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Abstract  
 
Objective: Dyslexia is a prevalent neurodevelopmental condition that is characterized by inaccurate and slow word 

recognition. This article reviews neural correlates of dyslexia from both electrophysiological and neuroimaging studies. 
Method: In this brief review, we provide electrophysiological and neuroimaging evidence from electroencephalogram 

(EEG) and magnetic resonance imaging (MRI) studies in dyslexia to understand functional and structural brain changes in 
this condition. 
Results: In both electrophysiological and neuroimaging studies, the most frequently reported functional impairments in 

dyslexia include aberrant activation of the left hemisphere occipito-temporal cortex (OTC), temporo-parietal cortex (TPC), 
inferior frontal gyrus (IFG), and cerebellar areas. EEG studies have mostly highlighted the important role of lower frequency 
bands in dyslexia, especially theta waves. Furthermore, neuroimaging studies have suggested that dyslexia is related to 
functional and structural impairments in the left hemisphere regions associated with reading and language, including 
reduced grey matter volume in the left TPC, decreased white matter connectivity between reading networks, and hypo-
activation of the left OTC and TPC. In addition, neural evidence from pre-reading children and infants at risk for dyslexia 
show that there are abnormalities in the dyslexic brain before learning to read begins. 
Conclusion: Advances in comprehending the neural correlates of dyslexia could bring closer translation from basic to 

clinical neuroscience and effective rehabilitation for individuals who struggle to read. However, neuroscience still has great 
potential for clinical translation that requires further research. 
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Over the past two decades, a large body of research has 

been devoted to the neurobiology and neural correlates of 

developmental dyslexia. Dyslexia is an inability to read in 

spite of adequate education, normal intelligence, and the 

absence of obvious neurological or sensory impairment 

(1). It is a very common reading problem that affects 3-

7% of people worldwide (2). In addition, about 5-17% of 

children are affected by developmental dyslexia (3). 

Dyslexic boys often receive more clinical attention than 

dyslexic girls, as they apparently suffer from a larger rate 

of externalizing disorders such as attention deficit 

hyperactivity disorder (4). Affected children have been 

shown to be at risk for various persistent psychosocial and 

educational problems, such as stress, anxiety, and deficits 

in cognitive processing (5). Weakness in phonological 

awareness, rapid automatic naming, and reading fluency 

are considered psychological correlates of dyslexia (6, 7). 

Although its neurobiological bases are not fully 

understood, dyslexia has been shown to reflect abnormal 

patterns of activations in some brain areas, including left 

occipito-temporal cortex (OTC), temporo-parietal cortex 

(TPC), and frontal area (8). Various neuroimaging (e.g., 

functional magnetic resonance imaging and diffusion 

tensor imaging) and electrophysiological (e.g., 

electroencephalography and magnetoencephalography) 

techniques have been utilized to explore the neural 

underpinnings of reading problems in individuals with 

dyslexia (9). Despite the progress made in understanding 

the neural substrates of this neurodevelopmental disorder 

in recent years, there are still contradictions in this field, 

and strong evidence is needed on the neural mechanisms 

associated with dyslexia symptoms. Therefore, in this 

short review, we attempted to provide a comprehensive 

model for the neural correlates of dyslexia. 

 

Electrophysiological Evidence 
Electroencephalography (EEG) is a highly popular 

electrophysiological modality that reflects the direct 

electrical activity of cortical neurons (10). The spectral 

power of well-known EEG frequency bands is a simple 

and rich source of information obtained from the 

quantitative frequency analysis of EEG signals (11, 12). 

It has been shown that these standard frequency bands 

reveal important concepts and meanings of various 

cognitive, perceptual, and sensorimotor functions (13). 

Therefore, in the last three decades, many studies have 

investigated various EEG indices in dyslexia. In general, 

individuals with dyslexia show aberrant increases in delta 

(0.5-4 Hz) and theta (4-8 Hz) activities in different areas 

of the cerebral cortex, including frontal, central, temporal, 

and parietal lobes, compared to typical subjects (14-16). 

