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Preface
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A long time ago, there was a boy who swam. He trained about 15 to 18 hours a week in the water, counting pool tiles and singing in his head to pass the time. The high school cross-country coach was looking to recruit individuals for the team. The boy was recruited (OK—forced, it was private school) to run. This little lad wasn’t really into the idea, but found he loved it. Instead of counting pool tiles, he could actually have a conversation while training. He could look up at the sky, feel the wind, and smell the fresh exhaust coming out of the tailpipe of each passing car (this was the city). Due to his swimming fitness, he made gains quickly. However, injuries were his biggest nemesis. He’d get hurt and need to take time off. After recovery he ran again, only to find the same pains. He went to expert orthopedists. These doctors told him that his “parts” were fine—they said to take some time off or (worse) stop running.

This answer didn’t really sit well with him. His friends and teammates all ran much more than he did, and they weren’t getting hurt. He was spending so many hours training his heart and lungs in the pool that it was practically a part-time job. Each and every day, he did tons of drills, repeats, and lifted weights to help him become a better swimmer. But in cross-country practice, all he had to do was run . . . and he kept getting hurt. And all the while the docs said his parts were fine and maybe they weren’t working right together.

If you guessed that this boy was me, you’d be right. As long as we are coming clean here, I should let you know that the reason I entered health care was not to “help others” like everyone writes on their application essay. I wanted to get into health care because I got sick and tired of getting generic information. “Your X-ray is clean. Rest. Take time off.” OK—I did all that and then tried to resume running, and it would come right back within a few weeks. My vicious cycle of running, injury, rest continued throughout my entire high school career. By the time I got to college, I was so sick of it, I stopped running for years. I couldn’t find anyone who could look past my symptoms and get to the root of my problem.

A lot of you have been in my shoes (excuse the pun). Or maybe you’ve seen your coach or treat runners who always seem to fall into the same injury cycle that they just can’t break. So this work is a summary of what I’ve learned over my personal, educational, and professional career. I am going to come at all of this from a different angle than most of what you’ve heard in the past because the realm I operate in combines the very different fields of clinical care, biomechanical analysis, and coaching.

The experts in these fields all have very different mind-sets. Clinicians use their brains to cluster your signs and symptoms to arrive at a diagnosis. In patient care, it’s rare that things are 100 percent the same in 100 percent of the people, 100 percent of the time. Clinicians look for a variety of things to “line up.” The advantage to this approach is that it guides your intervention to solve the current problem and makes you feel better at the present. This focus on symptoms masks the pain and makes it challenging to identify the root of the problem. Sometimes the cause is rather obvious, such as a sharp transition in training load, but often, there is a critical imbalance that shifts the repetitive overload on the body’s tissues. If the body can’t adapt, it breaks. Wouldn’t identifying the imbalance help?

Scientists, namely biomechanists, are much more objective in nature. They are trying to find “the answer.” Their contribution to the theory and foundation of running science has been, and continues to be, overwhelmingly positive. They ask questions, find answers, and come up with yet more questions. While this is intellectually stimulating, biomechainsts don’t treat the individual patients and have no idea how to actually help you. People are by nature, variable. While it’s tough to find the exact reasons why groups of people have certain injuries, or become efficient, or don’t, it’s even tougher to identify the reasons impacting each and every person individually. Getting “the answer” is very hard!

Coaches are results–focused. You, Mom, Dad, the team, the sponsors all want the big “W.” Good coaches listen first. Guys and gals, I’ll let you in on a little secret: There is no magical workout. The art of coaching is all about figuring out how your athletes will respond to your training plan and tailoring the timing of the program to their needs. Coaches are steadfast, honorable folks that we can look up to because they really do have our best interests at heart. They are trained to listen to your body and tailor the workout dose and timing to you. But when we start asking why a runner got a stress fracture or what shoes they should be in or how to return a runner following their injury, we realize that these folks typically lack the knowledge and resources to answer the questions that face them. It’s outside of their job description.

