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Foreword

In 2001 David arrived at our yoga studio in Penzance, Cornwall, UK, to work with Lucy and myself, in developing his Ashtanga Vinyasa yoga practice. David had been practicing asana (yoga postures) for some time, but it was obvious that he was not breathing or using bandha (subtle body controls) correctly or efficiently; he needed to refine his relationship and the balance between sthira (steady, still, and firm foundation) and sukha (good space). For the yogin (one who practices yoga), understanding sthira and sukha deepens the understanding of the relationship between posture, gravity, and breath and for the anatomist who practices asana, discovering sthira and sukha will bring understanding of the structure, function, breath and movement of the human body to a whole new level.

When we met David so many years ago, his immense understanding of anatomy and experience gained from teaching and working in the field of massage was also evident. He presented a short yoga anatomy workshop at our studio for local and visiting students who were practicing with Lucy and I. His animated delivery emphasized how remarkable the human body is. At the end of the evening, a local doctor who was participating said that in all her years of medical training and anatomy classes, this one session with David brought the body alive for her. Lucy, also an experienced body worker and massage therapist, was so impressed that she went straight to David and invited him to teach the anatomy for our yoga teacher trainings.

That evening was the beginning of a mutual journey of growth, with Lucy, David, and myself together exploring, discovering, having insights, and gaining first hand a new appreciation for this amazing body we inhabit. This journey with David will continue for years to come, and I’m sure this will be the first of many books he will write.

The information in this book has not come from researching other books but from deep exploration on the yoga mat. David does not reduce the body to mere parts. For practical reasons, the work is divided into chapters, but at all times, David maintains a wider perception, holding the body as a unified living, breathing, moving organism. He takes anatomy to a whole new level.

As with other anatomy texts, David references body parts with anatomical words and descriptions; however, he goes further. Using his own experience with yoga asana, putting his own body into the many gravity-defying structures, he creates an understanding for you, the reader, in everyday language. This book is a bridge across the gap between the professional academic and the self-exploring yoga student. You, too, will gain a personal understanding and insight by taking David’s gems of wisdom to your yoga mat, and through your own personal practical exploration, will connect all separated parts into one whole functioning and breathing body, alive steady in asana – sthira/sukha.

It is an honor and a pleasure to write a foreword to this exploratory journey into the functioning of the physical body. When I read through David’s draft, I could hear his voice, the complexity yet simplicity of the presentation. It felt as though I was present in one of his workshops, eager to be led by David through the practical anatomical exercise on the yoga mat. This book is a journey of deep exploration that will enhance each individual’s understanding of what it really means to inhabit a body that not only stands in anatomical neutral, samasthitih, but also moves with the breath to create asana. A body that “shape shifts” towards the postural understanding of our bodies, tension free, relaxed, still, and steady—gracefully moving in space, mastering the relationship of posture, breath, and gravity.

—Enjoy

John Scott



Introduction

My idea for this book grew as I traveled around the world teaching anatomy to prospective yoga teachers. Usually I serve as an adjunct faculty in a teacher training program, offering the minimum amount of anatomy training required to certify new teachers. Twelve hours is barely an introduction to this wonderfully complicated body of ours. My hope is that this book offers a more complete exploration of the human body in a context that is both accessible and exciting.

As I teach, I sometimes question whether those on the sincere path of a yogi really need to know anatomy. By this I mean, if you’re practicing yoga for the ultimate intention of self-knowledge and not just jumping around on a mat, how much anatomy do you really need to know? The truth is if we adhere to the definition of yoga offered in Patanjali’s sutras, yoga is the cessation of the fluctuations of the mind. It is detaching from all of the voices (and their stories) in our head long enough to realize our true self.

So what does this have to do with anatomy? Well, honestly, not much. Most of us do not have the wherewithal to simply sit down, quiet our mind, and enter into a state of yoga. So what are we to do? What is our vehicle for accessing this state? How do we find our way there? The answer is simple: through our very own research laboratory—the body. 

Hatha Yoga was born to accommodate those of us who can’t just sit down and quiet our mind. Asana (a.k.a., jumping around on our mat) is the vehicle with which we begin to purify the body (annamayakosha). The asanas touch us on all levels. At the most basic level, they increase our flexibility and strength. More subtly, they purify our tissues, and even more subtly, they affect the energetic system that supports and sustains our tissues. Finally, when all the moving and jumping is done, the asanas bring us to a state where we might sit comfortably and quietly without our mind being distracted by our body. This “jumping around” on the mat is also our vehicle for studying the body in a deep and kinesthetic way. This is where anatomy intersects asana. 

If you have practiced asana consistently for 10 years or more for at least one hour each day, it is certain that you know the workings of your body quite well. You may not have the technical anatomical names or understandings, but your kinesthetic knowledge is a very real and powerful way to know the body. This is knowledge that cannot be learned from a book.

Unfortunately, many people today are teaching yoga before they have practiced for even one year. In general, if you haven’t done the exploration in your own body, it will be harder to lead someone through an exploration of theirs. But every teacher and student must start somewhere. For those of you who have not dedicated the time to exploring your body deeply on a daily basis, it is crucial for you to understand anatomy and the wide variety of differences in individual anatomy. Keep in mind, however, that at some point you must do the self-inquiry.

If you are reading this book to learn what your students should or shouldn’t do with this or that condition or pain, the answer is, “There is no answer.” Oh yes, I am serious. If you think these conditions can be boiled down, categorized, systematized, and then spat back, you will never be a great teacher. I assume that each teacher wants to be the best they can be, and for that, you need to practice and study for years. You need to think, inquire, and be open to possibilities!

You might have gathered that the information in this book is not the final answer to any particular situation or problem. You’re right: it isn’t. But you will find explanations that may fit what you observe in class. I try to provide these in a way that helps you understand the bigger picture that always goes along with the little picture expressing itself in your class. I provide broad anatomical explanations that might be applied to any individual in your class. 

After reading this book, you will be filled with information that inspires you to think critically. You will have the tools to hypothesize what’s going on in a student’s (or in your own) body and what to do about it. I want you to be a thinker. Question everything you read and hear (including what I say), not for the sake of questioning, but for a deeper comprehension. And finally, I want you to understand what you will learn by practicing.

In teaching anatomy, I seek to strike a balance between simplicity and honoring the complexity of the human body. Most of the questions I receive from students are the “why and what” questions: “Why can’t I do this asana?” “What is restricting me in this pose?” “What do you do if you have knee pain?” “What poses should I avoid with this condition?” These are practical questions. 

