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Introduction

Empathy is a component of social cognition that 
has been defined as the act of perceiving, under-
standing, experiencing and responding to the emo-
tional state and ideas of another person [1], being 
similar the emotion one feels to the one perceived 
(experiencing it directly or imaginatively), and rec-
ognizing that the source of that emotion is not its 
own [2]. In fact, empathic capacity is relevant for 
the proper functioning of social relations, since it 
favors prosocial behavior and inhibits antisocial be-
haviors [3]. Empathy is composed of an affective 
component (emotional empathy) and a cognitive 
component (cognitive empathy). Emotional empa-
thy is a relatively automated capacity whose func-
tion is associated with the identification of an emo-
tion observed in another person and a subsequent 
affective reaction similar to that observed [4-6]; 
while, on the other hand, cognitive empathy is a ca-
pacity focused on taking perspective of the situa-
tion of others and that makes use of cognitive func-
tions of a higher order [5,7,8]. The relationship be-
tween these two components of empathy continues 
to be the subject of debate, although there is a cer-

tain consensus when it comes to understanding 
them as two systems composed of relatively differ-
entiated brain circuits with independent function-
ing [7-9].

Research aimed at discovering the neuroanatom-
ical bases of empathy has focused on demonstrating 
correlations between specific brain areas and vari-
ous socio-cognitive variables associated with empa-
thy [10-12]; as well as investigating possible altera-
tions in people with disorders characterized by a 
lack of empathy [5,12,13]. These studies have indi-
cated that the main cerebral structures involved in 
empathy include the ventromedial and dorsolateral 
prefrontal cortex, the anterior cingulate cortex, the 
superior and inferior left frontal gyrus, the fronto-
polar cortex, the temporoparietal junction, the 
amygdala and the insula [3,7,14]. More specifically, 
emotional empathy seems to be more associated 
with the putative system of mirror neurons, the in-
ferior frontal gyrus, the inferior parietal gyrus, the 
posterior superior temporal sulcus, the insula, and 
the amygdala. Cognitive empathy is associated with 
regions of the medial prefrontal cortex, the tempo-
roparietal junction, the posterior superior temporal 
sulcus, and the temporal poles [15].
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Introduction. The empathic capacity is a field of research that has been studied from various disciplines such as psychology, 
philosophy, or ethology and recently the field of neuroscience has been added. Thus, there has been an increase in studies 
using structural and functional neuroimaging, which has allowed to establish the brain structures that underlie its 
functioning. On the other hand, the appearance of measurement instruments such as diffusion tensor, have allowed us to 
begin to understand the role of white matter and neural connectivity in empathy. 

Aim. To review the results obtained from the relation of the long fiber tracts of association with the functions associated 
with the empathic capacity. Emphasis is placed on the division of empathy into its cognitive and affective components. 

Development. The scientific literature has been revised using the Google Scholar, Science Research, Chemedia, PubMed, 
Dialnet and Teseo search engines. 

Conclusions. Both the functions associated with empathic capacity and empathy itself appear to be related to white matter 
fascicles. Likewise, in disorders characterized by a deficit in empathy, a relationship is suggested between the white matter 
tracts and alterations in important functions so that the empathic capacity dies. In this sense, the white matter tracts most 
related to empathy are the fronto-occipital fasciculus, the inferior longitudinal fasciculus, the superior longitudinal 
fasciculus and the uncinate fasciculus. Considering these results, it could be argued that neuronal connectivity, independently 
of structural and functional aspects, could play an important role in empathic function.
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While it is true that there have been many stud-
ies focused on cortical and subcortical structures 
involved in empathy, there are few who have ana-
lyzed the role of white matter. Thus, it has been rel-
egated to a secondary level despite it seems to be an 
essential component of the central nervous system 
(CNS). White matter is composed of myelinated 
nerve fibers and its main task is to act as a connect-
ing path between the different brain regions, estab-
lishing links that facilitate the optimal transmission 
of information between them [16].

