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The uncinate fasciculus is a bidirectional, long-range white matter tract that connects lateral orbitofrontal cortex and Brodmann

area 10 with the anterior temporal lobes. Although abnormalities in the uncinate fasciculus have been associated with several

psychiatric disorders and previous studies suggest it plays a putative role in episodic memory, language and social emotional

processing, its exact function is not well understood. In this review we summarize what is currently known about the anatomy

of the uncinate, we review its role in psychiatric and neurological illnesses, and we evaluate evidence related to its putative

functions. We propose that an overarching role of the uncinate fasciculus is to allow temporal lobe-based mnemonic associ-

ations (e.g. an individual’s name + face + voice) to modify behaviour through interactions with the lateral orbitofrontal cortex,

which provides valence-based biasing of decisions. The bidirectionality of the uncinate fasciculus information flow allows orbital

frontal cortex-based reward and punishment history to rapidly modulate temporal lobe-based mnemonic representations.

According to this view, disruption of the uncinate may cause problems in the expression of memory to guide decisions and

in the acquisition of certain types of learning and memory. Moreover, uncinate perturbation should cause problems that extend

beyond memory to include social–emotional problems owing to people and objects being stripped of personal value and

emotional history and lacking in higher-level motivational value.
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Introduction
The uncinate fasciculus is one of several long-range white matter

association fibre tracts in the human brain. It connects orbitofron-

tal cortex to the anterior temporal lobes through a direct, bidirec-

tional monosynaptic pathway. Understanding the function and

dysfunction of the uncinate fasciculus is of particular interest be-

cause of its clinical relevance. The uncinate fasciculus has been

implicated in several developmental and psychiatric disorders. Its

location makes it particularly susceptible to immediate impact and

shearing injuries in head trauma cases and it is commonly impli-

cated in white matter damage associated with traumatic brain

injury (Ewing-Cobbs and Prasad, 2011; Johnson et al., 2011;

Seo et al., 2012). In addition, the uncinate fasciculus is frequently

damaged in surgical treatment of epilepsy (Kucukyuruk et al.,

2012) and it is also one of a small group of white matter
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association tracts to mature, not reaching its developmental peak

until the third decade of life (Lebel et al., 2008, 2012; Lebel and

Beaulieu, 2011), which perhaps leaves it more susceptible to fac-

tors causing psychiatric illness during adolescence and young

adulthood (Paus et al., 2008).

It is believed that the information transmission properties of any

given white matter tract can be predicted by the function of the

regions that it connects. At the same time, functions of cortical

regions are determined by their pattern of white matter input and

output (Van Essen and Maunsell, 1983; Passingham et al., 2002).

By virtue of its geographic placement and connectivity, the uncin-

ate fasciculus is typically associated with the limbic system. As a

result, it is assumed that its functions should align with emotion

and episodic memory. In actuality, however, the function(s) and

information transmission properties of this white matter tract are

largely unknown. Advancements in neuroimaging techniques, such

as diffusion tensor imaging (DTI), offer the potential to fill in these

critical gaps in knowledge. However, to interpret the findings from

DTI, we must gain a better understanding of functional tractogra-

phy. In the absence of a roadmap to guide our understanding of

the functional significance of white matter tracts, there is a limit to

the new information these endeavours can provide.

The purpose of this review is to summarize what is currently

known about the uncinate fasciculus in an effort to move towards

a better understanding of its function(s) and dysfunction(s).

Inferences have often been made about the function of the uncinate

fasciculus based on its anatomical connectivity. Therefore, this review

begins with an overview of its physical connections, highlighting

current misunderstandings about its connectivity and identifying cur-

rent gaps in knowledge. Our understanding of the uncinate fascic-

ulus’s anatomy comes from different techniques: autoradiography,

gross dissection and DTI. It is widely accepted that radiological tracer

studies offer better precision compared with dissection and DTI;

however, tracer studies cannot be conducted in humans.

Next, we critically evaluate the literature associating abnormal-

ities in the uncinate fasciculus with a range of neurological and

psychiatric disorders. The specific goal is to assess the strength of

the evidence linking structural abnormalities of the uncinate fas-

ciculus to specific clinical differences (e.g. differences in symptoms,

cognitive function, and treatment outcomes) and to examine how

these links contribute to a current understanding of uncinate fas-

ciculus function. The review concludes with an examination of

evidence that implicates the uncinate fasciculus in memory, lan-

guage and socio-emotional processing and a proposed model that

more specifically associates the uncinate fasciculus with these cog-

nitive functions.

Anatomy
The anatomy of the uncinate fasciculus has been described in

detail (Horel and Misantone, 1976; Ebeling and von Cramon,

1992; Ghashghaei and Barbas, 2002; Kier et al., 2004; Kringelbach

and Rolls, 2004; Catani and ffytche, 2005; Schmahmann et al.,

2008; Choi et al., 2010; Noonan et al., 2010; Peltier et al., 2010;

Lehman et al., 2011; Thiebaut de Schotten et al., 2012). Before

summarizing these findings, it is important to comment on several

common misunderstandings about the uncinate fasciculus. First, in

DTI studies, the uncinate fasciculus is often confused with the

inferior frontal occipital fasciculus, as they are near each other in

the region of the insula (Curran, 1909; Kier et al., 2004). This

confusion does not exist in tracer studies because this method

relies on axonal transport mechanisms, though it is problematic

in the techniques commonly used in humans (dissection and

DTI). Thus, some clinically important features of the inferior frontal

occipital fasciculus, such as spread of tumour growth in humans,

may be incorrectly attributed to the uncinate fasciculus due to its

close proximity (Kier et al., 2004). Second, it is often mistakenly

stated that the uncinate fasciculus connects the hippocampus to

the frontal lobe (Saur et al., 2008), when in fact, most anatomy

studies to date do not show any extension into the hippocampus.

Last, although the anatomy of the uncinate fasciculus appears to

be highly conserved across non-human primates and humans

(Fig. 1; Thiebaut de Schotten et al., 2012), there are differences

(Croxson et al., 2005). Some caution in extending function from

monkeys to humans is in order given the putative role of the

human anterior temporal lobe and the uncinate fasciculus in one

aspect of language processing, semantic retrieval.

The uncinate fasciculus is a long-range association fibre con-

necting the frontal and temporal lobes. In older anatomy texts,

the uncinate fasciculus is considered to be part of the ‘temporal

stem’, which also contains the anterior commissure, the inferior

frontal occipital fasciculus, and Meyer’s loop of the optic tract. The

uncinate fasciculus is traditionally considered to be part of the

limbic system. The uncinate fasciculus has a distinctive hook

shape, arcing around the Sylvian fissure (Schmahmann and

Pandya, 2006). For ease of description, the uncinate fasciculus is

frequently broken into three parts: a dorsal/temporal segment, a

middle/insular segment, and a ventral/frontal extension (Ebeling

and von Cramon, 1992). The temporal segment originates from

the uncus [Brodmann area (BA) 35], entorhinal and perirhinal cor-

tices (also referred to as cortical nuclei of the amygdala; BA 28, 34

and 36), and the temporal pole/anterior temporal lobe (BA 20 and

38). The uncus is part of the olfactory cortex; entorhinal cortex is

closely associated with episodic memory functions of the hippo-

campus; and perirhinal cortex has a controversial function in high-

level object perception and object memory (Murray et al., 2005).

