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Effects of auditory and visual stimuli on speech processing of patients with long-term hearing loss
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Abstract: Objective To research the effects of auditory and visual stimuli on the neural activities of cerebral cortices associated
with speech processing in patients with hearing loss (HL), thereby providing theoretical support for the rehabilitation treatment
of HL patients. Methods Twelve patients with long-term bilateral HL and 12 gender- and age-matched normal-hearing controls
were enrolled in the study. The individual virtual digital brain of each subject was firstly constructed. Then a stimulating signal
of visual task was processed and then exerted to the secondary visual cortex of the constructed virtual digital brain. Similarly, a
stimulating signal of auditory task was also processed and then exerted to the primary auditory cortex of the constructed virtual
digital brain. Finally, the changes of brain region activations evoked by these stimulating signals in HL patients were observed.
Results The visual stimulus inhibited the neural activities of auditory cortex and Broca's area, and through the shortest causal
connectivity paths, further weakened the activation of Broca's area in HL patients compared with normal-hearing controls. In
contrast, the auditory stimulus inhibited the activation of visual cortex in HL patients, but enhanced their neural activity of Broca's
area through the shortest synchronous causal connectivity paths. Additionally, compared with normal-hearing controls, HL patients
presented weaker visual-evoked activation in Wernicke's area. Conclusion The findings suggest that the visual stimulus limits
the HL patients' capacity of speech processing through inhibiting the neural activities of auditory cortex and Broca's area, and that
the auditory stimulus improves the HL patients' capacity of speech processing through inhibiting the activation of visual cortex
and enhancing the neural activity of Broca's area.
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brain; bilateral hearing loss; speech processing
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Fig.1 Virtual visual task design paradigm
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Fig.2 Virtual auditory task design paradigm
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Fig.4 Brain region activations induced by auditory stimulus
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