B A DEVELOPMENTAL APPROACH TO T1CS
UNDERSTANDING & ADDRESSING THELR ROOT CAUSE
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PATTERNS CLASSIFLED AS TIC “DISORDERS

m Classification based on observed symptoms
e Number of specific tics

® Type of tics

® Age of onset

® Frequency

® Duration of symptoms
Tourette Syndrome (TS) Persistent (Chronic) Tic Disorder  Provisional Tic Disorder
® 2+ motor tics and 1+ vocal tic ® 1+ motor or vocal tic(s), but not both. e 1+ motor or vocal tic(s)

e 1+ years duration, nearly every day ® 1+years, many times nearly every day e Under 12 months in a row
e Onset before age 18 ® Onset before age 18 e Onset before age 18
e Tics not due to medication / condition e Tics not due to medication / condition
o

No TS / persistent tic disorder diagnosis

e Tics not due to medication / condition

Source: cdc.gov
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WHAT ARE T1(S]

e Tics: sudden twitches, movements, or sounds that people do repeatedly

Motor tics Simple tics
Verbal tics Complex tics
m Current scientific thinking about the source of tics

® Genetic?
“Tourette syndrome genetics research has been frustrating. Despite an apparent high
heritability, association studies are largely barren.”

e Dopamine / neurochemistry?
“There is little evidence of abnormalities of striatal dopaminergic innervation in
Tourette syndrome.”

® Functional connectivity?
Increasing evidence of circuitry problems of the brain systems associated with social
decision making (SDM), within the social behavior network (SBN)

Source: cdc.gov, Roger L Albin, Tourette syndrome: a disorder of the social decision-making network, Brain, Volume 141, Issue 2, February 2018, Pages 332—-347.
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CIRCUTTRY PROBLEMS

“The emergence of involuntary movements,
vocalizations and subsequent natural history of
Tourette syndrome follows a predictable pattern in the
first 2 to 3 decades of life, suggesting that Tourette
syndrome results from altered brain development
trajectories.”

Source: L Albin, Tourette syndrome: a disorder of the social decision-making network, Brain, Volume 141, Issue 2, February 2018, Pages 332—-347.
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/" /"
ADDITIONAL “TRUISMS” REGARDING TICS

m Age of onset is typically middle childhood (6-10 yo), more frequent in boys than girls
m Symptoms are intermittent (i.e. appear, disappear, reappear)
m Tics can seriously impede daily function, interfering with school, work, or social life, and can
® Generate feelings of embarrassment and stress
® Tire and distract during the activity of suppression
® (Cause pain or injury
m Co-morbid w/ other NEURODEVELOPMENTAL issues (ADHD, anxiety, OCD, ASD, LDs, SPD, etc.)
m Medication / behavioral treatments have limited effectiveness, but there’s no cure
m Tics most often decrease during adolescence & early adulthood, often disappearing entirely

® Compensatory neuroplastic changes in the brain allow the individual’s brain to “catch up”

Source: cdc.gov, Compensatory neural reorganization in Tourette syndrome, Stephen R Jackson et al. Curr Biol. 2011.
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WALT._WHAT!
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WALT. WHAT!

Neuroplastic changes

in brain structure & connectivity
control tics

over time, helping the brain onto a more typical

developmental trajectory.
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UROPLASTIC CHANGET WHAT'S THAT!

The Human Brain: An Organ of “Surreal Complexity”

® The most complicated organ known in nature

m ~ 100 billion neurons (brain cells) form ~ 100 trillion connections

m  “Neurons that fire together, wire together” | WRITTEN I YOUR BRAIN-

D

m Functional connections in the brain are the basis of learning

e Typical wiring (“functional connectivity”) = the “Human Connectome”
m Enables typical self-regulation, skill mastery, etc. bra]_nscapes
e Disorders involve predictable differences in functional connectivity

m Wiring differences are detectable ahead of symptoms

REBECCA
SCHWARZLOSE

e The brain can change. It remains neuroplastic throughout our lives
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Brain Balance

m Brain wiring depends heavily on environmental input

UTLDING THE HUMAN LONNECTOME
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® Being born with the right “equipment” is not enough
e Experiences & stimulation drive development
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m “Lightning pace of development” in the first few years

INTO ADULTHOOD

e Different stimuli / tasks establish different networks
e Repeated activation strengthens / refines circuits
m Dysfunction is observable when brain wiring is not typical

m Appropriate intervention exists and is highly effective

e Strengthens existing connections

® Builds connections not previously formed

® Improves self-regulation, learning, skill mastery, etc.
Source: Bhattacharjee, Yudhijit, “The First Year”, National Geographic, January 2015.
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Brain Balance”

NEUROPLASTICITY'S ROLE IN QVERCOMING TI(S

m Increasingly, TS research is focused on the functional
connectivity within a system of brain regions

m These regions “learn” to work together in the way we
consider “typical” over time

m Suppression of tics is a part of typical human development,
much like social and emotional learning, academic learning,
physical coordination, etc.