I’d like to share a quote from a physician named Tom Novacheck: “Much can be gained if the biomechanist and pathophysiologist come out of the laboratory, the clinician pulls himself out of the clinic, and they all meet on the track.” All parties bring critical information to get to the root of the issue. If you approach running by combining the theory of movement, a thorough understanding of the individual’s strengths and weaknesses, and training loads, you begin to find answers. This is what I’ve tried to do in my career as a clinician, coach, and researcher, and what I’ve tried to do for you in this book.

While we (as a scientific and clinical community) don’t have all the answers to every risk factor of every injury, we do know a lot. The media is encouraged to focus on the latest trends and “the one exercise every runner must do this fall!” This book’s aim is to reveal how the musculoskeletal system responds to running and how to optimize this relationship. I’d like to help you help yourself. Read it for your own knowledge. Read it to help the kids you coach. Read it to prep yourself for the next visit to your trusted health care provider about a running injury. Clinicians will even find this book closes the loopholes in applying their knowledge to runners. Knowledge is power, and all that rah-rah stuff. Think of it as Volume 2 of Inside Your Outside by Dr. Seuss (not required reading, but highly recommended). So together, we’ll embark on a mission to tackle two main points:

1. Anatomy: What are your parts and what is unique about them? And how does running affect them?

2. The Athlete Within: Learn how to optimize the function of your parts to combat injury risk and improve performance with specific exercise prescriptions and form tips.

In answering those two points, this book focuses on three areas:

1. Theory: Each and every time I present, someone comes up to me and asks, “Where can I find more resources about what you do?” To be honest, there aren’t really any “approachable” biomechanics texts out there. And there aren’t really any “approachable” clinical books out there either. So one of the main drives of this project was to bestow some critical knowledge about biomechanics and how the body responds to training. Let’s be honest, this first section is not summer beach reading. But if you really  want to know why your parts are different and how  those differences play out, give it a read. It’s like worrying about meeting your girlfriend’s parents for the first time. Yes, it’s scary, but you have to come to terms with it because it’s not going away. This foundation impacts every other thing in this book.

2. Applied: So your body’s parts don’t just live in a display case in a museum; they interact as you run, they require a certain amount of motion and a certain amount of stability. The technique with which you run also plays a critical role. We’ll explore how running influences the body and how the body influences your running.

3. Interventional: Hopefully, after reading this book through, you are feeling pretty pumped about all this new stuff in your head and are ready to put it into practice. We’ll cover step by step how to focus on what you need and how to do it. Can you skip right to this section? Sure you can, but psychologists tell us that understanding why you should do something helps you stick with the plan. Reading about what to do won’t help you; doing it will. Remember, you run because you like it and it’s fun, right? I want to help you keep on keepin’ on.

Let’s dive in, shall we? Thanks for reading!

—Jay Dicharry
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Run Like an Athlete
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Running is pure. You may run for yourself, seeking to improve your time on your local neighborhood loop, or maybe simply to knock out the stresses of daily life. Perhaps you run for your country, seeking to set a record in the Olympic coliseum. There are few other sports in the world in which you can compare yourself purely against the clock. It’s just you covering distance against time.

And herein lies the catch. It’s you running against the clock. Or perhaps it’s your athlete that you coach, or you are helping your patient to resume training for their next personal best. Information for runners has been tailored to the advancement of training the heart and lungs— the body’s engine. You could fill an abyss in the ocean’s floor with all the information available to help runners and coaches understand the physiology of running. No matter your personal bias or interpretation of this knowledge base, it plays a significant role in your training your engine. However, engines—even big ones—don’t move on their own.

Like most kids from the Nintendo generation, I grew up playing my share of games. I liked racing games when I was a kid and a lot of them followed a similar format. They start you off with a simple car for your first race. As you improve your skill on the racetrack, you win races and get “money” that you can use to upgrade your car. It’s pretty simple really. Spending your prize money on a bigger engine means you can hit very high speeds. Hey, it’s fun to go fast, right? However, you soon realize that all that horsepower leads to a crazy bucking bull in the corners. You just can’t keep it stable in the turns unless you spend some dollars on suspension and tires. The video game almost “forces” you to follow a well-rounded progression of your car because sinking all of your dollars into one category doesn’t give you what you need to win the race. It’s not just virtual reality—talk to any rally or auto racer and they’ll tell you firsthand that they spend more time tuning their suspension and tires than they do on their engine. All of that horsepower needs to be transferred through a stable chassis if you want to see the fruits of your labor.

