impairment and the normal population, was the most 
distinctive characteristic of AD patients (Zhang et al., 2019). Moreover, 
between the pathways, IFOF demonstrated highest hypersensitivity 
rates among all (Taylor et al., 2017). 

Stroke 
Stroke lesions in the depth of the white matter including bundles in 

EmC, between the insular cortex and the putamen, cause impaired 
comprehension (Freedman et al., 1984; Saur et al., 2010), whereas 
damage to the arcuate fasciculus causes inability in repetition task in 
conduction aphasia (Kümmerer et al., 2013). This is because executive 
semantic processing (choice between several words) involves the lateral 
ventricle prefrontal cortex. Because the lateral ventricle prefrontal cor-
tex and the anterior temporal lobe are involved in the prefrontal cortex 
comprehension process, and since their connections are made by the 
EmC bundles, damage to these bundles appears to disrupt perception. 
Moreover, electrical stimulation of white matter below the Brodmann 
area 45, which includes the EmC, causes errors in naming the living 
objects (Papagno et al., 2011). 

Repetition task is normally performed via the phonetic system; 
however, in conduction aphasia, where the dorsal pathway is damaged, 
compensatory activation of the ventral pathway will help to repeat the 
word correctly, particularly real words, by using the semantic system 
(Ueno and Lambon Ralph, 2013). This happens in cases where ventral 
pathway is not damaged. 

Analyzing the location of injury in the left hemisphere of people with 
a history of stroke, who were also able to tell routine stories, it was found 
that damage to the EmC bundles was associated with inability to tell 
memory-based stories, stories with emotional load and to response in a 
normal speed to question “what happened to you during the stroke?”. A 
more detailed analysis revealed that insufficiency of speech speed was 
not related to damages to putamen, and since the EmC is located near 
putamen, this insufficiency is probably damage to the ventral pathway 
(Efthymiopoulou et al., 2017). 

In summary, it appears that lesion of ventral pathway causes dis-
ruptions in comprehension and semantic processing, affecting many 
language modalities. 

Developmental language disorders 
In children with developmental language disorders, the dorsal 

pathway is usually underdeveloped. In such conditions, hyperactivity in 
ventral pathway and the right AF is observed, which seem to be the 
compensatory mechanisms. (Verly et al., 2019). 

Autism 
In autistic children, both ventral and dorsal pathways seem to have 

abnormal performance (Stefanatos and Baron, 2011). Improvement in 
word production in these children is apparently by compensatory ac-
tivity of arcuate fasciculus of the left hemisphere and EmC bundles of 
both hemispheres, since increase in the size of these bundles is observed 
(Chenausky et al., 2017; Radua et al., 2011). Moreover, FA changes in 
the EmC bundles seem to be associated with IQ (Hirose et al., 2014). 
Investigating the relationship between IQ and maturation of the bundles 
in extreme capsule can be effective in determining their role in cognitive 
processes. 

Due to the damage of the pathways connecting the frontal and 
temporal lobes of autistic children, the use of music-based therapies and 
other therapies that target the EmC bundles and the arcuate fasciculus of 
the right hemisphere can enhance their communication skills (Wan and 
Schlaug, 2010). 

Chromosome 22q11.2 deletion syndrome 
The chromosome 22q11.2 deletion syndrome is represented with 

variety of representations: learning difficulties, poor social skills and 
intelligence, poor performance, emotional problems and schizophrenia. 
It is found in these patients that ILF, MLF, and IFOF grow significantly 
less than normal children (Tylee et al., 2017). In DTI study of this dis-
ease, reduction of FA was seen in left IFOF. It seems that there are 
bilateral axonal alterations in both of the EmC bundles in these children 
compared with normal people (Kikinis et al., 2013). Furthermore, FA of 
the UF had bilaterally altered rates in these children (Perlstein et al., 
2014). Although psychotic symptoms in both of these diseases have 
similarities, differences exist in their underlying cause of the damage. In 
schizophrenia, structural damage is due to myelin disruptions while in 
this syndrome, due to abnormalities in axon integrity (Kikinis et al., 
2013). 