“Increased control over motor outputs, including suppression of
tics, may develop during adolescence in TS and be accompanied
by compensatory, neuromodulatory, alterations in brain
structure & function.”
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Compensatory Neural Reorganization
in Tourette Syndrome
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- Dysfunctions of the basal ganglia-cerebellar-
thalamo-cortical system produce motor tics in
« Tourette syndrome
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Inhibition, Disinhibition, and the s
Control of Action in Tourette e
Syndrome

Georgina M. Jackson,'* Amelia Draper,? Katherine Dyke,?
Sophia E. Pépés,” and Stephen R. Jackson®*

Tourette syndrome (TS) is a
SOCi

motor tics. TS is associated
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Brain Balance

Mesolimbic
Reward System

A SYSTEM PERSPECTIVE

m Neuro-anatomical system r—
® Basal ganglia work together with the cortex and cerebellum
e Selection and maintenance of appropriate responses
> Generate behaviors of various complexity

> |nhibit inappropriate responses

m Systemic differences in Tourette’s Syndrome
e Related brain structures are immature

e Atypical interactions/functional connectivity between regions

m Same “dysfunction” is also implicated in OCD and ADHD

“ADHD is common in TS, as are anxiety disorders [and] obsessive compulsive behaviours, often arising to the
level of OCD. It is plausible to view simple tics and complex obsessions as opposite poles of a spectrum with

compulsive behaviours occupying the middle of the spectrum”

Source: Roger L Albin, Tourette syndrome: a disorder of the social decision-making network, Brain, Volume 141, Issue 2, February 2018, Pages 332—-347.
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HE PROMISE OF PLASTICITY-BASED INTERVENTIONS

. ° . . {frontiers in REVIEW ARTICLE
Dr. Michael Merzenich, Neuroscientist & Author: HUMAN NEUROSCIENCE :
Brain plasticity-based therapeutics

Michael M. Merzenich'*, Thomas M. Van Vleet'? and Mor Nahum'*

“Brain plasticity-based therapeutics can be expected to ; e e cr s
d rive fu nd a m e nta I re_no rm a I iZi ng Corre Ctio nS for £ - The primary objective of this review article is to summarize how the neuroscience

% of brain plasticity, exploiting new findings in fundamental, integrative and cognitive

. . ) ! o neuroscience, is changing the therapeutic landscape for professional communities
d IStO rte d b ra I n Syste m S . e addressing brain-based disorders and disease. After considering the neurological bases
of training-driven neuroplasticity, we shall describe how this neuroscience-guided

perspective distinguishes this new approach from (a) the more-behavioral, traditional

clinical strategies of professional therapy practitioners, and (b) an even more widely applied
pharmaceutical treatment model for neurological and psychiatric treatment domains. With
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self-organizing brain”

L Mi( AEL MERZENIC PHD
SOFT-WIRED
How the New Science of
Brain Plasticity Can Change Your Life

® \We have clear insight into brain-changing processes
m Inthe degrading, aging, distorting direction
m In the strengthening, rejuvenating, corrective direction

e Brain “remodeling” can be induced
m Onalarge scale
m Atanyage
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LEVERAGING BRAIN PLASTICITY

m Intensive, integrated, targeted, strengthening exercise

e Sensory engagement

e Physical exercise

e Academic / cognitive activities
m Progressively challenging, purposeful

m Must reflect complexity of real world to change brain
m Improves speed & efficiency of neural pathways

e Key networks in the brain fire, then wire, together
e Drives synchronization of skills

m Brain connections become more typical

m Leads to more typical function

e Self-regulation
e Information processing
e Learning

Brain Balance® |
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HOW DO WE KNOW THE APPROACH WORKS!

H arva rd / M C Le an Fl N d | N g S Martin H. Teicher, M.D., Ph.D Harvard Medical School

Director, Developmental Biopsychiatry q Department of Psychiatry

" ) Research Program . Associate Professor

® P rOfo un d effe Cts In te rms Of Chief, Laboratory of Developmental : ?
; Phone: 617-855-2970
. Psychopharmacology
| Sym ptom improvement McLean Hospital Fax: 617-855-3712
. 115 Mill Street Email:

[ ] M easure d atte nt IoN Belmont, MA 02478-9106 martin_teicher@hms.harvard.edu

m Functional brain connections , ) ) )
White Paper: Profound Effects of Brain Balance Exercises and Interactive

e Multiple assessments Metronome and on a Subset of Children with Attention Deficit
m Pre-study (Test 1) Hyperactivity Disorder

m Immediately after 16 weeks
of participation (Test 2)
m 5 year post-study (Test 3)
® Persistence of benefits due to true neuroplastic change

Replicable Results / Parent-Reported Success Stories

“LIFE CHANGING in the most positive way” “It’s just absolutely amazing what he’s accomplished.”

“He’s been on the school news here 6 or 7 times already doing weather reports, news reports, things like that.”
“1.5 years later...99% better...occasionally make a snorting noise...interacts with friends...a normal social life.”
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IN SUMMARY:

By promoting beneficial neuroplastic change,

we can help people

control tics sooner.
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