[image: image]

Engines develop horsepower. More horsepower is better, but it’s useless unless it is sent to the wheels through a stable chassis.

Apparently, most runners didn’t play video games back then because running has turned into some crazy type of badge-of-courage sport in which you have to pound yourself into shape day in and day out until you emerge on top. Most runners don’t spend time working on their chassis because coach simply expects more and more miles. There is one incredibly big problem with this idea that more is always better. It’s not true. That’s right. How can anyone make this statement?

1. Eighty-two percent of runners get injured. That’s an astounding statistic, isn’t it? Eighty-two percent of you reading this book will sustain a running–related injury. If eighty-two percent of drivers were getting in wrecks each year, we’d see some pretty major things happen to prevent all these folks from getting hurt, right? So you go see a clinician to get help, and what do you hear? Unless your clinician is a runner himself, like other clinicians, he thinks all runners are nuts. You are told that “running is bad for you” and you should stop. Since this has never been proven true, maybe we should reexamine our approach towards running injuries. Maybe it’s time to educate ourselves a bit more on what running really does to the body so you can better prepare—and stay healthy.

2. We’re not doing that great on the international scene. We are the biggest, most powerful country in the world . . . yadda yadda yadda . . . yet we don’t prove it on the international running scene. Sure, we have our share of standout athletes. The U.S. is really good at putting a million bucks of research and development behind one runner every four years to make sure that we have someone on the Olympic podium to represent us. But that doesn’t help you, and it doesn’t help the millions of other runners in this country. Other nations—nations with a fraction of the global prestige, spending power, and resources—are not just creating occasional standouts, but running dynasties. Look at any race distance and the story is always the same. The U.S. will have one or two runners running under a certain time for a certain event. Then look at some of the African nations. They’ll have so many runners capable of meeting this time standard, they practically need a waiting list. What is it about the development of runners from overseas that enables them to succeed? Certainly there are some physiological differences, but there are also significant differences in their chassis that we need to explore. Western nations sit and play video games and then run, and then they run more and more. The person running the most number of miles per week does not automatically get a gold medal. More is not always better. We have to work from the ground up to build more skilled runners with better control of their body.

Recently, headlines have focused on evolving trends in barefoot running, footwear, and “proprietary” one–for–everyone running form. Thankfully, these headlines have given runners reason to think about running technique. However, somewhere along the line, someone forgot about the individual runner. While moving the runner forward against the clock is what counts, it’s how the body uses its chassis to stabilize in the lateral and rotational planes to move forward that affects our injury and performance potential. This book is aimed at redirecting that focus. You’ll understand how your anatomy works together to answer common questions and become a better runner.

Anatomy for Runners will target your inner athlete. While there are many ways to define the term athlete, an athlete should be the best they can be at responding to training, accommodating to a variety of external conditions, and performing at their highest level. Let’s look beyond running for a second. If you ask the general public, “Who’s the greatest athlete of all time?” Michael Jordan’s name pops up an awful lot. Why? What is it about Michael Jordan that attracts so much attention? Jordan trained hard to run fast down the court and had the endurance to do this for hours. He had amazing ball-handling skills, an outstanding vertical jump, and the mental calmness to make free throws in noisy arenas. Any single one of these skills is tough to master, but Jordan combined all of them while going up against the best of his peers. A great athlete rises to the occasion and is ready to perform. They not only train their engine, they train the chassis to be able to control their body when running, diving, and jumping.