The aim of this book is to be as practical as possible. At the same time, I offer many possibilities and perspectives. I don’t do this to confuse you, but to keep you aware of the myriad possibilities; filtering through many possibilities is the reality of a yoga teacher. When I make suggestions to my students about their problems, conditions, and restrictions, I offer a working hypothesis. In other words, I make an educated guess at what may be causing the concern and what might help to alleviate or improve the situation. I have to be willing to change my hypothesis based on the student’s feedback or what I observe the student doing as we move forward.

If there is an inherent problem with studying anatomy, it is that we divide the body into pieces and parts in order to talk about it. There is no other way I can think of to approach the information. The downside of this is that we then think of the body as being distinct parts that are somehow assembled together.

We need to remember that our body started its formation with yoga. The literal translation of the word is “yoking” or “joining.” It is when the sperm meets the egg that the first physical yoking begins in our own body. From this point, a single cell is formed. From that single cell, every bone, muscle, organ, piece, and part has formed out of cell division. The body did not name its own parts. That’s something we humans have done. So, as the body functions as a whole (rather than as an assembly of individual parts), we need to approach it as a whole.

There is a similar issue in approaching yoga from an anatomical perspective. While it is hoped that any serious student will study all of yoga’s eight limbs, because this is an anatomy book, we deal exclusively with only one limb—asana. Most yoga students today enter the path of yoga via asana. This is neither good nor bad. Asana is a great way to engage with the whole of yoga. Yoga does not care how we interact with it. That we are interacting with it on any level suggests it will lead us through the whole of the practice over time.

As practitioners, it is important that we do not get stuck in asana. It’s definitely possible. There is a lifetime of work to do in fully understanding and experiencing these postures, and studying anatomy can add to this natural emphasis on the physical. It is not my intention to get you stuck in your thinking mind or your body. As you read, I hope you will take this information and experience it for yourself, thereby merging your intellect with your physicality.

As you read, allow your understanding of what anatomy means to expand. Begin to explore your body as an integrated whole. As you practice, experience asanas not as individual postures but as elements that are related to one another in the context of a greater whole.

In summary, this book will encourage you to explore your understanding of anatomy via the personal laboratory that is your own body. As a result, you will become a more mindful practitioner and a better teacher. If I do my job well, you will be inspired to continue your study of anatomy, your practice, and yourself well beyond the pages of this book.

Namasté,

David Keil
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Converging Histories




From the moment of our birth, our bodies are affected by the lives we live. There is a convergence of information and energy that comes together inside of us. Circumstances, decisions, accidents, and intentions all influence who we are. They form us as certainly as we were physically formed in our mother’s womb. It is impossible to separate a person from their life experiences.

I call these life experiences or influences “Converging Histories.” These histories comprise a wide array of informational energies that are absorbed by our system. Every event in our life, from watching a movie to riding a bicycle or practicing yoga, has an influence on our being. All of these events have a certain energetic, physical, and emotional quality that impact and become part of our physical body.

Our converging histories make us exactly who we are in this moment. Some of these histories happened to us; we had no conscious control over them. Some of them we chose; we consciously added them to our life experiences. Every moment that we live, we choose experiences, activities, and relationships that become part of our own sea of converging histories. They become part of us. 

The first and most basic of these histories is common to us all. It is the history of human evolution. What has human evolution done to our bodies? Imagine for a moment that it is billions of years ago and we are quadrupeds. Our center of gravity as four-legged creatures is in a different place. Our feet and hands are also different. Thus when we evolve to bipedalism, our bodies have to change. As two-legged creatures, the relationship of muscle to bone must shift.

As two-legged creatures, walking is our main mode of transportation. Therefore, we have developed strong lower bodies designed to propel us forward. Along with this development, our upper half has evolved as well. We are quite good at interacting with things in front of us. We grab, pull, and manipulate the tangible world as perceived by our eyes, nose, and mouth. Due to the incredible mobility of our hands, we’re better able to protect our front and our more vulnerable underside. 

Our fantastic “new” appendages have made using tools and playing the piano possible. And our hands have helped further the development of our brain. Yes, our ability to pick things up, manipulate objects, and create new things with our hands has fed our brain massive amounts of information, which has in turn led to the human consciousness and intelligence we now know.1 Our upper limbs are also useful in their coordination with the lower half. We use our arms to help move the body while running and to maintain balance in difficult situations. (Can anyone say Utthita Hasta Padangusthasana?)

Our genetic history is another piece of our converging histories. From the vast pool of possibilities, we have been born to two parents, each with their own genetic make-up. Out of this genetic mixing pot come our eye color, foot size, and shape of the arches in the feet (or lack thereof). Our height and weight predispositions, the length of our torso relative to our arms, and so on, also come out of the mix. On a physiological level, our parental genetic history predisposes us to certain diseases or illnesses. The implications of genetic history are far-reaching. 

Somewhat related to genetics is the history I refer to as “Learned Parental Behavior.” This is a scary one for some of us. It can be distressing to wake up one morning and realize that we are turning into our parents, which we swore we would never do. It’s hard to escape the powerful imprints left by our parents during the formative years.

On a physical level, we learn how to walk by watching and mirroring the way our parents walk. We talk, make expressions, and have similar body language as our parents. This is only natural. Our parents are the first place we saw any of these things happening.

In addition, we adopt ways of thinking, ways of being, and patterns of thought from the input and influence of our parents. Even our mental attitudes derive in part from our learned parental history. The implications are deep. Perhaps this is one way to explain why millions of people are in therapy trying to eradicate the “negative” influence of their parents. In no way should we pass judgment on Mom and Dad. They did the best they could. It is our work to recognize the traits and behaviors that stem from our learned parental history and then determine which to maintain and which to discard.

The fourth and fifth converging histories I’ve identified are physical ones. Our “Activities History” comprises all the physical activities we have learned over the years. Perhaps we played sports such as baseball, football, or soccer. Or maybe we spent time dancing, horseback riding, or practicing martial arts. All of these activities create patterns of movement in our bodies and help forge relationships between the brain, the senses, and our motor skills. The degree of refinement we develop in our activities and how long we participate in them helps to determine the strength of the patterns developed. 

I was exposed to yoga very early in life by my pre-school teacher, Mrs. Elphenbein. We did yoga a few times a week on our little rugs. I don’t fully know the degree to which this impacted my body or mind. But I have to believe these formative experiences played a role in my later desire to study Tai Chi Chuan and yoga.