White matter fibers are classified into three cat-
egories: association fibers that join the cortex of 
two nearby convolutions (short fibers) or more dis-
tant regions of the same hemisphere (long fibers); 
commissural fibers that unite both hemispheres; 
and projection fibers that unite the cortex with 
lower level formations such as the thalamus, brain-
stem or spinal cord [17].

The fundamental objective of this article is to 
analyze the relationship between the different long 
fascicles of white matter association and empathy. 
In addition, it is intended to establish a differentia-
tion between these fascicles, the functions to which 
they are associated and the specific type of empathy 
(cognitive or emotional) with which they are relat-
ed. Based on this, we hypothesized that an optimal 
functioning and structural integrity of the long fas-
cicles of association of the white matter will be re-
lated to a better empathic capacity [18,19]. In addi-
tion, this relationship will be greater among the 
tracts of white matter that connect the fronto-tem-
poro-parietal areas [19-21]. Finally, based on the 
deficits in empathy observed in certain mental dis-
orders, it can be assumed that a deficient function-
ing of the frontal-temporal-parietal white matter 
will be related to alterations in important functions 
for empathy in disorders with a marked deficit in 
this component of social cognition [22-24].

Parameters of the bibliographic search

A literature review of articles focused on the rela-
tionship between white matter and empathy has 
been carried out. The articles provided evidence of 
this relationship through the establishment of asso-
ciations with functions linked to empathic capacity 
or through the study of disorders characterized by a 
marked empathic deficit. This review has been done 
through the Chemedia, Science Research, PubMed, 
Google Academic, Dialnet and Teseo platforms. 
The terms used in the initial search were: ‘affective 
empathy’, ‘cognitive empathy’, ‘social cognition’, 

‘white matter fascicles’, ‘cognitive deficits’, ‘neuro-
psychological correlates’, ‘diffusion tensor’, ‘fractional 
anisotropy’, ‘autistic spectrum disorder’, and ‘psy-
chopathy’. As for Boolean operators, the search has 
used the following: ‘and’, ‘or’ and ‘not’. 

Inclusion parameters have focused on articles 
that refer to long association fibers of white matter 
in relation to empathy, either by measuring empa-
thy itself or its functions. Secondarily, research as-
sociated with the study of their neural structures, 
or alterations of important functions in empathy 
in various psychological disorders such as autism 
spectrum disorders (ASD), was also considered 
(characterized by deficits in processing and emo-
tional regulation, perspective taking and the estab-
lishment of social concepts, among others).

Those articles that have referred to a disorder 
whose etiology, or symptomatic manifestation, were 
not associated with a deficit or alteration of empathy 
or social cognition were discarded; as well as those 
studies focused on short association fibers, com-
missural fibers or projection fibers, were dismissed.

White matter tracts and empathy

Higher socio-cognitive functions, such as emotion-
al regulation or affective problem solving, could be 
the result of the connection between various spe-
cific functions at the neural level, giving great im-
portance to both the gray matter and the white 
matter [25]. Most research that has studied the re-
lationship of white matter with empathy has used 
the diffusion tensors image (DTI), an MRI instru-
ment capable of determining the organization and 
integrity of the white matter. This instrument ana-
lyzes the degree of diffusion of the molecules, dif-
ferentiating between isotropic (egalitarian diffu-
sion) or anisotropic (diffusion oriented to a direc-
tion) [26]. Anisotropy is measured on a continuum 
from 0 to 1, with 0 being the isotropy and 1 the per-
fect anisotropy. Transferred to the measurement of 
white matter, the score closer to 1 would be related 
to better connectivity since it suggests that the di-
rection of the molecules is perfect [27]. By means of 
this technique, anomalies in white matter tracts can 
be inferred, knowing which zones or regions have 
a connectivity failure between them as well as as-
sociating these deteriorated regions with specific 
functions and with the symptoms underlying these 
functions [17].

In this way, the main studies of long fiber asso-
ciation tracts have focused directly on empathy; on 
the specific functions associated with this capacity; 
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and on disorders characterized by suffering altera-
tions in important functions for empathy.