Most kids are outstanding athletes. Kids learn through play; they learn to run, dive, jump, crawl, climb monkey bars, swing, etc. They explore their limits and refine their movements. They are captains of the playground, developing their motor skills to respond to whatever challenge confronts them. They learn how stiff their legs should be to absorb the motion as they run over the wobbly bridges on the playground, and how much power they must produce to stabilize their body as they jump off the highest step in the front of the house. Their focus is on building muscle memory through play and exploration.

Most runners do not often explore their limits and are not outstanding athletes. If you don’t agree with this statement, try the following exercise. Grab a video camera or your Smartphone and set it up on a table. Aim it so that you’ll be able to walk in front of it and see your full body in frame. Hit record. Walk into view of the camera and do the following test: Put your hands on you hips and stand on your right leg for 30 seconds. Stand on your left leg for 30 seconds. Then go back onto your right leg and close your eyes for 30 more seconds. Finally, 30 seconds on the left leg with eyes closed. If you really want to prove your skill, film yourself jumping up and down on one leg for 30 seconds. Congratulations—you are done with the test. Stop reading. Shut the book. Go try this test. It will only take two minutes. Yes, this means you—stop reading and do the test. Reading this book is a learning experience only if you apply it.

OK—now that you are done, replay the video. Watch yourself in singleleg balance with eyes open. How stable do you look? Do you shift your trunk around a lot? Do you wobble around on your foot? Compare standing on one leg to standing on the other. Now look at the difference when your eyes were closed. Can you even last 30 seconds without touching your opposite foot down? Are your arms flying around like a Cessna spinning out of control in the air? Do you hop around a lot? Are you able to keep the foot flat on the ground? Do you notice a significant change in your balance when you close your eyes? Why is this harder? When you do the single-leg jumping, can you even do this for 30 seconds continually? Do you hop all over the place or stay generally in one spot?

What does single-leg balance have to do with running? Running is just moving the body’s center of mass forward while doing a bunch of single-leg squats. Single-leg balance is pretty close to the single-leg stance phase of running. How did you look during your test? You did do the test, didn’t you? If balancing was hard enough and balancing while doing the single-leg hop was harder, it’s harder yet to balance when running. Why? When running, you are faced with forces of about two and a half times your body weight, plus you fatigue, over time. Still feeling good about your single-leg balance test? Running introduces a lot of repetitive motion in a single plane. These repetitive loads affect the body’s tissues. The individual response of tissues in the body will come later, but there is a skill to holding the body stable in the stance phase.

Running is a skill. Kids do lots of dynamic sports that develop varied movement skills. As we move on in life, we begin to narrow our training focus. We do less of the “other stuff ” and more running. Then we do even more running. And still, more running. Running is a great way to strengthen the cardiovascular system and the muscles that move us forward in one plane. However, running does not directly strengthen the muscles that stabilize us in the lateral and rotational planes. These muscles are critical with respect to injury and performance potential. We create imbalance as the muscles that propel us forward get a much larger training stimulus to improve than the muscles that stabilize us. The more time and focus we give to one thing, the worse we get at everything else.

Revisiting the aspect of skill, when was the last time you did any running form drills? Look at every other sport and you’ll see athletes seeking to refine their movements. Golfers, high jumpers, swimmers, rowers, climbers, tennis players all spend time on improving their sport. What are you doing for your running form? A large number of coaches, clinicians, experts, and runners think that you’ll “find” your natural running form with higher mileage. There is evidence to show that higher miles-per-week runners have improved economy as compared to lower mileage runners. However, there are two problems here. First, this assumes that the runner is a perfect athlete. It assumes they have full mobility, full strength, and excellent recruitment of their strength in their running technique. What if this runner is running their weekly volume with a soft tissue mobility restriction that is causing a significant compensation to their gait? They may be running the best they can with their current body, but maybe it’s their musculoskeletal system that needs attention. Unless you check for this, it goes unnoticed, untreated, and negatively affects your running. You might improve a given characteristic of your body and need to do drills to incorporate that new ability into your form. In other chapters, we will screen for these mobility and strength limitations and examine the impact of form on running. Secondly, I do not know of any athletes in any other sport that assume they are that good to ignore form in their training. Michael Phelps still does drills in the pool during every workout. So does every other athlete at the top of his or her game.

