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This book is dedicated to
 curious runners everywhere.
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[Introduction]

The human body is a marvel. Its 100 trillion frequently replaced cells (not to mention another one trillion foreign bacteria cells that live inside us) cooperate in an exquisitely choreographed dance of chemical, electrical, and magnetic interaction that is influenced in countless ways by the surrounding environment. The human body would be fascinating to study even if each of us did not inhabit one. But the fact that we are human bodies makes every new thing we learn about them an awe-inspiring step of self-discovery.

And each of these steps has the power to immediately change our lives. For example, when a person first learns that the human body requires regular exposure to natural sunlight to produce adequate amounts of vitamin D, she might make efforts to get outdoors more.

Considering that you have picked up this book, we expect that one of the ways in which you hope to change your life is by improving your running performance. Most major universities have exercise science departments where professionals like us conduct research that is relevant to the performance interests of athletes, including runners just like you. It is hardly necessary to hold a PhD in kinesiology to improve as a runner, but gaining a better understanding of the physiological underpinnings of running performance will certainly give you the wherewithal to make helpful changes to your training, with fewer missteps.

More important than remembering every detail about the physiology of running is understanding the basic principles that underlie those details. The details change as science progresses, but the principles do not. You can always fall back on the principles to guide your decision making as a runner. None of this books details is as important as the single most fundamental tenet of exercise physiology. If you come away from this book having learned only one thing, we hope that it is a full appreciation of this vital principle: the principle of stress and adaptation. Understanding it is almost like having a coach to guide you through every step of your journey as a runner.
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Stress and Adaptation

To understand the processes that occur in your body when you train, it helps to go back to 1936 and the work of a medical doctor named Hans Selye, who is regarded as the first person to demonstrate the existence of the so-called stress response. His work involved exposing mice to various stressors, including cold environments, surgical injury, doses of diverse drugs, extracts of other foreign tissues, and even excessive exercise (yes, running and other forms of exercise can be stressors!), and then measuring the physiological responses to each one. Selye found that regardless of the initial source of stress, the mice reacted with a very typical pattern of responses: an initial alarm stage, followed by a period of resistance or adaptation, when the organism gets stronger and performs better (which is, of course, where you want to be as a runner). This leads, if the stress is not removed, to exhaustion.

A greater understanding of the physiology of running can help you get into, and remain in, that stage of adaptation and avoid the unwanted stage of exhaustion, in which your body fails to adapt and instead falls prey to overtraining, injury, and burnout. See illustration opposite page.

THE EARLY PHASE: ALARM BELLS RINGING

Running stresses the bodyjust ask your nonrunning friends how they would feel if they accompanied you on tomorrows training run! In the initial, alarm stage, when that stress is first applied, your body can change in one of three ways, depending on the magnitude of the stress:

1. If the training stimulus is of optimal duration and intensity (youll see exactly what we mean by optimal later on), your body begins adapting.

2. If the training stress is too great, you will break down almost immediately, develop injuries, feel excessive fatigue, and fail to recover from one day to the next. All in all, training will be a very unpleasant experience, and you will probably retire from running or take up another sport.

3. If the training stimulus is relatively weak and does not really test your physiological systems, your body will not see any need to make adaptations, and you will remain at the same level. This is a concern for runners who have reached a performance plateau. You might have been training for months or years and find that youre no longer improving. One possible reason (there are a few) is insufficient training stress.

So its absolutely vital that you manage training stress wisely by controlling the various elements that determine its magnitude. These elements include:

[image: Image] Volume, which is made up of two aspects:

[image: Image] Duration: How far or for how long you run

[image: Image] Frequency: How often you run

[image: Image] Intensity: How hard you run. This is often the straw that breaks the camels back, since its subjective and therefore difficult to measure and control.

[image: Image] Recovery: How much time you take off between hard training efforts. Also known as rest (which can be active or complete), recovery is the most important component, and there are different types:

[image: Image] Recovery within days (when you break up a run with periods of walking or slower running, for example)

[image: Image]  Recovery between days

[image: Image] Recovery between weeks and months. All must be managed wisely to make the most of your training.

The interaction of these components determines how your body adapts. If either the volume or the intensity is excessive, your body may never adapt or move beyond the alarm stage. Instead, it may slide off into injury and exhaustion. This is an almost universal experience among runners, most of whom will, at some point, take on too much too soon or for too long, and become injured. This most often happens to novice runners, whose enthusiasm we cannot fault as they dive passionately into a new activity they enjoy. Fortunately, the body will eventually recover, allowing another shot at training, hope fully the right way.

However, even when the stress is correctly managed, the bodys adaptation can be a difficult experiencestiff muscles and fatigue are common in the first week or two of any training program and whenever volume or intensity is increased. Runners are constantly walking a tightrope between adaptation and physiological failure. As a runner, its important to understand how to be cautious enough to avoid injury, while at the same time being aggressive enough to stimulate adaptation.

