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Foreword

I had the pleasure of meeting Brittany at an annual yoga therapy research
conference. I had gone there, as always, to understand more clearly why
yoga practices work so well from a Western scientific perspective. I was
delighted when my lunch companion told me she was a neuroscientist! As a
director and lead teacher of a yoga therapy school, I had been searching for
a guest teacher to enlighten my students (and myself!) on why the brain
responds to movement, breath, chanting and meditation in the ways that it
does.

I got into yoga therapy the way many have—through suffering. An
autoimmune disease had taken root in me, and it was yoga practices that
helped restore my health physically, mentally and spiritually. I became a
yoga therapist, but something was still so elusive—the why in Western
terms. How to explain why sitting on a cushion and chanting will help
anxiety—or why focusing on the breath for 20 minutes each day might
reduce chronic pain—or why moving and breathing can help someone focus
in school. I have often found that clients need to understand a little bit of
why something may work before dedicating their time to it.

The brain is a mystery to most of us. We know we have one, and we
know how important it is, but most of us have no idea how it works. Yoga
therapy practitioners need to be educated on the basics of brain functioning
and how we can effectively influence it to our advantage.

As the years have gone by, I have found myself fielding more “why”
questions about the efficacy of yoga practices, especially when it comes to
mental health outcomes. There has been a shift away from the passive
model of simply accepting that practices work, to a keen interest in the
science and research of yoga therapy—and, more specifically, neuroscience



and yoga. Can brain cells be regenerated? In what ways can yoga and
meditation alter the brain? How can we create more healing states in the
body and mind?

Over the last ten years, we’ve seen an explosion in yoga research, but
what we haven’t seen is a guidebook that distills this vast, evolving subject
into an efficient, insightful lens of the effects that practices have on the
nervous system and parts of the brain.

This book is just that. What is the brain? How does it interact with the
body, breath and senses? What do we know and not know? As yoga
practitioners, teachers and therapists, we want to wrap our minds around
how yoga affects the brain, whether it be looking to compare treatment
plans or simply to deepen our understanding of yoga and meditation
practice.

For anyone on this quest, this book is a gift and a valuable addition to
their library. Brittany has written a guide to understanding these topics, but
more importantly, she gives us a chance to process such a complex subject
in an accessible way.

I wish this book the success it deserves and hope it will find its place in
the hands and on the bookshelves of yoga-interested people everywhere.

Brandt Passalacqua, C-IAYT, Director of Breathing Deeply Yoga Therapy



Brittany Fair, MS, RYT200, RCYT is a San
Diego-based neuroscientist turned science writer,
podcast host and yoga teacher. She has a passion
for sharing brain-related yoga and meditation
research and developed a neuroscience-based yoga
workshop called NeuroFlow to provide yogis with
an understanding of how meditation and yoga
affect the brain. She has taught her workshop at
locations across the USA including Massachusetts
Institute of Technology, the Breathing Deeply
Yoga Therapy School, the Bishop County Public
School District as well as at numerous yoga
studios. Brittany currently works as a scientific
communications manager at a biological research
institution and is the former president of the San
Diego Science Writers Association.

The Neuroscience of Yoga and Meditation is an
accessible introduction to how yoga and
meditation affect the brain. Each chapter guides
the reader through the latest yoga and meditation
research. The book also explores the current
limitations in studying these practices and offers
tools for interpreting scientific literature. The
chapters provide examples of yoga routines and
meditations that can be adapted for different
populations. Although the book does not contain
an exhaustive explanation of all medical



conditions or diseases, it was designed to inform
the yoga teacher sufficiently to work with a variety
of students.
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Preface

I was first introduced to yoga in college when I signed up for a Power Yoga
course on a whim. While I considered myself an athlete and physically fit, |
found that I did not have the stamina for even some of the simplest poses.
But it wasn’t until graduate school that my practice started to expand.

As a neuroscience graduate student at the The Robert Larner College of
Medicine at The University of Vermont, I spent my mornings in the
anatomy lab, mastering the use of a scalpel to meticulously dissect a human
cadaver. My afternoons and evenings were spent in the library, trying to
cram as much information into my brain as humanly possible. My world
was restricted to these activities. I had no work—life balance.

In my second year of graduate school, this lifestyle began to catch up
with me. Studying, teaching and pursuing my research led to elevated levels
of stress and anxiety. I returned to yoga looking for relief and soon it
became a passion. I decided to sign up for a 200hr yoga teacher training at a
local yoga school called Sangha Studio in Burlington, Vermont. This is
where my journey into contemplative practices began.

Before attending training, I assumed yoga was synonymous with
movement, but I quickly learned about the anatomy, history, spirituality,
breath and other aspects that were equally (if not more) important to a
practice. I also started a regular meditation practice and attended a
meditation retreat at the Shambhala Buddhist retreat center Karmé Choling.
Meditating every day was one of the hardest things I had ever done. For
hours we knelt in silence, acknowledging our thoughts and letting them
gently float away. It was emotionally and mentally taxing, but it was also
freeing. I felt more clarity than I had felt in a long time.



In graduate school, I had been studying the neural basis of personality,
but understanding the science behind yoga and meditation was my true
dream. I was fascinated by how the brain could be altered by something
seemingly as simple as the breath. My deep interest in the science of yoga
and meditation led me to become a regular contributor to Yoga Research &
Beyond, an online research library filled with easy-to-read reviews of
academic articles.

I also developed a yoga workshop called NeuroFlow that explores the
latest yoga and meditation research findings. My first workshop was held at
Sangha Studio where 1 completed my teacher training. To make sure the
workshop was as interactive as possible, I decided I wanted to bring along a
real brain. Finding a brain on short notice was surprisingly easy in Vermont,
as a local sheep farmer had had a sheep pass away the night before. It took
some ingenuity to carefully extract the brain without damaging any of the
delicate tissue. But at my workshop the next day, I was able to point out
brain anatomy on this small, perfect specimen of a sheep brain. That brain
brought the workshop to life.

Although this book does not include a real sheep’s brain, I hope the
book illustrates some of the many exciting neuroscience topics that are
related to yoga and meditation. This book is not an encyclopedia of every
available study, but rather it includes material that will hopefully spark
curiosity about how yoga and meditation can affect our bodies, change our
minds and alter the way our cells function.

My intention is that this book will help demystify the brain and share
why yoga and meditation lead to so many mental and physical health
benefits. Although the research in this field is relatively new, it is an
exciting time to witness the rapid increase in studies and rigor that is
occurring across the field. I believe that the evidence supporting how yoga
and meditation benefit the brain will continue to grow in the years to come.

I am excited to share this project with you. I hope you enjoy it.

Sincerely,

Brittany Fair, MS, 2023



CHAPTER 1

An Introduction to Yoga
and Meditation
Research

The practice of yoga and meditation has increasingly become
the focus of scientific research. Studies aim to validate their
health benefits. Do yoga and meditation effectively reduce
stress? Offer an alternative approach to ameliorate certain
conditions and diseases? Help with sleep and mood disorders?
It can be challenging to sort through and understand the science
behind yoga and meditation studies. Many have been
questioned due to low quality. They are often based on small
sample sizes and rely on self-reported questionnaires instead of
biological data. In this chapter, we will review important
considerations for evaluating key studies and discuss what to
look for when assessing the results.



Figure 1.1 Meditation by the sea to promote relaxation.

INTRODUCTION

For centuries, practitioners of yoga and meditation have reported feeling
calm, refreshed and centered (Figure 1.1). Archeologists and historians
have dated the original practice of meditation to sometime around 1500 bee
(Freeman et al., 2019). Yet, no one knows the exact origins of meditative
practices. Only recently have scientists begun to understand how these
contemplative practices impact the brain.

The human brain is malleable. New research suggests that regularly
practicing yoga and meditation can alter the brain in a multitude of ways.
For example, regions of the brain involved in empathy can be activated and
strengthened by practicing loving-kindness meditation (Lutz ef al., 2008).
These exercises can change neural pathways that allow practitioners to be
more kind, compassionate humans as well as to live longer, healthier lives.



Brain imaging is not required to understand that yoga and meditation
have a positive impact on health. These practices have been widely reported
to provide physical and mental health benefits, leading to an influx of
practitioners in the Western world. In fact, more than 32 million people
currently practice yoga in the United States, though they are not
representative of the general population (Zhang et al., 2021). The 2017
National Health Interview Survey, one of the largest and most
comprehensive health surveys in the United States, showed that women are
more than twice as likely to practice yoga as men, and yoga is most popular
among non-Hispanic white adults aged 1844 (Clarke et al., 2018; CDC,
2018; NCCIH, 2020).

The rapidly growing interest in contemplative practices has also driven
curiosity in the research world to understand Aow these practices are
affecting the mind and body. In the last ten years, the fields of yoga and
meditation research have exploded. Publications have increased
exponentially, from virtually nothing in 1950 to now thousands of
manuscripts related to these practices. The rigor of these scientific studies is
also improving, which will help bring further legitimacy to the fields.
Researchers from major universities and hospitals are now exploring how
yoga and meditation impact health, including changes to the brain.

DEFINING YOGA

Yoga originated in India as a spiritual practice. One of the first yogic texts
is the Yoga Sutras of Patanjali, which dates to the early centuries ce
(Schmalzl, Powers and Henje Blom, 2015). The word “yoga” is translated
from the Sanskrit word “yug” or “yuj,” which means “union” or “method of
spiritual union” (Van Aalst et al., 2020). The goal of traditional practice was
to achieve a state in which there is balance between the mind and body, as
well as between the individual and the greater good.

Today, yoga is often thought of as a meditative movement practice. The
growth in practitioners and interest has led to a plethora of yoga styles in
the Western world, including Vinyasa, Hatha, Iyengar, restorative and many
more. Some yoga styles, such as Power Yoga, emphasize physical postures,



while others focus more on meditation and breathing techniques. Yoga in
the West is generally thought of as a physical practice, whereas Eastern
yoga tends to emphasize the breath and meditative practices (Schmalzl,
Powers and Henje Blom, 2015).

The wide range of practices that can be called yoga can make it difficult
to tell what is being examined in a research study. The type of yoga or
meditation used in these studies is often unclear or not explicitly stated,
obscuring conclusions about different styles of yoga. Instead, conclusions
are usually based on the all-encompassing term “yoga” or “meditation,” and
studies seek to understand how these general practices reduce stress,
improve health and increase self-regulation.

Recently, scientists recognized the need for a clearer definition of yoga
to use in research studies, and the National Institutes of Health funded the
creation of a questionnaire that could be used in studies moving forward.
The Essential Properties of Yoga Questionnaire, created by scientists at the
University of California, San Diego, contains 62 questions about 14
dimensions of a yoga class, including components such as compassion,
breathwork, body awareness, yoga philosophy and more (Park ef al., 2018).
Scientists can now use this questionnaire to better quantify the type of yoga
intervention they are using in their studies (Figure 1.2).
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Figure 1.2 The Essential Properties of Yoga Questionnaire: schematic showing the 14
dimensions.

Source: Image courtesy of Evik Groessl from the University of California, San Diego. From:
https://epyqview.ucsd.edu

CHALLENGES IN YOGA AND MEDITATION
RESEARCH

Many yoga and meditation studies suffer from a small sample size
(typically fewer than 20 people) and a homogeneous group of participants
(usually Caucasian middle-aged women), so it is difficult to say if the
results would hold true for every person. Many studies are also conducted
using self-reported questionnaires, a method that can be prone to bias.
Despite these limitations, yoga and meditation research is open to so many
possibilities with the advancement of neuroimaging technologies and
molecular tools. As the field progresses, the rigor of research will also
improve.


https://epyqview.ucsd.edu/

What is scientific evidence?
Scientific evidence is derived from a well-controlled study that
statistically either supports or counters a hypothesis or theory.

What is a variable?

A variable is any factor that a scientist is changing or measuring
in some way. In yoga and meditation research, many different
variables can be measured, such as the type or quantity of yoga
practice, stress hormones and mental health measures.

COMMON RESEARCH METHODOLOGIES
AND STUDY DESIGN

Not all research studies are created equal. There are many different types of
scientific evidence that can be presented as research. For example, a
scientist may write a perspective or an editorial in a research journal, or a
team of researchers may conduct a randomized control trial. What are the
major differences between these types of approaches, and why do they
matter?

Perspectives and editorials rely on someone’s opinion instead of the
data from a specific study. Although they are not technically considered
scientific evidence, they can be helpful for inspiring better-designed studies
in the future.

Case studies are rarely used in yoga research but are common in
medical research. A case study is an in-depth analysis of a single person,
group or situation. It may provide evidence about one of these three specific
things, but the sample size is small (usually one person), and it is
impossible to deduce if the results would hold broadly true for other people,
groups or situations. The results are retrospective and not predictive.



Cohort studies are common in yoga and meditation research. A
researcher tracks a group of participants longitudinally, over time, typically
before and after an intervention. For instance, a scientist may test
participants’ hormone levels before and after practicing yoga to better
understand the impact of yoga on hormone levels. Cohort studies can also
last for extended periods of time. The Framingham Study investigating risk
factors for heart disease is one of the largest and longest consecutively
running cohort studies ever conducted, dating back to 1948.

