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Understanding cortical neuroplasticity in visual impairment

Compreendendo a neuroplasticidade cortical na deficiência visual

Ranni Pereira Santos1 , Cláudia Regina Lourenço Lucas Bochnia2 , Bruna Girardi3 , Lívia Brum Spagnol4 , 
Graciele Ceccatto Rorbacker5 , Cristiane Liz Baptista Ballarotte5

RESUMO
Introdução: O processo contínuo de mudança cerebral, de “reorganização” dos 
circuitos neurais, e da recepção de novas atitudes ou pensamentos, é o que se chama 
neuroplasticidade. Um melhor entendimento de como o cérebro se adapta à perda da 
visão e quais são as consequências funcionais para as informações sensoriais restantes 
podem resultar em melhor qualidade de vida para os deficientes visuais. 
Objetivos: Discorrer sobre o mecanismo de neuroplasticidade cortical na deficiência visual, e a 
importância deste mecanismo para pacientes com baixa visão e cegueira. 
Método: A pesquisa foi realizada a partir da seleção dos artigos nas bases de dados 
PubMed e Scielo, abrangendo publicações em inglês e português. Utilizou-se os descritores: 
neuroplasticidade, plasticidade do córtex visual, plasticidade neural na cegueira, 
neuroplasticidade na deficiência visual. 
Conclusão: Os resultados dos diversos estudos mostram que a grande "seletividade" do 
sistema visual para o processamento de estímulos luminosos decorre principalmente dos 
métodos usualmente empregados para estudar esse sistema. Na ausência de visão, o córtex 
visual pode responder a estímulos táteis e auditivos, porque a ausência daquela permite o 
desmascaramento de conexões latentes, revelando assim a organização metamodal
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ABSTRACT
Introduction: The continuous process of brain change, of “reorganization” of neural circuits, 
and the reception of new attitudes or thoughts, is what is called neuroplasticity. A better 
understanding of how the brain adapts to vision loss and what the functional consequences 
are for the remaining sensory information could result in a better quality of life for the visually 
impaired. 
Objective: Discuss the mechanism of cortical neuroplasticity in visual impairment, and the 
importance of this mechanism for patients with low vision and blindness. 
Method: The research was carried out by selecting articles from the PubMed and Scielo 
databases, covering publications in English and Portuguese. The following descriptors were 
used: neuroplasticity, plasticity of the visual cortex, neural plasticity in blindness, neuroplasticity 
in visual impairment. 
Conclusion: The results of the various studies show that the great "selectivity" of the visual 
system for the processing of light stimuli arises mainly from the methods usually used to study 
this system. In the absence of vision, the visual cortex can respond to tactile and auditory 
stimuli, because the absence of vision allows the unmasking of latent connections, thus 
revealing metamodal organization.
KEYWORDS: Neuroplasticity. Neural plasticity. Visual cortex. Blindness.

Central Message
The word plasticity derives from the Greek 

“plastikos”, which means moldable, and 
neural plasticity refers to the ability of 
the nervous system to reorganize during 
development and, in adulthood, in 
response to environmental challenges. 
It is an intrinsic property of the nervous 
system through which learning and 
compensatory changes occur after 
neural tissue injury. Discussing the 
mechanism of cortical neuroplasticity 
in visual impairment and raising the 
importance of this mechanism for those 
with low vision and blindness is important 
in order to update those involved in the 
subject.

Perspective
Studies on blindness and subsequent 

plasticity show that the extent of cortical 
reorganization is correlated with the 
age of onset of deficiency. A different 
pattern of cortical activation has already 
been identified between the early blind 
and those who lost their vision late. 
In the absence of vision, it allows the 
unmasking of latent connections, and 
the visual cortex can respond to tactile 
and auditory stimuli, thus revealing 
metamodal organization. In addition, 
this process generates expansion of the 
cortical areas involved with touch and 
hearing, explaining the refinement of the 
auditory and somesthetic functions of the 
blind. Understanding these physiological 
changes is essential to optimize the 
rehabilitation process after visual 
deprivation.
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INTRODUCTION

V ision is the sense in which sensorimotor 
integration is most evident, due to eye 
movements that project the region of 

greater visual acuity of the retina to points of interest 
in the outside world.1 In 2002, it was estimated 
that more than 162 million people worldwide were 
visually impaired, and more than 37 million were 
completely blind.2

The word plasticity derives from the Greek 
“plastikos”, which means moldable. Neural 
plasticity refers to the ability of the nervous system 
to reorganize during development and in adulthood 
in response to environmental challenges. Plasticity 
is an intrinsic property of the nervous system, in 
addition to being the mechanism by which learning 
and compensatory changes occur after neural tissue 
injury.3