A PERIOD OF ADAPTATION: STRONGER, FASTER, FITTER

If you manage the stress carefully, your body will move into the stage of adaptation, in which you become a better runner. This is the remarkable result of an innumerable amount of physiological responses, most of which youll never even be aware. These responses include adaptations in your muscles, nerves, bones, heart, lungs, brain, and all the other tissues in your body. You become better at taking in oxygen and then extracting it from your lungs before pumping it to your muscles, thanks to your stronger heart and more numerous blood vessels. You also improve your ability to use carbohydrates and fats to generate the energy you need to power muscle contraction. Your brain responds to training by allowing you to run ever closer to your physiological limit, which itself moves higher, thanks to the metabolic and muscular changes induced by training. In the pages that follow, well look at what allows some runners to make these adaptations far more effectively than the average person, running faster and farther than most of us ever will. We can learn from their gifts, and by understanding the physiology of performance, we can borrow training techniques that will allow us to move closer to the level of those elite runners.

An additional aspect of the stress response is that the adaptations you make will be specific to that particular stress; this is called the Law of Specificity. For example, longer, slower running will improve your endurance, while track workouts and interval sessions will increase your speed. The marriage of all these different aspects is what produces the package that turns you into a faster runner. When you get your training right, you will recognize that your running is becoming easier, faster, and more enjoyable. Our aim in this book is to explain the physical adaptations underlying this process and how you can target and make the most of them with strategies that maximize the time you spend in the period of adaptation.
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The principle of specificity

THE STAGE OF EXHAUSTION: TOO MUCH OF A GOOD THING

If the stress of training is too intense or lasts too long, your body cannot adapt. Instead, it deteriorates until you reach the stage of exhaustion. It is in this stage that you become injured, burned out, and over-trained. Running is no longer pleasant, and your performances steadily decline, despite your most diligent efforts. Your reaction to your declining performance may be to train harder still, which only accelerates your downward spiral. You might get sick often, missing weeks of training at a time. Well offer strategies that will help you avoid entering this stage.

The key to avoiding exhaustion is change management: You have to carefully manage the initial stress, the recovery, and the adaptation. Even experienced runners, with thousands of training miles behind them, must be aware of the constant need to manage change. For example, a week off represents change, so the return to running must be managed. The start of a new phase of training, perhaps with more speedwork, requires the same focus.

Your Running Body

Imagine taking a guided tour through your own body as it runs, recovers, and adapts to running. There does not yet exist a camera small or mobile enough to lead such a tour, but this book is the next best thing. It divides the body into five distinct functional systemsmusculoskeletal, cardiorespiratory, metabolic, nervous, and immuneand devotes a section to each. Within each part, individual chapters address specific topics that will help you optimize each systems contribution to your running performance.

Part 1 looks at your muscles, bones, and joints. You will learn what causes postrun muscle soreness and how to reduce its negative effects on your training. Youll also discover the causes of the most common running injuries, how to prevent and overcome them, and much more.

Part 2 is all about your cardiorespiratory system, addressing topics such as what makes some runners more efficient than others and how you can become more efficient. Well also debunk the many myths about hydration and running.

The metabolic system is the subject of Part 3; youll come away from it with a better understanding of how to fuel your body for maximum performance by using a science-based strategy to achieve your optimal running weight, plus other practical lessons. Well move on to the nervous system in Part 4, with chapters on the role of the brain in fatigue and technique, and the effects of running on brain health and mental well-being.

In fact, well name one of those brain benefits right here: Running actually makes you smarter. But it also works the other way around. The smarter you are about your running, the better you run. Were confident that after completing this guided tour through your runners body, you will be a smarter, healthier, and more efficient runner than ever before.



PART 1

The Musculoskeletal System



Becoming the best runner you can be requires a basic understanding of human anatomy. Just as an engineer must know precisely what parts go into a machine to make it work, we have to build up our understanding of what goes into your body. So bear with us as we lay out this simple hierarchy of organization in the body, beginning with the smallest piece, the cell, and ending with the complete organism, you.

The most basic unit of the body, the cell, is a stand-alone object that performs a specific task depending on its typeskin cell, muscle cell, bone cell. As small as it is, however, a cell has even smaller things inside it. Called organelles, these carry out specialized functions that come together to help the cell perform its jobthink of different parts of a car assembly plant, for example.

When similar cells get together, they form tissue, and organized tissue forms an organ. Within an organ, cells and tissues act as functional units that perform a very specific jobfor example, producing tension to help pump blood in the heart. And therein lies the purpose of an organ: to perform a large task within the body, such as the hearts labor of pumping blood throughout the body to all the other cells and tissues.

Two or more organs or tissues that work together to achieve an even bigger task form a system. The musculoskeletal system is the collection of muscle and bone tissues that work together to produce movement. Finally, all the systems in the body work together to keep you, the runner, alive and running.