Randomized control trials are the gold standard in research.
Participants in a randomized control trial are randomly assigned to either
the experimental group (the group receiving the intervention, i.e., practicing
yoga or meditation) or the control group. These groups are then compared.
Randomized control trials are common in medical research and often
conducted as a double-blind study where neither the researcher nor the
participant knows if they are receiving the drug or the placebo. Blind or
double-blind studies are nearly impossible to conduct in yoga research
because a study participant can easily guess if they’re in the experimental
group (practicing yoga) or the control group (not practicing yoga). Thus,
there is room for bias, and bias should be considered when examining the
results.

Reviews combine evidence from multiple research studies. A systematic
review answers a defined research question using clear and predetermined
eligibility criteria for including certain studies. Review articles often
contain meta-analyses, which use statistics to summarize the results of
studies. The scientist conducting a review is not carrying out a physical
study, but rather analyzing previous studies to answer a research question.
This method is a powerful tool for understanding the larger picture as it
considers much more data than a single study (Ahn and Kang, 2018).

What type of paper should I read first?

If you're new to the subject area, a review article is an excellent
place to start. It's like choosing to watch a movie about African
animals, instead of a documentary that only focuses on giraffes.
Now, if you're really into giraffes then go for it! But otherwise, it



can be nice to gain some background information before diving
in deep.

Figure 1.3 A giraffe in Coron, Palawan, Philippines.

Source: Jeremiah Del Mar on Unsplash.

QUANTITATIVE VS. QUALITATIVE METHODS

Both quantitative and qualitative methods can be used to examine how yoga
and meditation affect the body and mind. While quantitative data is number
driven, qualitative data is descriptive and conceptual.

Quantitative data refers to information that can be counted or
measured. In yoga research, scientists may measure how much a person’s
blood pressure changes from the yoga intervention. The change in blood
pressure is a number that can be easily analyzed and compared. Most data
collected in the field of biological science is quantitative data.

Qualitative data is descriptive in nature and represented with language,
instead of numbers. Some scientists use qualitative data to examine things
that are hard to quantify, such as the “why” or the “how.” For example, a



researcher might use an in-depth interview to ask #ow the yoga intervention
made the participants feel more involved in their community.

So, what are some advantages and disadvantages of each strategy?
Quantitative data can be analyzed and replicated by another group of
scientists to see if they get the same result. If multiple studies find the same
results, then that builds evidence that the result is accurate. Quantitative
data doesn’t always tell the full story; numbers and measurements cannot
easily capture things like feelings and emotions. Broader relationships can
be missed or overlooked.

Qualitative data, on the other hand, offers rich, descriptive insights into
relationships and can be great for exploratory purposes. Because qualitative
observations require interpretation, they can be difficult to analyze without
bias. Quantitative data is generally preferred across neuroscience research
because it is structured and concrete, although some scientists believe that
the best designed studies will have both types of data represented.

THE IMPORTANCE OF SAMPLE SIZE

Sample size is the number of subjects chosen for an experiment. It is one of
the most important factors in designing a research study because it can
inherently impact the results. Small samples can negatively affect the
validity of a study because the results often cannot be generalized to
another group or population. Conversely, extremely large samples can
transform small variations into statistically significant differences and
amplify study bias (Faber and Fonseca, 2014; Kaplan, Chambers and
Glasgow, 2014). Therefore, the sample size of a study should be considered
as important as any other variable.

What is validity?

External validity is the ability to generalize results from a study
to a broader population outside of the study. For instance, if a
researcher found that practicing Yin yoga three times a week
decreased cortisol levels, then another scientist should be able



to replicate the study with another group of people and find the
same results. This would mean that the study had a high
external validity.

Internal validity is when the results from one group within
the study can be generalized to another group within the study.
It demonstrates that the methods can reliably produce the same
results, and the results are not explained by other factors. A
well-designed study will have high internal validity because the
findings are consistent across groups.

Yoga and meditation studies tend to suffer from small, homogeneous
sample sizes. Typically, samples range from around 12 to 25 participants,
which is considered small for research involving human subjects. It can be
nearly impossible to draw results that are meaningful with so few subjects.
Let’s say that scientists found that 15 middle-aged women had lower levels
of stress after doing a headstand for two minutes — would the same results
be true for elderly men? A larger study with a more diverse population
would need to be conducted to find out. If 100 individuals of varying
ethnicities, age and overall health status found that two minutes of
headstand improved their stress levels, it could mean that headstand helps
to reduce stress. The results would be even more convincing if they were
replicated in an additional study using even more participants.

THE DIFFERENCE BETWEEN CAUSATION
AND CORRELATION

“Causation” and “correlation” are common terms in the research world, but
what do they really mean?

Causation occurs when one variable is directly related to or causes the
second variable. In science, causation is extremely difficult to prove. In
yoga research, studies will often make claims like “stretching causes



increased flexibility.” Without a mechanistic understanding of stretching
and flexibility, it is actually hard to prove that one directly causes the other.
Instead, stretching and flexibility are strongly related or correlated. If a
scientist believed that stretching led to an increase in flexibility and then
dissected the limb to understand exactly what changed internally to cause
this strong relationship, then causality could be proven. Alas, we are not
going to cut open the limbs of our yoga subjects to prove without a doubt
that stretching causes increased flexibility. We’ll just have to rely on
common sense and a mechanistic understanding of stretching and flexibility
in animals to reason that the causality in this relationship is highly likely.

What is statistical significance?

Statistical significance is a measure of confidence that two
variables are related in some way and that the result is not due
to chance.

Correlation is a measure of how strongly two variables are related, but one
may not cause the other. Almost all yoga and meditation studies represent
correlations, not causations. Two variables can be correlated with one
another, but it does not mean that one variable causes the other. Sometimes
variables can be highly correlated but not be causally related at all, or they
could have a common cause.

When the two variables are highly correlated but not causally related,
they are called spurious correlations. For instance, the number of letters in
the winning word of the Scripps National Spelling Bee is correlated with
the number of people killed each year by venomous spiders (Vigen, 2022).
Clearly, the number of letters of the winning word is not causing people to
die from venomous spiders. This correlation is nothing more than a
coincidence (Figure 1.4).
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Figure 1.4 Example of a spurious correlation.

Source: Image courtesy of Tyler Vigen, CC BY 4.0. From: http://www.tylervigen.com/spurious-
correlations

HOW TO DISSECT A RESEARCH STUDY

There are many ways to approach a research study. A majority of scientists
polled on Twitter preferred to start with the results section, likely because
they already know the subject matter well and want to get to the key
findings as fast as possible. For readers unfamiliar with a given field of
research, it may be easiest to start with the introduction section to
understand the background of the subject matter, then move on to the rest of
the study.

e Introduction: The introduction is where the researchers review
previous findings, point out what is lacking in the field and say how
their study fills an important gap. Someone with little knowledge of
the subject could read the introduction to get a basic idea of what the
study was about.

e Methods: In this section, researchers describe the experiments that
were used to answer a research question and explain how results were
analyzed. The methods include information about factors such as: 1)
how many people participated in the study, 2) the demographics of


http://www.tylervigen.com/spurious-correlations

these people, 3) information about a comparison group or comparison
condition, and 4) the attrition rate (i.e., did people drop out).

e Results: As the name suggests, the results section presents key
findings of a published article. It typically contains a lot of data and
numbers without much interpretation.

e Discussion: Here, the researchers explore the meaning of their results
as well as the implications of their work. Authors often explain how
their study fits in to the greater context of the scientific literature and
point to opportunities for future studies.

OTHER FACTORS TO CONSIDER

There are many additional reported benefits to practicing yoga and
meditation that are often unaccounted for in research studies. For example,
contemplative practices often allow individuals to meet a community of
like-minded people. This can lead to lifestyle changes, such as exercising
more and eating healthier foods, thereby increasing the benefits of yoga and
meditation, creating a positive feedback loop.

There is also the possibility of participant bias. Many people who are
willing to participate in a study about yoga or meditation may already be
inclined towards a healthy lifestyle. Thus, their baseline health may be
different than that of a participant who is trying yoga or meditation for the
first time.

These variables are often overlooked in research studies as they are
difficult to measure. Scientists tend to focus on the immediate and direct
impact of yoga or meditation on mental and physical health. Thus, the
conclusions drawn are an incomplete picture of the full effects of
contemplative practices on health.

Many of the studies discussed in this book are well designed, but these
factors are something that you, as the reader, should consider when
understanding the greater context of this research.

Main takeaways



» Yoga is often defined as a meditative movement practice in
research.

» There are many different types of scientific evidence that can
be presented as research, including cohort studies,
randomized control trials, reviews and many more.

» Quantitative data refers to information that can be counted or
measured, whereas qualitative data is descriptive in nature
and represented with language.

 Almost all yoga and meditation studies represent correlations,
not causations.

* Yoga and meditation research will undoubtably become more
rigorous as the field advances.
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CHAPTER 2

The Nervous System

Yoga and meditation impact the nervous system, the complex
web of neurons and nerves that connect every organ and tissue
in the body. This chapter will dive into the basics of the nervous
system to explore how these practices can influence the
sympathetic nervous system and the parasympathetic nervous
system through breathing, movement and stress reduction. It
will also cover the basic anatomy of brain cells and the
molecules they use for communication called neurotransmitters.



Figure 2.1 The nervous system with the brain, spinal cord and nerves.

INTRODUCTION

The nervous system (Figure 2.1) has two main branches: the central
nervous system (CNS) and the peripheral nervous system (PNS). The
CNS includes the brain and the spinal cord, while the PNS consists of the
neurons and nerves that stretch throughout the body (Figure 2.2).
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Figure 2.2 The organization of the nervous system.

The PNS can be further broken down into two main subsystems: the
somatic and the autonomic nervous systems. The somatic nervous system
carries information about voluntary movement, while the autonomic
nervous system relays information about automatic or involuntary
responses. The autonomic nervous system is the body’s autopilot and can
function without conscious thought. Some of the functions include
regulating the breath, heart rate and digestion (Figure 2.3).
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Figure 2.3 The differences between the parasympathetic and sympathetic nervous
systems. Each nervous system acts in different ways to regulate the body.



Yoga and meditation research often focuses on the autonomic nervous
system, which includes the sympathetic, parasympathetic and enteric
nervous systems. The sympathetic nervous system is activated during
periods of stress as well as rigorous activity. It is commonly thought to
control the fight, flight or freeze response when faced with danger. For
instance, when encountering a lion, the natural response might be to fight
the lion, run away from the lion, or freeze to not attract attention. Yoga,
meditation and other relaxation techniques have been shown to decrease
sympathetic nervous system activity, which can enhance decision making in
the face of immediate stressors (Vempati and Telles, 2002; Starcke and
Brand, 2012).

In contrast, the parasympathetic nervous system controls the
relaxation response. It helps the body calm down, relax the muscles and
digest food. It also becomes more active during periods of gentle
movement, breathing exercises and meditation (Anasuya, Deepak and
Jaryal, 2021). The sympathetic nervous system and the parasympathetic
nervous system work together to maintain balance, or homeostasis, in the
body.

Restorative yoga is an accessible tool for activating the parasympathetic
nervous system and downregulating the sympathetic nervous system
(Figure 2.4). It can reduce stress and slow heart rate while improving
emotional state, metabolism and fatigue (Danhauer ef al., 2009; Kanaya et
al.,2014; Leong, 2019). The technique was built on the teachings of B.K.S.
Iyengar and popularized in the 1970s by Judith Lasater, who studied under
Iyengar (Leong, 2019). Restorative yoga involves holding comfortable yoga
postures for longer periods of time supported by props, such as blocks,
bolsters and blankets. The focus is placed on the breath or music to promote
a deep state of relaxation. This slow, supported practice is ideal for those
experiencing stress who seek to restore and heal the body.



Figure 2.4 Reclined bound angle pose using a bolster and two blocks.

EXAMPLE RESTORATIVE YOGA CLASS TO PROMOTE RELAXATION



Figure 2.5 Supported easy pose with two blocks.

Figure 2.6 Child’s pose variation with two blocks.



Figure 2.8 Supported bridge pose variation.

Figure 2.9 Supported bridge pose variation.
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Figure 2.10 Supported spinal twist with bolster.

Figure 2.11 Legs-up-the-wall pose.



Figure 2.12 Legs-up-the-wall pose variation.

The vagus nerve

The vagus nerve, also known as the 10th cranial nerve (CN X),
is the main nerve of the parasympathetic nervous system. It
extends from the brainstem to the colon (also called the large
intestine) and helps control the heart, lungs and digestive tract.
It is considered a key link between the gut and the brain.
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Figure 2.13 Vagus nerve anatomy.

Contemplative practices stimulate the vagus nerve, promoting
relaxation through increased activity of the parasympathetic
nervous system. The parasympathetic nervous system slows
the stress response to help reduce inflammation and stress
hormones in the body (Streeter et al., 2012; McCall, 2013).

Vagus nerve stimulation can also be conducted in the clinic
using a device that generates electrical impulses. Vagus nerve
stimulation is currently approved by the US Food and Drug
Administration (FDA) to treat epilepsy and depression. It is also
being studied to treat other conditions, including traumatic brain
injury, rheumatoid arthritis and stroke, due to its anti-
inflammatory effects (Johnson and Wilson, 2018).

Fun fact



The gut produces nearly 95 percent of the serotonin made in the
body (Kim and Camilleri, 2000). Serotonin is a neurotransmitter
or signaling molecule that helps regulate mood, sleep and
appetite. The other five percent is produced in a small region of
the brainstem called the raphe nuclei (Berger, Gray and Roth,
2009).
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Figure 2.14 Serotonin molecule.

