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Thomas Chippendale  Ph.D. MD
1949 – 2014

Dr. Chippendale was a gentle soul with a brilliant mind. He was a 
thoughtful man, a good listener, kind and compassionate.

He is recognized by his colleagues for his dedication to neuro-
sciences and rehabilitation services, transparent communication 
style, and commitment to his patients. 

Along with his wife Julie, they created a long- standing Mindfulness 
Based Stress Reduction course at Scripps Encinitas, which served 
many community members for almost 20 years.

He enjoyed many pursuits including a love of the Sierras, 
completing two full treks on the John Muir Trail. He loved the 
mountains and the sea and was a longtime surfer. He loved poetry 
and was a devoted father, partner and friend. Bachelor of arts in literature from UC Irvine in 1971

Master's degrees in pharmacology and therapeutics (UCI, 1972)

Master’s degree in psychology (Princeton, 1974)

Ph.D. in neuroscience (Princeton, 1977)

Doctor of medicine degree from UC Irvine in 1980. 

He completed his internship in medicine at UCSD in 1981, and his residency 
in neurology from UCSD in 1984. 

He was board certified in neurology, psychiatry and integrative holistic 
medicine. 

He joined The Neurology Center in Encinitas in 1984, where he practiced for 
nearly 30 years





An Animal of No Significance
¬ 4 billion years ago on a planet called Earth, certain molecules combined to form 

particularly large and intricate structures called organisms. The story of 
organisms is called BIOLOGY.

¬ 150,000 years ago, Homo Sapiens emerged from East Africa and looked just like 
us.

¬ 70,000 years ago, organisms belonging to the species called Homo Sapiens 
started to form evermore elaborate structures called cultures. The subsequent 
development of these cultures is called HISTORY.

¬ 3 important revolutions shaped the course of history:
¬ 1. Cognitive revolution – kick started history 70,000 years ago
¬ 2. Agricultural revolution - sped it up 12,000 years ago
¬ 3. Scientific revolution only 500 years ago and may yet end history as we know it.

Sapiens, A Brief History of Humankind, Youval Noah Harari. Harper Collins 2015



Homo 
Sapiens 
Brain

Sapiens, A Brief History of Humankind, Youval Noah Harari. Harper Collins 2015

Most notably, humans have extraordinarily 
larger brains compared to other animals

Modern Sapiens sport a brain 73-85 cubic 
inches
The absolute brain size of hominids has 
tripled since the Pliocene age

Accounts for 2-3% of total body weight but 
consumes 25% of body’s energy when at rest.
(Lammert 2008)



The Cognitive 
Revolution

The Tree of 
Knowledge 
Mutation

Sapiens, A Brief History of Humankind, Youval Noah Harari. Harper Collins 2015

Appearance of new ways of thinking and 
communicating 30,000-70,000 years ago 
constitutes the cognitive revolution

Accidental genetic mutation?
Changed the inner wiring of the 
brain of Sapiens
Allowing it to think in unprecedented 
ways
Communicate in an altogether new type 
of language



Most scholars believe that there must have 
been some relatively small change in the 
internal structure of the brain that led 
to all the big revolutions in sapiens‘ abilities.

Perhaps there was some relatively small 
genetic mutation that caused two parts of the 
brain, which were previously separated to 
connect to each other that resulted in other 
new amazing cognitive abilities.

We don‘t have a very clear theory about what 
was the biological and the more logical 
factors that lead to the whole cognitive 
change.

With Permission

Three pounds
1.1 trillion cells

100 billion neurons



Human brain 
evolution 
involves cellular, 
genetic, and 
circuitry 
changes.

On a genetic level, humans have a modified FOXPơ gene, which is 
associated with speech and language development

The human variant of the gene SRGAPơ, SRGAPơC, enables 
greater dendritic spine density which fosters greater neural 
connections

On a cellular level, studies demonstrate von Economo 
neurons (VENs) are more prevalent in humans than other 
primates .Studies show that VENs are associated with empathy, 
social awareness and self-control

On a circuitry level, humans exhibit a more complex mirror neuron 
system, greater connection between the two major language 
processing areas (Wernicke's area and Broca's area), and a vocal 
control circuit that connects the motor cortex and brain stem