I also did judo for a short time and played baseball for a number of years. I played catcher, which definitely left a physical imprint on me. I had to squat for long periods of time, which lengthened or built certain muscles in my lower body and likely impacted my posture. Some, like me, have done many activities in their lives while others have participated in just a few. Either way, they all have an influence on how our body develops and the patterns that we acquire.

We also need to consider our “Injury History.” Sometimes our injuries are the result of our activities and sports. Sometimes they are the result of accidents, such as falling out of a tree and breaking an arm, stepping off a curb and twisting an ankle, or even getting hit by a car. No matter the cause, all injuries have an influence on our patterns, and we might not be aware of what these are. Perhaps the position of our sacrum or pelvis is changed in a fall. Or maybe the healing of a broken bone causes one leg to become slightly longer. We must become aware of the far-reaching effects of our injury history as we come to know and understand our body.

When I was nine years old I broke my femur (thigh bone). I was playing soccer at the time. I kicked a soccer ball at the exact same moment that my neighbor (a boy at least twice my size) kicked the ball in the opposite direction. The impact of our simultaneous kicks completely broke my femur. Is it any wonder that this leg is a bit twisted, a bit longer, and definitely harder to get behind my head? Even the food we ate as children or the amount of beer we drank in college can influence our bodies and what they are capable of. Thus we also have a “Nutritional History” that influences who we are right now.

Finally we have what is perhaps a larger and more profound history that can impact who we are, what injuries we have had, and how our body moves. It influences the very essence of our being. I call this our “Spiritual History.” Within this history are some very large questions about who we are, what we believe, and how we live. Our spiritual beliefs not only inform our inner well-being, but can impact our physical body as well.

Since we are talking about yoga, we should also consider whether there is an influence from past lives. What about personal karma or samskaras and their effect on our physical body? Is it possible we did yoga in a past life? If so, how is it influencing our practice of asana today?

There is just one more history worth mentioning: our “Mental/Emotional History.” Our emotional history plays a part in shaping how we view the world and ourselves. These influences can come from our parents, embarrassing or proud moments, and even our injuries. As a teacher, I see this in students all the time. By watching the way they approach their practice or deal with their aches and pains, I can tell a lot about their history. An injury that happened years ago can keep a student from even trying a given posture.

For example, I met a student who had an injury to his hip joint about 15 years before I met him. Pins were placed inside temporarily to keep the cartilage against the end of the bone so that it could heal. From that point on, he had assumed there was some boney deformation that prevented him from adducting his hip joint or bringing his femur to his chest.

His approach to practice was one of caution (a good thing). By the time I met him he had basically given up on a regular practice because it was causing more trouble than good, and most teachers were baffled by the condition of his hip. I could see how strong the beliefs were, the connection to the old injury, and the assumptions that were turned into fact. A number of postures were just not going to happen with all of these beliefs and stories in place.

To be honest, I didn’t know what the truth was, but neither did the student. With three days of practice and a lot of trust, we got his femur to his chest and his hip joint did adduct. Slowly but surely, the beliefs and emotions stored within the body were being released—often showing up in the form of hopeful and joyful tears; disbelief and recognition of stories that were wrong and as stuck as the hip itself were dissolving.

It doesn’t matter how you divide or categorize the “histories”; I could have done it differently. What is important is that you see how each one of them ultimately ties together to create our state of being in any given moment.

When we look at a student, we are seeing the product of these converging histories. Beginning to observe what shows up (inside and out) in the moment is the best way to see someone. Learning to see beyond the body is part of learning to teach yoga. As we become able to see beyond the body, we become better able to see our students as they are in the moment. But we need to keep in mind that sometimes (perhaps in a large class situation) individuality is lost and everyone is given the same instruction for the same pose, despite their individual differences. 

So, how do we treat each student as an individual? Each pose has its basic principles and guidelines. For instance, everyone should rotate their thigh outward or inward and engage this or that in a given pose, right? How do we layer these fundamentals with our consideration of who a particular student is right now, in this moment? And how can we move our students from where they are now to where we think they should be in a way that suits them? How many of these histories are you able to see when you watch your students practice? Should students do (or not do) certain postures on the basis of their personal histories? How do these histories fit into a student’s development in the practice of asana as well as the larger picture of yoga? These are just a few things to consider. Let’s leave it at this: It is enough that you begin to look for these pieces of the puzzle in your students. It is enough that you try to see beyond the body.


It is All One



Now that you have a taste for how hard it really is to see the whole person, perhaps you can sense the difficulty in teaching anatomy in a way that emphasizes how well-integrated the body actually is. As it is easy to lapse into our old mindset of seeing the body without taking into account the person alongside their life experiences, it is quite natural to disregard the interconnection of all of our parts. We tend to think of our sore shoulder, tight hip, or flexible spine as separate issues with little to no correlation. And when taking a subject as broad and complex as anatomy, it is helpful (and perhaps necessary) to divide it into pieces for easier comprehension. This certainly has value. The problem arises if we forget to put these pieces back together or don’t make an effort to understand how they interrelate to create the whole. 

It is common for us to think of a muscle as one piece, a bone as another piece, and connective tissue as yet another piece of the body. And it doesn’t help our cause that we can actually replace a knee, hip, or shoulder. The miracle of modern medicine reinforces this idea of our being distinct pieces—and replaceable pieces at that! Although it is true that we can replace certain broken parts, this is not the way we were created, manufactured in a plant using nuts and bolts. Far from it. 

Our beginnings and, therefore, the beginning of all of our “parts” is much more magical and integrated than that. If we start from the very beginning, there were two parts: one sperm and one egg. That miraculous act of fertilization initiated the amazing process of formation. We developed from that point on. One cell split into two cells, which split into four cells, which split into eight, and so on. This is our true beginning, one cell dividing into many until those cells began to specialize and eventually comprise all of our parts. Although the crux of my message is the integration of the body, that information has to be given in pieces. However, we must always step back and look at the individual part in relationship to everything that surrounds it.



Chapter


1


The Basics of Functional Anatomy



Connective Tissue




It is fitting that we begin our exploration of anatomy with the tissue that exemplifies the interconnected nature of all of our “parts”—the connective tissue. The very structure of connective tissue compels us to acknowledge that the slightest and most subtle change in one area of the body necessarily has an impact on the whole. A small movement in the big toe is like a fly landing on a spider web. When the fly hits the web, vibrations are sent through the web all the way to the other end, where the spider sits and waits. A small movement of the big toe affects the foot, ankle, and conceivably even the position of the pelvis. The toe is connected to all of these parts by a web of connective tissues.