The third autonomic nervous system is the enteric nervous system. It
oversees most of the digestive functions, such as movements of the
gastrointestinal tract, and regulates the secretion of digestive fluids and
hormones. It also stimulates the immune system (Fleming et al., 2020). The
enteric nervous system can send and receive signals from the CNS as well
as function independently. It is estimated that the enteric nervous system
contains between 400 and 600 million neurons and produces most of the
body’s serotonin, a neurotransmitter that affects brain activity and is
involved in mood (Fleming ef al., 2020). Thus, the enteric nervous system
is also called the “second brain.”

Research on the enteric nervous system has shown that an altered gut
microbiota can affect mental health and is related to neurodegenerative
diseases, such as Alzheimer’s and Parkinson’s (Rao and Gershon, 2016;
Rieder et al., 2017; Fleming et al., 2020). Conversely, contemplative
practices such as yoga and meditation have been shown to improve the gut



microbiome and symptoms of gut-associated disorders, such as irritable
bowel syndrome (Tavassoli, 2009; Asare, Storsrud and Simrén, 2012; Jia et
al., 2020). Irritable bowel syndrome is linked to stress and inflammation,
and these practices may reduce these factors to positively impact and heal
the gut.

Main takeaways

e The nervous system consists of two main systems: the
central nervous system and the peripheral nervous system.

 The sympathetic and the parasympathetic nervous systems
work together to maintain balance in the body.

» Relaxation practices can reduce sympathetic activity and
increase parasympathetic activity.

 Both yoga and meditation promote gut health by reducing
stress and inflammation, which improves the gut microbiome.

AN INTRODUCTION TO THE BRAIN

The commander of the central nervous system is the brain. It gives rise to
conscious thought, movement and emotions. Despite its important role, a
human brain weighs only three pounds. That’s about the same weight as a
small bag of potatoes. The brain’s densely packed tissue contains
approximately 86 billion specialized brain cells called neurons, and it has
an additional 85 billion non-neuronal support cells called glia (Herculano-
Houzel, 2012).

Each of those 86 billion neurons has thousands of connections with
other cells (Hawkins and Ahmad, 2016). These connections are called
synapses and they allow one neuron to send a signal to another, typically in
a burst of chemicals called neurotransmitters. Together, neurons form over

100 trillion connections throughout the brain (Parhi and Unnikrishnan,
2020).



Neurons are a special class of cells that transmit information throughout
the body and brain. Like other cells, neurons have a cell body (called the
soma) with a nucleus inside surrounded by a cellular membrane. Near the
soma, neurons have protrusions called dendrites that branch out and connect
to other cells and neurons (Figure 2.15). These dendrites receive chemical
signals from hundreds or even thousands of other cells.
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Figure 2.15 The anatomy of a neuron.

On the other side of the cell body is a long, thin axon. The axon conducts
electrical signals down to the synaptic terminals where one neuron connects
to the dendrites of another neuron.

How do neurons communicate?
Neurons control signaling in the brain by communicating with one another
through neurotransmitters. Neurotransmitters can be excitatory or inhibitory



(see Neurotransmitters 101), which can either promote or inhibit an action
potential in the receiving neuron.

Every neuron in the brain is constantly receiving signals. When the
excitatory inputs become greater than the inhibitory inputs, an action
potential occurs. An action potential is an electrical signal that is sent down
the neuron’s axon towards another neuron. When the action potential
reaches the small gap between the two neurons, called the synaptic cleft, it
causes neurotransmitters to be released in the gap (Figure 2.16).
Neurotransmitters bind to receptor sites on the receiving neuron’s dendrites.
The first neuron then takes back some of its neurotransmitter in a process
called reuptake so the cell signaling can occur again.

Axon Meurotransmitters

Synapse

Receptor site

Figure 2.16 The synapse and release of neurotransmitters.

Neurotransmitters 101



Neurotransmitters are molecules that carry a signal from one
neuron to another. There are thought to be over 100 different
types of neurotransmitters (Si and Song, 2018). Some common
neurotransmitters are acetylcholine, dopamine, norepinephrine,
serotonin, gamma-aminobutyric acid (GABA) and glutamate.

Acetylcholine is involved in a variety of functions,
including contracting muscles, arousal, attention, memory,
learning and recall.

Dopamine is the main neurotransmitter used in the reward
system of the brain. When a person anticipates a reward,
such as winning a prize, dopamine levels increase in the
brain. Through these brain pathways, it is also linked with
addiction and substance abuse. Dopamine is also an
important molecule for movement. Dopamine pathways do
not function properly in conditions like Parkinson’s disease
(Segura-Aguilar et al., 2014).

Norepinephrine is used in the brain and body to prepare
for arousal during exercise, stress and danger. It constricts
blood vessels to raise blood pressure. Additionally, it can
trigger anxiety, may be involved in depression, and plays a
role in motivation and reward (Goddard et al., 2010;
Espana, Schmeichel and Berridge, 2016).

Serotonin helps regulate mood, sleep and appetite. It is
also thought to inhibit pain (Bardin, 2011). Although some
of this neurotransmitter is created in the brain, roughly 95
percent of serotonin in the body is created in the gut.
Gamma-aminobutyric acid (GABA) is an inhibitory
neurotransmitter and reduces the amount of
communication between neurons in the brain. Overall,
GABA decreases the activity of the nervous system. It is
likely dysregulated in conditions such as anxiety and
depression (Kalueff and Nutt, 2007).

Glutamate is the main excitatory neurotransmitter in the
brain, and it may play a role in bipolar disorder and
schizophrenia (Goff and Coyle, 2001). Medications that



contain lithium carbonate provide mood stabilizing effects
and might stabilize glutamate levels in the brain.

Figure 2.17 GABA and glutamate regulate the action potentials of neurons.
Since GABA is an inhibitory neurotransmitter, it stops action potentials.
Glutamate is an excitatory neurotransmitter and can start an action potential or
keep an action potential moving.

Main takeaways

 The human brain weighs about three pounds and contains 86
billion neurons.

 Neurons communicate with one another through electrical
events called action potentials that lead to the release of
chemical messengers called neurotransmitters.

e Neurotransmitters allow neurons to communicate with one
another.

Other cells in the brain
There are many other types of cells in the brain besides neurons. In fact,
nearly half the cells in the brain are cells called glia. Unlike neurons, glia do



not fire action potentials, which has led neuroscientists to overlook glia and
their role in the brain for a very long time (Allen and Barres, 2009). Glia are
now recognized for their many diverse roles in the brain, including
influencing how neurons communicate and providing nutrients for growth
(Temburni and Jacob, 2001). Three main types of glia are microglia,
oligodendrocytes and astrocytes (Figure 2.18).

Microglia are the brain’s immune cells, and they monitor the brain’s
environment for any intruders, such as bacteria and viruses. Microglia also
act as the brain’s garbagemen, cleaning up debris, and as the brain’s
gardener, pruning back unnecessary neuronal connections. In certain brain
disorders such as Alzheimer’s disease, the brain’s microglia may become
hyperactive, leading to inflammation and the deposit of toxic proteins
known as amyloid plaques and neurofibrillary tangles (Hansen, Hanson and
Sheng, 2017).

Oligodendrocytes help to insulate the axons of neurons in the brain that
travel long distances by wrapping them in a protective myelin sheath. The
myelin sheath acts as insulation to help neurons transmit their signals as fast
as possible. Oligodendrocytes are the brain’s electricians. They wrap axons
in insulation like how an electrician would wrap a power cable.
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Figure 2.18 Different types of glia in the brain.

Source: Blausen.com staff (2014), CC BY 3.0 via Commons. From: https://qbi.ug.edu.au/brain-
basics/brain/brain-physiology/types-glia

Fun fact

Some animals, such as squid, do not have myelin. Instead, they
have a giant axon about the diameter of a pencil, which is


http://blausen.com/
https://qbi.uq.edu.au/brain-basics/brain/brain-physiology/types-glia

roughly 1,000 times wider than a typical human axon (Coles,
2015). The wider diameter helps them transmit signals faster
since they lack myelin.

Axon —p

Figure 2.19 A giant axon from the squid Dosidicus gigas.

Source: Mathur et al., Creative Commons. From.:
http://nerve.bsd.uchicago.edu/nervejs/NERVEhelp.html

During the 1950s, neuroscientists Alan Hodgkin and Andrew
Huxley wanted to study neurons, but they were limited by
technology. So, they used squid to learn more about these hard-
to-visualize cells. Since the squid axons were so large, they
were easier to study, and the scientists could examine how
action potentials worked for the first time (Hodgkin, Huxley and
Katz, 1952). Hodgkin and Huxley were later awarded the Nobel
Prize in Physiology or Medicine in 1963 for their discovery.

Astrocytes are star-shaped cells that shuttle nutrients to neurons and aid in
neuron-to-neuron communication. Astrocytes regulate the amount of
neurotransmitter around the neuron’s synapse (Newman, 2003). There is
ongoing research into how astrocytes help neurons communicate.

There are many other important types of glial cells. For instance,
Schwann cells are similar to oligodendrocytes, but are found in the
peripheral nervous system instead of the central nervous system. There are
also epithelial cells that help keep invaders from getting into the brain’s
blood system, and ependymal cells that produce cerebrospinal fluid, among
others.

THE SPINAL CORD


http://nerve.bsd.uchicago.edu/nervejs/NERVEhelp.html

The central nervous system also includes the spinal cord (Figure 2.20), a
bundle of nerves that extends about 46 centimeters (18 inches) from the
brain to the lumbar vertebrae in the lower back (Boonpirak and Apinhasmit,
1994).

Although the spinal cord is only around one centimeter in diameter, it
contains roughly one billion neurons (Saritas et al., 2008; Nagel et al.,
2017). Thus, the spinal cord acts like an information highway carrying
signals between the brain and the body. The spinal cord is involved in both
voluntary and involuntary movement. For example, the spinal cord
transmits signals from the brain to the muscles of the legs to enable
movement, and it innervates the lungs independently of the brain for
breathing.

Figure 2.20 The spinal cord extending from the base of the brain.

The spinal cord can also send signals directly to the muscles without the
brain during reflexive movements. Reflexes are automatic, involuntary
responses to sensory inputs, like accidentally touching a hot pan. The hand
is automatically pulled back in a withdrawal reflex to avoid a burn. This



action bypasses the brain and is processed solely by the spinal cord,
allowing for an immediate response.

The spinal cord is delicate, and twenty-six bones called vertebrae
protect the spinal cord from damage. Each vertebra is sandwiched between
cartilage disks, which provide cushioning, so the vertebrae do not become
injured with movement or the bearing of heavy weight (Eigure 2.21).

Figure 2.21 The spinal cord surrounded by the vertebrae.

Despite being encased by the vertebrae, the spinal cord is incredibly fragile
and prone to injury. Damage to the spinal cord can be devastating because
the injury can disrupt the flow of information traveling to and from the
brain, which can cause disturbances in movement and sensation, among
many other symptoms.

Automobile and motorcycle accidents are the leading cause of injury to
the spinal cord, and, currently, there are no effective therapies for repairing
extensive spinal cord damage (Mayo Clinic, 2021). However, researchers
around the world are studying ways to replace the function of damaged
nerves.



There are many experimental approaches currently in development. One
strategy involves regrowing nerves using Schwann cells, which surround
nerves and repair damage in the peripheral nervous system. Researchers are
transplanting Schwann cells into injured regions of the spinal cord to see if
the cells can repair spinal cord tissue in the central nervous system
(Santamaria et al., 2018).

Another tactic involves inserting proteins that stimulate growth at the
site of injury to direct the nerve cells to grow and reconnect the signaling
pathway (Lu ef al., 2012). Imagine the proteins leaving a trail of
breadcrumbs for the axons to follow. This research is ongoing, but
preliminary studies suggest it may be a viable solution.

Participating in regular exercise helps maintain spine health and prevent
injury. Yoga can maintain functional stability of the spine as well as keep
the back muscles engaged, strong and flexible (Omkar and Vishwas, 2009).
Yoga has been shown to improve spine mobility, range of motion and
flexibility in individuals regardless of age (Grabara and Szopa, 2015), and it
can help to reduce back pain (Crow, Jeannot and Trewhela, 2015).

Main takeaways

e The spinal cord contains roughly one billion neurons and is
involved in both involuntary and voluntary movement.

» The spinal cord is fragile, so strengthening the back and core
can help to keep it safe.

» Practicing yoga can help with back stability, flexibility and
pain.

EXAMPLE YOGA SEQUENCE FOR THE SPINE



Figure 2.22 Knees to chest pose.

Figure 2.23 Happy baby pose.



Figure 2.24 Extended puppy dog pose.
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Figure 2.25 Revolved puppy dog pose.



Figure 2.27 Half plough pose.
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CHAPTER 3

Anatomical Features of
the Brain

Yoga and meditation activate different regions of the brain. A
significant body of research has focused on measuring the
physical differences in the brains of yoga practitioners versus a
control group. This chapter will explore the physical structure of
the brain, its key regions as well as their basic functions.

INTRODUCTION

The human brain is a whole, connected structure. Although it largely
functions as one system, anatomically it can be divided into two central
hemispheres that are connected by a large bundle of nerve fibers called the
corpus callosum. Each hemisphere of the brain can also be divided into four
main units or lobes. The four lobes have a variety of functions and
coordinate to act as one cohesive network (Figure 3.1).
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Figure 3.1 The brain with the four main lobes.