Sherwood CC, Schumacher M (September 2018). "What Makes the Human Brain Special". Scientific American.
Allman JM, et. al.(April 2011). "The von Economo neurons in the frontoinsular and anterior cingulate cortex". Annals of the New York Academy of Sciences. 1225 (1): 59–71.
Cattaneo, L et. al. The Mirror Neuron System, Arch Neurol. 2009;66(5):557-560

https://en.wikipedia.org/wiki/FOXP2
https://en.wikipedia.org/wiki/SRGAP2
https://en.wikipedia.org/wiki/SRGAP2C
https://en.wikipedia.org/wiki/Von_economo_neurons
https://en.wikipedia.org/wiki/Mirror_neuron_system
https://www.scientificamerican.com/article/what-makes-the-human-brain-special/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3140770


¬ A neuron that fires both when an animal acts and when the 
animal observes the same action performed by another.

¬ The neuron "mirrors" the behavior of the other, as though the 
observer were itself acting.

¬ Found in the premotor cortex, the supplementary motor area, 
the primary somatosensory cortex, and the inferior parietal 
cortex

¬ Mirror neurons may be important for understanding the actions 
of other people, and for learning new skills by imitation.

¬ The mirror neuron system is associated with social cognition, 
theory of mind, and empathy.

https://en.wikipedia.org/wiki/Social_cognition


Symbolic Thinking
¬ Symbolic thinkingwas a crucial change in the evolution of the 

humanmind.
¬ The ability to transmit information about things that do not exist at all 

(fiction). Legends, myths, gods and religion

c. 32,000 years ago
Stadel Cave Lion Man



The 
Paleolithic 
Cognitive 
Revolution

First evidence of art and jewelry. 

First evidence of trade between different groups. 

First evidence of complex societies comprising hundreds of people, 
and not just dozens of people. 

First evidence of religion.

The ability of large numbers of strangers to cooperate successfully 
in common myths allowed for the development of immense 
power.

Enabled them to conquer the world and drive all other human 
species to extinction.



The study of focal brain lesions has been the foundation of clinical neurology 
and the basis for localization of most neurologic symptoms and behaviors.

It’s Complicated!

Left Brain:
• Rational
• Analytical
• Reductionist
• Language

Right Brain:
• Abstract
• Intuitive
• Holistic
• Creativity



For more than two million years human neural networks kept 
growing and growing

• The cerebral cortex has long been regarded by neuroscientists as the major locus of 
cognitive function

• The white matter of is increasingly recognized as equally critical for cognition. 
• White matter comprises half of the brain, has expanded more than gray matter in evolution, 

and forms an indispensable component of distributed neural networks that subserve
• neurobehavioral operations. 
• White matter tracts mediate the essential connectivity by which human behavior is 

organized, working in concert with gray matter to enable the extraordinary repertoire of 
human cognitive capacities. 

Filley CM, Fields RD. White matter and cognition: making the connection. J Neurophysiol 116: 2093–2104, 2016



Diffusion Tensor Imaging

Diffusion tensor imaging (DTI) is a MRI technique that 
enables the measurement of the diffusion of water 
molecules to generate images non-invasively. Water 
molecule diffusion patterns can reveal microscopic details 
about tissue architecture, either normal or in a diseased 
state and has been used extensively to map white matter 
tracts in the brain.



Analyzing the Human Brain

Licensed Adobe Stock Video



5000 synapses per neuron on average = 5 x 1014 synapses
That’s 500 trillion!



Many neurologic and psychiatric symptoms correspond 
more closely to networks of connected regions.

A new resource termed The Human Connectome, 
derived from functional neuroimaging of thousands of 
healthy persons, provides a map of these brain 
connections.

Michael D. Fox, M.D., Ph.D. NEJM 379;23 December 6, 2018



Michael D. Fox,M.D., Ph.D. NEJM 379;23 December 6, 2018

Figure 1. Symptom Localization from Focal Brain Lesions.
Shown are index cases in which focal brain lesions (arrows) caused impair-
ment in language (in Patient Tan)6 (Panel A) or memory (in Patient H.M.)7 

(Panel B). Overlap in lesion location across patients with the same symp-
tom (Patient 1 through Patient 3) can identify a common neuroanatomical 
substrate (arrow) (Panel C). In practice, lesions that cause the same symp-

tom often occur in different locations, so localization remains unclear 
(Panel D).
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With the use of the connectome, 
lesions in different locations that 
cause the same symptom can be 
linked to common networks in ways 
not previously possible. 