The idea of skill being an important aspect of running may put a lot of folks out of their comfort zone. A lot of the resistance to focusing on form has to do with ignorance of what running form is and how modifications affect it. Laird Hamilton, a professional big-wave surfer, embodies this concept like no other athlete. You see, Laird is routinely faced with waves that are over sixty feet high. The consequences of errors at his stage of the game aren’t insignificant, like a sprained ankle. Many surfers at this level attend the funerals of their peers. Laird has arguably the best training philosophy: “Train for what you  don’t know.” You may not ever find yourself in a situation where catching the edge of your foot on your board would result in you being pummeled with a fifty-plus foot surf and thrown down to the bottom of the ocean floor. However, I’m willing to bet that each of you has tried to close out your last 400 meters or last mile of a run strongly, only to find that your form fell apart and you couldn’t deliver the speed you were after. Maybe this resulted in soreness the day after, or worse yet, an injury. Wouldn’t it be nice to know what allowed this to occur, and better yet, what to focus on to prevent this from occurring again?

Finally, while the sexy side of running always leads to talk of personal bests, let’s also talk about long-term health. Sure I want you to run fast, but I also want you to have your own knees at age sixty-five. Currently, there is zero evidence that running is harmful to the body. In fact there is work to show that a moderate volume of running is beneficial for joints. However, this assumes that you are running correctly for your body. Prior injuries and the resulting compensations that occur from injuries, mobility deficits, strength losses, and form changes through fatigue all compound your injury risk and produce changes in wear and tear on the body.

The sport of running demands that you bring certain physical attributes and skills to the table. If all you do is run, a lack of one or more of these qualities lets you head down the wrong path; but most runners don’t know where they need to focus their efforts to take the right path. This starts right now. You’ll learn what types of stresses running places on your body, how the body adapts to stress, and its impact on your biomechanics. You’ll apply these concepts with screening tools to identify where you fall short, and more importantly, you’ll learn how to fix the weak links in your chain. Runners run, and oftentimes aimlessly, which leads to injury or suboptimal performance. Athletes develop their brain, their body, and the complementary skills necessary to take the right path. Runners, it’s time to develop your inner athlete.
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Baby Biomechanics—
The Physics of Running
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Newton is pissed.
And he’s coming after you.

What causes injuries? Most runners don’t sustain major traumatic events like falling off of a cliff. The thing that gets runners is compounding microtraumatic loads applied to the body mile after mile. Sometimes we ramp up volume too quickly, add too much high intensity work without enough rest, and then we keep pushing through the soreness, aches, and pains, and end up limping. Does this sound familiar? Likely all of you have been guilty! Well, guess what. Your body keeps putting up with your stupidity until it can’t anymore. The F.I.T. (Frequency, Intensity, and Time) are just too high to allow proper adaptation of the body’s musculoskeletal structure. What does this mean? If we respect the properties of tissue mechanics, we’ll better cope with keeping things intact. A training plan that is not set up for individual progression, or one that ignores the mechanical nature of the body’s tissues, results in overuse injury.

Sometimes it’s not what we do to the body that causes injury (like following a bad training plan), but rather a breakdown within the runner. Perhaps they don’t have enough mobility at a specific joint, which forces excessive motion at another joint. Maybe a muscle imbalance prevents them from stabilizing the body. Or it may be a limp that has crept its way into their stride over the years of which they are unaware. Any one of these can act independently or in combination to load the body excessively. It’s time to shift our focus to a concept called causative biomechanics, and it’s the aim of the rest of this book.