Perhaps you have never heard of connective tissue. It can be difficult to visualize, but the fact is that the following parts of your body are all connective tissue:

•Bones

•Cartilage

•Muscles

•Fascia

•Tendons

•Ligaments

•Scar tissue

How is connective tissue important to yoga? It is a key component of our flexibility. Other components help to determine flexibility as well, including the muscles, skeletal system, and nervous system, which tell the muscles what to do, and we will discuss these components in depth. But for now we will explore connective tissue.
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Figure 1.1. The structure of the different types of connective tissue; a) loose connective tissue (areolar), b) loose connective tissue (adipose), c) dense regular connective tissue, d) dense irregular connective tissue.




So, what is this stuff? Connective tissues are comprised of two proteins, collagen and elastin. Collagen is known for its strength. Elastin, as you may have guessed from its name, is elastic; it’s the more pliable and resilient stuff. Put them together in varying proportions and densities and you get the amazing array of connective tissues we find throughout the body.

Ligaments and Tendons

The denser and stronger the tissue, the more collagen is involved. Ligaments and tendons are made up of a higher proportion of collagen fibers (relative to elastin) and their fibers are tightly packed together. They are very strong. In fact, it is often said that ligaments and tendons have a tensile strength equal to steel cable of the same size. This is what makes them ideal tissues to accomplish their different functions.
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Figure 1.2. Ligaments are like straps that bind the end of two bones together, stabilizing, allowing or restricting movement in different directions.



Ligaments allow for and restrict movement in different directions. They are always situated around the junction between two bones. In other words, you find ligaments at joints or articulations. Because their collagen proteins are packed together so densely, they don’t have a direct blood supply. There is no artery that burrows its way deep into the core of a ligament. The sheath of tissue encasing the ligament delivers the necessary nutrients for function and healing. This lack of blood supply is one of the main reasons ligaments do not normally heal when torn.

Tendons are similar to ligaments but perform a different function. Tendons are actually the ends of muscles that attach to the bones. They connect muscles to bones and allow the muscle to contract and move the bone at a joint in a particular way. Both are made of similar proportions of collagen and elastin and therefore have similar strengths.

Fascia

There are three main divisions of fascia in the body. Superficial fascia lies just under the skin and contains the fat cells that help maintain body temperature at the surface. Visceral fascia surrounds and suspends the organs, not just in the gut but also in the heart and lungs.

The last is the type we’re most interested in: the deep fascia, which surrounds all of the muscles. You can think of the fascial system as a body glove or stocking. The stocking is not only on the surface, but also wraps around deeper structures such as muscles, arteries, veins, and bones. Each of these structures has their own layer of connective tissue. Each muscle, artery, vein, and bone is joined to one another through even more connective tissue. The spider web is an excellent analogy. All of these attachments create a web of tissue that wraps around one structure and then heads off to wrap around another structure and another and so on. The entire body is actually connected by this ubiquitous web of connective tissue. There is an abundance of connective tissue fully integrated into our muscles. It surrounds the muscles on a cellular, fascicle (bundle of cells), and overall muscle-belly level.
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Figure 1.3. Fascial sheath.



To maintain our integrated point of view, remember that we use the separate terms, muscle and fascia, to describe two parts of a single unit. To think of them as separate is not realistic or beneficial to our understanding of the body in a truly integrated way. Think of it like a peanut butter and jelly sandwich. You have peanut butter on one piece of bread and jelly on the other. Once you put those two pieces of bread together, you have the sandwich. You can talk about the peanut butter and the jelly as individual parts of the sandwich, but it’s impossible to separate them. Similarly, talking about a muscle or fascia as if they are two things that can be separated is not realistic. Therefore, we can use more sophisticated language and refer to muscles as myofascia. “Myo” refers to muscle and well, the rest is obvious—fascia.

The integration does not stop here. Because the tendons, ligaments, and tissue wrapping the bones are all connective tissue, the interaction and integration are fantastic. There is no obvious end to a tendon as it weaves its way into the connective tissue layer around the bone. Nor is there any obvious starting or stopping point to ligaments as they weave into bone tissue. When you see a picture of a knee with many tendons, ligaments, and the joint capsule all coming together, it is difficult to see obvious divisions between structures. All of these connective tissue combinations make possible the amazing display of movement we find not only in yoga but in other disciplines like dance, biking, and skiing, as well.

When connective tissue is freer, bones and posture shift into a more optimal position. By releasing long-held tensional patterns, the body and the mind are more at ease. Yoga is a great way of manipulating these tissues. By using the strength of some muscles to lengthen others, or by using the ground or gravity as resistance, we can actively lengthen our connective tissues. As a result, we can realign our own skeleton.

Integrating into the Muscular System

Let’s take a closer look at the muscular system. First, let me ask you a question: What do you think muscle is made of? If you’re struggling to come up with an answer, let’s take it from another angle. What happens when you pull or tear a muscle, for example, your hamstring? What do you think that means, literally? It probably means you tore some muscle fibers, right? 

Okay, let’s say you tore a muscle fiber. What is a muscle fiber? If you look at the construction of a muscle, you find two types of proteins (actin and myosin) sitting in a long row. These proteins are waiting for the nervous system to send a signal to release calcium and cause these two types of protein to become attracted to one another like magnets. This is the basis for muscular contraction—the introduction of calcium molecules to two proteins that cause them to become attracted to one another.


Let’s come back to what you find when you look at the structure of a muscle. What is it that holds these proteins in a row and allows them to contract in a particular direction? Connective tissue. In this case, we could be more specific and say fascia. At this layer of a muscle, a group of fibers are joined together to make a muscle cell. These muscle cells are like the pieces of pulp in a citrus fruit, each of which has its own layer of skin. In the muscle fibers, the “skin” is a layer of fascia surrounding them called the endomysium.

When you take a group of these muscle cells, bundle them together and wrap them with another layer of fascia, called the perimysium, you get what we call a fascicle. This is like the wedge in a citrus fruit, which is a group of pieces of pulp. Finally, you have the muscle itself, which is a bundle of fascicles surrounded with yet another layer of fascia called the epimysium. This last layer of fascia is like the peel of our citrus fruit. 
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Figure 1.4. Image of muscle layers with connective tissue.




Now back to our original question. What is a muscle made of? Layers and wrappings of fascia around proteins. So, really, muscles are made of connective tissue. Therefore, when you tear a hamstring, you are actually tearing connective tissue. 