This approach, termed lesion 
network mapping, is being applied 
to lesions associated with a variety 
of neuropsychiatric symptoms, 
including hallucinations, delusions, 
abnormal movements, pain, coma, 
and cognitive or social dysfunction.

Connectome localizations 
may expose new treatment 
targets for patients with 
complex neurologic and 
psychiatric symptoms.



The Human Connectome Project
Large-scale functional-neuroimaging efforts, such
as the Human Connectome Project, have resulted
in normative maps of anatomical and functional
brain connectivity that surpass previously available
models of brain structure and function.

These maps are generated with the use of special
MRI scanners, cohorts of thousands of persons,
and advanced processing algorithms. The result
is a detailed wiring diagram of the human brain
that is referred to as the human connectome.

Michael D. Fox, M.D., Ph.D. NEJM 379;23 December 6, 2018



Using the Human Brain Connectome to Localize 
Symptoms from Focal Brain Lesions.

Lesions that cause the same symptom but occur 
in different brain locations (Panel A) can be 
overlaid on a map of anatomical connectivity 
(Panel B) or functional connectivity (Panel C) to 
determine whether they are part of the same 
connected brain network. 

Michael D. Fox, M.D., Ph.D. NEJM 379;23 December 6, 2018



Using the Human Brain Connectome to Localize Symptoms from 
Focal Brain Lesions.

In this example, lesion locations that cause visual 
hallucinations are functionally connected to a part of the 

brain involved in visual imagery (red circles).

Michael D. Fox, M.D., Ph.D. NEJM 379;23 December 6, 2018



Many symptoms are caused by lesions in different locations 
(three examples for each symptom are shown in red). 
However, more than 90% of lesion locations that cause the 
same symptom are functionally connected to the same brain 
regions (right column). 
• Lesion locations that cause hemichorea are connected to 

the posterolateral putamen, a region implicated in motor 
control. 

• Lesion locations that cause delusions of familiarity are 
connected to the retro-splenial cortex; a region activated by 
familiar stimuli. 

• Lesion locations that cause freezing of gait are connected 
to the dorsal medial cerebellum; a region activated by 
locomotion tasks. 

• Lesion locations that are associated with criminality are 
connected to the orbitofrontal cortex; a region activated by 
moral decision making.

Michael D. Fox, M.D., Ph.D. NEJM 379;23 December 6, 2018



7-T ultra-high field diffusion tensor imaging
Altered microstructure of thalamic-somatosensory anatomy in trigeminal neuralgia 

Rutland, J et al. Journal of Neurosurgery August 2019 



Functional MRI (fMRI)

The primary form of fMRI uses the blood-oxygen-level 
dependent (BOLD) contrast, discovered by Seiji Ogawa in 
1990. This is a type of specialized brain and body scan 
used to map neural activity in the brain by imaging the 
change in blood flow related to energy use by brain cells
Ogawa determined that the changes in blood oxygen 
levels cause its MRI properties to change, allowing a map 
of blood, and hence, functional, activity in the brain to be 
created.

Auditory fMRI activations during a speech paradigm (listening to a 
story) in sedate patients. 
Case 1, insets (a) and (b), show complete left lateralization of PAC 
in a right-handed 17-year-old patient requiring sedation because of 
mental retardation. 
Case 2, insets (c) and (d), show secondary left auditory areas 
activation in a right-handed 10-year-old ADHD patient. Of note is 
the involvement of the orbital part of the inferior frontal gyrus also 
involved in expressive language processing.

Ardilla et. al. AIMS Neuroscience · November 2016, 
DOI: 10.3934/Neuroscience.2016.4.454

https://en.wikipedia.org/wiki/Blood-oxygen-level_dependent
https://en.wikipedia.org/wiki/Seiji_Ogawa


The Default Mode 
Network

¬ Large scale brain network composed of the 
medial prefrontal cortex, posterior cingulate 
cortex/ precuneus and angular gyrus.

¬ I t is best known for being active when a 
person is not focused on the outside world 
and the brain is at wakeful rest.

https://en.wikipedia.org/wiki/Wakefulness


The Default Mode 
Network
(The brain is constantly busy)

¬ Remembering the past and thinking about 
the future, self reflect, self reference.

¬ Thinking about others

¬ It is potentially the neurologic basis of self.