THE FRONTAL LOBE

The frontal lobe is located at the front of the brain (hence the name),
directly behind the forehead and eyes. It is responsible for many important
tasks, such as integrating information to allow for decision making.
Deciding which yoga class to attend or even which leg to lift during
downward-facing dog both involve the frontal lobe. The frontal lobe is also
involved 1in motivation, attention, reward, self-control, emotional
processing, personality and movement (Chayer and Freedman, 2001).

But how do neuroscientists know which regions of the brain are
responsible for what? Prior to the invention of neuroimaging, the human
brain was difficult to study because it is encased in a hard skull. Scientists
would look at what happened to the brain when a region of it became
damaged or destroyed, such as after a stroke or injury. This is exactly how
scientists and doctors in the mid-1800s discovered that the frontal lobe
gives rise to our personalities.



Phineas Gage

In the late 1840s, a railroad worker named Phineas Gage was
blasting rock while preparing a railway in Vermont when an
accident occurred. One of the blasts sent an iron rod almost 5
centimeters (2 inches) in diameter careening through the front of
Gage’s left cheek, directly through his frontal lobe (Eigure 3.2).
Gage was knocked to the ground, but he wasn’t dead. To his co-
workers’ surprise, Gage was able to sit up and have a
conversation within minutes after the accident. His survival was
declared a medical miracle.

After the injury, Gage went back to everyday activities, but
over time his personality began to change. He went from being
a dependable, hard-working man to becoming irritable and
aggressive as the years progressed. His family and friends
reported that he was not the man he used to be. Gage was seen
by many doctors who reasoned that the frontal lobe must be
involved in personality. Despite these changes, and the hole in
his brain, Gage lived another 12 years before his death in 1860.



Figure 3.2 Representation of the iron rod that was shot through Gage’s skull.

Source: Ratiu et al., CC BY-SA 2.1. From: https://qbi.uq.edu.au/brain/brain-anatomy/lobes-
brain

Later, with the invention of neuroimaging, scientists confirmed
that damage to the frontal lobe can lead to personality changes
and personality disorders (Chow, 2000). After Gage’s death, a
doctor took possession of Gage’s skull and eventually donated
the skull and the iron rod to Harvard University’'s Warren
Anatomical Museum in Boston, Massachusetts. They reside
there to this day.

In the lower front portion of the frontal lobe sits the prefrontal cortex. It is
involved in cognitive control, decision making, attention and behavior. The
prefrontal cortex is one of the most studied regions of the brain, including
in yoga and meditation research.

The prefrontal cortex is often associated with yoga practice.
Researchers from Hospital Israelita Albert Einstein in Brazil and Harvard


https://qbi.uq.edu.au/brain/brain-anatomy/lobes-brain

University found that healthy, elderly female experienced yoga

practitioners have increased cortical thickness in the left prefrontal cortex
when compared with a younger, activity-matched control group (Afonso et
al., 2017). Cortical thickness reflects the width of the gray matter of the
cortex, the outermost part of the human brain (Figure 3.3). A thicker cortex
could mean that there are more healthy neurons in those areas. In contrast, a

thinning cortex is a sign of neurodegeneration in certain diseases, such as
Alzheimer’s disease (Lerch et al., 2004).

Gray matter

Cortical thickness

Figure 3.3 lllustration showing how scientists measure cortical thickness.

Greater cortical thickness in the prefrontal cortices of experienced yogis
suggests that yoga may be able to impact the size of this important brain
region. These anatomical changes could lead to functional benefits like
improved cognition, decision making or impulse control, though increases
in size alone don’t necessarily imply improved processes.

Gray and white matter



Neuroscientists often refer to the brain as having gray matter
and white matter. Gray matter contains mostly the cell bodies
of neurons and their dendrites as well as glial cells and
capillaries. The capillaries carry oxygenated blood to the cells,
making the tissue appear pinkish in a living brain. The gray
matter is found in the outer layers of the brain and in the center
of the spinal cord.

White matter appears white and contains mostly neuronal
axons, which are the long cords that extend out from the cell
body. Axons appear white due to the myelin sheath that wraps
around them. The myelin helps conduct impulses of electrical
signals down the axon to the terminal region of the cell to
communicate with other cells. In the brain, white matter is
internal to the gray matter, but in the spinal cord white matter is
on the outside of the gray matter.
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Figure 3.4 Left: Section of the brain showing gray matter on the outside and white

matter on the inside. Right: Section of the spinal cord showing gray matter on the
inside and white matter on the outside.



THE TEMPORAL LOBE

The temporal lobe is located on both sides of the brain internal to the ears.
It is involved in a variety of activities including hearing, listening,
language, visual processing of faces and objects as well as memory (Squire,
Stark and Clark, 2004; Eichenbaum, Yonelinas and Ranganath, 2007).
Although important structures are typically located bilaterally on both sides
of the brain, the temporal lobe is an exception.

The left temporal lobe is home to two important structures related to
language called Wernicke’s area and Broca’s area that are not found on the
right side. Wernicke’s area is responsible for the comprehension of speech,
while Broca’s area is involved in the production of speech. For example,
when your yoga teacher provides verbal instruction, understanding the
instructions requires activation of Wernicke’s area. Asking a question
during class uses Broca’s area to conjure the words to speak. There is one
exception: left-handed individuals are more likely to have their language
centers located on the right side of their brain instead of the left.
Neuroscientists are not entirely sure why that is the case (Knecht et al.,
2000).

The temporal lobe is also involved in recognizing faces. Neuroscientist
Oliver Sacks wrote a book entitled 7The Man Who Mistook His Wife for a
Hat which describes a rare condition called prosopagnosia or face blindness
(Sacks, 2022). People with this condition cannot recognize faces, and it is
thought that this phenomenon could be due to damage of the temporal lobe.
A team of scientists at Dartmouth College, Harvard University and the
University of London are currently conducting a large-scale study as part of
the Prosopagnosia Research Center to better understand what causes this
phenomenon. They believe the condition may be due to cell death in the
temporal lobe, although there is likely a genetic component involved as
well.

The temporal lobe is also the brain’s major memory center. It contains
the hippocampus, which resembles the shape of a seahorse (Figure 3.5).
This region is responsible for declarative memory, which is the memory of
facts and events. Some neuroscientists believe that this area can create new
neurons in a process called neurogenesis (Squire, Stark and Clark, 2004;



Eichenbaum, Yonelinas and Ranganath, 2007). More on neurogenesis in
Chapter 10.

Figure 3.5 Left: Hippocampus from a human brain. Right: A seahorse resembles the
shape of the hippocampus, which is where its name is derived from.

Source: Professor Laszlo Seress, CC BY-SA 3.0. From: https://theconversation.com/explainer-what-
happens-in-the-hippocampus-32589

The function of the hippocampus was discovered due to a famous patient
named Henry Molaison (later known as H.M.). In the early 1950s, a 26-
year-old Henry underwent brain surgery that removed the majority of both
of his hippocampi to curb his epileptic seizures. Although the surgery
helped decrease his seizures, his memory was forever altered. He had what
is called anterograde amnesia. Similar to Lucy Whitmore from 50 First
Dates, Henry could remember his childhood and most of his life, but he was
unable to form new memories.

Doctors were fascinated by Henry. He underwent extensive neurological
and psychological testing throughout his life after the surgery. These studies
led to a better understanding of neurosurgery and allowed scientists to
uncover the important role the hippocampus plays in memory formation.

Henry spent the rest of his life living in the hospital, waking up every
day thinking he was a young man until he died at the age of 82 in 2008
(Annese et al., 2014). Since he couldn’t form new memories, he never knew


http://commons.wikimedia.org/wiki/File:Hippocampus_and_seahorse.JPG
http://creativecommons.org/licenses/by-sa/4.0/
https://theconversation.com/explainer-what-happens-in-the-hippocampus-32589

how famous he had become in the field of neuroscience. After his death,
researchers at the University of California, San Diego took Henry’s brain
and digitally reconstructed it so that neuroscientists around the world could
examine his brain in stunning detail (Annese et al., 2014).

How do you remember a sun salutation?

Figure 3.6 Downward-facing dog, one of the many postures in a sun salutation.

There are two main types of long-term memory: declarative
(explicit memory) and nondeclarative (implicit memory).
Declarative memory is how we remember facts and events,
while nondeclarative memory is for habit formation and learning
new skills (Reber, 2008). Henry Molaison’s case taught doctors
and scientists that declarative memories involve the
hippocampus.

Nondeclarative memories, like practicing a sun salutation,
can operate without conscious thought once learned. These
types of memories require repetition and practice for our
behavior (the sun salutation) to run on autopilot. Nondeclarative
memories involve movement regions of the brain, and the



cerebellum plays a critical role in the execution of learned
movement memories.

The hippocampus is affected by aging. As a person ages, neurons die off,
inflammation increases and the hippocampus shrinks in size (Van Aalst et
al., 2020). Yoga may offer protection from age-related decline. Scientists
from the University of Illinois at Urbana Champaign and Wayne State
University examined hippocampus density in 13 experienced yoga
practitioners in comparison with 13 healthy controls (Gothe et al., 2018).
They found that the experienced yogis had more gray matter density in the
left hippocampus than the control group. This finding could indicate that
the yogis had more neurons in this region of the brain, protecting them
against age-related memory decline.

Why do these studies show differences in only the left side
of the brain and not the right?

Neuroscientists do not know. A significant finding in only one
side of the brain could be due to a variety of reasons including
technical difficulties, errors, or differences in analysis
techniques. Although some functions, like speech, are localized
to the left side of the brain, most other functions are thought to
occur bilaterally in the brain. However, it is possible that there
are right and left side brain differences that have yet to be
discovered.



Amyedala

Figure 3.7 lllustration of the brain showing the amygdala.

The hippocampus is located next to the amygdala (Figure 3.7). Each
amygdala is roughly the shape and size of an almond. Despite being so
small, these structures play a major role processing fear, anxiety and anger.
The amygdala also attaches emotions to our memories and, thus, is a central
relay station for emotional memory (Van Aalst et al., 2020).

Researchers at the Erasmus Medical Center in the Netherlands
examined the effect of yoga and meditation on volume of the amygdala and
hippocampus in a large study of 3,742 participants (Gotink et al., 2018).
They found that a decrease in gray matter volume in the left hippocampus
and the right amygdala was associated with both practices. Less gray matter
volume in these regions could signify that the practitioner uses yoga and
meditation to control their emotional state to regulate the anxiety and fear
response. If the neurons related to anxiety and fear were not being used as
often, the brain could have reorganized these circuits, decreasing the
volume of these regions. This process may help the brain become more
efficient. The scientists did not make a distinction between the effect of
yoga vs. meditation on the brain, so it is unclear if the results were due to
yoga, meditation or both practices combined.



Is it better to have more or less gray matter volume?

Both options seem to have plausible benefits. One of the main
difficulties in determining the answer is that brain volume is
based on imaging studies and not on dissection studies. Thus, it
is unclear what is causing the size differences. Researchers are
starting to approach this question by dissecting the brains of
animal models, such as mice and rats, to see how brain volume
is related to brain structure.

Do more intelligent people have bigger brains?

It is commonly believed that a larger brain must equate to more
intelligence, but consider the African elephant. It has a brain that
is approximately three times the size of a human brain. An
elephant’s brain contains nearly 257 billion neurons in
comparison with a human’s meager 86 billion neurons
(Herculano-Houzel et al., 2014).

Figure 3.8 African elephants in Masai Mara National Reserve, Kenya.

Source: David Heiling on Unsplash.

Careful examination of Albert Einstein’s brain has revealed that
his brain was actually smaller than the typical human brain
(Costandi, 2012). Dissection studies have shown that his brain



was denser, meaning that Einstein had more neurons densely
packed together in regions across his brain. A denser brain
could signify that Einstein had more connectivity between brain
regions, enabling faster processing than the average brain.
Einstein also had more nonneuronal support cells, called glia,
than the average human brain (Costandi, 2012). Neuroscientists
are still trying to figure out how glia could be related to
intelligence.

Left-brained or right-brained dominant?

There is little truth to the statement “right-brained people are
creative or artistic, while left-brained people are more analytical
or calculating.” While some brain functions, such as language,
are localized to one side of the brain, most brain functions occur
bilaterally. Information is shared through a bridge of 300 million
axons called the corpus callosum (Phillips et al., 2015). The
corpus callosum is a highway for information traveling to and
from the right and left hemispheres of the brain.

Corpus callosum —!

Figure 3.9 lllustration of the brain showing the corpus callosum.



Sometimes this bridge must be severed. In conditions like
severe epilepsy, neurologists will cut the corpus callosum so
that the two hemispheres of the brain can no longer
communicate with one another. This surgery can decrease
seizures, but it can also lead to a host of behavioral and
cognitive changes, such as alterations in vision, speech and
memory. It is considered a last resort surgery, reserved for
patients without an alternative treatment option.

So, why are some people more creative or analytical?
Neuroscientists don’'t know, but it could have to do with how
groups of neurons communicate with one another.

THE PARIETAL LOBE

The parietal lobe is located near the back and top of the brain, and it
specializes in processing sensory information such as taste, touch,
temperature, pain and pressure (Garcia-Larrea and Mauguiere, 2018). It
also integrates this sensory information with the visual system, which is
important for knowing where the body is in space, called proprioception
(Karnath, 1997; Olson and Berryhill, 2009). Also known as the sixth sense,
proprioception is critical for almost every type of movement. One study
showed that the volume of the parietal lobe was related to the weekly
number of hours spent practicing yoga. Yogis that practiced yoga more
often had larger parietal lobes than those who practiced less frequently
(Villemure et al., 2015).