The temporal pole and nearby tissue constitute part of the anterior

temporal lobe. Portions of the anterior temporal lobe (but not the

temporal pole) are believed to play a role in certain types of se-

mantic memory (Patterson et al., 2007) and also in the encoding

and storage of social and emotional concepts (Olson et al., 2007,

2013; Zahn et al., 2007; Simmons et al., 2010). Within the greater

anterior temporal lobe, there is a sensory-based segregation of

function and intraregion connectivity: dorsal = auditory, ventral =

visual, medial = olfactory, and polar = multisensory (Grossman

et al., 2004; Skipper et al., 2011).

There is disagreement as to whether the temporal segment of

the uncinate fasciculus extends into the amygdala proper (Croxson

et al., 2005; Petrides and Pandya, 2007; Thiebaut de Schotten

et al., 2012) and at least one tracer study provided clear evidence

that it did not (Ungerleider et al., 1989). However, several studies

have provided clear evidence of monosynaptic connections be-

tween the orbital frontal cortex, anterior temporal lobe and
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amygdala in monkeys. Using radioactive tracers, Ghashghaei and

Barbas (2002) and Ghashghaei et al. (2007) detected substantial

projections from the caudal orbital frontal cortex and from BA 36

of the anterior temporal lobe to the basolateral and basomedial

nuclei of the amygdala; projections from both regions terminated

in the basomedial nucleus of the amygdala. Although the afore-

mentioned tracts were unnamed, Schmahmann and Pandya

(2006) consider these tracts to be part of the uncinate fasciculus.

Direct connections between the orbital frontal cortex and the an-

terior temporal lobe in monkeys are also well documented

(Petrides and Pandya, 1988; Rempel-Clower and Barbas, 2000;

Saleem et al., 2008). The caudal orbital frontal cortex projects

to entorhinal and perirhinal cortex, the rostral orbital frontal

cortex to inferior ventral anterior temporal lobe and to dorsal an-

terior temporal lobe (Rempel-Clower and Barbas, 2000).

Uncinate fasciculus cell bodies are found in the temporal seg-

ment. From there, the uncinate fasciculus passes upward over the

lateral nucleus of the amygdala, through the limen insula, and

either near or through two smaller white matter tracts, the exter-

nal capsule and extreme capsule (Catani et al., 2002; Mori et al.,

2002). At this point, the uncinate fasciculus is inferior to the in-

ferior frontal occipital fasciculus. From there, it passes into the

orbital regions of the frontal lobe (BA 11 and 47), where it has

a horizontally-oriented fan shape. This fan splits into two

branches, a larger ventro-lateral branch and a smaller medial

branch. The ventral branch terminates in the lateral orbitofrontal

cortex while the medial branch terminates in the frontal pole

(BA 10; Dejerine, 1895; Klingler and Gloor, 1960; Crosby et al.,

1962; Thiebaut de Schotten et al., 2012). In adult humans, the

uncinate fasciculus has a width of 3–7 mm, a height of 2–5 mm,

and a volume of �140 mm3 (Ebeling and von Cramon, 1992;

Schmahmann and Pandya, 2006).

Findings of hemispheric differences in the uncinate fasciculus

volume are discordant. Some authors using DTI methods have

Figure 1 Thiebaut de Schotten et al.’s (2012) reconstructions of the uncinate fasciculus using post-mortem axonal tracing in monkeys

(modified from Schmahmann and Pandya, 2006) and in vivo tractography in humans demonstrates that anatomical connections of the

uncinate fasciculus are largely conserved between the human and monkey brain (used with permission from Thiebaut de Schotten et al.,

2012).
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reported a leftward bias for uncinate fasciculus volume and frac-

tional anisotropy values (Kubicki et al., 2002; Hervé et al., 2006;

Rodrigo et al., 2007; Hasan et al., 2009), whereas other studies

using post-mortem dissection methods have reported a rightward

bias (Highley et al., 2002; Park et al., 2004). For example, a post-

mortem study by Highley et al. (2002) found the right uncinate to

be 27% larger in �80% of participants studied. The failure to find

laterality differences in all subjects could potentially be due to

handedness differences, which were not examined by Highley

et al. (2002). It is also possible that asymmetry exists in some

parts of the uncinate fasciculus but not others (Park et al.,

2004; Rodrigo et al., 2007).

Clinical disorders and the
uncinate fasciculus
In this section, we discuss evidence for uncinate fasciculus involve-

ment in five disorders: anxiety, schizophrenia, psychopathy, epi-

lepsy and frontotemporal dementia. These disorders were chosen

for their prevalence in the uncinate fasciculus literature. Although

we do not discuss developmental trajectories or disorders of the

uncinate fasciculus in this review, it should be noted that several

authors have implicated uncinate fasciculus dysfunction in devel-

opmental disorders such as autism and conduct disorder (Sarkar

et al., 2012; Travers et al., 2012).

Anxiety and schizophrenia
Several studies have reported altered functional activity in frontal

regions, along with increased activations in limbic/paralimbic re-

gions in generalized anxiety disorder and social anxiety disorder

(Cooney et al., 2006; Evans et al., 2008; Bishop, 2009). One

would expect then, that white matter tracts connecting limbic re-

gions to orbitofrontal cortices, like the uncinate fasciculus, might

be structurally impaired in anxiety disorders. However, our review

of the DTI literature indicates that the uncinate fasciculus per se

plays either a small role, or no role, in anxiety disorders (Table 1).

Although several recent studies have provided evidence of a cor-

relation between fractional anisotropy measures in the uncinate

fasciculus and various measures of anxiety (Phan et al., 2009;

Tröstl et al., 2011; Baur et al., 2012; Hettema et al., 2012),

other studies have reported negative correlations (Baur et al.,

2012) or no correlation (Han et al., 2008; Liao et al., 2011). It

seems more likely that global white matter plays a role in anxiety

disorders (Westlye et al., 2011).

Similarly, the disconnection hypothesis of schizophrenia (Friston

and Frith, 1995) has generated interest in discovering whether

abnormalities exist in white matter tracts connecting the prefrontal

cortex to other brain regions. Overall, the results of DTI studies

measuring changes in uncinate fractional anisotropy values in

schizophrenics are contradictory. Several studies have reported

reduced fractional anisotropy values in the uncinate fasciculus of

schizophrenics (Burns et al., 2003; Kubicki et al., 2005; McIntosh

et al., 2008; Price et al., 2008; Kawashima et al., 2009; Voineskos

et al., 2010; Kitis et al., 2012). This association tends to be more

apparent in older and chronic populations of schizophrenics, or in

populations with generally greater symptoms (Mandl et al., 2013).

However, other studies have reported increased, or no change in

fractional anisotropy values (Highley et al., 2002; Kubicki et al.,

2002; Jones et al., 2006; Karlsgodt et al., 2009) relative to healthy

control subjects. It is possible that uncinate fasciculus dysfunction

correlates with specific symptoms of schizophrenia such as flat-

tened affect and lack of social engagement (Kitis et al., 2012);

however, few studies have taken this experimental approach.

Several design flaws, such as small sample sizes and samples

that are clinically heterogeneous, are endemic in the DTI literature

on schizophrenia, so it is difficult to know whether a true associ-

ation between the left uncinate fasciculus and schizophrenic symp-

toms exists. Even if such an association exists, changes in left

uncinate fractional anisotropy values do not appear to be particu-

lar to schizophrenia, as similar findings have been reported in bi-

polar disorder (McIntosh et al., 2008; Sussman et al., 2009; Lin

et al., 2011) and various anxiety disorders.

