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What causes stuttering?

A Amazing progress over past few decades

A Many of us very excited about all the new work from
clinicians and researchers

A Outline:

I My answer to the question at hand (preamble to
that, levels of explanation)

I Three major domains of inquiry relevant to
stuttering

I Discuss complex developmental pathways to
stuttering, the Developmental Dynamics Model
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Stuttering is aneurodevelopmentaspeech production
disorder with typical onset between the ages of 2 and 5
years.Neurodevelopmentatlisorders arise during
childhood due to atypical development of the central
nervous system. The primary symptoms of stuttering are
involuntary disruptions in the forward flow of speech.
These observable disruptions in fluent speech production
clearly reflect an underlying speech motor disorder, but
also critical in the development and persistence of
stuttering are the developing neural networks mediating
language and psychosocial processes and their

interactions with speech production systems. (Smith and
Weber, in progress).




From this statement, clear that different levels of
explanation are required.

HUMAN GENOME

One level that is relevant for - ~15,000 genes

understanding all complex human o S

behaviors and /or disorders, from diabetes S

to stuttering. At this level, we need to S  EPIGENETICS:

understand that human behaviors arise @) I Dy,
= o L & radiation, feed, drugs,

from an interaction of genes, the Y i S ————

environment (internal and external), and o L s i ol et 090

A 0 = e Imprinted lang-term
epigenetic processes. =
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SEEEREEEERS PRODUCE GENOTYPES OR
RARE GENETIC DISORDERS

Another levelspecifido stuttering, 3

major domains of inquiry relevant to m—
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Of Stutterlng motor, I|ngU|St|C, and factors that contribute to the development of persistent stuttering?
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Recent AdvancesMultifactorial, NeurodevelopmentdDisorderg
Emerges through Epigenetic Processes

What is aneurodevelopmentatliisorder?

Arises during childhood due to atypical growtfr
and development of the CNS

Neurodevelopmentatlisorders include autism,
Fragile X Syndrome, Turner Syndrome, 22«
Deletion SyndromeRraderWilli Angelman
Syndrome, Williams Syndrome, dyslexia,
and specific language impairmewnd

STUTTERING :
We know stuttering is aneurodevelopmental ‘(
disorder, because there are consistent vhAewe

anatomical and functional differences in
the bral ns Of AWS and CWS . DU rl ng Figure | White matter reglons showing significant group differences in fractional anisotropy based on whole-brain analysis

1 Tal | (TBSS). Coloured highlights show areas with significantly decreased fractional anisotropy in children who stutter compared to controls AG =
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generating the correct command signals to

the muscles involved in speaking.

cerebellum

Chang, &.,Zhu, D.CChoq A.,Angstadf M. (2015). White matter

Leads to the questionS' how does brain neuroanatomicatlifferences in children who stutteBrain. 2015 Mar;138(Pt

development typically occur? And what is 3):694711. large sample, 89 (47 CWS) ageti®3yrs.
atypical in the development of stuttering?



Brain Development GenesEpigenesisExperience

A Structure of the brain at any point in time is a product of interactions
among genetic, environmental, and epigenetic facttesnfoot& Giedd
2006).
I Geneg; keys on the piano, fixed at birth
I Environment =both outside environment and the internal physiological milieu
i Epigeneticg G A YAY 3 YR AyuSyartueée 2F 3ISyS SELNS
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R K. Lenroot, JN. Giedd | Neuroscience and Biobehavioral Reviews 30 ( 2006) 718-729
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Fig. 6. Right lateral and top views of the dynamic sequence of gray matter maturation over the cortical surface. The side bar shows a color representation
in units of GM volume. Fifty-two scans from 13 subjects each scanned 4 times at approximately 2-year intervals.
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Typical Brain Developmerbpeechelated areas of the brain undergo complex changes
e.g.,. NP @reQ a

Between 3 72 months

Dendritic branching growth spurts and
retractions

Left & Right Hemisphere follow different
growth patterns

At 3 months Right speech praotor> Left
At 1 year patterns reverses

By 4272 months, Left NP @ds Stductural
dominance in dendritic branching.

Great deal of evidence point to atypical
anatomy and function of prenotor and
motor speech areas in CWS and AWS.

