
Auditory plasticity

Prof. Manuel Manrique

University Clinic of Navarre

Spain

CUN PAMPLONA CUN MADRID





Auditory plasticity
Maturing of the auditory system



Cochlear Nucleus

Superior Olivary

Nucleus
Nucleus of Lateral Lemniscus

Inferior Colliculus

2
0

 f
et

al
 w

ee
k
s

A
g

e 
1

 m
o

n
th

CN ON CICochlea and

Cochlear nerve

Brainstem Auditory

Pathway

Neuronal Somas



20 fetal weeks

CN ON CI1 year age

CN ON CI

Brainstem Auditory

Pathway

Myelination



Auditory Cortex

24 fetal weeks

Birth

3 years age12 years age



Development of speech and language (I)

American Speech-Language Hearing Association 



Development of speech and language (II)

American Speech-Language Hearing Association 



Auditory plasticity
Concepts of auditory plasticity 



What is brain plasticity??

• Brain ability to reorganize and modify 
functions being able to adapt to 
external or internal changes.



What mechanism are related to 
neuroplasticity in the CNS?

• Sinaptic plasticity
• Anatomic and functional CNS 

organization:
– Interconectivity
– Centralization
– Neuroaxial hierarchy
– Structural and functional

specialitation
– Topographic distribution

https://tse1.mm.bing.net/th?id=OIP.Mb351f5385882bc17d4e5957f81cad80bo0w=300h=269c=0pid=1.9rs=0p=0r=0
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Sinaptic plasticity
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AUDITORY INPUT QUALITY:

Hearing aids and bilateral PHL
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AUDITORY INPUT QUALITY:

Stimulation strategy



AUDITORY INPUT QUALITY: Uni or bilateral



• Background that favors language 

development:

•Family

• School

• Social

• Rehabilitation programs



TIME FOR 
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Prof. Manuel Manrique

University of Navarre

Pamplona. Spain



Critical period in children



730 Days 35.770 Days

Auditory system plasticity

RN 100 a2y



Detection, diagnosis and early hearing loss 

treatment



Plastic changes are constantly 
taking place

• Reserve of neuronal connections

• New connections are formed

• These changes may be slow and require extensive 
time and training, or they may be extremely rapid 
and spontaneous.

• Even the mature brain is capable of undergoing 
fundamental reorganization at the cortical level



Auditory plasticity
Clinical applications 



Auditory plasticity
Clinical applications: CAEP  



1. CAEP as a biomarker of auditory cortex maturation

Ejemplos



2. CAEP as a 
biomarker of 
auditory 
cortex 
maturation 
with CI in 
bilateral 
hearing loss



Auditory plasticity
Clinical applications: Critical periods in 
children treated with CI  



Prelinguals

Correlation between Age at UNILATERAL CI 

and Speech perception

For prelingual deaf 
population, there is a 
significative correlation 
(Pearson CC= -0.717, 
p<0,001) between age 
of implantation and the 
results of disyllabic 
words



PRELINGUALS     N: 219

1 0-3 years 94 1,79 years

2 4-6 years 36 4,95 years

3 7-10 years 30 8,60 years

4 11-14 years 22 12,32 years

5 > 14 years 37 21,49 years

Group of age           Number Mean age CI



Prelinguals

Disyllabic words, 65 dB SPL, open-set context

1 to 15y 1 to 15y 1 to 15y 1 to 15y 1 to 15yFollow-up

Cutting point around 6 years. It could 

correspond to the auditory critical period.

There are 

significative differences depending on

the age of implantation.

The lower the age, the better results.

Children implanted between 0-3 years old 

improve progressively. Therefore, the 

development of the auditory system 

depends on a peripheral stimulation with 

the CI at the appropriate moment of life.
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Thank you very much!
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