THE OCCIPITAL LOBE

The smallest lobe, the occipital lobe, is located all the way in the back of
the brain, and it is home to the main visual processing center, the primary
visual cortex. The occipital lobe 1s located far from our eyes, so the brain



has evolved to have millions of axons (white matter) that extend from the
eyes to the occipital lobe. The occipital lobe integrates information from the
eyes to form one cohesive image with information about light, texture,
color, size, shape and distance.

Underneath the occipital lobe lie two more important structures called
the cerebellum and the brainstem (Figure 3.10). The cerebellum, which
means “little brain” in Latin, is involved in coordinating movements,
muscle memory (like a sun salutation), movement correction (quick
movements to avoid tripping) as well as a host of other functions
neuroscientists are just starting to decipher. Although it is physically
smaller than the cerebral cortex, it contains roughly five times as many
neurons that are densely packed into this wrinkly space (Von Bartheld,
Bahney and Herculano-Houzel, 2016).
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Figure 3.10 lllustration of the brain showing the brainstem, cerebellum and spinal
cord.

Adapted from: https.//qbi.uq.edu.au/brain/brain-anatomy/hindbrain

The brainstem regulates many important functions, such as breathing, heart
rate, blood pressure, consciousness and sleep—wake cycles. The brainstem
consists of three main sections called the midbrain, pons and medulla
oblongata, which is often shortened to “medulla.” Long-term meditation has
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been shown to increase the density of the brainstem, specifically in regions
associated with heart and lung control (Vestergaard-Poulsen et al., 2009).
These brain structure changes could account for the increased
parasympathetic nervous system activity that is often correlated with
meditation.

The brainstem is also home to most of the brain’s cranial nerves. Cranial
nerves each have a specific role in transmitting movement and/or sensory
information around the head and neck (Figure 3.11).
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Figure 3.11 lllustration of the brain showing the cranial nerves.

The midbrain is the top portion of the brainstem and is involved with the
control of movement, sleep, temperature regulation, vision and hearing. It
contains the main dopamine production center called the substantia nigra.
The pons is located between the midbrain and the medulla. This
bulbous structure gets its name from the Latin word for “bridge” as it serves
as a coordination center for signals coming to and from both sides of the



brain as well as the spinal cord. The pons contains groups of neurons that
are involved in sleep, respiration, equilibrium and many more functions.

The medulla is the lowest portion of the brainstem, and this is where
the brain transitions into the spinal cord. Although the medulla is short,
measuring roughly 3 centimeters (1 inch) long, it is a critical structure for
our survival. It contains control centers for vital functions, such as
breathing, heart rate and blood pressure. This region is also involved in
reflexes like swallowing and even sneezing (Seijo-Martinez et al., 2006;
Hashimoto et al., 2018).

ADDITIONAL BRAIN REGIONS RELEVANT
TO YOGA AND MEDITATION

The cingulate cortex curls around the inside of the brain like a rainbow
(Figure 3.12). It is divided into two main sections, the anterior cingulate
cortex (the front portion) and the posterior cingulate cortex (the back
portion).

Anterior cingulate cortex \ A



Figure 3.12 lllustration of the brain showing the anterior cingulate cortex.

The anterior cingulate cortex (ACC) is especially relevant for yoga
practitioners because it is connected to the emotional system of the brain
(the limbic system) as well as the frontal lobe that is responsible for making
decisions. The ACC helps to integrate thoughts and feelings for emotional
learning as well as monitor focus during activities like meditation
(Devinsky, Morrell and Vogt, 1995).

The ACC is commonly associated with the effects of meditation.
Meditation can increase the efficiency of this region, improve blood flow
and induce axonal changes (Tang et al., 2010, 2015; Xue, Tang and Posner,
2011). Some researchers hypothesize that changes in these regions of the
brain could lead to improved emotional and attentional regulation.

The insula or insular cortex has recently taken the spotlight in
meditation research (Figure 3.13). Scientists believe it is responsible for
self-awareness and self-reflection, as it senses the interior state of the body
(Modinos, Ormel and Aleman, 2009).



Insula

Figure 3.13 lllustration of the brain showing the insula or insular cortex.

Multiple studies have found that yoga practitioners have larger insular
volumes (gray matter) than non-yoga practitioners. The size of the insula is
also related to years of yoga experience; people who have been practicing
yoga for longer periods of time have more gray matter in this region than
less experienced yoga practitioners (Villemure et al., 2013).

Another way to explore the brain is by looking at neurons’ axons called
the white matter. Examining white matter is useful for understanding how
different areas of the brain are connected. Researchers from the National
Institutes of Health were interested in how the white matter differed in the
insulas of experienced yoga practitioners in comparison with healthy
controls (Villemure et al., 2013). Experienced practitioners showed more
connectivity between the front (anterior) and back (posterior) regions of the



insula than the control subjects. Yoga requires mind and body awareness, so
this practice could be altering the insula to promote efficient
communication, making awareness and self-reflection more accessible.
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Figure 3.14 Loving-kindness meditation trains the brain to cultivate compassion,
forgiveness and self-acceptance.

The 1nsula is also involved with feeling empathy, and it is believed to be
activated during loving-kindness meditation (LKM) (Singer, Critchley and
Preuschoff, 2009). LKM is a popular meditation technique used to boost
well-being and reduce stress (Figure 3.14). It trains the brain to cultivate
compassion, forgiveness and self-acceptance. During LKM, the meditator
focuses on bringing loving, kind energy to another person or themselves.
Although this technique can be difficult to master, it can promote better
emotional regulation and stress management (Grossman and Van Dam,
2011).

Loving-kindness meditation
Bring yourself to a comfortable position.
Let’s start by cultivating loving kindness for a friend or family
member.



Someone you love.

Think about your desire for them to be happy.
A natural opening of the heart outward.
Check in with your body and how you're feeling in this moment.
Be here and now. Let the feelings rest in place.
Now, start to focus on the loved person again.
Try to visualize their appearance.

Take in their smells.

Remember the way they move their body.
Sense them, see them.

Now, notice how you're feeling inside.
Start to cultivate that warmth.

Are you smiling?

Happiness is a natural feeling.

Bring that loved one back to your attention.
Wish them well and send them love.

May you be happy, healthy and peaceful.
Feel the loving kindness extend from yourself.
Feel your inner strength and fire.
Imagine extending joy and happiness to your loved person.
May we all experience joy and happiness.

Main takeaways

e Although the brain relies on many different regions working

together to function, we've learned that some areas are
responsible for the bulk of certain functions (Eigure 3.15).
Scientific studies have linked the practice of yoga and
meditation to changes in almost every region of the brain.
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Figure 3.15 Regions of the brain and their functions.
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CHAPTER 4

The Sensory Experience
of Yoga and Meditation

The senses are a fundamental part of every yoga and
meditation experience. They are the portals by which the body
perceives the external environment. Incorporating the senses
into practice can intensify the experience and lead to vivid
memories. This chapter provides a short overview of each of the
senses and how they serve as sensors of the brain. This

knowledge can deepen the impact of your own practice (Eigure
4.1).




Figure 4.1 Group yoga practice on the beach.

Source: Kaylee Garrett on Unsplash.

SIGHT

When walking into a yoga studio and looking around to find a spot,
thousands of signals are being sent from the neurons in the eyes to the
visual center of the brain — the visual cortex. These neurons continue to
send information while watching the instructor at the front of the room and
glancing at the body to make sure alignment is correct. We often rely on the
eyes during yoga practice, but how does vision work?

The eyes are the first part of the body to process light. When light enters
the eye, it passes through the cornea, a clear and protective outer layer,
which helps initially focus the light. Light then moves through the lens,
which provides a more fine-tuned focusing to project the light onto the
retina in the back of the eye. The iris and the pupil control how much light
is let into the back of the eye (Figure 4.2).

The retina is covered in roughly 125-150 million neurons called
photoreceptors that gather information about the incoming light and turn
the information into electrical signals (Alexiades and Khanal, 2007). The
photoreceptors then relay these signals to other neurons in the retina.

The two main types of photoreceptors are called rods and cones. Rods
are sensitive to light and help us see at night or in dimly lit areas, whereas
cones are responsible for color vision and details. There are three types of
cones that detect red, green and blue colors, just like the colors of the screen
pixels in a television or computer monitor. Cones work together to convey
information about every detectable color.
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Figure 4.2 The anatomy of the eye.

The neurons in the retina then send signals to the optic nerve which
transports the information along the optic tract to the visual cortex of the
occipital lobe. The brain doesn’t just code for shapes, movement and colors;
it is able to take this visual information and use it to build memories of our
visual experiences. The visual cortex sends signals to the parietal lobe for
processing “where” things are in space. It also sends signals to the temporal
lobe for processing “what” information, such as objects and faces. The
processing in the temporal lobe is strongly connected with memory centers,
including the hippocampus.

Blindness and visual impairment
Blindness and visual impairment can be caused by numerous
factors, including genetics, injury and age-related changes like
cataracts and glaucoma. Visual impairment can be mild,
moderate or severe, with blindness being near-to-none or no
vision.

Vision is not necessary to practice yoga. For some yogis, not
relying on the eyes can make turning the attention inward more
accessible.



Figure 4.3 Tree pose.

When teaching yoga to blind, low-vision or visually impaired
individuals, there are a few things to keep in mind. For example,
a yoga study of blind and low-vision adolescents showed that
students preferred physical guidance of asanas over other
instructional strategies (Mohanty et al., 2016).

Tips for teaching those with blindness or vision impairment

o Use descriptive verbal cues during class.

» |If the student gives permission, offer physical guidance.
o Check in with your students by asking “how does it feel?”
e Use props or scents to heighten the other senses.

THE THIRD EYE

Many practitioners and spiritual healers believe that, in addition to the
physical eyes, there is also a symbolic third eye that rests in the middle of



the forehead. Although this perspective does not easily align with Western
medicine, according to yogic tradition the physical eyes look outward at the
world, while the third eye is turned inward. The idea of a third eye exists
across many different cultures and religions, such as the wisdom eye which
is seen in many deities in Buddhism and the god Shiva in Hinduism. The
third eye represents consciousness, spiritual knowledge and wisdom.

The concept of the third eye is also a vital part of the chakras, which are
seven vortexes of energy distributed throughout the body (Figure 4.4). In
yogic tradition, the third eye chakra, also called ajna chakra, can help with
visualization, spiritual communication and intuition. Some believe it can
establish a connection between the internal and external worlds. When the
third eye chakra is open and flowing, it can provide clarity and insight. An
imbalance in this chakra is thought to cause issues with the eyes or vision,
as well as insomnia and headaches (Jain, 2020).

Crown chakra

Third eye chakra

Throat chakra

Heart chakra

Solar plexus chakra

Sacral chakra

Root chakra

Figure 4.4 The seven chakras.

According to yogic tradition, the pineal gland is considered the biological
component of the third eye. The pineal gland is a small gland deep within
the brain that processes information about light and dark. Thus, it acts like a



“third eye” to sense the world. The pineal gland weighs less than 0.2 grams,
and it secretes serotonin, melatonin and N, N-dimethyltryptamine, which
affect the body in numerous ways (Nichols, 2017; Gheban, Rosca and
Crisan, 2019). The small gland has specialized cells that help regulate the
24-hour sleep—wake cycle (called the circadian rhythm) by secreting the
hormone melatonin (Malpaux et al., 2001). Melatonin is secreted during
periods of darkness and suppressed by light.

Pineal gland

Retina

Suprachiasmatic nucleus

Figure 4.5 The retina, suprachiasmatic nucleus of the hypothalamus and the pineal
gland.

When light hits the retina of the eye, information about vision is sent to a
group of neurons in the hypothalamus called the suprachiasmatic nucleus,
which is the body’s internal clock (Moore, Speh and Leak, 2002). From the
suprachiasmatic nucleus, information is sent to a group of neurons called
the superior cervical ganglion in the neck before the information is
transmitted to the pineal gland (Moore, 1995) (Figure 4.5).

The pineal gland also secrets N,N-dimethyltryptamine (DMT), an
extremely powerful hallucinogen. Some neuroscientists believe DMT is
secreted during the experience of being born, giving birth and just before
death (Gheban, Rosca and Crisan, 2019), while other scientists insist that
the amount of DMT secreted by the pineal gland is not enough to have any



psychoactive effects (Nichols, 2017). Yet, the release of DMT in the brain is
implicated in near-death experiences, where people report experiencing
supernatural phenomena. DMT could provide another avenue linking the
physiological with the spiritual, but this has not been scientifically proven.

Main takeaways

» Photoreceptors in the eyes relay signals to the occipital lobe
providing visual information.

» Descriptive verbal cues and physical guidance are helpful
instructional strategies when leading classes for the visually
impaired.

e The third eye chakra is linked to the pineal gland, which
regulates the circadian rhythm.

Postures that place a focus on the third eye are thought to awaken the third
eye chakra. This includes postures that physically touch the middle of the
forehead as well as those that bring the forehead to the floor to provide
gentle pressure to this region. Below is an example class of some postures
that may help to ignite the anja chakra to bring forth clarity, insight and
wisdom.

