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CLINICAL PRACTICE

The neural mechanisms behind speech and voice production are

intricate but not yet fully characterised. For speech and vocal

disordered populations, understanding the central mechanisms

behind speech and sound production is essential to improve

treatment options and rehabilitation techniques. Taking a scientist-
practitioner approach, Dr Jessica Galgano, of New York University

Grossman School of Medicine and founder of Open Lines Speech

and Communication, is researching the underpinnings of speech

and the clinical efficacy of current treatments for voice, speech, and

language disorders.

The Voice and the Brain

Speech and language are fundamental
components of human experience.
Speech allows us to express our
thoughts and feelings, communicate
ideas, and connect with the world
around us. Despite its ubiquity, the
brain mechanisms which allow speech
to occur are not fully understood.
Speech and voice disorders affect
almost 30% of people at some point

in their lives and are the main cause
of communication difficulties. For
these individuals, uncovering the
pathways and underpinnings of

how speech is produced in the brain
can help us develop new and more
effective treatments and rehabilitation
programmes.

When considering how the brain

is activated during speech, itis
important to identify the different
components involved. Voice refers to
sound produced by speech organs,
namely the larynx, while speech refers
to articulation and movement of the
lips, mouth, and tongue to produce
specific sounds. Language, on the other
hand, concerns the myriad cognitive

processes involved in producing and
understanding the rules of linguistics
and communication.

Revealing the neural circuits and
pathways associated with voice and
speech in normal populations can
help identify the networks involved
and how these may change as we age
or when damage orillness occurs. Dr
Jessica Galgano has brought together
ateam from a number of universities
and academic medical centres around
the country, including Colombia
University, Memorial Sloan Kettering
Cancer Center, Princeton University,
University of Colorado, and Yale
School of Medicine. Together, they are
striving to characterise these neural
pathways to help people with speech
or voice disorders as a result of stroke,
cancer, Parkinson’s disease, and other
neurological conditions.

Emotionally Speaking

One of Dr Galgano’s main findings
during her time as a researcher relates
to the role of emotional pathways in the
brain during the production of speech.
The impact of emotive states on voice
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has been studied comprehensively in
many fields, ranging from medicine to
the arts, and the voice can reflect an
individual's emotional state. Indeed,
researchers have described the voice as
the ‘barometer of emotion’ due to the
significant influence that psychogenic
stress can have on voice.

A condition known as adductor
spasmodic dysphonia causes the vocal
folds to come together abnormally
when speaking, becoming especially




pronounced during anxious states

and resulting in strangled or shaky
speech. Strong emotions can influence
anyone’s speech, such as when people
experience difficulty expressing grief
or the loss of voice during stressful
situations, like being put on the spot.
Improving our understanding of how
emotion and speech are interlinked
can help improve therapies and
treatments for patients and deepen our
understanding of how cognitive and
emotional processes are integrated
during speech.

There is substantial evidence so far

to suggest that an area called the
periaqueductal gray (PAG) is strongly
associated with vocalisation and
respiratory control during vocalisation,
even in lower mammals. The PAG forms
an interface between the forebrain
limbic system and medullary autonomic
centres. It receives afferents from the
hypothalamus and amygdala, the latter
which is an integral part of the limbic
system, or the emotional brain.

When animals vocalise this typically
reflects a heightened level of
stimulation of the PAG and conveys
information about the animal’s
emotional state. Lesions of the PAG

are known to disrupt vocalisations

in humans and other mammals, be
involved with emotional responses, and
show greater activity in humans when a
threat comes close. For these reasons,
Dr Galgano considered the PAG is an
important part of the network needed
to coordinate respiratory and laryngeal
motor patterns that play a partin

voice production, especially under
heightened emotional states or stress.

Visualising the Voice: Informing
Clinical Practice Through Research

Functional magnetic resonance imaging
(fMRI) allows scientists to visualise
regions of neuronal activation by
detecting changes associated with
blood flow in the brain. In a key study,
Dr Galgano used fMRI to look at which
areas of people’s brains are more or
less active during different activities:
sustained vocalisation of the ‘uh’ sound
with closed lips or sustained exhalation
through the nose. When studying the

brain signals associated with speech it is

important to be able to differentiate the
signals associated with movement of
the mouth from the signals associated
with voice production in the larynx itself.