I

Simonds &5cheibegl 1989,Brain and Language



Typical and Atypic&pigenesis

Typical Development, Same child at
_4months |, 4.6yr . 10.8yr

Neonate cortex does not have
localized functions at birth, allows
interaction with the environment and
epigenetic processes to play a crucial
role in gene expression and in the
ultimate phenotype (stuttering vs.

not stuttering).Epigenesiss not
predetermined, rather it is
probabalistiqdKarmiloftSmith, 2007).

Synaptic pruning leads to
specialization, and iatypical
epigenesisspecialization is
compromised.Therefore one should
see more widespread atypical
activity.

this is the case in stuttering.

DOl 101159 c00345152 Jeepedute e":-ﬂopcmm CEIGE N e -

Deripoaencal | P — yp— p—— o il 2 10:1 (2007, pp 24-22

Developmental Trajectories of the . . .

Fronto-Temporal Lobes from Infancy to At}’p|cal EI_‘"gE"ES'S

Early Adulthood in Healthy Individuals

Chiaki Tanaka® Mie Matsui®  Akiko Uernatsub  Kwo Noquchi=  Toshio Mivawaki= - *
Annette Karmilo#i-Smith

Diepelopwmergod Menvororrditon Lafy Bivkbeck, Dtmweratiy of Dondon, UE



AtypicalEpigenesis

The dorsal pathways of the
language network in newborn
B C infants, Zyearold children, and
adults. For newborns (A), no
' = connection between the IFG and

3 o temporal regions is observed.

' Rather they only show a

connection terminating in the
premotor cortex.

Newborns Children Adults

'(;;;'

Dorsal and ventral pathways in language development
Brauer, Anwander, Perani, Friederici Brain and Language, 2013

Stuttering does not emerge due to an impaired speech motor module in the brain, or an impaired language
center, or an impaired auditory monitoring system. All of these systems interact dynamically as the brain is
developing speech motor skills.

Stuttering emerges as these areas undergo synaptic pruning and grow in interconnectivity. This ongoing
remodeling of the brain isxperiencedependent.

The probability of a child developing persistent stuttering changes over thegtreol years.



Twin StudiegClues about the interactions of genes and
environment and the role aépigenesis

Two persons with identical
genes (MZ twins) may
develop different
phenotypes, e.g., one may
stutter and one may not.

This points to the critical
role of epigenetic factors.

SAME GENES, DIFFERENT PEOPLE

Kantical twirs 8 Dorn with the same DNA

Dt can baceme surprisingly diffarant s they
grow akler. Abooming field calkd epigenetics
Is revealing how tactons bke stress and nutrition
CANn calsy this divergonce by changing how
Individus! ganes behave
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Genes are not destiny. Child is born with some
probably of stuttering based on his/her genes.



Twin Studies
Evidence from Concordance Rates for MZ vs. DZ Twin Pairs

Specific Language Impairment

Reading Disability

Autism Spectrum Disorders

Alzheimer's Disease

Stuttering

Hypertension

Wl \dentical (M2)

Diabetes
I Fraternal (DZ)

0 20 40 60 80 100
Percent Concordance

Adapted from P. Miller (2012) National Geographic
* From L. B. Leonard (1998ildren with Specific Language Impairment
** From Howie (1981) JSLHR Felsenfeld et al., (2000)



Three Major Domains of Inquiry (and their interactions) Critical
for Understanding Stuttering

A Stuttering is a speech motor disorder. If the motor system does not produce
atypical fluency patterns, it is not stuttering. Occurs only when individual is
speaking, and speaking is always linked to languag®ot found in sign
languages, though SLI.

A BuXAla aOl dzaSa¢ KIFI@GS 0SSy f20F0SR AY
emotional.

A Easy to understand why (Other systems studied because they clearly affect the
nature and frequency of motor disruption), but involuntary disruptions in speech
motor control processes at@e essential, defining symptom of stuttergq
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Typical Speech Motor Development

Variability Index
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"Mommy bakes pot pies.”

