White Matter Connectivity and the
Neural Architecture of Speech Fluency
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Fluent speech depends not only on the activity of individual brain regions but also on
the efficiency with which those regions communicate with one another. During speech
production, the brain must transform an intended message into a rapid and correctly
timed sequence of motor commands while simultaneously monitoring the sensory
consequences of those movements. This process requires coordination and
communication among cortical regions involved in language, motor planning,

articulation, auditory feedback, and motor learning. Because these systems must



exchange information rapidly and reliably, the structural connections linking them are

central to the production of fluent speech (Hickok et al., 2011).

These structural connections are formed by white matter, the tissue in the brain
composed of myelinated axons. Axons are the long projections of neurons that carry
signals from one cell to another, and myelin is the insulating sheath that helps those
signals travel faster and more efficiently. White matter therefore serves as the brain’s
communication infrastructure as it links distant cortical and subcortical regions into
functional networks (Bear et al., 2020). In the context of speech, white matter pathways
help connect language-related regions in the frontal and temporal lobes with
sensorimotor systems that control the movements of the vocal tract. When these
pathways function efficiently, speech plans can be translated into coordinated
articulatory movements with amazing speed. When connectivity within these systems is

altered, the stability of speech production may be affected, resulting in speech disorders.
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Recently, the study of white matter has become increasingly important in the
neuroscience of stuttering. Earlier theories focused on the possibility that stuttering
arose from dysfunction within a single region of the brain. More recent research has

shifted toward a network-based view, suggesting that stuttering involves differences in



the structural and functional connectivity of the speech motor system (Etchell et al.,
2018). From this perspective, stuttering is not a problem of one isolated “speech center,”
but instead reflects differences in how the broader speech network is wired,

coordinated, and functions.

One of the earliest studies supporting this idea was conducted by Sommer et al. (2002),
who used diffusion imaging to examine white matter pathways in adults with persistent
developmental stuttering. The researchers reported reduced white matter integrity in
regions underlying left frontal speech areas, suggesting that communication between
brain regions responsible for planning and executing speech movements are disrupted.
This finding provided early evidence that stuttering may involve altered structural

connectivity within the speech motor network.

Further support for this view resulted from a study conducted by Watkins et al. (2008).
They combined functional magnetic resonance imaging (fMRI) with diffusion-based
imaging to examine both brain activity and structural connectivity during speech
production. The researchers observed differences in activity across several parts of the
motor system, such as reduced activation in ventral premotor and sensorimotor areas
and increased activity in the cerebellum and midbrain. They also identified reduced
white matter integrity underlying left ventral premotor regions involved in speech
production. These findings suggested that the structural pathways supporting
communication between speech planning and motor execution systems may be less
robust in individuals who stutter. The connectivity between regions and pathways being
reduced means that signals between different regions of the brain necessary for speech
may be transmitted less efficiently or less consistently, affecting the timing and stability

of the production of speech.



Structural white matter differences and people who stutter (PWS). Watkins et. al 2008. Results of analysis of diffusion imaging data in PWS
compared to Controls. The skeleton (green) is overlaid onto the average fractional anisotropy (FA) image of the subjects studied. Blue indicates areas

where PWS had lower FA than controls. Yellow/orange indicates areas where PWS had higher FA than controls.

These differences in structural connectivity may also explain the variability of stuttering
across speaking situations. When communication among speech regions is less efficient,
the speech system may be more vulnerable to disruption under conditions of increased
linguistic or motor demand. In some contexts, speakers may compensate by recruiting
additional neural systems or relying more heavily on auditory monitoring, while in

others these compensatory mechanisms may be less effective.

One white matter pathway that has attracted particular interest in speech neuroscience
is the arcuate fasciculus, a major tract that connects frontal and temporal language
regions. The arcuate fasciculus is a key component of the dorsal language stream, which
supports the integration of auditory and motor representations of speech (Hickok et al.,

2011). Efficient communication along these pathways allows the brain to compare



intended speech with auditory and somatosensory feedback and to adjust articulatory

movements accordingly.

Within the context of stuttering, altered white matter connectivity in these dorsal speech
pathways may interfere with the integration of planning, execution, and feedback
processes required for fluent speech. If frontal speech planning regions do not
communicate efficiently with sensorimotor or auditory systems, the resulting motor
commands may be less stable, and the speaker may become more reliant on slower or
less efficient compensatory mechanisms. This interpretation is consistent with
computational models of speech production, such as the DIVA model, which emphasize
the importance of coordinated interactions between feedforward motor commands and

sensory feedback systems (Tourville & Guenther, 2011).

More evidence concurring with the idea that white matter differences are a recurring
feature of stuttering include a systematic review of neuroimaging studies conducted by
Etchell et al. (2018). From this review, it was concluded that developmental stuttering is
associated with widespread differences in both structural architecture and functional
organization across the speech network. Although results vary across studies and age
groups, the review found consistent evidence that speech-related brain systems differ in
individuals who stutter, particularly in regions involved in motor control, auditory

processing, and network connectivity.

White matter connectivity may additionally help explain why some children recover
from stuttering while others continue to stutter into adulthood. Developmental
stuttering begins early in childhood, during a period when speech and language
networks are still maturing. Evidence suggests that recovery may be associated with
increasing integration among speech-related brain regions as neural networks develop,
whereas persistent stuttering may involve continued alterations in the structural and

functional coordination of these networks (Neef & Chang, 2024).

Research on white matter connectivity has reshaped our understanding of the neural
basis of speech fluency. Rather than viewing speech production as the result of isolated

brain regions acting independently, contemporary neuroscience increasingly



understands fluent speech as an emergent property of coordinated neural networks.
White matter pathways provide the structural foundation for these networks, allowing
language, motor, auditory, and sensory systems to exchange information in real time.
When connectivity within this architecture is altered, the stability of speech production
may be affected. In this way, the study of white matter offers an important window into

the neural foundations of both fluent speech and stuttering.
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