The integrated perspective that we’re developing gives us a more complex and dynamic understanding of movement. We now know that contractions are not simply a row of proteins getting closer together and shortening the muscle. We know that each contraction intimately involves the fascial tissue surrounding those proteins. The health of the fascia is one factor that can impede muscle function. The fascia and muscle together comprise one unit. When you are talking about lengthening a muscle in an asana, you are also talking about lengthening the fascia that’s surrounding it. Our muscles and fascia are inseparable. 

There are other ways in which the fascia can get “hung-up” and stuck together. The fascia separates and divides all of the muscles from one another. By its very nature, separating them is also a way of connecting them together, because the fascia is simply making divisions within the whole. It is possible that where these “individual” muscles are separated from one another they get stuck together.

This can happen as a result of too much movement, not enough movement, or an injury. For instance, moving too much could include lifting weights. Connective tissue has the ability to respond to stress that is placed on it locally. When lifting weights, the connective tissue has to adapt and change to the increased strength in the muscles. It does this by laying down new fibers of connective tissue and becoming denser, so that it can deal with the new amount of strength in that tissue.

Not enough movement means that the muscle begins to atrophy and weaken. In this case, the connective tissue is not pressed to stretch and shorten in any meaningful way. It consequently tightens up, along with the muscle that is no longer at optimal health.

An injury can also cause changes in the connective tissue. When scar tissue is created, it can change the amount of tension in an area of fascia. This can cause it to be glued together with the adjacent layer of fascia of the next muscle. This means a loss of independence of those two separate muscles. The two layers of fascia that sit there can no longer move easily relative to one another.

The hamstrings are a common example of this occurring due to overuse and not as a result of scar tissue. The hamstrings contract hundreds of times a day, even just in walking. It’s common for these muscles to be tight on the average person. Some of that has to do with the amount of walking, sitting, and even sports activities that lead to generally tight hamstrings as they contract over and over again.

As a result, these three individual muscles can easily become “glued” to one another over time. When we say glued together we mean that the layers of connective tissue that separate and divide them also connect them together. If they become stuck together, they cannot function independently to their best capacity. Nevertheless, we don’t require fine motor skills when using our hamstrings; they’re built for power. So we won’t necessarily notice how stuck together they could be, that is, until we try to stretch them. Then we wonder how our hamstrings got so tight! Part of it is simply muscular use and how that relates to the nervous system and tension. The other part is how the connective tissue has responded to stimulation: one way is by making the hamstrings grow together, reducing the individualization of these three muscles.

If this same level of stickiness happened in smaller muscles, such as those that move our fingers, we could have a problem. Fine motor skills would become difficult, since we need more individualization of the muscles that move our fingers than we do in our hamstrings to move the knee and hip joints.


Functions of the Muscular System



There are technically four basic functions of the muscular system. They are movement, production of heat, guarding entrances to the body, and maintaining posture. Relative to yoga, we will focus on how the muscular system relates to movement. 

Many aspects of the muscular system can be helpful to our overall understanding of movement. First and foremost is location and function of the various muscles in our body. It is not the intention of this book to teach the location and function of every single muscle in the body, but we will look at some specifically. I also want to help you understand concepts and principles that you can apply to any muscle to better understand its function. We will talk about various types of muscle contractions. We will even explore how gravity and body position affect which muscles work in different situations.

Finally, weaving its way into the muscular system is the nervous system, which tells the muscles what to do and how much tension to have. 

It is easy to get lost in oversimplification within the muscular system. I hope, rather, to expand your knowledge of the muscular system and move you away from a false notion of separation. This will further enhance your understanding of the beauty and dynamics of this complex system.

Muscle Names

Knowing the names of the muscles will provide valuable information about their function, location, size, shape, or number of parts. Rather than shutting off your brain when you see a complicated anatomical term, think about what it means.

Let’s consider a few examples. Take the adductor longus, a muscle in the thigh. What do we know about this muscle based only on its name? Well, it functions as an adductor, that is, it pulls the associated body part towards the center of the body. What does longus mean? Naturally it means long. The adductor longus is the longest of the adductor muscles.

Similarly, we learn a lot about the biceps brachii (a muscle in the arm) from its name. “Bi” means two. “Ceps” refers to divisions or, as we sometimes say, “heads” of a muscle. Brachii refers to the upper arm, sometimes called the brachium. The biceps is a two-headed muscle located on the upper arm. Now the trapezius. This is a large muscle shaped like a trapezoid on our back. So it is named for its shape. This is also true of the rhomboids, which are located on the upper back.

You might have noticed another similarity between anatomy and yoga. In the same way that asanas are named based on their shape, how they mimic animals, or the quality of the posture, muscles are also named for a reason; those I have mentioned are only a few. This should give you a sense of how to consider muscle names with an eye to learning about their function and other important information. 
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Figure 1.5. Note the division of the biceps (a), as well as the shapes of the trapezius (b), and rhomboid (c) muscles.



Understanding Muscle Function

We often see muscle function taught based on points of origin, insertion, and action. For instance, the biceps brachii originates on the coracoid process of the scapula and the supraglenoid tubercle of the scapula. It inserts on the large bump called the radial tuberosity. Its action is to rotate the forearm so that the palm is facing up (supination) and to bend the elbow (flexion). When thinking of muscle function this way, the origin is considered the more stable of the two bones and the insertion the more moveable. When the muscle contracts, the insertion moves towards the origin and the elbow and forearm supinate and/or flex. 

However, when we discuss the origin, insertion, and action of a muscle, we are referring to it from the “anatomical position.” Anatomical position looks like yoga’s Tadasana, with the person standing erect, palms of the hands facing forward. All references to movements of flexion, extension, abduction, adduction, and rotation begin and end at the anatomical position. Although this isn’t a surprise, it is potentially problematic. For instance, what if I am not initiating a movement from the anatomical position? (In real life, after all, we rarely find ourselves beginning each movement from here.) What if I’m in a backbend, or lying on the floor, or upside down in a forearm balance? Does this change the way the muscles function? The answer to that question is yes.
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Figure 1.6. Biceps brachii – the three elements: a) coracoid process, b) supraglenoid tubercle, c) radial tuberosity. Imagine how the forearm is moved relative to the more stable shoulder girdle.



In addition, separating the muscles into the compartments of origin, insertion, and action leads us to believe that they function independently of each other. This oversimplification of the overall system further disconnects us from the beautiful integration of bodily tissues and perhaps even the overall experience of a pose. 