This means that when designing tasks
for trial subjects to perform, researchers
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must include some sort of control,
where normal movements of the
mouth and respiratory system can be
compared to vocalisations in order to
identify the differences. Comparing the
two activities provides a baseline to see
which areas are more active during the
production of voice specifically, rather
than just activation of motor neurons in
the throat.

Dr Galgano’s findings were clear.
During vocalisation, an area called

the left ventral laryngeal motor area
(LMA) was coupled with activation in
the PAG. Whole brain analysis also
revealed increased coupling between
the PAG and the amygdala, an area
heavily involved in emotion and
anxiety. The functional connectivity
between these regions was significantly
more pronounced during voluntary
production of vocalisations compared
to exhalation and suggests that motor
voice control is linked with parts of the
limbic system.

This discovery is consistent with what
we know to be the case in animals,
where the PAG and amygdala have a
close relationship to allow integration
of anxiety behaviours in response to
threat. In humans, a similar connection
may mean that stressful situations or
strong emotions can affect the PAG’s
ability to mediate motor control during
voicing and speaking. Elucidating the
brain areas involved in this can help us
identify the processes which might be
disrupted in psychogenic or neurogenic
disease.

This important work underscores the
importance of exploring the basic
mechanisms of change underlying
the neuronal networks that govern
both emotion and voice and speech
in clinical as well as research settings.
As Dr Galgano explains, the human
voice provides critical insight into an
individual’s anxiety as well as their
ability to regulate their emotions.

As such, the potential impact of
emotion on symptomatology should
be considered a key part of clinical
evaluation and intervention.




Vocal Potential

Before she researched emotional influences on speech, Dr
Galgano studied the nerve potentials which occur to initiate

it. This is of particular importance for patients suffering

from Parkinson’s disease, where initiation of a movement

or action is acutely impaired. Her work identified a novel
method to analyse these potentials using high density
electroencephalography which overcame shortcomings
associated with earlier methods. A brain region known as the
middle frontal gyri and the bilateral LMAs were localised as the
source of the voice-related potential. Identifying these areas
can help us find out the pathways involved in initiating speech,
something which has previously been very difficult to study.

Other important aspects of voice and speech under
investigation include the complex pathways which control
the precise, coordinated movement required to modify pitch.
This is something we do unconsciously and naturally during
speaking and singing but takes a great deal of synchronisation
between respiratory and articulatory systems. Neuroimaging
techniques can allow researchers to more clearly delineate
such networks underlying control of the voice.

Dr Galgano recognised that previous attempts to find neural
correlates of the movements associated with pitch control
were impacted by difficulties controlling confounding variables
and separating the physical and cognitive aspects. Using fMRI,
Dr Galgano and her team were hoping to properly identify the
central cortical mechanisms involved in pitch variation.

Her findings were in accordance with prior research and also
identified a region known as the insula as being active during
modulation of pitch. This area has previously been shown to
be involved in the detection of sound, which is an essential
component of vocal monitoring and adjustment.

Many other areas were identified as having an involvement in
voice control, and interestingly, though the inferior frontal gyrus
in the right hemisphere produced greater activity than the area
of the left hemisphere during high and low pitch generation, the
left hemisphere of the brain showed increased activation on the
whole during high pitch production vs. comfortable production
and low pitch production vs. comfortable production, except
for bilateral activation in the cerebellum. Dr Galgano suggests
this may be due to its role in controlling the rhythm and
intonation of speech (prosody) and its involvement in language
production. Future studies could take a more in-depth look at
why the left hemisphere plays a slightly larger role in pitch to
better understand how the minutiae of speech are controlled.

The Road Ahead

The importance of speech and language for our health

and emotional wellbeing should not be overlooked.
Communication is a major aspect of our lives as social beings
and furthering our understanding of how we produce speech
in health and disease can help improve the way we treat such
disorders.

Dr Galgano describes a case study of a woman suffering

from vocal cord paralysis following metastatic cancer and
chemotherapy. Interestingly, the physical changes to her throat
and larynx following surgery seemed to bring about changes in
the neural pathways in her brain involving speech production.
The functional changes which occurred in the brain maps of
the patient before and after surgery suggest that the central
nervous system (CNS) has a significant ability to modulate
neural networks and reorganise areas involved with planning,
implementation, and control of systems needed for voice
production.