Injured runners typically are told to “rest” or follow the typical advice of RICE (Rest, Ice, Compression, and Elevation). While resting/RICE are great strategies for acute injuries or some injuries like fractures, they rarely serve a purpose in long-term management, correcting the reason for the specific injury, or prevention. So many runners “wait around for things to get better and go away.” Why not take the bull by the horns? Find out why you got hurt and fix that problem while waiting for the symptoms to subside. We are not talking about cross-training; we’ll cover that in a bit. We are talking about correcting the biomechanical factors that caused you to develop your injury in the first place. Even having an injury that requires complete rest is not an excuse. I often have runners working on corrective exercises well before they are back on their feet. If you understand the specific factors causing your injury, you can often speed the healing rate and often emerge a better athlete than you were prior to the injury. If this sounds like a good idea to you, let’s dive in together.

It’s understood that a specific F.I.T. of training is required to improve the cardiovascular system—the engine. Athletes tailor their training to improve specific outcomes, or limiters. If you want to improve your endurance, the priority shifts to longer distance training at lower intensities so that the body can improve its ability to transport oxygen and utilize fat as an energy substrate. Likewise, if top-end speed is the goal, the emphasis shifts towards higher intensity work with long rest between repetitions so that intensity can be maintained for the duration of the workout. Training is targeted towards specific  central and peripheral  adaptations. Central adaptations refer to the ability to carry more oxygen and nutrients to working tissue. Peripheral adaptations occur inside the local muscles to improve the extraction and utilization of the oxygen and energy substrates delivered. Just as there is a science that governs the principles that we use to develop the engine, there is a science that governs the development of the chassis.

To optimize the training adaptations of the chassis, the stresses on the tissues need to be kept within their optimal window. Training loads create a stimulus for the body to help you heal and emerge a stronger you. Wolf ’s Law states that tissues in the body adapt to the loads placed upon them. Training breaks the body down. If the rate of recovery matches the rate of breakdown, the body will maintain its current state. To improve the connective tissues that make up the chassis, the load needs to be increased to some point. When the training load falls on either side of the optimal, the repair process is compromised. If the load is too high, such that the body cannot fully recover prior to the next workout, breakdown can occur. Likewise, too little activity can result in the body’s tissues becoming weaker. This is why simply resting doesn’t always yield stronger tissues. Further, not every tissue in the body adapts at the same rate. Sometimes the body needs to be assisted to help it repair correctly. Specific loading of tissues helps the body repair.
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An all-too-common scenario: Paul is a high school runner living in the city who has been carefully ramping up his training volume over the summer to develop a solid base for the fall cross-country season. His workouts have stressed his body appropriately so that he is able to remodel his body at a steady level for the resultant breakdown that occurs with training. This concept has kept him within the “optimal window.” Four weeks prior to the start of fall classes, Paul heads to the scenic mountains to attend a running camp. Here, Paul is challenged with vastly different terrain than his body is used to. Further, his teammates and athletes from other schools are running slightly quicker than Paul is used to. The combination of challenging terrain and slightly faster paces during workouts fatigues Paul to the point where he compensates his gait pattern. The mechanical stresses acting on his body are different from those he had all summer and push him outside of the optimal window. Paul is breaking his body down faster than he can recover. By the time camp is over, he has developed pain in his Achilles. Paul returns home and informs his coach that he has pain that is almost too severe to allow him to run. The coach advises Paul to stop running to rest the ankle. Paul respects the advice of his coach and stops running. He also stops all other athletic activity and is determined to be 100 percent by the start of the season—just three weeks away.

Paul’s inactivity over the next few weeks helps the pain subside. He begins to lose focus and gets busy with his summer job and girlfriend. He figures that all the training he did at the beginning of the season is enough to prepare him. While rest can allow inflammation to reduce, he does nothing at all over this period of inactivity. His body is now receiving an insufficient stimulus and actually begins to decondition. The mechanical structures that make up his body actually begin to weaken, even though Paul is now symptom-free.

School is back in session and Paul joins his teammates for workouts. Since the majority of the team had been consistently training all summer long and had a successful training camp, they arrive in better shape than Paul. Paul jumps right back in and pushes things a bit too quickly. Within two weeks, the Achilles symptoms have resumed and he is now forced to miss the first four races of the season. He sees the school’s trainer and receives ice and electric stimulation to help reduce the swelling and his symptoms, but he’s not improving.

