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Cochlear implants (CIs) can restore hearing function from deafness or profound hearing loss, but
CI recipients’ long-term speech outcomes can vary widely. Some recover speech perception
rapidly and show good listening performance in noisy environments. Others may rehabilitate
slowly, struggle with simple words in quiet, or even fail to recover functional speech perception.
Research has shown that several factors, such as the cause or duration of deafness, the amount of
residual hearing, or whether deafness occurred before or after developing language, correlate with
CI users’ long-term speech perception ability. However, much variation in CI users’ speech

perception remains unexplained.1

Researchers have speculated that neural plasticity –  the brain’s ability to change or alter its
structure or function – may be a major factor underlying CI recipients’ speech outcomes. CI users’
brains undergo plasticity across two major stages. First, the onset of deafness or profound hearing
loss, whether congenital or occurring later in life, alters brain communication. If information is not
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flowing from the ear to the auditory cortex, these neurons will respond to input from other sources.
A second stage of neural plasticity happens after a person receives a CI. Once the CI is activated,

the brain changes as it adapts to the input driven by electrical stimulation of the auditory nerve.2

Factors such as the CI mapping, how often a person uses their device, and a person’s age may

influence how the brain responds to CI use.1

One major source of neuroplasticity may involve non-auditory sources, such as vision or touch.
Interestingly, several studies since 2001 have shown that CI users’ auditory-only speech ability

correlates with the size or speed of brain responses to visual-only events.3,4 Most researchers agree
that these correlations could be related to how the brain compensates for hearing loss, such as by
relying on the sense of vision to navigate the world or communicate. However, this plasticity is not
limited to the visual system itself. Visual processing may emerge in the auditory cortex after it is
disconnected from the ear. More specifically, neurons outside of the primary auditory cortex (often
referred to as “higher-order” auditory cortex) are not always exclusively “auditory.” They connect
to other senses such as vision or touch, but these outside sensory inputs are usually “masked” by
normal auditory activity in typical hearing individuals. In other words, these higher-order auditory
cortical neurons preferentially respond to sound information but have weak connections to other
senses. When input stops flowing from the ear due to deafness or hearing loss, these latent
connections become “unmasked.” For example, neurons deprived of auditory input may begin to
prefer visual inputs (see Figure 1). This process, which can be described as a form of cross-modal

plasticity, showcases the remarkable adaptability of the brain.5

Figure 1. Unmasking of latent cross-sensory inputs in neurons higher-order auditory cortex. Under

conditions of typical hearing (left panel), neurons receive strong auditory input originating from the

ear. Weak inputs from vision or touch senses exist but are “masked” by the auditory input. When the

auditory input diminishes under deafness or hearing loss (right panel), the visual or touch inputs

upregulate, and the neuron may begin to respond more strongly to these intact senses.5

The contention, however, is whether this cross-modal plasticity is harmful or helpful for speech

perception.6 If auditory neurons are busy with visual processing, they may no longer be available
for sound processing once a person receives a CI. In other words, visual processing may “take
over” auditory cortical areas, at the detriment of sound perception. Several studies show that CI
users with larger or faster cross-modal brain responses (responses coming from auditory cortex but

elicited by visual events) have worse long-term speech outcomes.4,7 This would agree that cross-
modal plasticity is detrimental to speech perception. As a result, there have been recommendations
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for CI candidates to limit visual language use if they want to reduce the risk of poor long-term

speech perception.8 However, the body of evidence suggesting that cross-modal plasticity is
maladaptive consists mainly of observational, cross-sectional, and correlational studies that cannot
establish causal relationships nor reveal how stages of neural plasticity could interact. Furthermore,
these studies typically evoke visual brain responses by presenting unnatural stimuli such as
flickering checkerboards or artificial motion stimuli that are not relevant to human speech.

Results from more recent studies argue that cross-modal plasticity may be helpful for long-term
speech recovery. Anderson and colleagues performed a longitudinal study and used functional
near-infrared spectroscopy (fNIRS) to measure cross-modal responses before and after patients

received their CI.9 The stimuli used were silent videos of real human speech, which is more
relevant for speech processing than artificial visual patterns. They found that CI users with
comparatively more cross-modal plasticity in the superior temporal lobe had better long-term
speech perception scores, arguing that cross-modal plasticity could aid long-term speech outcomes.
If auditory areas undergo cross-modal changes that support visual speech perception, it may help to
create a template to process auditory speech delivered through a CI. Similar results using this

method have been shown in children.10 Furthermore, my work with Sunnybrook Hospital agrees
with these studies. We used EEG to measure brain responses to a silent video of a mouth speaking
a single-syllable word. Individuals with larger cross-modal responses had better speech scores,
reinforcing the view that cross-modal plasticity for speech-relevant stimuli may benefit speech

outcomes.11

When these conflicting findings are taken together, we cannot firmly conclude that visual brain
activity “takes over” the auditory system in deafness and hearing loss, leading to poor speech
function. Therefore, no evidence basis from neuroscience supports limiting a person’s use of visual
language if they intend to receive a CI. More research is needed to address the following questions:
Does cross-modal plasticity in CI users differ for speech-relevant and speech-irrelevant visual

stimuli?12 Can visual speech training help CI rehabilitation?13 Would intervention that shapes visual
plasticity before CI surgery help long-term speech outcomes? Is there any role for the
somatosensory (touch) system in speech recovery?

The bottom line is that CI recipients’ speech outcomes are influenced by neuroplastic interactions
between the auditory and visual systems, and these interactions unfold both before and after CI
surgery. Neuroimaging like fNIRS and EEG may be essential to monitor visual neural
responsiveness in CI candidates. A priority is understanding if we can shape visual plasticity, for
example, through audiovisual speech training or lip reading, to maximize speech communication in
CI recipients.
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