In a first section, we are going to talk about dif-
ferent long association tracts that seem to be linked 
to empathy due to their relationship with various 
functions important for social cognition.

Inferior longitudinal fasciculus/ 
inferior fronto-occipital fasciculus

Two associative tracts of white matter that seem to 
be strongly linked with empathy are the inferior 
longitudinal fascicle (ILF) and the inferior fronto-
occipital fascicle (IFOF). The first begins in the oc-
cipital cortex, continues through the medial tem-
poral cortex and ends in the orbitofrontal cortex, 
while the second extends from the occipital cortex 
to the temporal lobes, (superior, middle and anteri-
or), in the vicinity of the amygdala and the parahip-
pocampal rotation.

Both fascicles seem to have an important role in 
an essential function for empathy, the visual recog-
nition associated with an affective component [28-
31]. Bauer related the deterioration of these tracts 
with a dampening of emotional responses to visual 
stimuli (hypoemotionality) [29]; whereas Philippi 
showed a causal relationship between the impaired 
functioning of these two tracts and worse facial 
recognition of emotions [30]. In addition, the spe-
cific damage of the right IFOF predicted a worse 
performance in the facial recognition of emotions, 
providing evidence of a specific correlation between 
the IFOF and the facial recognition of emotions. In 
short, a subsequent study revealed that a group of 
people with prosopagnosia showed a marked re-
duction in the integrity of both fascicles compared 
to a control group [32].

Thus, it seems that both ILF and IFOF could be 
of great importance for empathy through their par-
ticipation in the visual recognition and processing 
of their affective component.

Superior longitudinal fasciculus

The superior longitudinal fascicle (SLF) is a white 
matter long-range associative tract that unites the 
temporoparietal areas associated with perception 
with inferior frontal areas involved in production 
[28]. While the left SLF has been closely related to 
language processing, the right SLF has been more 
related to the processing and reproduction of me-
lodic patterns, linking the temporoparietal areas 
involved in the perception of tone with inferior 
frontal areas involved in its production [15].

Another system with which the SLF has been 
strongly linked is the mirror neuron system. The 
frontoparietal mirror neurons system seems to fa-
vor the low-level processes involved in affective 
empathy and the decoding of other people’s inten-
tions [33]. It has been suggested that this frontopa-
rietal network would be interconnected through 
the lateral SLF [34] since it has cortical termina-
tions in the anterior part of the mirror neuron sys-
tem. A study focused on the theory of mind and 
white matter [35], analyzed the relationship be-
tween an alteration in the white matter tracts and 
the failures in the processes of low level mentaliza-
tion (mirror neuron system). For this, ‘Reading the 
Mind in the eyes’ was used, an instrument that has 
been closely related to the functionality of the mir-
ror neuron system [36]. Negative correlations were 
found between the performance of the question-
naire and the level of disruption of the bilateral SLF, 
providing evidence that the damage in this fascicle 
could account for the deficiencies in the correct 
functioning of the mirror neuron system.

Therefore, it is proposed that the SLF could be 
related to social cognition and empathy through 
the perception and production of auditory stimuli 
(mainly prosodic) and the emotional contagion un-
derlying the mirror neuron system.

Uncinate fascicle

The uncinate fascicle (UF) unites the superior, medi-
al and inferior structures of the temporal lobe, in-
cluding the amygdala and the hippocampus, with the 
insular and orbitofrontal cortex. It is the most am-
biguous tract of those indicated so far [6,15,37]. This 
fascicle facilitates the integration between structures 
that process emotional and cognitive information 
[37]. Specifically, it is believed that this section plays 
an important role in the processing of new stimuli, 
deciphering the emotional aspects of auditory infor-
mation, visual learning, and self-regulation [38].