In addition, the aberrant reduction of alpha activity (8-12 

Hz) in the frontal, temporal, and parietal lobes has been 

consistently reported in dyslexic subjects (17, 18) (Figure 

1). These abnormalities appear to be located mostly in the 

TPC, which is believed to be the decoding center of the 

reading network in the brain to link the sounds and letters 

within words (19). Furthermore, it is important to 

consider aberrant activity in EEG frequency bands, where 

delta and theta frequencies are associated with prosodic 

and syllabic perceptions, respectively (20, 21). A major 

neurobiological hypothesis assumes an important role for 

lower frequency bands, especially theta waves. 

Disruption of theta activity is believed to alter the 

encoding of syllables with lower temporal modulation 

traces and even multisensory processing, with 

implications for attention and visual-auditory integration 

(22). Moreover, some studies have linked the reduction of 

alpha activity to phonological processing problems in 

dyslexia. It should be noted that alpha waves are the 

dominant oscillations in the human brain that play an 

active role in information processing (23). 

In addition to the study of the power of frequency bands, 

the characteristic of EEG connectivity in different 

frequency bands has also been investigated in 

electrophysiological studies. These studies suggest that 

the global organization of functional networks may be 

compromised in dyslexia (24). Indeed, reading is a 

complicated skill controlled through a distributed 

network of language and visual-related areas, and 

disruption of connectivity in this network is associated 

with dyslexia (25). EEG studies have indicated reduced 

connectivity between occipital to inferior-temporal areas, 

as well as between left to right temporal regions, in 

dyslexic children (26, 27). Additionally, some studies 

have shown reduced long-range connectivity between 

distant cortical sites within and beyond the reading 

network in dyslexia, particularly in the theta band (28). 

Deficient functional connectivity in the superior temporal 

gyri, middle occipital gyrus, OTC, and angular gyri in the 

theta frequency band has often been reported in dyslexic 

children compared to typically reading children (29-31). 

Moreover, a global network deficiency in the beta band 

has been reported in dyslexic children (19). On the other 

hand, as a compensatory neural mechanism, increased 

connectivity from the left central to right inferior-

temporal and occipital regions was found in severely 

dysfluent children during a task involving visual word and 

false font processing (27). 
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Figure 1. Current Evidence from Electrophysiological Studies for the Neural Correlates of Dyslexia

Neuroimaging Evidence 
Dyslexia has been proven to be related to functional and 

structural impairments in the reading and language 

regions of the left hemisphere (32). Structural 

neuroimaging studies have consistently demonstrated 

reduced grey matter volume in the left TPC (33, 34). 

Moreover, decreased white matter connectivity between 

reading networks is another frequently reported finding 

that has been shown to be linked to orthographic and 

phonological deficits in dyslexia (35, 36). These 

structural abnormalities have been suggested to be caused 

by failures of neuronal migration throughout the language 

and reading networks (37). In addition, the most 

frequently reported functional impairments in dyslexia 

include aberrant activation of the left hemisphere OTC, 

TPC, and inferior frontal gyrus (IFG) areas (Figure 2). 

Hypo-activation and functional disorganization of the left 

OTC in response to pseudo-words and words is a 

consistent and persistent abnormality among dyslexic 

children and adults, indicating that dyslexia might be 

related to an early failure in recruiting this brain area to 

perform reading tasks during development (38). Aberrant 

OTC activation has also been shown to be linked to rapid 

automatic naming and deficits in letter and word 

recognition in dyslexia (6). Furthermore, the hypo-

activation of the left TPC during phonological processing 

tasks among dyslexic children and adults is a consistent 

finding in dyslexia (23). Activation in TPC is normally 

increased as a function of greater efforts in mapping 

printed letters to phonology. However, dyslexic people 

have no raised activation in this area during such 

increased efforts (9). As opposed to the hypo-activation 

noted in the left OTC and TPC, research frequently 

reports the hyper-activation of the IFG in dyslexia. 