Psychopathy and antisocial personality
disorder
Craig et al. (2009) measured fractional anisotropy in adult psycho-

paths and matched control subjects and found significantly reduced

mean fractional anisotropy in the right uncinate of psychopaths

compared with control subjects (Table 1 and Fig. 2). The volume

of the tract, which was measured by the tractography algorithm as

the number of trajectories, correlated negatively with antisocial

behaviour in both the left and right uncinate. Given the correlation

between white matter volume and antisocial behaviour, the au-

thors suggest that their fractional anisotropy findings reflect anti-

social behaviour rather than psychopathy. To test this hypothesis,

the same group later measured fractional anisotropy in individuals

with antisocial personality disorder and in healthy control subjects

(Sundram et al., 2012). Participants in the antisocial personality

disorder group had significantly reduced fractional anisotropy and

significantly increased mean diffusivity compared with control sub-

jects in the right uncinate fasciculus. However, as the antisocial

personality disorder group also had significantly reduced fractional

anisotropy in several other white matter tracts, this study provides

no evidence for an uncinate-specific impairment. An uncinate fas-

ciculus-specific impairment in psychopathic individuals was, how-

ever, reported by Motzkin et al. (2011).

Interestingly, it has been reported that neural regions linked by the

uncinate fasciculus—the orbital frontal cortex and temporal pole—

are relatively thinner or have decreased volume in psychopaths and

subjects with antisocial personality disorder relative to control sub-

jects (Raine et al., 2000; Yang et al., 2009; Gregory et al., 2012).

In summary, evidence for uncinate fasciculus dysfunction in

psychopathy and antisocial personality disorder is limited, as re-

searchers have only recently begun to investigate the matter.

Nevertheless, compared with the other clinical disorders reviewed

in this manuscript, we find the evidence for the uncinate fasciculus

playing a role in these disorders to be more compelling. The cog-

nitive function(s) disrupted by abnormalities of the right uncinate

and how this relates to psychopathy is unclear, although it has
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been proposed that it may relate to particular types of learning

and memory.

Epilepsy
Unilateral resection of the anterior temporal lobe has long been

used as a treatment for intractable temporal lobe epilepsy

(Penfield and Baldwin, 1952; Jensen, 1975, 1976; Jensen and

Vaernet, 1977). Although it is rarely noted or commented on,

the uncinate fasciculus is frequently severed in these surgeries.

Despite the frequency of surgical severance of the uncinate fas-

ciculus, a recent review of the temporal lobe epilepsy surgery lit-

erature noted that little could be said about the function of this

white matter tract (Kucukyuruk et al., 2012).

Figure 2 Studies of antisocial behaviour and psychopathy consistently report abnormalities of the right uncinate fasciculus. For example,

Craig et al. (2009) reported significantly reduced mean fractional anisotropy in the right uncinate fasciculus (P = 0.003) for psychopaths

compared with age- and IQ-matched control subjects and no significant differences in fractional anisotropy in the left uncinate fasciculus

(P = 0.448) or in two control tracts: the inferior longitudinal tract and the inferior frontal-occipital tract (used with permission from Craig

et al., 2009). This pattern of findings is unique and noteworthy because studies of patients with other psychiatric disorders consistently

report abnormalities in the left or bilateral uncinate fasciculus rather than right uncinate fasciculus alone.

Table 1 Studies providing evidence for or against a particular role of the uncinate fasciculus in various psychiatric disorders

Evidence type Summary of findings

Anxiety DTI (Han et al., 2008; Kim and Whalen, 2009; Phan et al., 2009;
Liao et al., 2011; Tröstl et al., 2011; Westlye et al., 2011; Baur
et al., 2012; Hettema et al., 2012)

Findings are mixed. The uncinate fasciculus appears to
play either a small role, or no role, in this disorder.

Schizophrenia DTI (Burns et al., 2003; Kubicki et al., 2005; McIntosh et al.,
2008; Price et al., 2008; Kawashima et al., 2009; Voineskos
et al., 2010; Kitis et al., 2012; reviewed by Kubicki et al.,
2007).

Findings are mixed. The uncinate fasciculus appears to
play either a small role, or no role, in this disorder.

Psychopathy DTI (Craig et al., 2009; Motzkin et al., 2011; Sundram et al.,
2012).

All DTI studies reported reduced fractional anisotropy
values in the right uncinate fasciculus.

Volumetric MRI (Raine et al., 2000; Yang et al., 2009;
Gregory et al., 2012).

Volumetric studies show bilateral volume losses in
regions connected by uncinate fasciculus.
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Even before resection surgery, temporal lobe epilepsy, especially

in the left hemisphere, is strongly associated with decreased white

matter integrity in the uncinate fasciculus (Rodrigo et al., 2007;

Diehl et al., 2008; McDonald et al., 2008; Riley et al., 2010). It is

likely that changes in white matter properties of the uncinate fas-

ciculus are the result of aberrant neuronal morphology or firing

and thus epiphenomenal to the disorder because most seizures are

localized in the medial and anterior temporal lobe regions.

Although it is unlikely that alterations in the uncinate fasciculus

cause epilepsy, uncinate fasciculus abnormalities may contribute to

certain cognitive deficits commonly associated with temporal lobe

epilepsy. Abnormal fractional anisotropy values in the bilateral un-

cinate fasciculus are correlated with deficits in immediate verbal

memory (Diehl et al., 2008; McDonald et al., 2008), delayed

memory (Diehl et al., 2008; McDonald et al., 2008; Riley et al.,

2010), and confrontational naming/semantic memory as tested

with the Boston Naming Test (McDonald et al., 2008) in patients

with temporal lobe epilepsy. Similar deficits are reported after uni-

lateral left temporal resection surgery, especially proper naming

deficits (Lu et al., 2002; Hamberger and Drake, 2006).

The epilepsy literature also hints that the uncinate fasciculus

may have non-mnemonic functions. There is a subgroup of

grand mal temporal lobe seizures known as ‘uncinate fits’, so

named because the seizure focus is in the uncus, on the medial

surface of the anterior temporal lobe at the anterior end of the

parahippocampal gyrus. An early case study (Jackson and Colman,

1898) identified an epileptic patient who experienced ‘dreamy

states’ and unusual tastes immediately before seizing; post-

mortem examination found damage only in the left uncinate fas-

ciculus and the left uncus. Later research found that uncinate fits

were also associated with emotional and sexual arousal, olfactory

and gustatory hallucinations, and involuntary movement of the

face and mouth, including spitting (Penfield and Baldwin, 1952),

olfactory hallucination (Efron, 1957; West and Doty, 1995), de-

pressive symptoms (Weil, 1955) and intense anxiety (Parrino,

1971). The olfactory symptoms that accompany uncinate fits do

not appear to arise from the uncinate fasciculus, but rather tissue

damage to the insula or olfactory cortex (Daly, 1958; Howe and

Gibson, 1982). The remaining symptoms are reminiscent of the

gustatory, sexual and emotional symptoms of Kluver-Bucy dis-

order, which can be caused by temporal lobectomy surgery (for

a review see Olson et al., 2007).