EXAMPLE YOGA SEQUENCE TO STIMULATE THE THIRD EYE CHAKRA



Figure 4.7 Child’s pose.



Figure 4.9 Eagle pose variation.
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Figure 4.10 Forearm stand variation.

HEARING

Listening to the instructions of a yoga teacher or hearing “Om” during a
group meditation are vital parts of many contemplative practices. In order
to hear sound, the brain processes sound waves, which are transmitted and
amplified through a series of membranes, liquid and bones.

The first obstacle a sound wave encounters is the eardrum (also called
the tympanic membrane). When the sound waves hit the eardrum, the
membrane begins to vibrate. This process transforms sound waves into
vibrations. The inner ear contains three small bones called the malleus
(meaning mallet), incus (meaning anvil) and stapes (meaning stirrup) that
help detect these vibrations. Collectively, the three bones are known as the
auditory ossicles (Figure 4.11).
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Figure 4.11 The auditory ossicles including the malleus (mallet), incus (anvil) and
stapes (stirrup).

Hearing loss, deafness and hearing devices

Hearing loss and deafness can occur due to many reasons,
including genetic factors, infections of the inner ear or trauma to
the head. Hearing loss can be mild, moderate, severe or
profound, whereas deafness is usually defined as little-to-no
hearing.

You have likely worked with a student who wore a hearing
aid or cochlear implant. Hearing aids help those with hearing
loss by amplifying sounds to make them louder. Cochlear
implants are worn by those who have significant hearing loss.
The implant works by placing a processor behind the ear and a
receiver in the cochlea of the inner ear. When the processor
captures a sound signal, it sends it to the receiver, which
stimulates the auditory nerve to send a signal to the brain.

Yoga and meditation can reduce symptoms of tinnitus, a
ringing in the ear that is associated with hearing loss, and



improve the daily life of deaf and hard-of-hearing individuals
(Curtis and Leppla, 2018; Gunjawate and Ravi, 2021).

Tips for teaching those with hearing loss or deafness

» Help the student find a central spot in the room, so they
can visually observe others’ movements.

e Provide visual cues, in addition to verbal cues, during
class.

» Face the student when you speak, so they can lip-read.

» Keep the lights on during class, so that interpreting visual
cues and lip-reading is possible.

The vibrations first hit the malleus, which is connected to both the eardrum
and the incus. The malleus moves back and forth due to the vibrations of
the eardrum. This action moves the incus, which presses on the stapes. The
stapes pushes against the cochlea, creating waves of fluid inside the
cochlea.

Tiny, specialized cells called hair cells then sense the motion of the fluid
and release neurotransmitters. The neurotransmitters signal to the neurons
to fire, and information about the sound is passed on to the auditory cortex,
located in the temporal lobe of the brain. After this initial processing, the
information is then sent to other regions of the brain, such as the frontal
cortex, to further interpret the sound signals.

Music and the brain
Yoga teachers often use music to set the mood of a class, and listening to
music affects the brain in complex ways. Music triggers the brain’s reward
pathway, which releases the neurotransmitter dopamine. Dopamine can
bring about the sense of euphoria, which is why listening to music can be
pleasurable.

Music also activates memory centers in the brain. Scientists have found
that listening to a favorite song alters the communication between auditory



brain areas and the hippocampus, a region that connects memories with
emotions (Wilkins et al., 2014). This brain connection makes it easy to
remember the lyrics to a favorite song.

Music therapy and sound baths

Sound has been used for thousands of years across cultures as a way of
healing. Music therapy is thought to be one of the oldest forms of healing
known to us (Heather, 2007). It can provide benefits to people experiencing
a variety of conditions, including depression (Erkkila ef al., 2011), anxiety
(Gomez Gallego and Gomez Garcia, 2017), neurological disorders, such as
Parkinson’s disease (Devlin, Alshaikh and Pantelyat, 2019), autism
(Geretsegger et al., 2014) and those recovering from traumatic brain
injuries (Siponkoski et al., 2020).



Figure 4.12 Singing bowils.

Source: Sven Mieke on Unsplash.

Despite the long history of use and many studies showing its merits, the
evidence behind why sound benefits the body remains scarce. Some
researchers have argued that the voice, drumming, tuning forks, singing
bowls or other instruments align the body’s frequencies (Figure 4.12).
Researchers at the University of California, Santa Barbara developed a
“resonance theory of consciousness” that describes how synchronized
vibrations bring about consciousness through neurons firing at specific
frequencies (Hunt, 2018). When two objects are brought into close
proximity to one another, they synchronize to the same frequency in a
process called “spontaneous self-organization.” Music may help to shift



these vibrations, bringing about a harmonious, calming effect (Heather,
2007).

Sound may be able to synchronize the firing of neurons by providing a
stable frequency (Abhang, Gawali and Mehrotra, 2016; Martinez, 2021). A
practitioner may be able to alter the frequency and rhythm of the sound to
change the brain’s waves from fluctuating at a beta state (awake) to alpha
(relaxed) or theta (meditative) states (Martinez, 2021). However, more
research needs to be conducted to confirm these findings.

Another type of sound healing is guided meditation, in which the voice
of a practitioner or teacher acts as the sound. Guided meditation elicits the
relaxation response, shifting the body into a place of calm. Many studies
have shown that guided meditation promotes mental, emotional and
physical well-being (Melville ef al., 2012).

Chanting
Chanting has been used for thousands of years around the globe to promote
relaxation, a sense of community and spirituality. Chanting is considered a
focused attention meditative technique, as the practitioner directs their
attention towards the sound (Simpson, Perry and Thompson, 2021). The
sound is also called a mantra, and it can be repeated verbally or silently.
Although there have been relatively few studies on the effects of
chanting on the brain, the literature does suggest that chanting can help to
decrease stress as well as improve symptoms of anxiety (Amin et al., 2016;
Rankhambe and Pande, 2021), depression (Kenny, Bernier and DeMartini,
2005; Amin et al., 2016) and post-traumatic stress disorder (Bormann et al.,
2018). Chanting may be able to impact the parasympathetic nervous system
by slowing the breath and activating the vagus nerve. One small study
conducted by researchers from the Alzheimer’s Research and Prevention
Foundation in Arizona found blood flow changes in the brain during
chanting (Khalsa et al., 2009). Although it was a preliminary study with
only 11 participants, the researchers believe that chanting increased blood
flow in the same regions of the brain associated with the deterioration seen
in Alzheimer’s disease. Thus, chanting could provide a neuroprotective
effect in these areas of the brain.



Researchers from Macquarie University in Sydney, Australia are
actively examining the effects of chanting on the body and mind. They have
found that chanting “Om” for 10 minutes improves attention, mood and
feelings of social cohesion (Perry, Polito and Thompson, 2016). When the
scientists compared silent chanting with vocal chanting, they found that
both practices led to increases in feelings of altruism.

Most recently the group of scientists explored the idea of using vocal
chanting as a virtual psychosocial intervention (Simpson, Perry and
Thompson, 2021). Although most chanting practices take place in social
contexts, due to the coronavirus pandemic many chanting practices were
moved online to adhere to social distancing guidelines. The scientists
wanted to know if online chanting practices brought about the same benefits
as an in-person practice. They assessed the effects of a 10-minute online
chanting practice on stress, mood and connectedness.

Over 100 people participated in the study. Compared with an online task
control group, the online chanting group reported a significant reduction in
stress and an improvement in mood. The online chanters also felt a greater
sense of connectedness to other members of the group than the control
group reported. The study suggests that online chanting may be an
accessible option for boosting mental health.

Main takeaways

e To hear sound, the brain processes sound waves, which are
transmitted and amplified through a series of membranes,
liquid and bones.

 When teaching someone with hearing loss, provide visual
and verbal cues during class. Remember to face the person
during class, so that they can lip-read.

e Sound therapy and guided meditation promote mental,
emotional and physical well-being.

e Chanting can improve stress, anxiety, attention, mood and
connectedness.



SMELL

Smell is one of the most important ways humans interact with the world,
yet this sense is often underappreciated. Without the sense of smell, incense
and essential oils (Figure 4.13) become undetectable, and food like
chocolate becomes tasteless.

How the brain smells

The ability to smell relies on a process of sensing chemicals called
chemosensation. Inside the back of the nose is a specialized strip of tissue
called the olfactory epithelium that houses millions of sensory neurons
called olfactory receptor cells (Figure 4.14). These cells have tiny tips
called cilia full of receptors that stick out into the nasal cavity to detect
smells that enter through the nose.

Do humans have a bad sense of smell?

There is a common misconception that humans have a limited
sense of smell when compared with animals, such as dogs
(Yong, 2017). This idea arose from 19th-century neuroscientist
Paul Broca, the same person who discovered Broca’s area. He
thought the sense of smell was animalistic (Shulman, 2018).
Broca was convinced that humans could only detect 10,000
different types of smells; however, neuroscientists today believe
that humans are able to detect closer to one ftrillion different
types of smells (Bushdid et al., 2014).



https://www.theatlantic.com/science/archive/2017/05/alls-smell-that-ends-smell/526317/
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Figure 4.13 A diffuser with essential oil.
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Figure 4.14 The neural pathway of smell.

When the olfactory receptor cells sense a chemical, a signal is sent to the
olfactory bulb, a structure that relays the signal to other areas of the brain
for processing. Most smell processing occurs in the olfactory cortex, which
is located in the temporal lobe of the brain.

A portion of the olfactory cortex is called the piriform cortex, and it
helps identify categories of smells, like fruity or minty (Bao et al., 2016).
The signals are also sent to the bottom portion of the prefrontal cortex, the
orbitofrontal cortex, where the smell information is integrated with taste
information (Rolls, 2008). Smell is thought to be the only sense that is not
processed by the thalamus, the main brain processing center, although
research is still ongoing (Courtiol and Wilson, 2015).

Smells and memory

Smell information is also sent to the brain’s learning and memory centers,
the hippocampus and the amygdala. The hippocampus processes long-term
memories, while the amygdala processes emotional memories. These



regions of the brain work to integrate information about smell with
memories, such as remembering a significant other when catching a whiff
of their cologne or feeling relaxed when inhaling lavender essential oil at
the end of a yoga class.

Essential oils

Smells can also be used to promote health and well-being. The practice of
using essential oils for therapeutic benefit, called aromatherapy, is used in
healthcare settings and yoga studios. In the clinic, aromatherapy can reduce
levels of anxiety and depression, as well as improve symptoms of chronic
pain and increase sleep (Ali et al., 2015). These strong scents can also
trigger emotional responses, such as relaxation, when used in a constructive
manner.

In the studio, essential oils can be used in a variety of capacities to
benefit the practitioner. A few drops of an essential oil can be added to a
diffuser or mixed with water and sprayed to bring soothing scents into the
room. Diluted essential oils can also be rubbed directly onto the wrists, feet
or forehead for an additional scent experience (Figure 4.15).

Figure 4.15 Diluted essential oil dropped into the hand.

Some popular essentials oils include:

e Lavender oil can help to relieve stress and digestive distress, reduce
anxiety and inflammation, and promote sleep. It also has antibacterial



and antifungal properties (Ali ef al., 2015).

o Tea tree oil has natural antiseptic properties. It can be used to heal
small wounds, acne, fungal infections such as athlete’s foot, and
insect bites (Carson et.al., 2006).

e Peppermint oil stimulates the nervous system and increases attention
and concentration. It is also thought to help with indigestion and
reduce certain types of headaches (Kennedy et al., 2018).

* Rosemary oil stimulates the nervous system and is used as a remedy
for exhaustion. A study has shown that mice who ingest or inhale
rosemary oil became stimulated, increasing their overall movement
(Kovar et al., 1987).

e Clary sage oil is thought to ease tension and muscle cramps and can
reduce acne by regulating sebum production (Ali et al., 2015). It also
has antimicrobial properties.

e Eucalyptus oil has antioxidant, anti-inflammatory and antibacterial
properties (Ali ef al., 2015). It can be helpful for treating minor cuts
and burns, along with muscle and joint pain.

Buyer beware

There is a huge range in quality of essential oils on the market
because there is no governing body responsible for regulating
essential oils in the United States. Some essential oils may be
pure, while others contain less expensive additives. For
example, the term “therapeutic grade” is sometimes included on
labels, but use of this phrase is not regulated and is added to
incentivize buyers to pay more.

High-quality essential oils state that the product is 100
percent essential oil with no added filler. The labels often
contain the Latin name of the plant and where it was harvested.
A “fragrance oil” is not a pure essential oil and has been mixed
with synthetic ingredients. Lastly, high-quality oils often cost
more than the imitation brands.
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Figure 4.16 High-quality essential oil purchased from a local lavender farm.

MORE ON ESSENTIAL OILS

Essential oils have been studied in the lab. Researchers at Johns Hopkins
found that essential oils from garlic cloves, myrrh trees, thyme leaves,
cinnamon bark, allspice berries and cumin seeds could kill a certain type of
Lyme disease bacteria in a lab dish (Feng et al., 2018). The tested essential
oils worked better than standard antibiotic treatments. This finding does not
suggest that essential oils should be ingested to cure Lyme disease (doing so
could be toxic or fatal), but essential oils do have antibacterial properties
that could possibly be formulated in a safe way to help treat conditions,
such as Lyme disease, in the future.

Another group of scientists from the Instituto de Investigaciones
Bioquimicas de La Plata in Argentina found that mandarin essential oil
showed anticancer activity by reducing the cell growth of tumors in the lab
(Manassero et al., 2013). The scientists believe that the major component of
mandarin essential oil, called limonene, could someday be used for the
treatment of diverse cancers.