The truth is there is normally one muscle that is the strongest in a particular action, but that doesn’t mean it’s the only one working. I don’t think that one muscle ever works alone. If we focused on and isolated it, then yes, theoretically we could make just one muscle work, but that is not how we function in real life situations. Although it is true that the muscles attach at particular points on the skeletal system (the origin and insertion), it is better to look at the attachments more objectively; we shouldn’t assume that the attachment that is considered to be stable (origin) cannot become the attachment that moves (normally the insertion).

Wouldn’t it be more open-minded to look at the two ends of a muscle as attachment points? Neither point is always the origin or the insertion. They can switch, depending on the situation we find ourselves in. There are examples of what is normally considered to be the origin moving towards the insertion based on how we position ourselves or on which bones are stabilized during the muscular contraction.

For example, in Laghuvajrasana the quadriceps muscle changes its normal origin and insertion. Normally the quadriceps contract and straighten (extend) the knee by moving the lower leg (the tibia) at the knee joint. In this posture, movement is still happening at the knee joint. However, instead of the lower leg (normally the insertion) moving, as it would do if we were standing in anatomical position, the pelvis and femur (normally the origin) move towards the lower leg at the knee joint.

Look at Figure 1.7. Notice how my lower leg is on the floor. It can’t move anywhere in this position. It would somehow have to move into the floor for that to happen. As I lean back into the posture, my femur, pelvis, and spine barely move relative to one another. They are stabilized. You will also notice that the only joint that changes significantly is the knee joint. But it’s not the lower leg that’s moving. In this posture, the upper leg and the rest of my body actually move around the knee joint. 
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Figure 1.7. The movement is happening at the knee joint, but the tibia is fixed.




After being in the pose, I have to engage my quadriceps (and of course stabilize the pelvis with abdominal strength) in order to come back to the starting position. In the action of coming up, contracting the quadriceps creates the movement at the knee joint. But in this instance, instead of the tibia moving as it normally does in extension of the knee, we move the rest of our body around the knee joint, effectively switching the commonly accepted origin and insertion of the muscle. There are other examples of this, but the takeaway is much more important: muscles contract. If they are going to create movement, one of the two ends will have to move towards the other (or both towards one another). The one that is more stable will not move. This way of understanding muscle function allows us to describe movement more realistically than using only the idea of origin, insertion, and action.

Muscular Contractions

Let’s go a little deeper to look beyond the function of the muscle to the contraction itself. When a muscle contracts, not all the cells of that muscle are needed. The body determines how many cells to use based on past experience and current proprioceptive information gathered by the nervous system. This information takes into account things like weight, resistance, and strength of tissues. It would be terribly inefficient if every cell were required to lift objects regardless of their weight. When a cell within a muscle contracts, it contracts only until it uses up its energy, or adenosine triphosphate (ATP). Thus the body uses fewer cells in your biceps muscle to lift a pencil than it does when lifting a 20-pound weight.

If you do repetitions with that 20-pound weight, or just continue to hold it statically, eventually you will exhaust all the cells in the muscles involved. At that point, you will have exhausted all of the energy (ATP) in that muscle(s). Before that point, the mind/body knew to shift the responsibility from one cell to the next based on which cells still had energy to expend on the task at hand. In this way there is a constant shifting of cells contracting within a muscle. The cell contracts and uses up its ATP while another muscle cell begins its contraction. This process continues as each muscle cell rests for a moment and rebuilds its level of ATP.

We don’t normally observe this shift happening, but if you hold something for long enough, you will see shaking occur in the muscle being used. That is the observable space between one cell contracting (using up its ATP) and a new cell contracting in order to take over the task. Muscles can shake for another reason that we see more commonly in yoga classes: tension. Tension occurs when one muscle tries to take us in one direction, say the quadriceps and other hip flexors in a standing forward bend, while the opposing muscles, in this case the hamstrings, resist the work of the quadriceps. The tensional struggle between the two creates shaking in the muscles.

Types of Contractions 

In addition to the ability to recruit muscles when more energy is required, muscles can also engage in different ways. A muscle contracts on a cellular level the same way all the time. In fact, all a muscle cell can really do is receive a stimulus from the nervous system and contract. If the stimulus is taken away, it stops contracting. The most basic contraction is called a “tonic contraction.” This is the continual low-level muscular contraction that maintains our basic awake-but-resting posture. If we were to “pass out,” the tone created by the tonic contractions of our muscles would be lost and we would fall to the floor in a heap.

There are other types of contractions worth mentioning: isometric, isotonic concentric, and isotonic-eccentric. I want to explain these so that you have a larger picture of the capabilities of the muscular system and how it is used. 

An isometric (iso = same, metric = length) contraction is one where the muscle contracts (the tone changes) but the overall length doesn’t change. The two ends of the muscle do not move towards one another in this type of contraction. For example, if you were to do High Plank Pose (the top of a push-up) and stay there for about one minute, several muscles would contract to keep you in that position, even though none of your bones are moving. All of these muscles would be isometrically contracting. There is a change in tension but no movement and thus no change in the overall length of the muscle.

In isotonic (iso = same; tonic = tone or tension) contractions, the “tone” of the muscle stays the same. What changes is the length (metric changes). In isotonic contractions, either less distance or more distance is created between the two ends of the muscle. Basically, the bones are moving closer to one another (meaning that the overall length of the muscle is getting shorter), or the bones are moving further away from one another (the overall length of the muscle is getting longer). Both of these scenarios can happen during a muscular contraction. (If the idea of a muscle getting longer while it is contracting confuses you, read on.) 

The first of two types of isotonic contractions is an isotonic concentric contraction. In this instance, the ends of the muscle get closer together during the contraction. Most people are familiar with their biceps muscle, so we’ll use this in our example. To keep it simple, the biceps attaches onto the proximal (upper) end of the radius in the forearm and above it attaches to two places in the shoulder. For measuring purposes, let’s just say the attachment is the top front of the shoulder. Imagine that you are doing a dumbbell curl with a 20-pound weight. If you start with a straight elbow and begin to flex the elbow with the weight in it, the distance between the forearm bone and the shoulder is reduced. Therefore, the muscle is getting shorter. It is obviously contracting. You can feel it in your arm as it works to curl that 20 pounds. 
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Figure 1.8. The attachment point of the biceps moves closer as the elbow flexes.