In general, research on the uncinate fasciculus from the perspec-

tive of epilepsy and surgical treatment of epilepsy is surprisingly

weak although there is a clinical consensus that it must be import-

ant for disease progression and cognitive deficits following tem-

poral resection. Based on this literature, it appears that retrieval of

proper names and the retention and/or retrieval of verbal material

are disproportionally affected by severance of the left uncinate

fasciculus. The proper naming findings are compelling, since sev-

eral laboratories using different patient groups and different tech-

niques have reported similar findings (Damasio et al., 1996; Tranel

et al., 1997; Grabowski et al., 2001; Papagno, 2011). There are

also older findings on uncinate fits linking the dominant hemi-

sphere uncinate fasciculus to emotional, sexual and gustatory

symptoms. However, our understanding of the uncinate fasciculus

from the perspective of epilepsy is at least in part driven by the

kinds of tests performed on these patients—typically verbal

memory and lexical retrieval—with few studies testing non-

verbal memory or emotional processing.

The frontotemporal dementias
Frontotemporal dementia (FTD) is a progressive neurological dis-

ease characterized by degeneration of frontal and/or anterior tem-

poral lobe tissue with more medial regions, such as the

hippocampus, remaining intact at early stages of the disease. It

is a heterogeneous disorder with three prominent subtypes:

semantic dementia, behavioural variant FTD, and progressive

non-fluent aphasia (Weder et al., 2007). Semantic dementia is a

subtype in which general naming deficits are observed, typically in

association with deterioration of the temporal lobes, prominently

in the left anterior regions (Snowden et al., 1989). Naming deficits

are a diagnostic symptom of this disease (Snowden et al., 1989;

Hodges et al., 1992; Neary et al., 1998), although patients also

usually present with personality changes and are reported by

family members to be emotionally distant and lacking in empathy.

Like epilepsy, uncinate fasciculus dysfunction clearly does not

cause FTD. However, because the anterior temporal lobe and or-

bital portions of the frontal lobe are among the earliest regions to

experience cell loss in this disorder, the integrity of the uncinate

fasciculus is necessarily affected. Several studies have reported an

association between decreased fractional anisotropy values/radial

diffusivity in the left uncinate fasciculus and semantic dementia

(Matsuo et al., 2008; Agosta et al., 2010; Whitwell et al.,

2010; Acosta-Cabronero et al., 2011; Galantucci et al., 2011)

with a smaller number reporting changes in both the left and

right uncinate fasciculus (Matsuo et al., 2008; Galantucci et al.,

2011). One study reported that patients with semantic dementia

had lower fractional anisotropy values in bilateral uncinate fascic-

ulus compared with both non-fluent aphasics, who exhibit agram-

maticism and motor speech errors, and healthy control subjects,

suggesting that the uncinate fasciculus is particularly associated

with semantic retrieval rather than speech output (Galantucci

et al., 2011).

Findings from another subtype of frontotemporal dementia, be-

havioural variant FTD, complicate this picture. The symptoms of

behavioural variant FTD tend to centre around deficits in emo-

tional regulation, social cognition, motivation and decision

making, although language deficits typically appear later in the

disease progression (Piguet et al., 2011). Patients exhibit apathy,

impulsivity, inappropriate sexual behaviours and hoarding (Piguet

et al., 2011). Several studies have reported decreased fractional

anisotropy values in both the left and right uncinate fasciculus in

patients with behavioural variant FTD (Zhang et al., 2009; Piguet

et al., 2011; Mahoney et al., 2012). Another study compared

patients diagnosed with behavioural variant FTD and Alzheimer’s

disease, and found no significant differences between the two

groups in fractional anisotropy measures of the uncinate fascic-

ulus, although patients with behavioural variant FTD did, on aver-

age, have smaller fractional anisotropy values in both the left and

right uncinate fasciculus (Tartaglia et al., 2012). Furthermore, pa-

tients with behavioural variant FTD had significant degeneration of

the grey matter connected directly to the uncinate fasciculus in the
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right hemisphere, as compared with the patients with Alzheimer’s

disease (Tartaglia et al., 2012). Alternatively, Agosta et al. (2012)

found that the damage to the left uncinate fasciculus, as measured

by DTI, was the best predictor of behavioural variant FTD diag-

nosis, as opposed to progressive aphasia, and damage to the left

uncinate fasciculus was the best predictor of overall degeneration

in these patients. These reports clearly indicate that the uncinate

fasciculus is affected in behavioural variant FTD, but the differen-

tial effects of the left, right or bilateral uncinate fasciculus degrad-

ation remains unclear.

Summary: adult clinical disorders and
the uncinate fasciculus
In the preceding paragraphs we reviewed evidence linking un-

cinate fasciculus dysfunction to three psychiatric and two neuro-

logical disorders. Existing evidence fails to support the contention

that the uncinate fasciculus has a primary role in anxiety disorders

or schizophrenia. Future studies should focus on more distributed

networks of white matter as they relate to these disorders, rather

than on the uncinate fasciculus alone.

We found stronger evidence for uncinate fasciculus dysfunction

in psychopathy and epilepsy. With regards to epilepsy, further

studies of temporal lobe epilepsy in which patients with affected

and unaffected uncinate fasciculus can be compared may be crit-

ical to elucidating not only the function of the uncinate fasciculus,

but also how to preserve emotional processing and verbal memory

in treatment of temporal lobe epilepsy. Of note, the epilepsy lit-

erature typically includes only a small battery of tests, thus the

potential range of deficits has not been fully explored. There is

also strong evidence for involvement of uncinate fasciculus degen-

eration in the clinical diagnosis of FTD, however, it is unclear

whether it is more related to semantic retrieval deficits or social–

emotional abnormalities.

Recommendations for future researchers interested in investigat-

ing the role of the uncinate fasciculus in various psychiatric and

neurological disorders include: testing larger and more homoge-

neous clinical samples; correlating specific symptoms and/or

theory-driven test performance, rather than disease presence or

absence, with various DTI values; and using more rigorous statis-

tical thresholding procedures. Future studies should also take care

to investigate other white matter tracts, as well as measures of

global white matter, alongside their investigations of the uncinate

fasciculus. In doing so, care must be taken to dissociate the un-

cinate fasciculus from other nearby tracts. Greater experimental

control and rigor will help prevent false positives and also help

to elucidate the specific functional involvement of the uncinate

fasciculus in psychiatric and neurological disease.

Putative functions of the
uncinate fasciculus
The literature refers to three functions of the uncinate fasciculus:

associative and episodic memory functions; linguistic functions;

and social–emotional functions.

Episodic memory and the uncinate
fasciculus
Episodic memory is a record of a person’s experience that holds

date information and spatio-temporal relations (Tulving, 1983).

Episodic memory formation relies on the function of medial tem-

poral lobe structures, especially the hippocampus and portions of

the frontal lobe, such as dorsolateral prefrontal cortex. There is

long-standing interest in understanding how fibre pathways that

connect these regions function in episodic memory.

Markowitsch (1982) proposed that retrograde amnesia was

caused by the disconnection of temporal limbic structures from

the frontal lobe ‘The task of the uncinate fascicle will be to

guide and channel this information flow to the prefrontal cortex

and to transmit preprocessed information back to the temporal

cortex for the final act of representation’ (Markowitsch, 1982).