Typical readers have an age-dependent decrease in IFG 

activation, whereas dyslexics show increased activation 

with age, which may be a neural compensatory 

mechanism (39). However, this is not a consistent finding 

in dyslexia, and some studies have reported conflicting 

results; some studies have found no difference in IFG 

activation between younger individuals with and without 

dyslexia, while others have reported the hypo-activation 

of this brain region in dyslexics (40). Furthermore, 

cerebellar abnormalities are often found in neuroimaging 

research of dyslexia. The cerebellum is structurally and 

functionally connected to the frontal cortex and TPC, 

which are critical for verbal working memory, 

phonological processing, and semantics (41). The 

cerebellum is believed to play a key role in timing 

functions and procedural learning that are essential for 

fluent reading and various language functions. Hypo-

activation of language-engaged cerebellar areas is a 

consistent finding in dyslexia (42). 
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Figure 2. Current Evidence from Neuroimaging Studies for the Neural Correlates of Dyslexia

 

At-Risk Infants 
There is still no consensus among researchers as to 

whether these neurological abnormalities are the result or 

cause of reading deficits in dyslexia. However, neural 

evidence from pre-reading children and infants at risk for 

dyslexia indicate that there are abnormalities in the 

dyslexic brain before learning to read begins. For 

instance, infants at risk of dyslexia show abnormalities in 

the left arcuate fasciculus structure, which is related to 

dyslexia in both adults and children (35). Further, six-

month-old infants at a familial risk of dyslexia show 

abnormalities in early neural responses within the left 

hemisphere to letter sounds (43). At-risk pre-reading 

children show both functional and structural deficits in the 

left hemisphere reading regions, including the OTC and 

TPC, in line with abnormalities reported in children and 

adults with dyslexia (44). Therefore, neural evidence may 

play an important role in the early diagnosis of dyslexia 

in the future. 

 

Discussion 
Dyslexia is a multifactorial disorder related to reading 

problems in spite of enough instruction. Neuroimaging 

and electrophysiological studies suggest that this disorder 

is linked to abnormalities in brain networks involved in 

normal reading development (45). Neural signatures that 

can be indicative of future reading difficulties are present 

from early childhood (46). In fact, we can identify reading 

difficulties before a child struggles to learn to read and 

falls behind. Therefore, timely appropriate interventions 

can alleviate the symptoms of the disorder and promote 

the normalization of the neural abnormalities (both 

structurally and functionally) through remediation-related 

brain plasticity (47, 48). Previous studies have shown 

increased activation in the TPC and IFG regions along 

with improvements in reading functions such as fluency 

and phonological awareness as a result of remediation 

after a treatment period (49, 50). Moreover, reading 

interventions have led to increased white matter 

connectivity and grey matter volume in dyslexic 

individuals (51, 52). Interestingly, such neuroplasticity is 

not limited to children and has also been observed in 

adults (51). 

The literature demonstrates that computational and 

translational neuroscience can effectively help us gain 

more insights into complex disorders such as dyslexia and 

manage affected individuals (53). While dyslexia is 

currently addressed through different speech therapy 

techniques, understanding the neural correlates of 

dyslexia can provide new therapeutic targets to achieve 

better outcomes. In other words, considering the neural 

abnormalities in people with dyslexia, therapists can 

benefit from different brain stimulation techniques such 

as transcranial magnetic stimulation as adjuvant 

treatments to facilitate brain plasticity towards normal 

status. 

 

Limitations 
Here, we attempted to provide a brief comprehensive 

review of the neural correlates of dyslexia. However, not 

conducting a systematic review to retrieve all relevant 

studies is the main limitation of our study. 
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Future Directions 
First of all, we need well-designed longitudinal studies 

with sufficient sample sizes to examine developmental 

changes in the neural correlates of dyslexia. The evidence 

from such studies can contribute to better planning for the 

effective management of this disorder. Second, neural 

signatures can be explored to predict differential 

treatment response in dyslexic individuals. In other 

words, by using neural data, it is possible to predict with 

relatively good accuracy whether patients will respond to 

a specific intervention or not. Such research can 

contribute to optimizing dyslexia intervention methods 

and personalizing treatment approaches. In addition, due 

to the highly heritable nature of dyslexia (9), it is 

suggested to conduct brain genetic research to investigate 

the relationship between brain functional and structural 

findings and dyslexia candidate genes. 

 

Conclusion 
Advancements in comprehending the neural correlates of 

dyslexia could bring closer translation from basic to 

clinical neuroscience and effective rehabilitation for 

individuals who struggle to read. Both 

electrophysiological and neuroimaging studies with their 

unique properties (high temporal and spatial resolution, 

respectively) could provide valuable neural evidence for 

dyslexia. This evidence is present from infancy and early 

childhood, allowing for the early identification of children 

at risk for dyslexia, when remediation is known to be most 

effective. However, neuroscience still has great potential 

for clinical translation, which requires further research. 
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