Does this situation sound familiar to you? If not, replace the words “high school” with “college.” Or replace the “early high school season” with your transition to 5K and 10K training after marathon season. Replace “summer job” with “career,” and swap “girlfriend” for “wife/husband.” Given that 82 percent of runners are injured, the chances that you or your runner could have auditioned for Paul’s role in this story are exceptionally high. If you were cast as Paul, what would you have done differently? Would you have rested completely? Maintained a reduced running volume? Would you have changed shoes? Would you have iced the leg more or less? Would you have done any corrective stretches or exercises while waiting for the area to heal? Cross-training? Are the answers to any of the above questions informed or based on the lore passed down through your friends? Before you can correctly answer any of these questions, it’s essential to understand microanatomy  and how the tissues of the body respond to different mechanical stresses.
 
[image: image]

Optimal running adaptations occur when the training stimulus is in the appropriate window. Paul bounces around with too high and too low of a consistent stimulus, leading to poor outcomes.
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Mechanical Properties

The body is primarily made up of something called collagen. It’s configured differently in the body for different purposes. Just as trees have different parts that developed from the same seed, you have different parts that developed from . . . well . . . that’s another book entirely! Collagen is very strong stuff. It approaches the tensile strength of steel, yet it’s highly flexible. The structural organization of the collagen fibers produces different properties. Depending on the tissue, this orientation can be specialized to provide resistance to force, tension, stretch, compression, pressure, elasticity, or any combination thereof.
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Form determines function, but the tissues also develop and optimize based on their use. For example, the fibers in a muscle may have a given structural architecture, but the repetitive stresses they see during running may cause adaptations that shorten and excessively bind layers of tissues together that impact their overall function. To restore this, you must fix the tissue properties, but also address the mechanical cause that altered the tissue in the first place.
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An electron micrograph of healthy collagen fibers. When multiple collagen strands, or a group of straws, run together, they function as one and the net strength is much stronger.

All collagen fibers within a single tissue are specifically aligned so that they can respond to specific loads. The electron micrograph above shows healthy collagen fibers running parallel to each other in the same linear direction. This arrangement is similar to straws in a box. Each individual straw is a cylinder that can support load in one direction very well, at the expense of supporting load from another direction. If you hold a straw upright on the table, you can push pretty hard before it buckles. However, if you pinch the sides together, it takes almost no force to collapse the straw. You want the straw oriented so that it can best respond to the kind of stress it will see, and bundling several straws together produces a very strong tissue. You could likely place a five– or ten–pound weight directly on top of the straws in the box without any straws buckling under the load. The orientation of collagen fibers makes it possible for your connective tissues to deal with incredibly high forces that they will deal with in sports like running.

Various mechanical factors impact the collagen formation in the body during running. Working definitions of these specific factors will provide a solid foundation to explore the mechanical changes that occur in the body. Following the definition, we’ll apply these terms to an example.

• Stress: The force per cross-sectional area of a given object.

• Strain: The amount of deformation that occurs (defined in the percent change in length).

[image: image]

With stress, a force is applied to a tissue, but there is no change in length . Strain means that the force was high enough to physically alter the position of the tissue.

Types of Stress and Strain

• Compression: Forces are applied in the same line and in the same direction.

• Tension: Forces applied in the same line, but opposite direction.

• Shear: Force applied in parallel lines, but opposite direction.

Two objects are on a table. On the left is a brick. On the right is a “brick” of Silly Putty with the same length, width, and height as the real brick. Imagine now that we place a ten-pound weight on top of the brick. Nothing really happens to the brick. The ten-pound weight is applying a given amount of  stress to the brick. Since stress refers to the force per area applied, the size of the brick would increase or decrease the size of the stress being applied to the brick. Nonetheless, the material composition of the brick is oriented to withstand  compression. The brick does not bend or lengthen and is not under significant  strain (change in length). Let’s now apply the exact same ten–pound weight to the silly putty brick. When applying the exact same stress (the ten– pound weight) to the exact same cross-sectional area (same size), the silly putty undergoes a lot of deformation. It changes its configuration based on the stress applied and undergoes significant strain.