His proposal was based on a review of neuropsychological case

studies of selective retrograde amnesia, in which the majority of

cases involved damage to the ventral frontal lobe and the anterior

temporal lobe with presumed involvement of the uncinate fascic-

ulus. Along these lines, Levine et al. (1998) reported the case of

Patient ML, who suffered traumatic brain injury after a bicycle

accident that resulted in damage to portions of the visual

cortex, the hypothalamus, right and left prefrontal cortex, and

the uncinate fasciculus. Several years after this incident, the

patient continued to suffer from social impairments and severe

retrograde memory loss, but only mild anterograde memory loss.

Although this case is striking, it is important to note that Patient

ML’s brain damage was not limited to the uncinate fasciculus.

Indeed, there are no instances of retrograde or anterograde am-

nesia in which the uncinate alone was destroyed.

Focal unilateral lesions of the human uncinate fasciculus occur

from time to time, usually in the context of surgical removal of

low-grade gliomas. Papagno et al. (2011) studied 18 right-handed

patients before and after left uncinate fasciculus removal. The re-

sults showed that effects on memory were modest; short-term

memory and visual long-term memory were preserved, while

verbal memory as tested by list learning was impaired immediately

after surgery but improved to normal levels after 3 months. It is

possible that the effects on memory were modest because (i) re-

section was unilateral; (ii) the wrong type of memory was tested;

or (iii) the uncinate fasciculus’s role in memory is redundant with

that of other white matter tracts.

The importance of the type of memory tested is highlighted by

research on non-human primates. Information flow from the in-

ferior temporal lobe to orbital frontal cortex is dramatically

reduced by uncinate fasciculus disconnection (Ungerleider et al.,

1989), even though indirect routes between these regions exist

(e.g. through the amygdala and medial dorsal nucleus of the thal-

amus; Eacott and Gaffan, 1992). Uncinate fasciculus disconnection

does not impair visual object discrimination learning, suggesting

that some associative learning processes are not reliant on the

uncinate fasciculus (Parker and Gaffan, 1998; Gaffan et al.,

2002). Similarly, concurrent object–reward association learning, re-

versal learning, configural learning, and delayed matching-to-

sample are unimpaired by uncinate fasciculus disconnection in
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monkeys (Eacott and Gaffan, 1992; Gaffan and Eacott, 1995;

Gutnikov et al., 1997). Object-in-place learning is mildly impaired

after uncinate fasciculus resection (Browning and Gaffan, 2008).

The one type of learning that is consistently impaired after uncin-

ate fasciculus dissection is conditional rule learning. In this task, an

instructional cue at the beginning of each trial indicates what types

of choices will be rewarded (Gaffan et al., 1988; Gutnikov et al.,

1997; Parker and Gaffan, 1998; Bussey et al., 2002).

The DTI literature provides relatively strong support for the role

of the uncinate fasciculus in episodic memory. Thomas et al.

(2012) followed-up the monkey studies described above; in their

study, participants were required to learn face–scene associations

through computerized feedback across 1000 + learning trials.

Faces were used as stimuli, since portions of the ventral anterior

temporal lobe are critical for person memory (Von Der Heide

et al., 2013). The results showed that subjects who had faster

learning rates also had higher fractional anisotropy values in the

left, but not right, uncinate fasciculus. There was no correlation in

nearby white matter tracks. One interpretation of these findings is

that the uncinate fasciculus was necessary for retrieving informa-

tion and keeping count as to which face–scene associations were

rewarded or punished in the past.

Other relevant DTI studies tend to use a variety of tasks drawn

from the neuropsychology literature rather than the relevant

monkey literature. Several DTI studies have reported correlations

between left uncinate fasciculus white matter fractional anisotropy

values and performance on auditory–verbal memory tasks, such as

list learning (but not visual memory) by cued or free recall (Diehl

et al., 2008; McDonald et al., 2008; Niogi et al., 2008). Such a

relationship between the left uncinate fasciculus and verbal

memory has been reported not only in adults, but also in children

and adolescents (Mabbott et al., 2009). Another study reported

correlations between the right uncinate fasciculus and auditory–

verbal memory (Fink et al., 2010). Likewise, fractional anisotropy

values of the uncinate fasciculus are significantly lower in amnestic

mild cognitive impairment (Fujie et al., 2008) and correlate with

verbal memory impairment in traumatic brain injury (Niogi et al.,

2008) and with age-related reductions on several declarative

memory tasks (Engvig et al., 2012).

It is important to note that in some of these studies (Engvig

et al., 2012), the uncinate fasciculus was grouped together with

nearby structures—the internal capsule—so it is not clear that the

uncinate fasciculus per se was associated with memory

performance. Although null reports are not commonly reported,

Seo et al. (2012) reported finding no correlation between changes

in DTI parameters and episodic memory performance in a group

of patients with traumatic brain injury.

In summary, the reviewed findings fail to support the contention

that the uncinate fasciculus has a general role in episodic memory

(Markowitsch, 1982; McCauley et al., 2011). A more likely can-

didate for this function is the fornix (Metzler-Braddeley et al.,

2011). Several studies in monkeys and a related study in

humans (Thomas et al., 2012) suggest that the uncinate fasciculus

supports some types of associative learning, but perhaps not in the

obvious way of forming the actual linkage between two stimuli,

such as a face and a place. We draw this conclusion for two

reasons. First, cells in the ventral anterior temporal lobe can rapidly

form associative pairings between visual stimuli (Sakai and

Miyashita, 1991; Eifuku et al., 2010), therefore it is unclear

what the uncinate fasciculus or the orbital frontal cortex would

add to this process. Second, research in non-human primates has

shown that associative learning is not abolished by uncinate fas-

ciculus resection, but rather, that certain types of associative learn-

ing are affected. The most compelling finding in this literature is

the observed deficit in conditional rule learning after uncinate fas-

ciculus resection. One interpretation of this finding is that the

uncinate fasciculus is involved in associating stimuli with various

types of rewards, non-rewards, and punishments that when

broadly defined, would include error monitoring (Metzler-

Braddeley et al., 2011) that may serve to modulate retrieval of

correct pairings (Table 2).

Language and the uncinate fasciculus
The left uncinate fasciculus has frequently been associated with

language function because it connects regions of the brain that

have putative functions in language: the anterior temporal lobes

and portions of the frontal lobes, both of which have been pro-

posed to encode, store and retrieve semantic knowledge

(Grossman et al., 2004; Catani and Mesulam, 2008). Based on

this evidence, it was hypothesized that the uncinate fasciculus,

particularly on the left, was part of the ‘ventral language pathway’

and that it supported semantic naming by relaying sensory infor-

mation about objects (presumably in ventral temporal cortex) to

language supporting regions (in the lateral frontal lobe; Parker

et al., 2005). The problem with this logic is that it is based on a

Table 2 A list of psychological functions that do and do not appear to be associated with information transmission through
the uncinate fasciculus

Functions linked to the uncinate fasciculus Functions not linked to the uncinate fasciculus

Episodic memory Reversal learning; learning from feedback/rewards/pun-
ishments; formation of associations that motivate be-
haviour; value-based updating of stored representations

Encoding and consolidation of common episodic mem-
ories including autobiographical memory

Language Retrieval of proper names for people; possibly some as-
pects of semantic memory retrieval

General linguistic functions, e.g. speech production,
speech comprehension, syntax, most aspects of se-
mantic memory

Social–emotional
processing

Valuation of stimuli; social reward processing; higher-level
emotional meaning of concepts

Generation of emotions; personality; motivation; anxiety
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rather crude assessment of anatomy. The uncinate does not con-

nect the specific region of the frontal lobe known to be critical for

language production i.e. Broca’s area/inferior frontal gyrus, to the

anterior temporal lobe; instead, it connects regions in the ventral

and medial frontal lobe (which are not commonly associated with

linguistic function) to the anterior temporal lobe and surrounding

structures.