—&— lip ap. var. females

—%— lip ap. var. males
—O— llfjaw var. females
—7— ll/jaw var. males

4 6 8 10 12 14 16 18 20

Age in years

22

Typical Development:
Interaticulatory
Coordination Indices.
Oral motor Coordinative
space gets smaller with
maturation. Articulatory
patterns become highly
stable andoverlearned
motor programs. New
evidence that CWS lag TD
peers in speech motor
development. And AWS
have relatively unstable
motor programs for
speech both from
articulatorykinematic
studies and CNS
functional studies.



Simple Sentences
Sex Effects at age-38

Simple Sentences

27
A From earlier work A cws
(Smith & Zelaznik, 1
2004) know that * @ cwns
typically developing 4 ’ }
and 5 year old boys lag
girls on the lip
aperture variability 9 241
index. g
€ 23- _
<
A Sexhas asignificant = T
effect on CWS as well, ®
with CWS boys
showing more 21 4
variability than CWS -
girls at age % years. 20 1 1
19
A One factor for greater Males Fermales

vulnerability of males
to persistent
stuttering.
Journal of NeurodevelopmentaDisorders2015

Speech motor planning and execution deficits in early childhood stuttering.
Walsh B, Mettel KM?, Smith A



http://www.ncbi.nlm.nih.gov/pubmed/26300988
http://www.ncbi.nlm.nih.gov/pubmed/?term=Walsh B[Author]&cauthor=true&cauthor_uid=26300988
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mettel KM[Author]&cauthor=true&cauthor_uid=26300988
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smith A[Author]&cauthor=true&cauthor_uid=26300988

Longitudinal Analysi®f Simple Sentences
Cross Sectional Analyses based on recovery status

Averaged Simple Sentence Data Averaged Simple Sentence Data
from 4-5 Year Olds from 7-8 Year Olds

26 26

R

22 22

20 } 20
18 18 }

16

LA Index
LA Index

16

CONTROL R-CWS P-CWS CONTROL R-CWS P-CWS

From Walsh & Smith, In preparation.



Influence of Length and Syntactic Complexity on Speech Motor Performanct

Length Effect Group x Complexity Interaction
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x
» 34.0 S 340
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Short Long . Simple Complex
-+ CWS
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MacPherson, M. K., & Smith, A. (2018jluences of sentence length
and syntactic complexity on the speech motor control of children who
stutter. Journal of Speech, Language, and Hearing Researdf-%6,



https://www.purdue.edu/stutteringproject/wp-content/uploads/2013/04/MacPherson-Smith-2013.pdf

Functional Neural Systems for Language
Processing

One of the critical features of
the neurodevelopmental
epigenetic account of stuttering
is the ideain developing
specialized regions/connections
for speech/language functions,
neural systems are highly
interactive. Thus the imprint of
a ND disorder is not confined to
one brain region.

Thus my colleague Chris Weber
conducted a series of
experiments on neural
processing of language in AWS
and CWS in tasks that required
no speaking.



Language Processing and Adults who Stutter

Christine Weber-Fox
Purdue University
West Lafayette, IN

Neural Systems for Sentence
Processing in Stuttering

The role f olingu > factors in stutter J was investigated by d
whethe I i als Wln stutte I splay & Iy[ al r al functions for

Christine

Amanda Hampton
Purdue University

Stuttering and Natural Speech
Processing of Semantic and
Syntactic Constraints on Verhs

Weber-Fox

Purpose: Previous findings from event-related brain pofentials (ER)

adults who stutter !AWS exhibit processing differences for visuu”z Drg

Elizabeth M. Cuadrado
Christine M. Weber-Fox
Purdue University,
West Lafayeﬂ IN

Atypical Syntactic Processing

in Individuals Who Stutter:
Evidence From Event-Related
Brain Potentials and Behavioral
Measures

Syntacfic processing was explored in individuals who stutter (IWS). Gram
|ty| dgments a devenlrel radbmnpcn ntials (ERPs) were obtained W]
rticipants read sentences, half contail erb-ogreement violations

A AWS exhibited reduced negative ERPS 1
function words (N280), content words
(N350), and semantic anomalies (N400)
compared t&AWNS (Weber, 2001).

A Clear evidence that even when AWS do
not speak, their brains have atypical
language processing functional network:
Again, is this an early component of de\
Stuttering?