Within the main UF structures, the orbitofrontal 
cortex (OFC) and the ventromedial prefrontal cor-
tex (vmPFC) have been considered of great impor-
tance for the social behavior and the identity of the 
individual [14]. The OFC is vital for the optimal 
functioning of inverse learning, a very important 
function for interpersonal relationships [39], while 
the vmPFC is more related to the monitoring of one’s 
thoughts and emotions, as well as to the memoriza-
tion of autobiographical events [7]. On the other 
hand, the amygdala is also an essential component 
in empathic capacity, since it is responsible for the 
modulation of the emotional valence of the received 



266 www.neurologia.com Rev Neurol 2018; 67 (7): 263-272

J. Comes-Fayos, et al

stimuli [40]. Finally, another fundamental part of 
the empathic capacity is the right anterior temporal 
cortex, which seems to be associated with the inte-
gration of several components of affective empathy, 
and the representation of social concepts [41].

In this way, a good functioning of these struc-
tures and their optimal integration seem to be im-
portant for the empathic capacity. Thus, it can be 
suggested that the UF, which fulfills this integrating 
function, could be critical for the functioning of em-
pathy.

White matter and empathy

In relation to research that has focused directly on 
the study of white matter and empathic capacity, 
one of the most significant works is that of Parkin-
son and Wheatley [15]. This study used the Inter-
personal Reactivity Index (IRI) and the DTI to find 
direct relationships between the degree of integrity 
of white matter and the level of empathy in norma-
tive population. In this study, the empathic concern 
(the subcategory most related to affective empathy) 
correlated with a more robust white matter micro-
structure in the IFOF, in the ILF, in the SLF and in 
the UF suggesting that better connectivity in these 
fascicles could facilitate empathic capacity.

These results suggest that better connectivity in 
the aforementioned fascicles would be related to 
higher scores on the subscale ‘empathic concern’, 
being able to establish a relationship between these 
tracts and emotional empathy.

But these fascicles have not only been related to 
affective empathy. In another study focusing on sar-
casm (a type of intellectual/attitudinal prosody) in 
patients with frontotemporal dementia, it was 
found that the rate of error in the recognition of 
sarcasm was mainly based on the degree of damage 
of the sagittal stratum (bundle of fibers of white 
matter in which the ILF and the IFOF are involved) 
[42]. According to the authors of this study, the un-
derstanding of sarcasm requires making inferences 
about the beliefs and intentions of another person, 
functions that are necessary for cognitive flexibility 
and perspective taking, that are essential in cogni-
tive empathy. Thus, it could also be suggested that 
both the IFOF and the ILF could be related to this 
type of empathy.

In addition, in their research, Oishi et al [37] 
used an empathy measurement instrument and 
found that deterioration in the UF was negatively 
related to the results of the questionnaire. On the 
other hand, no relationship was found between UF 
deterioration and gray matter deterioration, suggest-

ing that the specific damage of the UF could pro-
duce on its own a worsening in the emotional em-
pathy of the subjects.

Finally, a recent study made use of the Mayer-Sa-
lovey-Caruso Emotional Intelligence Test (MSCEIT), 
a questionnaire that measures emotional intelli-
gence, to know if there was any kind of relationship 
with the cerebral white matter. As a result of this re-
search it was observed that the ‘emotional under-
standing’ was associated with a greater integrity of 
the left SLF and, on the other hand, it was observed 
that a greater integrity in the right UF resulted in a 
higher score of the category ‘management of emo-
tions’ [19]. These findings suggest that specific com-
ponents of emotional intelligence, which in turn are 
of great importance for a good empathic capacity, 
could be directly related to the microstructure of vari-
ous axonal pathways, such as the UF and the SLF.

In summary, while it is true that it is necessary 
to continue with more projects focused directly on 
empathic capacity and fascicles of white matter, the 
studies shown in this section seem to suggest that 
the integrity of diverse tracts of white matter (eg 
IFOF, ILF, SLF and UF) could play an important 
role in the cognitive and socio-emotional function-
ing to which the empathic capacity is subordinated.

White matter deficits and its relation to social  
cognition and empathy in various disorders

The scientific literature suggests that people with a 
diagnosis of severe mental disorder present altera-
tions in several underlying functions of social cog-
nition, including empathy, which would have a neg-
ative impact on both occupational and social func-
tions of the person and, of course, in their quality of 
life [43].