Beyond the flawed geography evidence, there is a gaping lack

of evidence to support the hypothesis that the uncinate fasciculus

plays a general role in language. General language function, ex-

cepting verbal memory, is typically unimpaired after unilateral,

temporal lobectomy surgery for epilepsy (Parker et al., 2005),

and left uncinate fasciculus stimulation during neurosurgery is

not associated with general language impairments (Duffau et al.,

2009). Also the uncinate fasciculus is not implicated in primary

progressive aphasia (Galantucci et al., 2011). Because of this,

more recent accounts have discarded the notion that the uncinate

fasciculus is part of the ventral language pathway in favour of the

extreme capsule, which connects the middle temporal lobe and

the ventrolateral prefrontal cortex (Saur et al., 2008).

Although the left uncinate fasciculus does not appear to play a

general or exclusive role in language, there is some evidence that

it plays a minor supporting role, particularly in lexical retrieval of

semantic knowledge. For example, a study of memory in healthy

older adults found that performance on a variety of semantic

memory tasks, typically involving naming (such as Pyramids and

Palm Trees), correlated positively with fractional anisotropy values

in the left uncinate fasciculus (de Zubicaray et al., 2011).

Temporal lobe resection surgery for epilepsy commonly leads to

confrontation naming deficits whereas general language functions

remain preserved (Lu et al., 2002; Hamberger and Drake, 2006).

The most commonly observed confrontation naming deficit is in

proper naming. Papagno et al. (2011) assessed patients with left

uncinate fasciculus removal due to surgery for low-grade gliomas

and found significant deficits in naming famous faces immediately

after surgery and 3 months later. In contrast, other deficits that

were present immediately after surgery, such as difficulties in re-

membering lists of words, and deficits in verbal fluency, improved

to normal levels 3 months post-surgery. These findings indicate

that the left uncinate fasciculus has redundant functions with

other fibre pathways for some aspects of lexical retrieval and

verbal memory, with the exception of proper naming.

The association between proper naming and the left uncinate

fasciculus was indirectly studied by Damasio et al. (1996, 2004) in

their milestone studies of lexical retrieval and the anterior temporal

lobes (Tranel et al., 1997). These studies explored the deficits in

patients with stable temporal lobe lesions, commonly caused by

temporal lobe resection surgery. Patients with lesions restricted to

the left anterior temporal lobe, and possibly including damage to

the uncinate, had a specific deficit for retrieving the names of

persons, and at times, landmarks. However, these patients per-

formed normally when naming animals and objects. It is important

to bear in mind that one cannot determine whether the observed

deficits were due to uncinate damage per se, or due to other

surgical or epilepsy-related damage.

More global semantic retrieval deficits are observed in semantic

dementia and there is some evidence, reviewed above, linking

semantic dementia to uncinate fasciculus deterioration. However,

the literature on semantic dementia is new and typically fails to

correlate specific symptoms to the uncinate fasciculus.

These findings strongly indicate that the uncinate fasciculus is

not dedicated to general linguistic functions. This should not be

taken to imply that the uncinate fasciculus has no role in lan-

guage; instead, the left uncinate fasciculus appears to have an im-

portant, though non-critical, role in semantic retrieval (Table 2).

However, it is also likely to be involved in social–emotional pro-

cessing. The marriage of these two processes is evident when one

considers that language is inherently social; you speak to transfer

ideas and emotions to another person. The conceptual knowledge

that underlies our expression of ideas is coloured by our prefer-

ences and emotional history to the degree that emotion is part-

and-parcel of our conceptual representations.

Social–emotional processing and the
uncinate fasciculus
There is reason to believe that the uncinate fasciculus plays a central

role in certain types of social and emotional processing that are in-

strumental in decision making and shaping behaviour (Table 2). The

first line of evidence is anatomical: the uncinate fasciculus connects

limbic and paralimbic brain regions. The orbitofrontal cortex has long

been considered essential for reward-based decision making

(Adolphs et al., 1994; Angrilli et al., 1999; Grabenhorst and Rolls,

2011) and there is evidence that portions of the anterior temporal

lobe are involved in the storage and retrieval of social memories

including person memory, as well as theory of mind (Olson et al.,

2007; Zahn et al., 2007; Simmons et al., 2010).

Second, there is also evidence from some clinical populations

suggesting a social–emotional role for the uncinate. For instance,

patients with behavioural variant FTD have deficits that are pri-

marily related to social and emotional processing (Piguet et al.,

2011), as opposed to other variants of FTD, whose symptoms are

more linguistic and mnemonic (Hodges, 2001; Whitwell et al.,

2010). Findings of uncinate abnormalities are quite common in

this population (Matsuo et al., 2008; Agosta et al., 2010;

Whitwell et al., 2010; Acosta-Cabronero et al., 2011; Galantucci

et al., 2011). One study reported that patients with semantic de-

mentia and progressive non-fluent aphasia had decreased frac-

tional anisotropy values in the left and right uncinate,

respectively, compared with healthy control subjects, but only

patients with behavioural variant FTD showed bilateral uncinate

fasciculus abnormality and that decreased fractional anisotropy

values in the uncinate specifically correlated with behavioural in-

hibition (Hornberger et al., 2011). Studies have shown grey matter

loss in two regions connected by the uncinate fasciculus, the an-

terior temporal lobe and orbitofrontal cortex, as well as decreased

fractional anisotropy values in the right uncinate fasciculus.

Related to this, literature on traumatic brain injury provides

some interesting case studies to support our hypothesis. A patient

with moderate traumatic brain injury, exhibiting symptoms of de-

pression apathy, and reduced sex drive and self esteem, was

described by Zappalà et al. (2012). MRI scans showed damage

to this patient’s left uncinate and left cingulate. In another study,

Johnson et al. (2011) specifically compared the uncinate fasciculus
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in 15 children 3 months after traumatic brain injury to 15 healthy

control subjects, and discovered that uncinate fasciculus fractional

anisotropy measurements were predictive of executive function

outcomes, especially emotional control, 1 year later.

Finally, the fifth and most speculative line of evidence suggest-

ing a social role for the uncinate in social–emotional processing

comes from case studies of patients suffering from the related

disorders of Capgras delusion and reduplicative paramnesia.

Capgras delusion is characterized by a patient’s insistence, despite

all evidence to the contrary, that his or her loved one has been

replaced by an impostor (Hirstein and Ramachandran, 1997;

Edelstyn et al., 2001). Patients with reduplicative paramnesia, on

the other hand, believe a particular person or place has been

duplicated and/or relocated to a familiar place (e.g. a hospital

room moved to the patient’s home) (Politis and Loane, 2012).

Hirstein and Ramachandran (1997) put forth a hypothesis that

Capgras delusion (and related delusions) results from severed con-

nections between face processing areas and the limbic regions

responsible for emotionally ‘colouring’ or ‘tagging’ facial percepts.

The logic is that patients with Capgras delusion accurately perceive

the face of a familiar loved one but without feeling the expected

feelings of warmth, and therefore conclude that it must be some-

one else’s face.

