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Introduction

Neuronal synchrony, the temporal coordination of
activity  across  spatially  distributed neural
populations, plays a critical role in integrating
sensory information into coherent perceptual
experiences. As the brain processes multisensory
inputs—such as visual, auditory, and somatosensory
signals—it must bind relevant features across time
and space to produce unified representations. This
process of sensory integration is believed to be
mediated by the synchronization of neuronal
oscillations within and between cortical regions.
High-density electroencephalography (HD-EEG)
offers a non-invasive means of capturing the fine-
scale spatiotemporal dynamics of brain activity,
providing unique insights into how neuronal
synchrony supports multisensory processing. Studies
utilizing HD-EEG have demonstrated that oscillatory
coherence, particularly in the gamma (30-100 Hz)
and beta (13-30 Hz) frequency bands, is a critical
index of effective communication between cortical
areas during sensory integration tasks [1].

One of the most striking findings from HD-EEG
research is the observation that synchrony is not
uniformly distributed across the cortex but instead
occurs in transient, spatially localized patterns known

as functional networks. These networks emerge
dynamically in response to sensory stimuli and often
involve interactions between primary sensory cortices
and higher-order association areas. For example,
during audiovisual integration tasks, increased phase-
locking of gamma-band activity has been observed
between the auditory and visual cortices, along with
enhanced connectivity to parietal and prefrontal
regions involved in attentional control. Such findings
support the hypothesis that synchrony serves as a
mechanism for dynamic routing of information,
allowing the brain to selectively amplify relevant
inputs while suppressing irrelevant ones. Notably, the
strength and timing of these synchronized patterns
have been correlated with behavioral measures of
perceptual accuracy and reaction time, indicating
their functional relevance [2].

Temporal precision is a hallmark of effective sensory
integration, and HD-EEG has proven especially
valuable in capturing millisecond-level changes in
neuronal activity. The use of time-frequency analyses
and phase-amplitude coupling metrics in HD-EEG
recordings has revealed how different oscillatory
frequencies interact to facilitate cross-modal
processing. For instance, theta-gamma coupling has
been implicated in the coordination of information
across distant cortical sites, enabling the integration
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of stimuli presented at different times or in different
sensory modalities. Additionally, studies have shown
that alpha-band desynchronization often precedes the
onset of integration, suggesting a preparatory role for
this rhythm in gating sensory inputs. Such temporal
dynamics, captured only through techniques with
high temporal resolution like HD-EEG, underscore
the importance of synchrony not just in binding
information, but in orchestrating the sequence of
neural events that lead to perceptual coherence [3].

Individual differences in synchrony patterns also
provide important insights into the neural basis of
sensory integration capabilities. Variability in
oscillatory coherence across participants has been
linked to differences in sensory discrimination
thresholds, multisensory enhancement, and
susceptibility to perceptual illusions. Furthermore,
aberrant synchrony has been implicated in a range of
clinical conditions marked by sensory processing
deficits, including autism spectrum disorder (ASD),
schizophrenia, and attention-deficit hyperactivity
disorder (ADHD). For example, individuals with
ASD often exhibit reduced gamma-band synchrony
during tasks that require integration of visual and
auditory cues, correlating with difficulties in social
communication and sensory modulation. These
findings not only highlight the role of synchrony in
typical sensory integration but also point to its
disruption as a  potential biomarker for
neurodevelopmental and psychiatric disorders [4].

From a methodological standpoint, advances in
source reconstruction and signal decomposition
techniques have greatly enhanced the utility of HD-
EEG in studying neuronal synchrony. Modern
approaches such as beamforming, independent
component analysis (ICA), and graph-theoretic
modeling allow researchers to infer the origins of
synchronized activity and characterize the topological
properties of functional networks. These tools have
revealed that sensory integration often involves
transient hubs—regions that briefly coordinate
widespread activity before yielding to other areas—
suggesting a highly dynamic and distributed control

architecture. Moreover, the use of machine learning
algorithms in analyzing HD-EEG synchrony patterns
has opened new avenues for decoding perceptual
states and predicting behavioral outcomes in real
time. As these computational techniques evolve, they
promise to further clarify the role of synchrony in
sensory processing and support the development of
brain-computer interfaces and neurofeedback
interventions  tailored to enhance perceptual
performance [5].

Conclusion

In sum, neuronal synchrony serves as a foundational
mechanism for integrating sensory inputs into unified
perceptual experiences. High-density EEG, with its
unparalleled temporal resolution and improving
spatial precision, has proven instrumental in
uncovering the intricate patterns of oscillatory
coherence that underlie this process. From binding
multisensory cues to coordinating large-scale neural
networks, synchrony enables the brain to dynamically
filter, amplify, and merge information in a context-
sensitive manner. As research continues to refine our
understanding of these processes, the insights gained
from HD-EEG studies will not only advance basic
neuroscience but also inform clinical approaches to
diagnosing and treating disorders of sensory
integration.
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