In the second type of isotonic contraction, the muscle’s overall length increases with the contraction. We call this an isotonic eccentric contraction. Using the biceps example again, imagine your arm at the top of the curl position (flexed elbow). Slowly begin to lower the 20-pound weight. If we agreed that the distance was getting shorter upon flexion, then it must be getting longer as the elbow extends or straightens. The distance between the bones and attachment points of the biceps is increasing. Now, because we slowly lowered it down, the biceps muscle was working to lower the weight. Had we just relaxed the muscle, the weight would have plummeted to our side, perhaps falling out of our hand. Many of you might have assumed that the triceps brachii would be responsible for bringing the arm back down and extending it. We will look at that idea in a moment.

It can be difficult for students to imagine a muscle getting longer while it contracts. It seems contradictory. But really we do this all the time. For instance, walking and running require the hamstrings to contract and elongate (isotonic eccentric) to prevent too long of a step. What do you think prevents your leg from flying up in the air as you walk or run? It is the coordinated interplay of concentric and eccentric contractions of opposing muscles that makes fine motor skills possible.
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Figure 1.9. a) eccentric contraction; b) isometric contraction.



Activities such as typing, playing piano, and guitar are good examples of this coordinated interplay. This is most apparent in our hands and the countless activities we depend on them for. But even larger coordinated movements such as walking, dance, gymnastics, Surya Namaskara, and yoga in general depend on the coordinated interplay of concentric and eccentric muscular contractions! 

Again, by mentioning the various types of contractions I hope to enhance your understanding of the muscular system. After all, asanas are physically static. You don’t move very much once you are in a pose. However, these anatomical movement principles are used in the many transitions between postures.

The transition into Uttanasana (standing forward bend) is an example of an eccentric contraction within a yoga pose. Uttanasana requires that we lengthen the hamstrings. Now, you could just flop right over and grab your feet or touch the floor, or you could make your way down slowly, in a controlled way, folding at the hip joints. The hamstrings attach distally (at their bottom) just below the knee and proximally (at their top) at the sit bones. When we fold forward the hamstrings must allow the pelvis to rotate around the head of the femur. If we do this with control, the hamstrings will get longer while tension is maintained in the process. This is, by definition, eccentric contraction of the hamstrings.

By the way, the opposite action happens on the way up. The hamstrings bring the pelvis back around the head of the femur. They shorten and contract at the same time, doing a concentric contraction.

Neuromuscular Principles

How the nervous system controls muscles in different situations is fascinating. Not all of these relate directly to yoga, but the principle of opposing muscles is definitely worth mentioning. This neuromuscular principle says that when a muscle meets a resistance that it can’t overcome, its opposing muscle will relax. This is used in physical therapy all the time and falls within the category of proprioceptive neuromuscular facilitation (or PNF) techniques. Using PNF, therapists take advantage of neuromuscular principles to get certain muscles to activate or deactivate, depending on the situation.

We can find the principle of opposing muscles anywhere in the body. We’ll use our biceps and triceps brachii as an example of how the principle works. Biceps is a flexor and so bends the elbow. It is located on the front (or anterior) surface of the upper arm. Triceps brachii is on the other side of the upper arm, or posterior surface. It does the opposite action, extending or straightening the elbow. Bend your elbow and try to straighten it against resistance; try using the floor or whatever you happen to be sitting near at the moment. Push into the resistance by trying to straighten your elbow. If you touch your biceps with your other hand, it should feel very soft, like it is not engaging at all. If you put your hand on your triceps brachii, you should feel it engage.

Because your triceps brachii is meeting a resistance that it can’t overcome, your body recognizes that it doesn’t want to add to that resistance. In order to accomplish this task, it shuts off the signals to the biceps sent by the nervous system, in essence, asking it to relax more. Think about it, if the biceps were engaging, this would add to the resistance you were pushing against in trying to straighten the elbow.
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Figure 1.10. Triceps contracts as it pushes into a point of resistance.



Let’s apply this to yoga. We have already discussed hamstrings and Uttanasana. The opposite group of muscles to the hamstrings at the hip and knee are the quadriceps (on the front of the thigh). When I do a forward bend, my quadriceps and other hip flexors try to pull me forward against the resistance of my hamstrings.

When this happens, if the hamstrings were activated or holding a contractile tension, the amount of resistance to the forward bend would increase. Increasing the resistance coaxes the nervous system into telling the hamstrings to relax or to stop engaging! This is the best time to stretch and lengthen tissue—when it is not being asked to contract. In this instance, therefore, we’re using the resistance of the knee joint to shut off the hamstrings rather than trying to stretch the hamstrings during an eccentric contraction.

Like a physical therapist, we can consciously take advantage of this principle by actively engaging our quadriceps and other hip flexors while taking a forward bend. By doing so, our nervous system will reduce the stimulation to the hamstrings so that they relax more, allowing for a deeper forward bend. We will actually get deeper into the stretch this way rather than overusing the arms. Notice that I said overuse. I’m not saying we shouldn’t use them at all. It is more effective, however, to use them only after we have engaged the entire front side of the body to draw us down and forward.

Gravity: The Forgotten Force 

We have discussed the potential for muscles to contract and bring either end towards the other. We have also covered different types of contraction. However, we need to consider gravity. In a way, gravity’s role in all of this is so obvious that it gets ignored. Think about it. If we lift a limb, it has weight because of gravity. If we release the muscles that we used to lift the limb, the limb falls back to our side. Why? Because of gravity. Simple, right? Yes. But things get complicated when we start considering different movements.

First, let’s go back to our Laghuvajrasana example (see Figure 1.7). When I start to dip back and take my head towards the floor, I am using an eccentric contraction of the quadriceps to lower me down. My thigh muscles must work to resist gravity. In other words, the distance between the tibia and pelvis is getting longer as the knee bends and I move towards the floor. When I’m in the pose, I am maintaining an isometric contraction of these tissues: my muscles are working to resist the pull of gravity. When I come up, the muscle contracts and the distance between the ends of the muscles is shortened. We call this a concentric contraction. Again, gravity is the force against which the muscles are working.

Our first consideration of Laghuvajrasana provided an example of a muscle working in such a way that the commonly agreed upon origin was actually the one that moved relative to the insertion. Now we have layered the ideas of concentric, eccentric, and isometric contractions, plus the force of gravity, on top of that. Let’s do the same for another pose to clarify the point.

A simple but effective example (and one that everyone is familiar with by now) is the standing forward bend, Uttanasana. When I bend forward to touch my toes, my muscles contract to resist gravity and the weight of my upper body. If these muscles did not contract, I would basically accelerate into the forward bend in a flopping motion because my muscles would not restrict my speed. 