Chiao, J. Y., et.al. (2009). Neural Basis of Individualistic and Collectivistic Views of Self. Human Brain Mapping, 30(9), 2813-2820.



Links between brain connectivity, demographics and behavior

461 study participants (aged 22-35) from the Human Connectome Project

• DFM fMRI
Developed an average map for patterns in 
connectivity. Performed an analysis to correlate 
the findings with data such as age, history of 
drug use, socioeconomic status, personality 
traits, performance on intelligence tests and 
others.

S. Smith et. al. Nat Neurosci, 2015 Nov;18(11):1565-7
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Links between brain connectivity, demographics and behavior
Chicken or Egg?

Nature vs. Nurture?

461 study participants (aged 22-35) from the Human Connectome Project

DFM fMRI

• Developed an average map for patterns in connectivity. 
Performed an analysis to correlate the findings with data 
such as age, history of drug use, socioeconomic status, 
personality traits, performance on intelligence tests and 
others.

S. Smith et. al. Nat Neurosci, 2015 Nov;18(11):1565-7

• “Positive traits” (Increased connectome)
• Higher education
• Stronger physical endurance
• Above-average performance on memory tests
• Verbal acuity
• Higher income levels

• “Negative traits” (Reduced connectome)
• Poverty
• Lack of education
• Smoking
• Aggressive or anti-social behavior
• Family history of alcoholism
• Poor sleep quality.

Brain connectivity patterns could be aligned



Whole-brain white matter organization, 
intelligence, and educational attainment

• General cognitive ability, sometimes referred to as 
intelligence, is associated with educational attainment 
throughout childhood. 

• In both a sample of typically-developing children 
(N=63) and a sample of struggling learners (N=139), 
the white matter connectome efficiency was strongly 
associated with intelligence and educational 
attainment. 

• Further, intelligence partially mediated the relationship 
between connectome efficiency and educational 
attainment. 

• Importance of distributed brain network properties for 
cognitive or educational ability in childhood. 

Bathelt, J et. al.Trends in Neuroscience and Education 15 (2019) 38–47



CLINICAL STATES IMPLICATING 
DIFFERENCES IN THE DFM

¬ TBI

¬ ADHD

¬ Autism

¬ Chronic pain

¬ Depression

¬ Schizophrenia

¬ PTSD

Autism
• A state in which those affected experience 

impaired social interactions, communication, and 
behaviors.

• A new approach is to focus on individuals’ 
perception of self rather than understanding the 
individual's social interactions. 

• In children who do not have autism, during self-
recognition tasks, the inferior frontal gyrus and 
the inferior parietal lobule in the right hemisphere 
are activated  when performing face processing 
tasks for their own faces and those of others. 

• Children with autism only show activation in 
these areas when recognizing their own faces, 
not others. 

https://en.wikipedia.org/wiki/Self
https://en.wikipedia.org/wiki/Self-recognition
https://en.wikipedia.org/wiki/Inferior_frontal_gyrus
https://en.wikipedia.org/wiki/Inferior_parietal_lobule


TBI AND CHANGES IN BRAIN CONNECTIONS

Neuropsychological measures of attention and working memory 
Complicated mild to very severe TBI vs Control subjects:

• TBI participants were found to have white matter changes in the majority of white 
matter tracts. 

• TBI participants were also slower to complete tasks including Trail Making Test, 
Hayling, computerized Selective Attention Task, n-back and Symbol Digit Modalities 
Test (p < 0.001), when compared to controls. 

• When controlling for age and estimated premorbid intelligence, slowed information 
processing speed following TBI was found to be associated with tract changes in the 
corpus callosum, superior longitudinal fasciculus, cingulum, inferior fronto-occipital 
fasciculi, corona radiata and cerebral white matter.

Jacqueline Anne Owens, et al. (2018) Brain Injury, 32:6, 776-783, DOI: 10.1080/02699052.2018.1451656

https://doi.org/10.1080/02699052.2018.1451656


Facial affect recognition linked to damage in specific 
white matter tracts in traumatic brain injury

• 42 individuals with moderate to severe TBI and 23 healthy controls 
performed a task of facial a"ect recognition (Facial Emotion 
Identi!cation Test (FEIT)) in order to assess their ability to identify and 
discriminate six emotions: 

• Happiness
• Sadness
• Anger
• Surprise
• Shame
• Fear. 

• These individuals also underwent structural neuroimaging including 
diffusion tensor imaging to examine white matter (WM) integrity.