Therefore, within the construction of brain ar-
chitecture in social cognition, one of the main fields 
of research has been the study of white matter as-
sociated with social cognition in psychopathologi-
cal population, especially in those mental disorders 
where seems to exist a dysfunction of socio-affec-
tive and interpersonal functions.

For this reason, we proceed to present the scien-
tific studies that have analyzed this relationship and 
the most significant results of each of them. For this 
we propose two categories: the first category with cli-
nical disorders corresponding to axis I of DSM-IV, 
ASD and schizophrenia, and the second category 
with personality disorders corresponding to axis II 
of the DSM-IV, namely, psychopathy and border-
line personality disorder.
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However, it must be borne in mind that at the 
present time it is not sufficiently clear if the cause 
of the difficulties in social cognition in these disor-
ders is due to alterations in empathic function. For 
this reason, empathic capacity will not be analyzed 
only, but social cognition, in general, will also be 
addressed.

Autism spectrum disorders and schizophrenia

The ASD is characterized by alterations in various 
areas such as interpersonal, affective and behavioral 
[44]. In relation to the topic that concerns us in this 
article, ASD has been related to a marked lack of 
empathy [45,46]. In fact, there are numerous struc-
tural alterations that overlap with those involved in 
empathic capacity [47].

However, at present, it has been growing the 
opinion that abnormalities in brain connectivity could 
also be related to the etiology of this disorder [48]. 
Thus, several investigations have focused on the 
study of the possible relationship between a deteri-
oration of white matter and ASD.

As a consequence, many studies have been able 
to identify anomalies in the integrity of several fas-
cicles of white matter from which the main affected 
fascicles are: ILF and IFOF [22,24,49-51], the SLF 
[21,24,51,52], the cingulate fascicle (CF) [52,53], and 
the UF [21,22,45,51] in the autistic population.

But given the nature of our study, we have fo-
cused on the search for associations between these 
impaired fascicles and the social and affective defi-
cits associated with ASD.

Thus, the fascicle that has been most closely as-
sociated with the socio-affective deficit in ASD is 
the UF. It has been stated that macrostructural al-
terations of UF correlated directly with socio-affec-
tive deficiencies [51]. In addition, evidence has been 
provided of a specific relationship between an al-
teration in UF and socio-affective deficits of ASD 
[45]. Regarding the SLF, ILF and the IFOF, in a re-
cent literature review these three fascicles were re-
lated to the socio-emotional processing of the au-
tistic population arguing its importance in the mir-
ror neuron system, by the SLF, and with the facial 
recognition system of emotions, on the part of the 
ILF and the IFOF [54].

On the other hand, another disorder of axis I 
that has been characterized by problems in social 
cognition is schizophrenia [44,55].

In this sense, as has been the case with ASD, 
several scientific studies have been carried out fo-
cused on the alterations of white matter as indica-
tors of impaired functions of social cognition in 

schizophrenia. Specifically, it has been possible to 
provide evidence of disruptions in the white matter 
of the UF, the cingular tract (CT), SLF, ILF and 
IFOF [55]. In addition, this deficit in the connectiv-
ity has been able to directly relate to alterations in 
social cognition and empathy [55,56], stating that 
the mentioned fascicles seem to play a very impor-
tant role for these functions.

Psychopathy and borderline personality disorder

On the other hand, within personality disorders, psy-
chopathy is one of the most characterized by a mal-
functioning in the socio-affective environment. In 
fact, it is a disorder very closely linked to difficulties 
in the capacity to empathize [44], there being simi-
larities between those areas necessary for empathy to 
occur and those that are altered in psychopathy [57].

In recent years, it has been proposed that con-
nectivity between these structures could also have a 
vital role in the etiological explanation of psychopa-
thy [58].

Following this current of thought, interest in the 
study of white matter in psychopathy has increased 
and several investigations have been able to identify 
anomalies in the integrity of various fascicles of 
white matter in psychopathy, among which the main 
ones affected fascicles are: ILF and IFOF [59-61], 
SLF [62] and UF [63].