The clinical improvements observed in this patient correlated
with the changes in neural activation and lend credence to the
theory that CNS changes can improve the ability to produce
voice, possibly due to the ability to process new sensory
information following surgery. Understanding the way in which
the brain can adapt to such changes can perhaps further

our knowledge of how neural changes affect physiology. Dr
Galgano integrates these understandings and insights gained
from cutting-edge research from diverse medical fields and
applies it to the latest clinical best practices with the use of the
proprietary PRESENCE Approach™, which uniquely addresses
any impact emotions or psychological states may have on one’s
ability to think and communicate.

The work of Dr Galgano has improved the lives of thousands
of individuals suffering from speech disorders and voice
pathologies. Her research continues to advance the field of
study to allow new rehabilitation techniques and treatments
to be developed and improve our knowledge of the neural
underpinnings of and the impact of emotion and stress on
speech and voice.
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Meet the researcher

Dr Jessica Galgano earned her PhD (distinguished) from
Columbia University in Biobehavioural Sciences in 2007, having
joined Memorial Sloan Kettering Cancer Center as an assistant
research scientist in 2006 and New York University Grossman
School of Medicine as an associate research scientist and later
as a faculty instructor in 2010. Her research has focused on the
neural underpinnings of speech and voice and the effectiveness
of current treatments for neurogenic speech disorders with

a special interest in the direct structural and functional
connections between core limbic system structures and voice/
speech-motor areas. Dr Galgano’s future investigations will
further describe these connections, both via brain imaging
studies and other types of investigations, to inform individuals
about the importance of managing mental health for successful
communication, ultimately leading to improved quality of

life, health-related quality of life, and life participation and
satisfaction.

Dr Galgano is the founder of Open Lines Speech and
Communication where she uses her expertise to help adults
and children suffering from cognitive, speech, voice, and
swallowing disorders while also pursuing certification in anxiety
management and furthering her studies with a doctorate in
clinical psychology. She is a recipient of several awards and
grants given by the National Institute of Health (NIH), National
Institute of Deafness and Other Communication Disorders,
National Institute of Mental Health of the NIH, Columbia
University, and New York University. Dr Galgano also serves as
Vice President and Treasurer of the Board of the Parkinson’s
Unity Walk and is a member of the American Speech Language
and Hearing Association.

CONTACT

E: jgphd@openlinesny.com and jessica.galgano@nyumc.org
P: 212-430-6800

W: www.OpenLinesNY.com

0O www.facebook.com/pages/Open-Lines-Speech-and-
Communication/241842542534327

© https://twitter.com/OpenLinesNY

@ Open Lines Speech and Communication: https://
www.linkedin.com/company/open-lines-speech-and-
communication/
https://www.linkedin.com/in/jessica-galgano-3a403b43/
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KEY COLLABORATORS

Spiro Pantazatos, Columbia University, New York; New York
Psychiatric Institute, New York

Kachina Allen, Princeton University, New Jersey; Rutgers
University, New Jersey

+ Ted Yanagihara, Weill Cornell Medical College New York;
Brooklyn Methodist Hospital, New York

Joy Hirsch, Columbia University, New York; Yale School of
Medicine, Connecticut; University College London, UK

Lorraine Ramig, Columbia University, New York; National
Center for Voice and Speech, Colorado; University of
Colorado, Colorado; LSVT Global, Inc, Arizona

Brianna Rogers, Open Lines Speech and Communication,
New York

« Bridget Murray, Open Lines Speech and Communication,
New York

Olivia Kelly, Open Lines Speech and Communication,
New York

Grace Tsang, Open Lines Speech and Communication,
New York

FUNDING

+ 2007: Recipient of the National Institute of Health, National
Institute of Deafness and Other Communication Disorders
Ruth L. Kirschstein National Research Service Award for
Individual Predoctoral Fellows [F31]

+ 2007: Recipient of the Carol N. Wilder scholarship. Columbia
University, Teachers College

« 2006: Recipient of the Spencer Foundation Research Training
Grant: Dissertation Grant. Columbia University, Teachers
College

+ 2005: The Organization of Human Brain Mapping Travel
Award, partially funded by an R13 Award from the National
Institute of Mental Health of the NIH (Award # 2 R13
MH062008-06, ‘Conference on Functional Mapping of the
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