Regions connected with the uncinate fasciculus have been impli-

cated in Capgras delusion and other delusional misidentification

syndromes, although lesions are often diffuse and the evidence

for any single region’s involvement is inconclusive (Bouckoms

et al., 1986; Drake, 1987). There is, therefore, reason to believe

that the uncinate fasciculus might play a limited role in this dis-

order. Since uncinate lesions have been reported in the absence of

symptoms that characterize Capgras delusion, we can be sure that

uncinate fasciculus dissection alone is insufficient to produce

Capgras delusion. The ablation of a subset of uncinate fasciculus

cell bodies, or the cells on which they terminate, may be neces-

sary. Uncinate fasciculus damage may, however, contribute to

Capgras-like symptoms.

The uncinate itself has been implicated in at least two studies.

Lee et al. (2011) found an uncinate lesion in a patient suffering

from reduplicative paramnesia in the absence of other delusions

(aside from anasognosia). This patient had an average IQ and

normal language and autobiographical memory. Lesions were

also observed in several other white matter tracts. Edelstyn et al.

(2001) reported a patient with abnormal frontal lobe white matter

near or in the uncinate who suffered from episodes of Capgras

delusion. Retrieval of stored social semantic information (e.g. pair-

ing a person’s occupation with their face) was also poor in this

patient (see also a case of Capgras delusion following temporal

lobectomy, Lipson et al., 2003).

Grey matter regions connected by the uncinate are also impli-

cated in the abovementioned disorders, as well as in social and

emotional processing in general. Orbitofrontal and anterior tem-

poral regions are involved in behavioural variant FTD and psych-

opathy (Hodges, 2001; Yang et al., 2009; Hornberger et al.,

2011; Gregory et al., 2012), whereas amygdala dysfunction has

been implicated in autism spectrum disorder (Dalton et al., 2005;

Nacewicz et al., 2006; Kleinhans et al., 2009). Patients with orbi-

tofrontal lesions often have impaired social functioning, as well as

impaired theory of mind and empathy (Shamay-Tsoory et al.,

2003; Mah et al., 2005).

Although none of the reported findings on their own is con-

vincing, as a whole, the literature indicates that the uncinate

fasciculus plays an important, albeit underspecified, role in

social–emotional processing.

A proposal and conclusions
After reviewing the literature on uncinate fasciculus function, two

credible accounts of uncinate fasciculus function become appar-

ent. The first is a ‘generalist’ hypothesis, which suggests that the

uncinate fasciculus is involved in various types of memory, lan-

guage, social–emotional processing, and perhaps other functions

that are yet undiscovered. Although it is easy to critique this

hypothesis as a cobbled-together patchwork-quilt hypothesis, it

is entirely plausible that certain white matter tracts are best con-

ceived as somewhat general routes of information transfer.

The second is a ‘specialist’ hypothesis, which suggests that the

uncinate fasciculus is biased towards a particular type of informa-

tion transfer. Certain findings stood out in our literature review

that we can use to infer a more specific explanation of uncinate

fasciculus function (Fig. 3). We note that findings from the

monkey literature, which offer the strongest causal power, suggest

that the uncinate fasciculus is critically involved in some, but not

all, mnemonic functions. Converging evidence from DTI and

neuropsychology support this contention. The uncinate fasciculus

does not appear to play a general role in episodic memory, how-

ever, nor is it critical for forming or retrieving many common types

of mnemonic associations.

In the following section we lay out the argument that the un-

cinate fasciculus does not have general mnenomic, linguistic, or

social–emotional functions. Instead, its function lies at the inter-

section of memory and social–emotional processes, in the explicit

service of choice. More specifically, we argue that the uncinate

fasciculus allows temporal lobe-based mnemonic associations (e.g.

a person’s name + face + voice + your feelings about a person) to

modify behaviour by interacting with systems in the lateral orbital

frontal cortex that are instrumental for making associations be-

tween stimuli and rewards, and ultimately, decision making. The

bidirectionality of uncinate fasciculus information flow ensures that

temporal lobe representations of objects and people reflect up-to-

date reward/punishment history.

The mnemonic functions of the uncinate fasciculus are neces-

sarily limited to the types of information, and the type of process-

ing functions, supported by cortical anatomy associated with this

tract. Likewise, the social–emotional information that is trans-

mitted by the uncinate should be viewed in light of known func-

tions of the cortical anatomy associated with the uncinate

fasciculus. The cortical anatomy of the uncinate fasciculus is

described in the following points:

(i) Uncinate fasciculus cell bodies are found in the anterior tem-

poral lobe. Cells in the ventral anterior temporal lobe have

rapid association formation capacities. Sakai and Miyashita

(1991) reported that single neurons in the ventral anterior
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temporal lobe of monkeys that initially responded to only one

abstract pattern would later respond to a second abstract pat-

tern that had been associated through training with the first.

Recordings from these cells show that they can represent an

associative pairing between faces and abstract patterns,

acquired through training (Eifuku et al., 2010). Tsukiura

et al. (2010) showed that successful encoding of person-

related semantics with their names was associated with

blood oxygen level-dependent activity in the left anterior tem-

poral lobe. Patients with damage to this region have difficulty

forming new associations between names and pictures of ob-

jects (Sharon et al., 2011). It has been proposed that the rapid

association formation capacity of this region underlies some

aspects of semantic memory (Eifuku et al., 2010), most likely

the association between a visual stimulus such as a face and

more abstract forms of semantic knowledge, such as an occu-

pation. The association formation capabilities of the anterior

temporal lobe may be reliant on the hippocampus during the

initial encoding phase (Alvarez and Squire, 1994; Frankland

and Bontempi, 2005; Nieuwenhuis et al., 2011). These struc-

tures are strongly interconnected by tracts through the entorh-

inal cortex and subiculum (Chabardès et al., 2002);

(ii) The temporal pole of the anterior temporal lobe has bi-direc-

tional interactions with the basomedial nucleus and the border

of the basolateral nucleus of the amygdala through a small

white matter tract called the ‘amygdalo-temporal fascicle’

(Klingler and Gloor, 1960; Ghashghaei and Barbas, 2002).

The amygdala has a known role in emotion generation,

social attention, and salience tagging (Adolphs, 2010). The

connections between the anterior temporal lobe and the

amygdala may serve to give the representations stored in

the anterior temporal lobe emotional tone, such as positive

or negative feelings, and personal importance and significance

(Olson et al., 2013). One plausible role of the uncinate fas-

ciculus is to transmit salience-laden stimulus representations

stored in anterior-medial aspects of the temporal lobe to the

lateral orbital frontal cortex so that decisions can be made

based on the emotional tone or incentive value of the stimuli;

(iii) Most uncinate fasciculus fibres terminate in lateral orbital

frontal cortex rather than midline orbital frontal cortex.

The lateral orbital frontal cortex’s function is variously

related to the evaluation of losses related to ongoing behav-

iour (Kringelbach and Rolls, 2004), or in assigning rewards

and punishments to behaviours (Noonan et al., 2010). Of

late, more evidence has accrued for the second idea espe-

cially in the context of associative learning. For instance,

Noonan et al. (2010) showed that when lateral orbital fron-

tal cortex was lesioned, monkeys failed to make the correct

associations between behaviours and rewards, and the his-

tory of what was rewarded in the past was lost (Noonan

et al., 2010). Another group found that lesions to this region

in non-human primates disrupted the rapid updating of

object value (Rudebeck and Murray, 2011).