Schizophrenia 
People with schizophrenia suffer from a wide range of symptoms, 

including cognitive problems such as memory, executive function, 
attention and language deficits. In the study by Surbeck et. al. (2020) it 
appears that IFOF’s density is decreased in these patients, which might 
be the reason for their semantic deficit and the disorganized speech and 
poverty of speech (Surbeck et al., 2020). Analysis of disruptions in IFOF 
could be a proper diagnostic tool in predicting semantic deficits (Kubicki 
et al., 2011). Furthermore, it has been observed that in people with 
schizophrenia, the right EmC and the left occipital thalamus are signif-
icantly distinguishable from the normal group due a lower level of 
integrity. This reduces the processing speed in these people (Tangmose 
et al., 2017). 

Investigating extreme capsule anatomy and language pathway in monkey 

There are long communication pathways in monkeys, that connect 
the various parts of the lateral surface of the superior temporal gyrus and 
the supratemporal plane to the frontal cortex. They consist of two 
distinct fibers: 1) The extreme capsule fiber system (ECFS) that connects 
the middle parts of the superior temporal gyrus to the lateral surface of 
the frontal lobe, and 2) UF that connects the most posterior part of su-
perior temporal gyrus to the dorsal part of the posterior lateral frontal 
cortex (Petrides and Pandya, 1988). The coding of auditory information 
related to objects is done by the lateral ventral cortex in the monkey 
which is connected to the anterior part of the superior temporal gyrus by 
these fibers (Rauschecker, 2018). 

These Fronto-Temporal axons, which form the EmC, are not only 
from the anterior temporal gyrus but also originate from the following: 
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multisensory cortex in the superior bank, the depth of the temporal 
sulcus, the visual communication cortex in the superior temporal sulcus 
ventral bank and the posterior inferior temporal region. The axons that 
move through the EmC, and go to the lateral ventral area 12/47, orig-
inate from the ventricle bank of the superior temporal sulcus and the 
adjacent inferotemporal region, while UF terminates in the orbital sec-
tion of the frontal lobe, including the orbital section 12/47 (Petrides and 
Pandya, 2009). 

In monkeys, ECFS is the principal association pathway in EmC, 
linking the middle superior temporal region with the caudal parts of the 
orbital cortex and the ventrolateral prefrontal cortex, including BA 45. 
These areas are analogous to the Wernicke and Broca language areas in 
human (Schmahmann et al., 2008); and thus, not only is the ECFS of 
monkey an important structure in language processing, but is the 
analogue of IFOF in human. 

In monkeys, region 45 (equivalent to pars triangularis in humans) is 
connected bilaterally through the ECSF with the middle part of the su-
perior temporal gyrus and the superior temporal cortex sulcus. Superior 
temporal gyrus is involved in the processing of auditory information 
specific to one modality, and superior temporal sulcus is involved in 
multi-modality processing. 

The ECFS passes below the insula (Cohen et al., 2011). This pathway, 
normally involved in retrieval of memories stored in posterior associa-
tion cortex, was adapted during human evolution for controlled retrieval 
of verbal information in the human left hemisphere (Rilling et al., 2012) 
and is more related to verbal recovery. In monkeys however, the ECFS is 
associated with auditory processing and memory recovery. In general, 
ventral pathway is related to goal-directed observations –observation of 
an act which reaches a point-, while the dorsal pathway is involved in 
extracting detailed information from observed actions. Activation pat-
terns of these two pathways vary between chimpanzees, monkeys and 
humans. While monkeys and chimpanzees have more activations in the 
ventral pathway, it is the opposite in humans (Reyes and Sherwood, 
2014). 

Conclusion 

Through our review, it seems that the EmC itself is not a nerve 
bundle, rather a place for specific white matter nerve fibers to pass 
through. The two major fibers are the IFOF and UF, responsible for most 
of the language and other functions generally known as EmC’s. It ap-
pears that the "extreme capsule fiber system" in monkeys is analogous to 
the IFOF in humans. 
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