Neuroplasticity, also known as neuronal 
plasticity or brain plasticity, refers to the ability of 
the central nervous system to adapt and shape itself 
to new situations. The central nervous system is an 
ever-changing structure, of which neuroplasticity 
is an integral property, and the consequence 
of every sensory input, motor act, association, 
reward signal, plan of action, or consciousness. 
Thus, neuroplasticity is not an occasional state, but 
rather the normal, continuous state of the central 
nervous system throughout life. It refers to the 
capacity of the central nervous system to undergo 
structural and functional reorganization in response 
to the environment, its afferent stimuli, and efferent 
demands. Neuroplasticity is expressed at all 
organizational levels and spans different time scales, 
ensuring the ability to adapt and learn throughout 
human life.3,4 Neuroplasticity does not occur only in 
people with severe neurological damage; it occurs 
all the time, in all people around the world. It is an 
involuntary process of our body and very beneficial 
for our daily lives. To be able to exemplify we can 
take into account an experiment carried out by the 
scientist Pascual-Leone.3 It consisted of blindfolding 
adults with healthy vision for 5 days. During this 
time, blindfolded people lived and acted like blind 
people, reading Braille and performing auditory 
discrimination activities. After performing magnetic 
resonance it was observed by the scientist that the 
visual cortex began to be activated by hearing and 
touch. The result proves that even after adulthood, 
our brain can adapt to changes (drastic or not) and 
reorganize itself based on our greatest needs.5

The pioneering work of important groups, such 
as those of Mountcastle (1957) and Hubel and 
Wiesel (1959)6,7, revealed a complex pattern of 
ultra-specialized cortical circuits in analyzing stimuli 
of different sensory modalities, such as touch and 
vision, respectively. Recently, however, other groups 
have been demonstrating that this specialization is 
more flexible, with several cells located in primary 
sensory areas responding to stimuli from 2 or more 

sensory modalities. Although there is evidence that 
some of these modalities are processed in a neuro-
specific manner, most of our perception of events in 
everyday life is recorded simultaneously by more 
than 1 sensory modality in an integrated and unified 
manner, with no apparent discontinuity, optimizing 
the detection and recognition of objects and also 
our response to them.8 For example, when planning 
a movement, it is common to integrate visual, 
somesthetic, and auditory information to optimize 
the sequence of movements necessary to achieve 
the goal.9

Thus, the objective of this review was to discuss 
the mechanism of cortical neuroplasticity in visual 
impairment, describing what exists in the literature 
on this topic, detailing the peculiarities and 
controversies, and to discuss the importance of the 
mechanism of neuroplasticity for the rehabilitation of 
patients with low vision and blindness, according to 
data in the literature.

METHOD
The search was carried out based on the selection 

of articles in the PubMed and SciELO databases, 
covering publications in English and Portuguese. 
The following descriptors were used: neuroplasticity, 
visual cortex plasticity, neural plasticity in blindness, 
neuroplasticity in visual impairment, citing the 
existing definitions of neuroplasticity, and their 
correlations with visual impairment. For a better 
understanding, each type of neuroplasticity and its 
peculiarities were described. This paper presents 
a synopsis of the main studies described in the 
literature on the mechanism of neuroplasticity of the 
visual cortex and its implications for blindness.

DISCUSSION
Eye blindness has served as a unique model to 

investigate developmental neuroplasticity, helping 
to uncover the neurophysiological mechanisms that 
characterize the brain’s potential to be shaped and 
adapt to sensory deprivation. In fact, individuals 
living with blindness and visual impairment typically 
develop compensatory behavioral strategies (i.e., 
rely on non-visual modalities, including hearing and 
touch) to gather relevant sensory information and 
maintain functional independence in a highly vision-
dependent world.10,11 The types of neuroplasticity 
mentioned in the literature are described below.3

Axon plasticity
This is the initial (and most fundamental) plasticity 

of brain development. Occurs between 0-2 years 
of age. Within it there is the critical period, which 
consists of the moment when there is more action 
of neuroplasticity in the central nervous system. It 
occurs in children, as it is the phase where there are 
more discoveries about life, the environment and 
their own body.
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Dendritic plasticity
Characterized by changes in the size, length, 

arrangement, and density of dendritic spines, 
dendritic plasticity occurs mainly in the early 
stages of development. Dendritic spines are the 
“little wires” that connect and transmit information 
between neurons. The axon is the “tail of the 
neuron” and the dendrites are the “branches” that 
are both at the head of the neuron and at the end 
of the axon. They are the ones who receive and 
release the neurotransmitters, which make the real 
communication between the neurons, while the rest 
of the neuron passes on the message electrically.