The anatomically named movement for the forward bend is flexion at the hip joint. Does this mean that the hip flexors are responsible for folding me forward? No. Gravity and the weight of my upper body are responsible for my forward motion. When I slowly fold, the muscles on the backside of my body, particularly the hamstrings, engage and lengthen against weight and gravity to lower me down with control. So, technically, the hip extenders (i.e. the hamstrings) are responsible for controlling my movement into the forward bend (flexion). Once I am in the posture, I can use the hip flexors to take me deeper, but the transition into the pose is actually controlled by what anatomists would consider the opposite muscles. To re-emphasize, this is because of gravity.

On the way back up from the forward bend, these same muscles (the hamstrings) contract and shorten. You might recall that the hamstrings attach from your sit bone (ischial tuberosity) to below your knee onto the tibia. Their main function at the hip joint is to extend it. When they do this in a forward-bending position, they work to stand you back up. This is an example of concentric contraction of the hamstrings. It is a contraction that lifts you against the force of gravity. It is also an example of the commonly considered origin being turned into an insertion.

Again, this action seems opposite to how we would normally learn the action of the hamstrings. Why? Normally we are taught to see the ischial tuberosity as the origin and the area below the knee as the insertion. Thus the femur is the bone that moves, not the pelvis. In the instance of the forward bend, the pelvis has rotated around the head of the femur (at the ball and socket joint). Therefore, when the hamstrings engage, the pelvis is pulled back up and around the head of the femur. As a result, the upper half of the body returns to standing.

This is cool stuff that you won’t find in your average anatomy book, because we’re working with a dynamic body in motion rather than a static body in anatomical position. You won’t see it explained in this manner often, if ever. For those of us who practice yoga, this little concept is critically important. On our mats, we are rarely moving to or from anatomical position. We are sometimes upside down, sideways, or a combination of both, and our position can change which muscles we use to move. 


When Things Get Stuck



Chances are if you practice yoga, at some point or another you have hurt yourself. Maybe you pushed too far in a stretch. Maybe you woke up with a sore something. Maybe you injured yourself off your mat. No matter the reason, at one time or another we all have to deal with pain, discomfort, or injuries. Let’s spend a little time exploring what these injuries are and the healing therapies we can take advantage of.

Although it’s useful for us to understand what it is we’re stretching and how long we should stretch it, realistically we are most likely to tune in and pay attention to our bodies when something is not functioning correctly. In the same way that the fascia, connective tissues, and muscular contractions allow for and create movement, so they taketh away. When irritated, injured, or just plain tight, these tissues can limit our movement. Because each cell, fascicle, and muscle belly is surrounded in fascia, the fascia itself can limit the ability of the muscle to lengthen or shorten. 

It doesn’t take an injury to thicken the fascia in a particular area of the body. High levels of use (or even over-use) can cause a restriction in movement or flexibility in that area as well.


Reconstruction – Scar Tissue



Muscles can also tighten or shorten in the healing process. Connective tissue itself is used to help fix and repair damaged tissues. For instance, when a bone breaks, connective tissue is laid down first to span the gap at the break point. Then bone cells are laid down in order to make the bone whole again. The same is true with fascia when we tear a “muscle.”
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Figure 1.11. Scar tissue: a) tear in the tissue, b) scar tissue lays down in random fashion, c) too much time and lack of movement cause tension to build around area of repair, d) scar tissue better aligned to the natural tension in the tissue.



Scar tissue is produced by fibroblasts, the same thing in our body that creates connective tissues. When a muscle is torn, it is connective tissue that needs to be repaired. If you take a piece of myofascia (muscle) past its ability to stretch, you can tear the connective tissue surrounding it. When this happens (and depending on the degree to which it happens), the body responds with inflammation, fluid, and swelling. Sometimes the area will even bruise.

On the connective tissue level, the fibers go in a particular direction, creating a “flow” of the fascia. When there is a tear, the responsive connective tissue (we call this “scar tissue”) is laid down over the area that is torn. In order for it to make a strong connection so that the muscle itself can heal, the fibers are laid down in a cross-hatching type of pattern. In other words, the scar tissue goes against the flow of the torn fascia. While this makes for a more secure connection around the tear, it also creates some puckering around the site of injury.

The repaired area now has more tension around it because the surrounding tissues have been pulled toward the repair. This might account for why injuries seem to occur in the same place. Because of the added tension in the area, it becomes more likely that a subsequent injury will occur there.

The medical community has come to recognize this as well. Over the last 30 years, surgeons have slowly changed their approach to rehabilitation after surgery, which often causes huge amounts of trauma to tissue and the need for scar tissue to be laid down. In the past, people would lie in bed for a long time (4 to 6 weeks) after knee surgery. The idea was to let the person heal before putting weight on or rebuilding the tissues around the knee. With this approach, people built up a lot of scar tissue as they rested. Consequently, they would often lose range of motion (ROM) at that joint. Doctors have found that rehabilitating a patient sooner after the surgery creates thicker scar tissue. By “thicker” we mean scar tissue that is organized in the original flow of the connective tissue in that area. This leads to an overall quicker recovery time and better long-term mobility in the joint.

Students often ask me whether it is better to work through an injury or to rest and let it heal. This is a difficult question to answer, as there are countless varieties of injuries and scenarios. However, if someone has torn fascia, as we’ve described, I generally recommend movement. Obviously, there are injuries that you do not want to move around, like a broken bone, so I do not want to give an oversimplified answer to the question. I’d much rather you understand the individual, the injury, and enough anatomy that you can figure out what is most appropriate.

That being said, it’s good to know that moving an area of “torn” tissues will quite often assist in the healing of the tissue. It can also have long-term benefits for strength and mobility. Yoga is a fantastic way to warm and then lengthen the tissues of the body.


The Nervous System



The nervous system is an extremely complex component of our physical body. Copious numbers of books have been written about it. My expertise is not in the physiology of the nervous system, but in its function. The nervous system itself brings up questions about mind and body that are integral to our understanding of yoga. Where and how are mind and body connected? Where does one begin and one end?

As we now know, all our parts are integrally connected and were formed from a single cell. In terms of formation, three layers of tissue come to be in a developing embryo—the endoderm, the mesoderm, and the ectoderm. Each of these layers is the beginning of different physical parts of a baby. The endoderm is responsible for creating our internal organs. The mesoderm creates the connective tissues, including bones, fascia, muscles, and all the other components already mentioned. The ectoderm creates the outermost layers of our body, our largest organ, the skin. But, that’s not all. The ectoderm also creates our nervous system, intimately linking the outermost to the innermost parts of our body.
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