Several projects used the PCL-R, an instrument 
that divides psychopathic personality disorder into 
two main factors (e.g., the antisocial factor and the 
interpersonal-affective factor). As a result, they 
found that a deterioration in the connectivity of the 
mentioned white matter tracts was related to a 
greater alteration in the affective-interpersonal fac-
tor of the psychopathic subjects [58,60], thus sup-
porting the theory of the role of cerebral connectiv-
ity in social cognition and evidencing the type of 
deficits that can cause a malfunction of it.

In relation to the borderline personality disorder, 
the studies allow hypothesis that different altered 
functions of social cognition could be partially ex-
plained by a specific alteration of the microstruc-
ture of white matter, more specifically the micro-
structure of the UF, the CT, the ILF, the IFOF, and 
the SLF [64-66].

In this way, evidence has been provided that spe-
cific alterations in UF, CT, ILF and IFOF could be 
involved in the processing and emotional regula-
tion of borderline personality disorder [64,65]. Re-
garding the involvement of deficient parts of the 
SLF in patients diagnosed with borderline person-
ality disorder, it could be of great importance in re-
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lation to the recognition of emotions and emotional 
contagion [66].

All these results reinforce the theory that con-
fers a central role to the cerebral disconnection in 
psychological disorders, also providing evidence 
of a specific association between certain fascicles of 
white matter (namely, UF, SLF, ILF and IFOF) and 
socio-affective symptoms of these disorders, re-
gardless of whether they are clinical disorders of 
axis I or personality disorders of axis II.

Thus, it has been proposed that an alteration in 
the connectivity between structures associated with 
the processing of emotions can be an important 
pathogenic factor that contributes to basic social 
deficiencies, among which a marked deficit in em-
pathic capacity is included.

Conclusions 

Traditionally, empathy has been associated with a 
large number of structures of the CNS, leaving the 
connectivity between them aside. From this review 
article, we present studies that have provided evi-
dence of the importance that white matter also 
seems to have for empathic capacity.

These investigations have provided evidence of 
the existence of various types of relationship be-
tween the degree of integrity of the white matter 
and the functions underlying the empathic capacity. 
Thus, a positive correlation between better brain 
connectivity and empathic capacity has been de-
scribed. Evidence has also been provided of nega-
tive correlations between the integrity of white 
matter tracts and the degree of impairment in func-
tions that are deemed necessary for empathy in 

various mental disorders. These results propose the 
existence of an extensive disconnection in the cere-
bral modules, covering all the cortices, frontal, tem-
poral, parietal and occipital in the disorders with 
affected empathy; showing that large sets of nerve 
fibers can be seen related to empathy.

An important fact is that, although all the fasci-
cles influence on a certain extent the different forms 
of empathy, each tract seems to have a specific 
function mostly associated with it. This may be due 
to the fact that there are links between certain re-
gions to which lie specific functions. 

Therefore, empathy seems to be reflected through 
several tracts of white matter, connecting different 
neural regions and establishing a joint functioning 
of various defined capacities. This global perfor-
mance is consistent with the multidimensional char-
acteristics of empathic behavior that encompasses 
affective, cognitive, attentional and cerebral flexibil-
ity functions [67].

Hence, the adoption of an interconnected func-
tions approaches through multiple fascicles of white 
matter is very useful because it helps to conceptual-
ize empathy in a more complete way, explaining 
empathy as the consequence of various events oc-
curring in multiple brain areas practically simulta-
neously.

With regard to the types of empathy (cognitive 
and affective), research has concluded that, although 
all the fascicles are involved in one degree or an-
other in the two types of empathy [22,30,42,67], 
there are some capacities that could be seen specifi-
cally related to certain fiber tracts. Thus, the dete-
rioration of a specific tract could condition a failure 
in a specific empathic capacity, causing a character-
istic symptom of a disorder. But it is very unlikely 

Table. Functions and types of empathy related to the long fascicles of white matter,

Uncinate fasciculus Inferior longitudinal/inferior fronto-occipital fasciculus Superior longitudinal fasciculus