Somatic plasticity
It refers to the ability to regulate the proliferation 

and death of nerve cells. This is a capacity present 
only in the nervous system of the embryo and is not 
influenced by the external environment.

Synaptic plasticity
It is equivalent to the ability of synapses to 

strengthen or weaken in response to external and 
internal stimuli.

Regenerative plasticity
It is the regeneration of affected axons. It has 

a greater action on the peripheral nervous system, 
which is responsible for connecting the central 
nervous system with other parts of the human body.

Neuroplasticity and visual impairment
Changes in peripheral stimulation patterns in 

any neural system lead to reorganization of the 
system’s synapses, which is most evident during 
the critical period of development, characteristic 
of each modality. This plasticity is demonstrated at 
various levels of analysis, from the molecular to the 
behavioral.

Currently, plasticity is no longer considered 
an extraordinary state of the nervous system, but 
rather a latent mechanism capable of generating 
continuous changes throughout life.3

Most studies on blindness and subsequent 
plasticity show that the extent of cortical 
reorganization is correlated with the age of onset 
of deficiency. Several researchers have identified a 
different pattern of cortical activation between the 
early blind and those who lost their vision late. Cohen 
et al.10 reported activity in the visual cortex in tactile 
discriminative tasks in congenitally or precociously 
blind people, but not in late blind people. Sadato 
et al.2 showed similar results, i.e., greater activity 
in the primary visual cortex (V1) of early blind 
(before 16 years of age) than in late blind people, 
and similar activation in extra-striated areas in the 
2 groups. Burton et al.12 showed activation in V1 
during Braille reading in both early and late blind 
people. However, in contrast to most other studies, 
Büchel et al.13 described V1 activation in late blind 
people, but not in congenitally blind people. These 

authors suggested that the activation of V1 observed 
in late blind people would be related to previous 
visual experience. These discrepant results reveal the 
need for further studies on intermodal plasticity as a 
function of age at onset of blindness. 

Reading in Braille is an example of sensory 
substitution in the blind. The pioneering work of 
Wanet-Defalque et al.14 demonstrated that there 
is activation of occipital visual areas during the 
performance of tactile tasks in visually impaired 
people. Subsequently, Sadato et al.2 demonstrated 
that activation of the primary visual cortex occurred 
only when the task was to discriminate Braille words, 
and not for other tactile stimuli. This result suggests 
a relationship between metamodal activation of the 
occipital cortex and semantic cognitive function. 
The importance of the occipital cortex is even more 
evident in cases of injury to this region in blind 
people. Hamilton et al.15 reported a case of braille 
alexia after a stroke that affected the occipital cortex 
bilaterally. In this case, the patient was blind since 
birth and a professional reader of Braille. After the 
accident, she was able to identify everyday shapes 
and objects by touch, but she was completely unable 
to read Braille words or even identify a single letter 
in Braille.15

Cohen et al.10 used transcranial magnetic 
repetitive stimulation (rTMS) to verify the functionality 
of visual cortex activation in individuals who have 
been blind since childhood, in a task of identifying 
braille letters and embossed Roman letters. rTMSr 
was used because it is a non-invasive technique that 
reversibly blocks the functioning of a small cortical 
region through electromagnetic pulses that cross the 
skull. In this way, a reversible virtual lesion can be 
created and the effect of the absence of function in 
that region can be analyzed.1 Transient inactivation of 
the occipital cortex caused more errors in both tasks 
(braille and Roman letter readings) and distorted 
tactile perception in the blind. In contrast, in sighted 
people, this inactivation had no effect on  tactile 
performance, but it impaired visual perception.10 
In another recent study, activation of the occipital 
cortex using single pulses for transcranial magnetic 
stimulation (TMS) caused tactile sensations in blind 
Braille readers.16 Experimental evidence obtained 
from brain imaging studies has shown that these 
compensatory behaviors in blind people are 
associated with the mechanism of neuroplasticity 
and reorganization within the brain.3,17-20 Arguably, 
the most striking finding was the observation 
that the visual cortex (normally associated with 
visual processing) is functionally recruited for the 
processing of non-visual sensory information and 
cognitive tasks such as memory and language.21-23

As mentioned earlier, there is growing evidence 
that the brain undergoes neuroplastic reorganization 
in the case of eye blindness. A key advance in 
understanding neuroplasticity in this condition has 
been the demonstration of how associated changes 
in the brain correlate with various behavioral 
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measures of performance. For example, occipital 
cortical thickness has been shown to correlate with 
performance on auditory discrimination tasks.23