Other studies are not so positive. Scientists from the National Institute
of Environmental Health Services (NIEHS), a branch of the National
Institutes of Health, studied how lavender and tea tree essential oils affected



human cell lines in the lab (NIEHS, 2021). They found that both types of
essential oils acted as endocrine-disrupting chemicals and altered the
activity of hormones. The topical use of these essential oils has been linked
with premature breast growth in girls and boys in a condition called
prepubertal gynecomastia. The scientists theorize that the hormonal activity
displayed by the lavender and tea tree essential oils could be causing this
condition (Henley et al., 2007).

Main takeaways

» Chemosensation is the ability to sense chemicals in order to
smell.

 Smell is integrated with memories within the brain.

 Aromatherapy can improve anxiety, depression, chronic pain
and sleep.

TASTE

Taste is intrinsically linked with smell. Both senses rely on chemosensation
to perceive chemicals in the external world. Taste is relevant to yoga and
meditation because decadent foods can be incorporated into practice.
Chocolate is a food of the Gods, according to the ancient Mayans, and
yoga, meditation and chocolate mix quite well (Spampinato, 2022).
Restorative yoga classes sometimes end with the offering of a piece of
chocolate, and chocolate meditation has become popularized at some yoga
studios. Chocolate meditation involves using Buddhist techniques of
mindfulness to focus the attention on the act of tasting and enjoying
chocolate. The goal is to become completely immersed in the experience to
absorb every flavor and sensation. This results in a sensory experience,
which can bring the person into the present moment to feel centered and
satisfied.



Example chocolate meditation
Come to a comfortable sitting position.
Start by holding a piece of chocolate in your hand.
Bring the chocolate to your nose and inhale the aroma.
Let the smell seep into your body.

Let the smell activate your olfactory neurons and send signals to

your brain.
Carefully, break off a piece of the chocolate and look at it.
Examine it, noticing the texture.
Now, slowly, bring the chocolate to your mouth and place it on
your tongue.
Let it melt.
Notice the flavors as they start to activate your taste buds.
If your mind wanders, acknowledge the thought and come back
to the chocolate.
Be in this present moment.
As the chocolate continues to melt, invite the sense of pleasure
to fill your body.
When you’re ready, carefully swallow what is left of the
chocolate.
Repeat with the next piece.

Taste and the brain
The tongue is covered in lots of tiny little bumps. These bumps, called
papillae, contain taste buds. Each taste bud has 50-150 specialized taste
receptor cells with tiny hair-like structures called microvilli that respond to
different chemicals, such as sweet, salty, sour, bitter and umami (savory,
e.g. mushrooms) flavored foods (Stone et al., 1995). Taste cells “live” for
one to three weeks and then they regenerate. It is possible to lose function
of certain taste buds, but this is usually due to damage to the nerve that
connects to the individual taste bud.

Once the taste buds are activated by a chemical, the information is
transported to three main cranial nerves. The first is the facial nerve (cranial



nerve VII), which is connected to the front two thirds of the tongue, while
the second nerve, called the glossopharyngeal nerve (cranial nerve 1X), is
connected to the back one third of the tongue. The third nerve involved in
taste is the vagus nerve (cranial nerve X), which helps carry taste
information from the back of the mouth to the brain (Figure 4.18).

Does the tongue have a map of our taste buds?

Scientists previously thought that the tongue held a unique map
of taste buds, and that each area could detect different tastes.
Research has shown that some areas of the tongue have taste
buds that are more sensitive than other regions, but all regions
of the tongue have taste buds for all flavors (Collings, 1974). In
fact, the tongue has between 5,000 and 10,000 taste buds that
all work harmoniously to sense sweet, salty, sour, bitter and
umami.

. Bitter |f_: Sour . Umami . Swieet G Salty

Figure 4.17 Scientists previously believed certain regions of the tongue tasted
different flavors, but this has been shown to be incorrect.



Cranial nerves VII, IX and X carry information about taste to a region of
the brainstem called the solitary nucleus. This group of neurons is located in
the medulla and acts as a relay station for taste information. Taste
information is then sent on to the thalamus for further processing before
ending up in the gustatory cortex. The gustatory cortex discriminates and
remembers different tastes (Rosenblum, Meiri and Dudai, 1993). Like other
senses, taste information connects to the hippocampus and the amygdala to
create memories of flavor preference.
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Figure 4.18 How signals about taste are transmitted from the taste buds to the
gustatory cortex in the brain.

What is a supertaster?
Supertasters are people who were born with more taste buds
than the average person. Some people have up to twice as



many taste buds! Supertasters tend to be more sensitive to
bitter flavors, such as coffee or grapefruit. It is believed that
roughly 25 percent of people are supertasters (Bartoshuk et al.,
1998). Supertasters tend to avoid foods that are high in fat, salt
and sugar due to the strong taste, so they often have a lower
risk of heart disease than normal tasters due to their healthier
diets (EI-Sohemy et al., 2007).

Figure 4.19 The average person has between 5,000 and 10,000 taste buds while
supertasters can have twice as many!

Main takeaways

e Chocolate meditation uses Buddhist techniques of
mindfulness to focus the attention on the act of tasting and
enjoying chocolate.

» All regions of the tongue have taste buds for all flavors.

e Supertasters are people who were born with more taste buds
than the average person.



TOUCH

In yoga, we touch our mats, hold onto our blocks and press our palms
together in prayer. Touch is the ability to sense textures, vibration, pressures
and temperatures. To perceive physical touch signals, the brain relies on
receptors called mechanoreceptors in the skin and joints. When the body
touches an object, pressure or distortion of the skin activates the
mechanoreceptors. There are four main classes of mechanoreceptors that all
specialize in a slightly different sensation.

Four main categories of mechanoreceptors

 Meissner’s corpuscles are located under the skin’s surface.
They respond to soft touch and vibrations. These sensitive
receptors help the brain decode fine touch, such as the brush
of a dog’s hair as they run past.

» Ruffini endings are located deeper in the skin and in the
connective tissue of the body. They respond when the skin is
stretched and when there is an angle change in the joints.

* Merkel nerve endings detect continuous pressure, like when
your hands are pressed into your yoga mat during downward-
facing dog.

 Pacinian corpuscles are highly sensitive receptors that
respond to vibration. Scientists believe they may help the
brain distinguish changes in texture.

Touch sensations and the brain

Mechanoreceptors activate a chain of signals that are sent through the spinal
cord to the somatosensory cortex in the brain. On their way to the brain, the
signals cross the midline in the spinal cord or the brainstem. Thus, touch
pathways that originate in the left side of the body are processed in the right
hemisphere of the brain. Therefore, sensory information about touching a



yoga block with the left hand is being processed by the right side of the
brain (Figure 4.20).

Figure 4.20 Side crow pose using blocks.

The first stop in the brain for this transmitted sensory information is the
thalamus, the relay station of the brain. The thalamus then passes off
relevant information to the somatosensory cortex, located in the parietal
lobe, to perceive the feeling of touch (Blumenrath, 2020). The
somatosensory cortex contains a topographic map that correlates to sensory
regions of the body. This map has more brain area allotted to parts of the
body that are most sensitive and contain the most receptors, such as the
fingers and lips (Blumenrath, 2020). Figure 4.21 is a representation of the
proportion of the somatosensory cortex that is devoted to each part of the
body, called a sensory homunculus.



nfAA
| '|I". |=. lIIII l.'. /?
\ Y\ /
&_\| ]
i II'-.I. ! |I
Meck (G \___}.J.. 2 .\ __/'
Head| Trunk Leg 1"% k. ,/’
A
Shouldt:j !I’-_. o - lf/f //I :|
F — : _“_4-1"'-:-: -«_'_'-_\_...‘- \ Fl:}[}[_ .'. ff_. I~| l!x\-n'l
2y N -
e = —Toes I
L — Genitals &l (
= | |'II
(’ S Somatosensory cortex I
= {=all L\ I| {
L / TR \ p,
_,___'_::__ |' | ~I .
. Ll?S o |Il : ||\ = _\/, ,
eelh, gums, jaw T x\ | @
]
‘h\-':"-._-_ e .II
Pharynx —/“c&&:_:_.:_ > )
Viscera B

Figure 4.21 The sensory homunculus.

How does the brain deal with too many signals?

Scientists have found that successful movement involves
filtering out touch signals that are less important (Conner et al.,
2021). For instance, when practicing yoga, we sit on a mat,
while our bodies touch our clothes, and our hands reach for a
water bottle. The brain is receiving a plethora of signals from
touch receptors about how the body is interacting with the
environment. Most of these signals do not matter, so the brain
filters out the noise.

When studying the brains of mice, researchers found that
neurons in a small region of the brainstem called the cuneate
nucleus control how much information is passed on to other
regions of the brain (Conner et al., 2021).


https://www.science.org/doi/10.1126/science.abh1123

Figure 4.22 Neurons (red) in the brainstem with their axons (green) that project
to the cuneate cells (blue) to transmit touch information. This circuit regulates
information conveyed by touch receptors in the hands as it enters the brain.

Source: Image courtesy of the Salk Institute.

Main takeaways

 Mechanoreceptors are activated when the body touches an
object.

e The four main types of mechanoreceptors include: Meissner’s
corpuscles, Ruffini endings, Merkel nerve endings and
Pacinian corpuscles.

 The nerve pathways for touch cross at the midline, so
pathways that originate in the left side of the body are
processed in the right hemisphere of the brain.

e A sensory homunculus is a representation of the proportion of
the somatosensory cortex that is devoted to each part of the
body.

In this chapter, we have reviewed how the senses provide information to the
brain and how they are often incorporated into the practice of yoga to
enhance the experience in a lasting way. Throughout this chapter, we’ve
discussed how yoga involves the senses and reviewed how the senses work.
The following meditation incorporates sight, sound, smell and touch for an



exercise of the senses. A piece of chocolate can also be consumed at the end
to include the sense of taste.

Example meditation for the senses
Begin by coming into a comfortable sitting position.
Place your hands on your thighs with palms up or down.
Start to notice how your body feels in this position.
Notice your seat on the floor or chair.
And your hands touch your thighs.

Now, bring your attention to the sounds around you.
Fine-tune your hearing, so you can focus on the sounds far
away from you.

Can you hear the birds outside or maybe even a plane?
Bring your attention to the sounds immediately around you.
Can you hear the breath move in and out of your body?
Can you hear the rustling of your clothes as your body moves
with each breath?

Can you hear sounds internally, such as the gurgling of your
stomach?

Now, bring your attention to your sense of smell.

What do you smell around you?

Are there any essential oils wafting in the air?

Start to notice your nervous system become more active as you
search for scents.

Allow yourself to become more aware of the smells that fill your
practice.

Now, bring your attention to your sense of vision.

If your eyes were closed, you can open them now.
Without moving the head, look around the room.

See the wide-open space.

And notice the objects, if any, that fill the space.
Become aware of the colors and textures around you.
Focus on the details.

And bring that same focus to the space immediately around you.



Feel how your body takes up room in this space.
Allow the eyes to close if that is available to you.
Notice the mind and allow thoughts to come and go.
Simply acknowledge them and let them float on.
As you continue to move throughout the day, think about how all
of your senses are at play.
Try to keep a heightened sense of the world in order to truly
notice what is around you.
You only get one life, so you don’t want to miss a thing.

Adapted from: A Meditation for Exploring Your Senses by Cara
Bradley. From: https:.//www.mindful.org/a-meditation-for-
exploring-your-senses
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CHAPTER 5

The Origin of Movement

Yoga involves intentional movements to move into and hold
various postures. This chapter will explore how the nervous
system and muscles work together to coordinate complex
movements. A basic understanding of how the body engages in
movement will enhance our knowledge of the practice of yoga
as well as our ability to improve well-being through these
contemplative practices.



PART | VOLUNTARY MOVEMENT: HOW THE
BRAIN CONTROLS MOTION

Scientists have been trying to decode how the nervous system generates
movement for the last 150 years (Schwartz, 2016). Even simple movements
like raising the arms overhead require a fully coordinated brain. The
nervous system synchronizes the sequence, force, angle, direction and
speed of every muscle involved in the motion.

Purposeful actions, such as lifting the arms, are initiated in the frontal
lobe of the brain (Figure 5.1). A part of the frontal lobe called the motor
cortex helps to plan, control and execute these movements. The motor
cortex includes three main regions: the primary motor cortex, the premotor
cortex and the supplementary motor area. Each area has a specific role in
helping direct voluntary movement (Eigure 5.2).

Figure 5.1 Mountain pose variation.
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Figure 5.2 The key regions of the brain involved in movement.

The primary motor cortex is the main brain region involved in the control
and execution of voluntary movements (Sanes and Donoghue, 2000). This
region is responsible for generating the neural impulses that activate
muscles for movement. It also contains a topographic representation of the
body parts involved in movement called a “motor map” or motor
homunculus (Figure 5.3). Some parts of the body, such as the tongue and
lips, take up more representative space in the brain because they involve
fine-tuned movements for speaking and eating.



Primary motor cortex

Figure 5.3 The motor homunculus.