Anatomical network Longer fronto-temporal fascicle

Connects ventral regions of the frontal  
and temporal lobes and lateral portions of  
the orbitofrontal cortex with the amygdala

It unites the occipital cortex, the medial temporal  
cortex and the orbitofrontal cortex

It unites the occipital cortex with the temporal lobes, 
superior, middle and anterior, near the limbic area  
of the amygdala and the parahipocampal gyrus

Connects regions of the action-perception 
frontal cortex with areas of action-parietal 
perception

Main associated functions Autobiographical memory

Representation of social concepts

Monitoring of own thoughts and emotions

Reverse learning

Facial and object recognition

Assignment of emotional valence to visual stimuli

Auditory emotional recognition

Functions related to the mirror neuron system

Type of empathy with  
which it is mainly related

Emotional empathy and cognitive empathy Emotional empathy and emotional contagion Emotional empathy and emotional contagion
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that these functions/symptoms are related to only 
one of the tracts. This may be due to the fact that 
they are anatomical networks that, although they 
are categorized differentially, are deeply linked to 
each other, and their interconnections can be af-
fected by alterations in any of the brain regions.

As shown in the table, the main conclusions we 
obtain from this review article would be that the 
ILF and IFOF are related to areas involved in facial 
and object recognition, as well as the assignment of 
emotional valence to said visual stimuli [30]. This 
combination of primary visual information and af-
fective responses allows facial recognition of emo-
tions, a necessary function for empathy. Within the 
types of empathy, these fascicles have been mostly 
related with emotional empathy and emotional 
contagion [15]; although it is true that they have 
also been associated with cognitive empathy [42], 
due to the importance of visual stimuli for making 
inferences.

SLF, on the other hand, has been linked to lan-
guage processing and reproduction (left SLF) and 
prosody detection (right SLF). One of the specific 
empathic functions of this fascicle is the auditory 
emotional recognition, although it is not the only 
function to which it is associated. It has been sug-
gested that the SLF is intimately related to the mir-
ror neurons system (since it connects regions such 
as the inferior frontal gyrus, the ventral prefrontal 
cortex, and the inferior parietal lobe) [35]. Thus, 
this fascicle would also be more closely related to 
emotional contagion and affective empathy [15,35], 
also relating to cognitive empathy through auditory 
stimuli, in the same way as IFOF and ILF [42].

Finally, UF has been associated with autobio-
graphical memory and its emotional valence, the 
representation of social concepts, the monitoring 
of one’s own thoughts and emotions and with in-
verse learning. This makes this fascicle of great im-
portance for the evaluation of social stimuli, the as-
signment of emotional meaning and for the predic-
tion of the results of actions. There is a debate 
regarding what kind of empathy can be linked 
more, emotional empathy [15,37] or cognitive em-
pathy [5,6], and it is very possible that this tract is 
involved in both.

In sum, it has been possible to verify a relation-
ship between a deficit in neural connectivity and an 
alteration in social cognition in several disorders 
(both clinical and personality disorders). It has been 
possible to establish a specific relationship between 
a failure in the white matter and socio-affective de-
ficiencies in ASD [50], schizophrenia [55,56], psy-
chopathy [58,60] and borderline personality disor-

der [64-66]. In addition, this has been the case even 
when other pathognomonic factors were excluded 
in ASD and psychopathy. This provides evidence to 
the theory of a specific relationship between white 
substance tracts and deficits in social cognition, 
thus reinforcing the hypothesis that good neural 
connectivity is of paramount importance for social 
cognition and, ultimately, for empathy.

The discovery that white matter dysfunction is a 
common factor in neurological and personality dis-
orders is of great importance since it can help guide 
future research that enhances the emergence of in-
terventions, both psychological and pharmacologi-
cal. In fact, at a neurological level, studies begin to 
attribute pathology in the white matter to axonal 
lesions, myeloid damage, or both [68]. In this sense, 
pharmacology is focusing its efforts on the promo-
tion of myelination, mainly in oligodendrocytes, 
obtaining very promising results through the acti-
vation of AMPA glutamate receptors [69], or through 
the administration of merosin, a substance that 
promotes differentiation in oligodendrocytes [70]. 
Although it is true that great advances are being 
made in the study of white matter, to the best of our 
knowledge there is still no study that has provided 
evidence of an improvement in social cognition in 
the white matter fascicles after a psychological in-
tervention or after a treatment of the myelin of the 
white matter.