The learning of new skills is initially done through 
the reinforcement of pre-existing connections, 
resulting from the genetically controlled and different 
neural system between individuals, this reinforcement 
is possible through environmental influences, 
afferent input and efferent demand. Behavior is the 
manifestation of the coordinated functioning of the 
entire nervous system. As long as the exit pathway 
responsible for manifesting behavior is preserved 
(even if alternative pathways need to be unraveled 
or facilitated), changes in distributed neural network 
activity may be able to establish new patterns of 
brain activation and sustain function.1

The notion that vision loss is partially compensated 
for by other sensory modalities is quite popular and 
serves to explain the use of behavioral alternatives 
by the visually impaired (e.g., Braille reading).24 In 
terms of the individual contribution of other sensory 
modalities to this compensation, hearing plays a 
prominent role due to its capacity for spatial analysis 
of the environment, similar in several aspects to 
vision. In sighted individuals, the spatial analysis of 
the environment is naturally dominated by vision, 
but in blind individuals, hearing plays a prominent 
role in navigation, allowing the location of objects 
and obstacles. In fact, it has been shown that blind 
people have above-normal abilities in auditory 
tasks, such as sound localization based only on 
monaural cues.25

The idea that primary cortical areas are 
specialized in exclusively analyzing each sensory 
modality is not new. Recently, however, other groups 
have been demonstrating that this specialization is 
more flexible, with several cells located in primary 
sensory areas responding to stimuli from 2 or more 
sensory modalities.7 Although there is evidence that 
some sensory modalities are processed in a neuro-
specific manner,8 most of our perception of events 
in everyday life is recorded simultaneously by more 
than 1 sensory modality in an integrated and unified 
manner, with no apparent discontinuity, optimizing 
the detection and recognition of objects and also 
our response to them.9 For example, when planning 
a movement, it is common to integrate visual, 
somesthetic, and auditory information to optimize 
the sequence of movements necessary to achieve 
the goal.

Better understanding of how the brain adapts to 
vision loss and what the functional consequences 
are for the remaining sensory information may result 
in a better quality of life for the visually impaired.

CONCLUSION
Most studies on blindness and subsequent 

plasticity show that the extent of cortical 
reorganization is correlated with the age of onset 
of deficiency. Several researchers have identified a 

different pattern of cortical activation between the 
early blind and those who lost their vision late. In 
the absence of vision, the visual cortex (including 
the primary visual area) can respond to tactile and 
auditory stimuli, because the absence of vision 
allows the unmasking of latent connections, thus 
revealing metamodal organization. In addition, this 
process generates expansion of the cortical areas 
involved with touch and hearing. This explains the 
refinement of auditory and somesthetic functions 
observed in blind people. Understanding these 
physiological changes is essential to optimize the 
rehabilitation process after visual deprivation.

Authors’ contributions
Conceptualization: Ranni Pereira Santos 
Methodology: Cláudia Regina Lourenço Lucas Bochnia and Bruna Girardi
Project Administration: Lívia Brum Spagnol
Writing (original draft):All authors
Writing (proofreading and editing): All authors

REFERENCES
1. Pascual-Leone A, Tarazona F, Keenan J, Tormos JM, Hamilton R, Catala MD. 

Transcranial magnetic stimulation and neuroplasticity. Neuropsychology. 
1999;37:207-17. Doi: 10.1016/s0028-3932(98)00095-5

2. Sadato N, Pascual-Leone A, Grafman J, Ibanez V, Deiber MP, Dold G, 
et al. Activation of the primary visual cortex by Braille reading in blind 
subjects. Nature. 1996;380:526-8. Doi: 10.1038/380526a0

3. Pascual-Leone A, Amedi A, Fregni F, Merabet LB. The plastic human brain 
cortex. Annu Rev Neurosci. 2005;28:377-401. Doi: 10.1146/annurev.
neuro.27.070203.144216

4. Pascual-Leone A, Hamilton R. The metamodal organization of the 
brain. Prog Brain Res. 2001;134:427-45. Doi: 10.1016/s0079-
6123(01)34028-1

5. Thompson AJ. Neurological Rehabilitation: from mechanisms to 
management. J Neurol Neurosurg Psychiatry. 2000;69:718-22. Doi: 
10.1136/jnnp.69.6.718

6. Hubel D, Wiesel T. Receptive fields in cat striate cortex. J Physiol. 
1959;148:574-91. Doi: 10.1113/jphysiol.1959.sp006308

7. Wallace MT, Perrault-Junior TJ, Hairston D, Stein BR. Visual experience 
is necessary for the development of multisensory integration. J Neurosci. 
2004;24(43):9580-4. Doi: 10.1523/JNEUROSCI.2535-04.2004

