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Recent brain imaging of normal and stuttered speech
production: lessons learned and questions raised.

Professor and Chair, Department of Speech-Language Pathology, University of Toronto, Canada
Affiliated Scientist, Toronto Western Research Institute, Canada Adjunct Scientist, Hospital for Sick
Children Research Institute, Canada Visiting Professor, Katholieke Universiteit Leuven, Belgium

O Luc F. De Nil, Ph.D.

Written historical records suggest that people have always attempted to explain stuttering as having
a biological cause, including structural deficiencies within the vocal tract and weakness of the muscles,
especially the tongue. At the beginning of the 20th century, Drs. Lee Travis and Samuel Orton were
among the first to seriously research whether developmental stuttering may be caused by atypical
functioning of the brain. In their conception, stuttering was due to a lack of normal development of
hemispheric dominance and their investigations led to some of the pioneering work (and treatment)
into the neurology of stuttering. This early research and much of the work that followed was limited
because research tools that allowed for a direct measure of brain function and anatomy in people who
stutter were not available. The arrival of modern functional and structural imaging techniques, which
became widely available to the research community about 20 years ago, has led to a remarkable
revolution in how brain functions are studied. While this work has resulted in the confirmation of a
number of previous concepts about language and speech production, it also has generated some new
and exciting hypotheses which will be reviewed during my presentation. Very early on the potential
of these new imaging tools for the study of developmental stuttering became recognized and initial
studies hinted at functional lateralization differences during speech, decreased auditory activation

and potential functional deficiencies in subcortical nuclel, in particular the basal ganglia. In our own
work, we have used functional imaging to study differences in brain function and structure between
stuttering and nonstuttering adults and how these differences are affected by intensive behavioural
treatment. These research findings have shown a general overactivation of cortical and subcortical
regions, primarily those involved in sensorimotor organization and coordination of speech, and have
confirmed functional deactivation at the level of the auditory cortex during speech. At least some of
these functional differences appear to be related to structural anomalies in associated cortical regions.
Of particular interest also was our observation of significantly increased cerebellar activation in people
who stutter. Our pre—post treatment studies have demonstrated how behavioural treatment may
result in even greater cortical and subcortical activation initially, and how this activation becomes
more normalized after a 1-year follow—up period. In my presentation I will discuss how these findings
may relate to data from a number of our behavioural studies which suggest that people who stutter
have difficulties with the acquisition and retention of new sequential motor skills. Also, I will briefly
discuss what we can hope to learn from comparing brain processes involved in developmental and
adult-onset acquired stuttering. While the arrival of powerful brain imaging tools, like PET, fMRI and
MEG have led to some exciting new observations, many questions still remain further investigation,
such as whether the imaging data acquired primarily on adults can shed light on neural processes in
very young children. Related to this, the question remains whether the differences between stuttering
and nonstuttering speakers reflect innate or acquired differences in how the brain functions. A number
of these questions will be discussed as well as the potential contributions of emerging technologies

such as optical imaging using near-infrared spectroscopy.
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