From this review, we propose a series of limita-
tions, from the great heterogeneity of the samples 
used to carry out the studies to the variety of in-
struments used to measure empathy. Finally, anoth-
er limitation has been the lack of consensus on the 
concept of empathy, emotional empathy, and cog-
nitive empathy.

Hence, in view of future avenues of investiga-
tion, we recommend that efforts should be focused 
on clarifying the functioning of the types of empa-
thy (in relation to their specific structures, linked 
white matter tracts, associated functions and the 
interaction they have between them). With regard 
to the white matter, the use of longitudinal studies 
could greatly benefit this field, as well as the use of 
more homogeneous samples and instruments.

To conclude, we can end by emphasizing the 
great importance of the study of connectivity in 
complex functions, such as empathy. Throughout 
the last decades, with the appearance of studies that 
have linked certain brain regions with specific func-
tions, a localizationist vision of the brain has been 
formed, assuming the existence of a unidirectional 
role between the integrity of these structures and 
the correct functionality of our capabilities. 
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At present, it has been breaking with this local-
izationist belief to move to a vision in which diverse 
structures interact with each other in a bidirection-
al way to give rise to specific and complex func-
tions. For this reason, the study of connectivity ac-
quires great relevance, since this is the current of 
research that can provide us with information on 
how communication is made between the men-
tioned regions that are in interaction with each 
other, offering us the possibility of a more complete 
and holistic vision of the brain.

Finally, in relation to the study of the empathic 
function, the panorama presented to us is encour-
aging. Increasingly, more important leaps are being 
made in the study of empathy, gradually unraveling 
the unknowns underlying this capacity, which, in 
turn, enables a greater understanding of various 
disorders in which empathy can be compromised. 
Although, if it is true, there are still many questions 
to be investigated, thus opening a path of very stim-
ulating study.
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Papel de los tractos de fibras largas de asociación en la empatía

Introducción. La capacidad empática es un campo de investigación que se ha estudiado desde varias disciplinas, como la 
psicología, la filosofía o la etología y, recientemente, la neurociencia. Últimamente ha habido un incremento del interés 
en el estudio de la empatía, y el incremento de las investigaciones que hacen uso de la neuroimagen ha permitido esta-
blecer las estructuras cerebrales que subyacen a su funcionamiento. En suma, la aparición de instrumentos de medida in 
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vivo, como la imagen con tensores de difusión, ha permitido comenzar a comprender el papel de la sustancia blanca y la 
conectividad neuronal en la empatía. 

Objetivo. Revisar los resultados obtenidos de la relación de los tractos de fibras largas de asociación con las funciones 
asociadas a la capacidad empática. Se enfatiza la división de la empatía en su componente cognitivo y afectivo. 

Desarrollo. Se ha revisado la bibliografía científica usando los buscadores Google Scholar, Science Research, Chemedia, 
PubMed, Dialnet y Teseo. 

Conclusiones. Tanto la capacidad empática como sus funciones asociadas parecen estar relacionadas con los fascículos de 
sustancia blanca. En los trastornos caracterizados por un déficit socioafectivo también parece existir una relación entre los 
tractos de sustancia blanca y las alteraciones en funciones importantes para que se dé la empatía. Los tractos más vincu-
lados con la función empática son el fascículo frontooccipital, los fascículos longitudinales inferior y superior, y el fascículo 
uncinado. A la luz de estos resultados se podría argumentar que la conectividad neuronal, independientemente de aspec-
tos estructurales y funcionales, podría desempeñar un papel importante en la función empática.

Palabras clave. Autismo. Cognición social. Conectividad. Empatía. Fascículos largos de asociación. Psicopatía. Sustancia 
blanca. 