Helen M. Genova, et al. (2015), Social Neuroscience, 10:1, 27-34, DOI: 10.1080/17470919.2014.959618

https://doi.org/10.1080/17470919.2014.959618


• Reduced performance on the FEIT was associated with reduced WM integrity
• Inferior Longitudinal Fasciculus
• Inferior-fronto-occipital fasciculus
• Poor performance on the task was additionally associated with 

reduced gray matter (GM) volume in lingual gyrus and 
parahippocampal gyrus. 

• The results implicate a pattern of WM and GM damage in TBI that may play a 
role in emotional processing impairments.

Helen M. Genova, et al. (2015), Social Neuroscience, 10:1, 27-34, DOI: 10.1080/17470919.2014.959618

Facial affect recognition linked to damage in 
specific white matter tracts in traumatic brain 
injury

https://doi.org/10.1080/17470919.2014.959618


Elevated Aggression and Reduced White Matter 
Integrity in Mild Traumatic Brain Injury: 
A DTI Study

Neural mechanisms associated with aggression
at the chronic stage of recovery remain poorly understood

Adults with mTBI in the chronic stage of recovery had higher 
levels aggression. 
• Individuals with mTBI also had greater radial diffusivity in the 

corpus callosum compared to controls, indicating reduced 
fiber integrity. 

• Significant association between reduced white matter integrity 
in the corpus callosum and greater aggression.

Natilie S. Dailey et al., Frontiers in Behavioral Neuroscience June 2018 12:118



• Acupuncture
• Meditation
• Sleep
• Psychedelic drugs
• Psychotherapy
• Antidepressants
• Physical activity

Modulation of the Default Mode Network



• Has been shown to increase resting-state functional 
connectivity in attentional networks between nodes of the 
frontoparietal executive control network (dorsolateral 
prefrontal cortex [DLPFC]) and the default mode network 
(posterior cingulate cortex [PCC]).

• Structural changes in areas of the DMN such as the 
temporoparietal junction (association areas), posterior 
cingulate cortex, and precuneus

• There is reduced activation and reduced functional 
connectivity of the DMN in long-term practitioners.

• Various forms of nondirective meditation, 
including Transcendental Meditation have been found to 
activate the DMN

Changes in Frontal and Parietal Lobes

Mindfulness Meditation Training 

https://en.wikipedia.org/wiki/Temporoparietal_junction
https://en.wikipedia.org/wiki/Posterior_cingulate_cortex
https://en.wikipedia.org/wiki/Precuneus
https://en.wikipedia.org/wiki/Transcendental_Meditation_technique


8 weeks of mindfulness 
meditation training (MBSR)

Alters intrinsic functional connectivity in ways that may 
reflect a more consistent attentional focus, enhanced 
sensory processing, and reflective awareness of sensory 
experience.

Increased PCC-DLPFC resting connectivity in 
MBSR participants was associated with increased 
microstructural connectivity of a white matter tract 
connecting these regions and increased self-
reported attention. 

Left Right



The Meditation of 
Backpacking

Picture this: you're away from your desk and out in nature. 
Dirt crunches under your feet with each step you take, each 
one step closer to a scenic vista. Your heart's pumping, your 
whole body is working. 

And all around you: nature. Trees standing tall. Wildflowers 
blooming. Large birds soaring overhead. The sun shining a 
blanket of warmth, and the wind blowing at all the right 
times. You’re backpacking.

Sounds pretty nice, right?
It's even better in real life



The Meditation of 
Backpacking

Mindfulness meditation is typically described as non-judge 
mental attention to experiences in the present moment. 

This definition encompasses the Buddhist concept of 
mindfulness and equanimity and describes practices that 
require 

Regulation of attention in order to maintain the 
focus on immediate experiences such as

Thoughts
Emotions
Body posture
Sensations



The Meditation of 
Backpacking

Hiking is mediation for me as it is for others 
and certainly for Tom Chippendale

You are focused on your breathing. Each step. 
Each breath, each sensation as you move 
forward, up, down…in nature. 

On a long walk, with another but also alone 
with your mind.



Backpacking is a study on being 
present in the moment 

Every breath you take
Every step you take
You’ll be watching you





Thank You!

Michael A. Lobatz MD
Scripps Health

The Neurology Center
6010 Hidden Valley Road, Suite 200

Carlsbad, CA 92011