Our hypothesis predicts that bilateral damage of the uncinate

fasciculus should cause problems with the manner in which

Lateral orbitofrontal cortex BA 10
?????

Uncinate fasciculus
Allows temporal lobe-based s�mulus 
associa�ons (e.g., a name + face + voice 
+ feelings about a person) to modify 
behaviour via interac�ons with the OFC. 
This interac�on is instrumental in 
assigning value (rewards/punishments) 
to stored representa�ons; The bi-
direc�onality of UF informa�on flow 
ensures that stored representa�ons 
reflect u -to-date reward & unishment p p
history. 

Temporal pole/ Ventral anterior 
Temporal cortex/

Amygdala
Provides emo�onal tone such as amygdalo-

temporal fascicle
Creates and stores mnemonic associa�ons 
between objects, people, and emo�ons.

posi�ve or nega�ve feelings, personal 
significance, recent history with 
people/objects.

Perirhinal cortex/Amygdala

Value assignment; 
Value upda�ng

Figure 3 A proposed model of uncinate fasciculus (UF) function. Non-uncinate fasciculus connectivity is depicted by dashed lines. The

information transmission properties of the uncinate fasciculus branch connecting ventral anterior temporal lobe and BA 10 remains

unclear. OFC = orbital frontal cortex.
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memory is used to alter behaviour—approaching or avoiding sti-

muli based on reward and punishment history. It should also cause

problems in the expression of certain memories since the link be-

tween associative memory and certain decision processes would

be disrupted. It is possible that some types of learning, such as

devaluation, would be perturbed by uncinate fasciculus damage,

as feedback from lateral orbital frontal cortex to the temporal lobe

would be perturbed. These types of learning and memory prob-

lems could present clinically as gambling addiction, or poor deci-

sion making, for instance. Problems associated with uncinate

fasciculus damage should extend beyond memory to include

social–emotional problems due to people and objects being

stripped of personal value and lacking in higher-level motivational

value, potentially explaining aspects of Capgras delusion and some

of the symptoms associated with autism spectrum disorder. In

autism for instance, failure to form emotional attachments and

friendships and failure to learn from praise and other social re-

wards could potentially be explained by uncinate fasciculus dys-

function. Behavioural variant FTD is characterized by disruptions in

affiliative social behaviour and social disinhibition (Mummery

et al., 2000; Hodges, 2001), both of which can be conceptualized

as disturbances in social reward processing and social learning.

Findings reported earlier in psychopaths with reduced fractional

anisotropy values in the right uncinate (Craig et al., 2009;

Motzkin et al., 2011; Sundram et al., 2012) may reflect difficulties

in learning from punishment.

Finally, Papagno (2011) reported that humans with unilateral

uncinate fasciculus ablations had a highly specific semantic re-

trieval deficit in naming famous individuals. At first glance, these

findings contradict our proposed model, namely that the unique

connectivity of the uncinate fasciculus allows it to play a particular

role in affective tagging of memory during storage and retrieval.

However, further consideration is required. Salient, emotional in-

formation plays a significant role in person identification. Upon

seeing a face that you recognize, you automatically activate a

host of often salient and emotional, semantic associations

beyond the mere name or identity of the person. An image of

Marilyn Monroe, for example, evokes not only a name but also

semantic and emotional associations, such as her performance in

the film Gentlemen Prefer Blondes, her extreme version of female

sexuality, her relationships with several famous men such as John

F. Kennedy and Joe DiMaggio, and her tragic death by drug over-

dose. These emotionally laden associations support and strengthen

your knowledge of Marilyn Monroe’s identity, even if all you

intend to do is access her name. Thus, the findings that person

naming is associated with the uncinate fasciculus provides another

layer of evidence for the model presented here.

Additional evidence for our proposal is clearly needed and there

are many unanswered questions (Box 1). For instance, if our hy-

pothesis is true, the question arises as to why there are no reports

of patients with epilepsy who undergo incidental disconnection of

the uncinate fasciculus who become psychopathic or exhibited

abnormalities in forming emotional associations? As noted

above, there is surprisingly little research on the uncinate fasciculus

in epilepsy resection patients. Historically, research in these pa-

tients has focused on episodic memory and there are few studies

of social or emotional processes. Even if such studies did exist, it

would be difficult to attribute any social/emotional dysfunction to

uncinate fasciculus damage given that the amygdala is destroyed

in most instances. In future work, it will be important to examine

predictions of our model in resection patients with or without

verified uncinate fasciculus disconnection.

The dearth of relevant findings forced us to be vague about several

issues, such as laterality effects. We acknowledge that our proposal is

speculative, given that supporting evidence is circumstantial (e.g. the

uncinate fasciculus’s connections to social and emotional grey matter

regions), correlational (e.g. DTI), or based on lesion research, which

is often imprecise. Most of the psychiatric and neurological findings

were focused on correlating the presence or absence of a psychiatric

diagnosis, such as schizophrenia, with differences in white matter

tracts with little emphasis on linking white matter changes to specific

clinical symptoms. In other cases, the uncinate fasciculus was not

clearly delineated from nearby white matter tracts such as the cin-

gulum bundle. Although each individual piece of evidence is weak,

the summation of findings indicates that the uncinate fasciculus

Box 1 Unanswered questions in the literature

(1) There is an extensive literature documenting deficits in

encoding and retrieving memories about individuals—

their names, feelings of familiarity, or biographical

knowledge—after anterior temporal lobe damage from

resection or lesions (Grabowski et al., 2001; reviewed in

Olson et al., 2013). One question that arises from this

review is whether these deficits are best attributed to grey

matter loss or white matter disconnection, specifically to

the uncinate?

(2) We report a large number of studies that have associated

uncinate fasciculus perturbation with various psychiatric

disorders. With the exception of psychopathy, most dis-

orders do not appear to be uniquely or even particularly

associated with differences in the uncinate fasciculus. Our

hypothesis predicts that uncinate perturbation should

cause a particular type of social–emotional problem due

to the inability to acquire reward or punishment-based

associations for people and objects. Within the realm of

psychiatric disorders, are there any symptoms or treat-

ment outcomes that can be directly linked to this pro-

posed function?

(3) Our hypothesis is vague regarding the effects of laterality

on uncinate fasciculus function, reflecting the state of the

literature. Although psychopathy and antisocial personal-

ity disorder are associated with differences in the right

uncinate fasciculus, studies of other disorders report dif-

ferences in the left or bilateral uncinate fasciculus. How

do the left and right uncinate fasciculus differ?

(4) Although we propose a transmission route between ven-

tral anterior temporal lobe and the lateral orbital frontal

cortex through the uncinate fasciculus, we neglect to dis-

cuss information transmission to BA 10 through the un-

cinate fasciculus. What are the details of information

transmission to this region?
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transmits both social–emotional and mnemonic information, but of a

particular type. The particulars of this function are only beginning to

be understood. We urge future investigators to use larger and more

homogenous clinical populations and to correlate specific symptoms,

rather than presence or absence of disease state, with changes in

white matter. Also, it would be wise to extend the important findings

on memory functions in non-human primates to humans using DTI.

To our knowledge, only two groups have achieved this (Metzler-

Braddeley et al., 2011; Thomas et al., 2012).
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