The hands also require more representative brain area to properly function
(Figure 5.4). Micro-movements in muscles of the fingers help stabilize the
body in postures like downward-facing dog and crow pose. Other muscles,
such as the core muscles, also aid in body stabilization, but they are limited
to only less rigorously tuned movements and, thus, take up less
representative space in the primary motor cortex. Think about it this way:
there are over 30 muscles that make up the hands, while there are only five
main abdominal muscles. The brain needs more space for these
neurological connections to control the hand muscles!

Figure 5.4 The hands take up a lot of representative space in the primary motor
cortex because they involve lots of muscles to make many types of complex
movements.



Source: Conscious Design on Unsplash.
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Figure 5.5 The corticobulbar tract and the corticospinal tract.

Signals traveling from the primary motor cortex are transmitted
along one of two information highways: the corticospinal tract or
the corticobulbar tract. The corticospinal tract carries signals
from the brain to the spinal cord to relay information about
movement of the body, while the corticobulbar tract sends
information to the brainstem regarding movement of the head,
neck and body (The Brain from Top to Bottom, 2022).

The axons in the corticospinal tract cross the body’s midline
at the medulla in the brainstem and continue down to the spinal
cord. Thus, the right side of the brain is generally responsible for
movement on the left side of the body and vice versa.



Fun fact

Giraffes have REALLY long axons in the corticospinal tract. In
fact, they can easily reach 2.6 meters (8.5 feet) since they
extend from the brain all the way to the end of the spinal cord
(Badlangana et al., 2007).

Figure 5.6 A giraffe in Botswana.

Source: Thomas Evans on Unsplash.

The premotor cortex sits in front of the primary motor cortex and assists in
the integration of sensory and movement information to prepare a
movement. The premotor cortex sends signals to the primary motor cortex,
the brainstem and the spinal cord to create a plan for the body to carry out a
voluntary movement.

Damage to the premotor cortex can result in a variety of seemingly odd
outcomes. For instance, someone who had a stroke in their premotor cortex
may not be paralyzed, but they could have difficulty performing a skilled



action that could previously be performed; their brain is having trouble
planning the requested action (Freund and Hummelsheim, 1985). They
could also have deficits in moving their fingers and hand on the opposite
side of their body or have difficulty integrating sensory information that is
required to perform a movement.

The premotor cortex also contains the supplementary motor area
(SMA), which is one of the least understood brain regions related to
movement. Its neurons connect directly to the spinal cord, so it is thought to
play a role in the control of movement. In addition to helping with postural
control, the SMA coordinates two-handed movements (Dijkstra ef al., 2020;
Brinkman, 1981). For instance, when bringing the hands together for a
twisted chair pose, the SMA 1s hard at work (Figure 5.7). The SMA may
also be involved with sequences of movement, such as completing a sun
salutation (Verwey, Lammens and Honk, 2002). Despite advances in
neuroscience, the exact role of the SMA 1is still unknown.




Figure 5.7 Chair pose variation with twist.

Main takeaways

e The primary motor cortex is the main brain region involved
in the control and execution of voluntary movements. It
contains a topographic representation of the body parts
involved in movement called a “motor map” or “motor
homunculus.”

 The premotor cortex assists in the integration of sensory
and movement information to prepare a movement.

 The supplementary motor area plays a role in the control of
movement, posture, and the coordination of two-handed
movement.

Other brain regions that control voluntary movement
Two additional brain regions involved in movement are the basal ganglia
and the cerebellum.

THE BASAL GANGLIA

The basal ganglia are a group of neurons located deep within the brain that
help control voluntary movement. These neurons inhibit circuits trying to
initiate competing movements (Hauber, 1998). The basal ganglia help
movements occur smoothly without error.

The basal ganglia do not always function properly, which can result in
several different neurological conditions. Parkinson’s disease occurs when
the basal ganglia no longer produce enough of the neurotransmitter
dopamine. People with Parkinson’s often exhibit tremors and uncontrolled
movements. When medications are not effective, some people with
advanced Parkinson’s can be treated with deep brain stimulation. This
surgery involves inserting a neurostimulator that sends electrical impulses
to a specific part of the basal ganglia to promote normal brain activity,
allowing for better movement.



THE CEREBELLUM

The cerebellum helps with coordination, the timing of movement,
precision, movement correction as well as motor memory (Fine, lonita and
Lohr, 2002) (Figure 5.8). In the 19th century, French physiologist Marie-
Jean-Pierre Flourens discovered the cerebellum was critical for the
coordination of movement by removing the cerebellums of pigeons (Kwon,
2020). He observed that the birds had balance problems once their
cerebellums were absent. They walked around as if they were intoxicated.
Later, doctors observed that human patients who had had cerebellar injuries,
which can occur due to a tumor or stroke, acted in a similar fashion.

The cerebellum receives information about movement from multiple
parts of the brain as well as receptors in the muscles, joints and tendons. It
acts like an air traffic controller, directing movement related to the
positioning of the limbs, the speed of the movement and any obstacles that
may arise in the path ahead.

The cerebellum is also responsible for rapidly correcting movement to
prevent falling. For instance, it is easy to trip over a rogue yoga block when
leaving class. Instead of falling, the body quickly adjusts to correct the
movement. The cerebellum is crucial for this movement correction. The
cerebellum also aids with micro-corrections to promote balance in tricky
postures like king dancer pose (Eigure 5.9).

Cerebrum

Cerebellum

Figure 5.8 The cerebellum.



Figure 5.9 King dancer pose.

Source: Madison Lavern on Unsplash.

The cerebellum’s specialized cells

The cerebellum contains specialized neurons called Purkinje
cells. These intricately branched neurons are involved in the
control of movement as well as learning. Purkinje cells regulate
the rate of communication between neurons to coordinate
important movements, such as moving the hands (Minai, 2014).
These cells are not to be confused with Purkinje fibers located in
the heart!



Figure 5.10 Purkinje cell from the cerebellum.

Source: Maryann Martone et al., CCDB/NCMIR/UC San Diego, CCA 3.0. From:
http-//www.cellimagelibrary.org/images/CCDB_3

The cerebellum also plays a role in motor learning. Motor learning
involves learning a new movement, which can then be stored as a motor
memory, also known as muscle memory. This type of memory allows for
the recall of a specific motion or movement coordination to perform
functions like riding a bike, throwing a ball, or playing an instrument years
after learning how to perform the task, without much cognitive thought.
Neuroscientists don’t know exactly how this process works or where
muscle memories are stored, but they believe the cerebellum is one of the
main brain regions involved.

Sun salutations and the cerebellum

To celebrate a new yoga studio opening, practitioners are
sometimes invited to participate in a ceremonial practice of 108
sun salutations. The number 108 is sacred and thought to
represent the wholeness of existence (Yoga Journal, 2021).
When practicing such repetitive movements, muscle memory
kicks in and guides the body through the practice. The muscle
memory of a sun salutation allows the practitioner to focus on


http://www.cellimagelibrary.org/images/CCDB_3

the breath instead of where to place a hand or foot. The ability
to glide through a sun salutation without much thought is largely
due to the cerebellum.

Figure 5.11 Downward-facing dog.

Source: Ginny Rose Stewart on Unsplash.

Main takeaways

 The basal ganglia are a group of neurons that help
movements occur smoothly without error. Dysfunction of the
basal ganglia can result in several neurological conditions,
including Parkinson’s disease.

e The cerebellum helps with coordination, the timing of
movement, precision, movement correction as well as motor
memory. It contains specialized cells called Purkinje cells.

Signals from the brain to the body

Although the brain directs most movements, it is the motor neurons that
make it all happen. These specialized neurons extend from the brain or
spinal cord to individual muscle fibers of a muscle to provide instructions
about which muscles to move and how to move them.



Motor neurons transfer instructions to muscle fibers at the
neuromuscular junction (Figure 5.12). Here, electrical signals trigger the
release of the neurotransmitter acetylcholine, among other substances.
Acetylcholine then travels across the synapse and binds to receptors on the
muscle, which causes the muscle to contract, enabling movement.

Figure 5.12 The neuromuscular junction.

The sciatic nerve

The longest and largest nerve in the body is the sciatic nerve.
The sciatic nerve branches from the lower back into the hips
and travels down the legs branching into other nerves, which
continue to the toes. It contains motor neurons that help the
muscles in the legs and feet move, as well as sensory neurons
to send signals about sensations of the legs and feet to the
brain. In a tall person, the axons of the sciatic nerve can exceed
one meter (3 feet) in length (Muzio and Cascella, 2021). At its
thickest point, the sciatic nerve is about as thick as your thumb!
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Figure 5.13 The sciatic nerve extends from the lower back to below the knee
where it branches into other nerves that travel to the toes.

The sciatic nerve can sometimes become pinched or inflamed in
a condition called sciatica. Sciatica often causes pain that
radiates from the lower back down the leg and can lead to
issues with movement of the leg and foot. It can be caused by a
herniated disk; however, nearly 70 percent of all sciatica cases
are caused by the piriformis muscle of the hip compressing the
nerve due to tightness (Filler et al., 2005).

Yoga can help to relieve symptoms of sciatica caused by an
overtight piriformis. It's important to not aggressively stretch this
muscle though, as this can aggravate symptoms. Below are
three postures that can help to lengthen and relax the piriformis
muscle to reduce pain and discomfort.



Figure 5.15 King pigeon hip stretch.



Figure 5.16 Piriformis stretch variation.



PART Il INVOLUNTARY MOVEMENT: NO
BRAIN REQUIRED

Doctors often use a soft rubber hammer to test the knee jerk reflex. This
rapid movement is automatic and does not require any cognitive thought. In
fact, this movement doesn’t involve the brain at all.

Instead, sensory receptors in the knee perceive the impact of the
hammer (which stretches the tendon) and send a signal to a sensory
neuron, which is a nerve cell that detects and responds to the environment.
The sensory neuron then transmits this information to the spinal cord where
a motor neuron receives the signal and, in turn, contracts the muscle,
bypassing the brain altogether (Figure 5.17).

Figure 5.17 The pathway of a reflex.

Reflexes are a survival mechanism. For instance, the withdrawal reflex can
quickly remove a hand from a burning pot, and the startle reflex enables us
to leap out of the way of a potential hazard.

Main takeaways



Motor neurons transmit information from the brain or spinal
cord to regulate activity in muscles for movement.

The neuromuscular junction is where motor neurons
transfer instructions about movement to muscle fibers.

The sciatic nerve is the longest nerve in the body, and it
helps the muscles in the legs and feet move as well as feel
sensations. It can easily become pinched or inflamed in a
condition called sciatica.

A reflex is a rapid, automatic movement that does not involve
the brain.



PART Ill PROPRIOCEPTION

Imagine practicing yoga with your eyes closed. Even without vision, the
body can create the shapes and movements of different yoga postures. The
ability to be aware of your body’s position and movement is called
proprioception.

Proprioception relies on three main sensory systems. The first are
specialized receptors located in the muscles, joints and tendons that send
signals to the brain about body position. The balance system, also called the
vestibular system, in the inner ear relays information about rotation,
acceleration, gravity and position. And although proprioception can occur
without sight, the visual sensory system is helpful for sending visual cues
about body position. These three systems work together to provide the brain
with an understanding of where the body is in space and how it is moving.

The brain receives signals from these three sensory systems and sends
instructions back out to the muscles to coordinate movement. For example,
the ability to balance requires lots of micro-adjustments, which rely heavily
on signals from the cerebellum and the brainstem.

Proprioception can occur both consciously and unconsciously.
Conscious proprioception is used to facilitate complex movements,
movements that require concentration and thought to complete, such as
doing a backbend. Unconscious proprioception is important for
coordinating less complex movements, like maintaining posture and
walking (Johnson et al., 2008). Unconscious proprioception can occur
quickly to help coordinate the body.

Many yoga postures rely on the proprioceptive system to create the
shapes and movements with the body. Researchers have found that
practicing yoga can improve proprioception and balance in those with
neurological disorders as well as the visually impaired (Cherup et al., 2020;
Mohanty, Pradhan and Nagathna, 2014).

Proprioceptive receptors
Located throughout the muscles, muscle spindles are proprioceptive
receptors that detect changes in muscle length (how stretched out the



muscle is) and the speed at which the muscle length is changing (Matthews,
1964). Muscle spindles pass along this information to sensory neurons,
which send signals to the central nervous system about muscle movement.

Within the tendons and joints are proprioceptive receptors called golgi
tendon organs and joint receptors, respectively. Golgi tendon organs
sense information about muscle tension, which is a measure of exertion,
while joint receptors provide information about joint position.

The balance system
There are also exceptionally accurate sensors located in the inner ear that
receive information about balance and spatial orientation. Knowing which

way is up or down seems like a simple task, but it is quite complicated
(Figure 5.18).

Figure 5.18 Balancing upside-down requires multiple sensory systems working
together but relies heavily on the vestibular system, which senses spatial orientation



and gravity.

Although the inner ear helps with hearing, it also plays a critical role in
decoding spatial orientation as part of the vestibular system, also known as
the “balance center” or “balance system.” The vestibular system primarily
helps us detect head movement. It also aids in providing the brain with
information about head position and orientation to maintain balance and
posture as well as stabilize the head during movement.

The vestibular system contains numerous structures, but the two main
ones are located in the vestibular labyrinth and include the semicircular
canals and otolith organs. There are three semicircular canals that contain
fluid with tiny hair cells (Figure 5.19). Each canal is oriented in a different
plane to detect one of three types of rotational head movement: nodding up
and down, shaking side to side and tilting left and right (Figures 5.20-5.22).
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Figure 5.19 Sem