8. Huang AL, Chen X, Hoon MA, Chandrashekar J, Guo W, Trankner D, 
et al. The cells and logic for mammalian sour taste detection. Nature. 
2006;442(7105):934-8. Doi: 10.1038/nature05084

9. King AJ, Calvert GA. Multisensory integration: perceptual grouping 
by eye and ear. Curr Biol. 2001;11(8):322-5. Doi: 10.1016/s0960-
9822(01)00175-0

10. Cohen LG, Celnik P, Pascual-Leone A, Corwell B, Falz L, Dambrosia J, et 
al. Functional relevance of cross-modal plasticity in blind humans. Nature. 
1997;389:180-3. Doi: 10.1038/38278

11. De Leo D, Menechel G, Cantor HM. Blindness, fear of sight loss, and 
suicide. Psychosomatics. 1999;40(4):339-44. Doi: 0.1016/S0033-
3182(99)71229-6

12. Burton H, Snyder AZ, Conturo TE, Akbudak E, Ollinger JM, Raichle ME. 
Adaptive changes in early and late blind: a fMRI study of Braille reading. 
J Neurophysiol. 2002;87(1):589-607. Doi: 10.1152/jn.00285.2001

13. Büchel C, Price C, Franckowiak RS, Friston K. Different activation 
patterns in the visual cortex of late and congenitally blind subjects. Brain. 
1998;121:409-19. Doi: 10.1093/brain/121.3.409

14. Wanet-Defalque MC, Veraart C, Volder D, Metz R, Michel C, Dooms G, et 
al. High metabolic activity in the visual cortex of early blind human subjects. 
Brain Res. 1988;446:369-73. Doi: 10.1016/0006-8993(88)90896-7

15. Hamilton R, Keenan JP, Catala M, Pascual-Leone. Alexia for Braille 
following bilateral occipital stroke in an early blind woman. Neuroreport. 
2000;11:237-40. Doi: 10.1097/00001756-200002070-00003

16. Ptito M, Fumal A, de Noordhout AM, Schoenen J, Gjedde A, Kupers 
R. TMS of the occipital cortex induces tactile sensations in the fingers 
of Braille readers. Exp Brain Res. 2008;184:193-200. Doi: 10.1007/
s00221-007-1091-0

https://creativecommons.org/licenses/by/4.0/deed.pt_BR
https://pt.wikipedia.org/wiki/Sistema_nervoso


BioSCI. | Curitiba | 2024 | 82 | e00047

5

17. Bavelier D, Neville HJ. Cross-modal plasticity: where and how? Nat Rev 
Neurosci. 2002;3:443-52. Doi: 10.1038/nrn848

18. Kupers R, Ptito M. Insights from darkness: what the study of blindness has 
taught us about brain structure and function. Prog Brain Res. 2011;192:17-
31. Doi: 10.1016/B978-0-444-53355-5.00002-6

19. Merabet LB, Pascual-Leone A. Neural reorganization following sensory 
loss: the opportunity of change. Nat Rev Neurosci. 2010;11:44-52. Doi: 
10.1038/nrn2758

20. Ricciardi E, Pietrini P. New light from the dark: what blindness can teach us 
about brain function. Curr Opin Neurol. 2011;24:357-63. Doi: 10.1097/
WCO.0b013e328348bdbf

21. Bedny M. Evidence from Blindness for a Cognitively Pluripotent Cortex. 
Trends Cogn Sci. 2017;21:637-48. Doi: 10.1016/j.tics.2017.06.003

22. Singh AK, Phillips F, Merabet LB, Sinha P. Why Does the Cortex Reorganize 
after Sensory Loss? Trends Cogn Sci. 2018;22:569-82. Doi: 10.1016/j.
tics.2018.04.004

23. Voss P, Zatorre RJ. Occipital cortical thickness predicts performance on 
pitch and musical tasks in blind individuals. Cereb Cortex. 2012;22:2455-
65. Doi: 10.1093/cercor/bhr311

24. Hamilton RH, Pascual-Leone A. Cortical plasticity associated with Braille 
learning. Trends Cogn Sci. 1998;2(5):168-74. Doi: 10.1016/s1364-
6613(98)01172-3

25. Collignon O, Voss P, Larssonde M, Lepore F. Cross-modal plasticity for the 
spatial processing of sounds in visually deprived subjects. Exp Brain Res. 
2009;192(3):343-58. Doi: 10.1007/s00221-008-1553-z

https://creativecommons.org/licenses/by/4.0/deed.pt_BR

	_Hlk155949779