[image: image]

Based on these results, one might presume that the real brick is stronger than the silly putty brick. One must be careful when drawing this conclusion. Let’s look at another example. Imagine a tensile load trying to pull the brick apart. While bricks are very strong under compression, it doesn’t take nearly as much force to break them in half as pulling them apart. And when the brick breaks, it’s into several pieces—completely destroyed. This is similar to a fracture in a bone. The exact same tensile stress applied to the silly putty brick would lengthen the silly putty, but not result in a catastrophic failure and fractured pieces. This is similar to what might occur in a muscle belly. Thus we can conclude that the real brick holds better under compressive loads, and the silly putty holds better under tensile loads. The same principle holds true in your body. Tissues are specialized in the way that they respond to external and internal stress during running.

[image: image]

The Load-Deformation Curve

Just as the architecture of the respective tissue affects the way it responds to running, different amounts of force result in different internal changes in the tissues. The graph below plots the increase in load against deformation of the tissue.


[image: image]

As load increases, tissue length increases. If it increases past the elastic region, the tissue is changed. This could be negative (chronic overload can break down tissues) or positive (stretching into this range to increase length).



• Load: force applied to a structure. Tissue response is dependent on magnitude, direction, and rate of application.

• Deformation: change in configuration of the tissue when force applied.

• Toe: the change in length of the tissue where slack is taken up.

• Elastic Region: the deformation will not be permanent when the load is removed (reversible).

• Plastic Region: deformation will be permanent when the load is removed; this leads to microfailure.

• Ultimate Failure Point: the load was so overwhelming that it resulted in microfailure.

Let’s see how all the technical stuff above comes together in the real world during a hamstring stretch. Imagine lying on the floor with your knees bent to ninety degrees and your feet flat on the floor. At rest, the collagen fibers that make up the muscle and tendon are not 100 percent straight. Under no load and in a shortened position, they are slightly crimped, similar to a herringbone pattern. With your knees bent, feel your hamstrings—they’ll feel loose and are very pliable. Now begin to straighten one knee out so that the leg lies flat on the floor. While you won’t feel any stretch, you’ve lengthened the muscles just enough to take up the slack in the hamstrings. This is what occurs during the “toe” period. Nothing really occurs other than the taking up of slack, or smoothing out of the wrinkles. Now, keeping the knee straight, flex the hip to lift the leg up towards the ceiling. As your leg gets further off of the ground, you’ll notice the onset of a slight stretch in the hamstrings. The fibers in the muscle are tensing as you increase the length. Hold your leg in this position for about 10–15 seconds and then return it to the ground. What you’ve just done is take the hamstring muscles through the elastic range. You applied a force sufficient to lengthen them temporarily. But, when the leg was brought back down, the force was removed, and the hamstrings returned to their original length. The hamstrings did not receive enough of a stimulus to permanently change their length.

Let’s repeat this experiment. Raise the leg up again to the point where you feel the onset of stretch (the elastic region) and continue to the point at which you feel a moderate stretch. Hold this position for three full minutes, and then return the leg to the ground. The combination of a greater load (more length plus more time) pushed the hamstrings into the plastic region. The muscle received enough load to result in microtears in the muscle belly, which resulted in a physical change in length. The hamstring muscles are now longer than they were prior to the stretch. If the goal was in fact to lengthen the hamstring due to tightness, then a beneficial change has resulted. Later in this book we’ll dig deeper into stretching and why this may or may not be a good thing. OK, last part of the experiment. Don’t actually do this one, though! Imagine that you repeated the above exercise, taking the leg back into the plastic range, and then pushed even deeper into a stretch. Just at this moment, your friend runs over to you and throws his entire body weight onto your overly lengthened hamstring. There is an excellent chance that the combination of terminal length and a high force will take your hamstring to the ultimate failure point and result in a significant tear of the muscle belly. Again, don’t try this at home!
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