This musculoskeletal system in itself comprises two individual systems, the neuromuscular system and the skeletal system. The neuromuscular system initiates movement, with your muscles contracting or relaxing in response to signals that travel from the brain via the spinal cord. However, muscle contractions by themselves cannot produce movement. It is the skeletal system that translates muscle tension into movement. Each muscle is attached to two or more bones that form lever arms across our joints. This is the mechanical arrangement that allows us to make the type of movements that allow us to run.

The musculoskeletal system produces the movement that allows us to run. Human movement is incredibly complex, and even simple movements are achieved through a series of neural, chemical, and physical steps.


[Chapter 1]

Meat Machines

With the majority of our mass made up of skeletal muscle, we are indeed meat machines. The body of the typical male runner is approximately 15 to 20 percent body fat; that of his female counterpart is roughly 10 to 15 percent higher. This leaves the remaining 80 to 85 percent (for a male) lean mass. Part of that mass is bone and other organs, but muscle comprises the biggest portion by far. More important, our muscles and skeleton allow us to perform many complex movements, such as running.

Your musculoskeletal system is truly the foundation of your running, and your running can only be as good as your foundation is healthy and balanced. In this chapter, we will explain first how your body is structured and how muscle actually works. Then well describe some common irregularities in this system and show you some simple ways to correct them.

A Tug-of-War and a Power Stroke

To understand how muscles actually contract to move our limbs, lets begin with the example of the quadriceps, the group of four muscles on the front of the thigh that is one of the primary muscle groups involved in running. The quadriceps muscle is attached to the bone via a tendon, and as we go farther into the muscle itself we can classify its parts into increasingly smaller units, all the way down to the very smallest piece.

These two parts are called actin and myosin. These two filaments work together to cause the muscle to contract, or shorten, thereby producing muscle movement. To understand this process better, lets use the analogy of a team of people (myosin) pulling a rope (actin). Attached to the other end of the rope is an object they want to pull toward them. An important point is that team members cannot hold the rope at just any positionthere are specific sites or handles that they must grasp. The people can get hold of these positions only when the coach (the brain) makes them available. The brain sends a nerve impulse that opens tiny channels in a part of the muscle called the sarcoplasmic reticulum. These channels release calcium, which engages in a biochemical process to expose the actin handles to which myosin can bind. Once this has happened, the team grabs hold and is ready to pull. Every single pull is a highly energized reaction known as a power stroke, which shortens the muscle a tiny bit using energy from a molecule called ATP, the fundamental energy for all muscle work. After each power stroke, each team member must release the rope to allow the muscle to lengthen again. This step requires additional ATP, because the team members have just used all their energy to perform the first power stroke. As another molecule of ATP bonds to the myosin, they release the actin and get ready to grab (bind) once again to shorten the muscle a bit more. This series of events repeats until you have completed the movementfor example, contracting your quadriceps during the footstrike phase of running. (Note that if additional ATP is not available, the team members cannot release the rope, and the muscle is unable to relax. This is the explanation for the postmortem condition known as rigor mortis: The body can no longer produce energy; as a result, all the team members remain attached to the rope. The muscle fails to relax, instead becoming stiff and immobile.)

The really amazing thing about muscle contraction is that these microscopic actions happen repeatedly and very quicklyhundreds of times in the second or two it takes you to flex your hips and knees to sit down and read this book. It takes literally milliseconds to complete them, so its easy to see why a complex movement such as running is truly an incredible physiological and biochemical feat. And perhaps more impressive is that we are not even conscious of what is happening inside our muscles as we move.

Lending Support: The Bones

Of course, to produce movement, each end of a muscle must be attached to a bone, and the muscle and bones must be arranged in such a way as to form a joint. But before we talk about the structure and function of joints, lets sort out bone tissue and the skeletal system. As runners, we are most interested in the long bones, the ones in our legs and arms. Each of the long bones has a lengthy middle section called a shaft, inside of which is the bone marrow.

Most of us probably think of bones as quite dry, dead things. In fact, bone is a living tissue much like the rest of the body. The primary purposes of the bones and skeleton are to provide support and structure for the body and to allow movement by attaching to muscle. But in addition, bones also store and then release calcium and phosphorus when required by the body; the bones of the rib cage specifically protect the vital organs in the chest; and bone marrow produces blood cells. Bone is also a tissue that is broken down and regenerated on an ongoing basis and can be made weaker or stronger in much the same way as the muscles can. So the skeleton is very much alive and active.

Like any other organ or system in the body, bone becomes stronger when it is stressed regularly, and it deteriorates when it is not used enough. In this case, stressed means loaded through impact and tension, as occurs during running. For the best illustration of this, look at astronauts. Their bones are unloaded and underutilized during lengthy stays in the zero-gravity environment of space. When they arrive back on Earth, their bones are often so weak that they can barely support the astronauts body weight. At the other extreme are individuals who train excessively, loading their bones tens of thousands of times every day without ever allowing time for recovery and adaptation. This is a surefire way to become injured, and we often see overload in athletes with bone stress injuries, which well cover in more detail in Chapter 4.

The good news is that just walking around and carrying your weight provides sufficient loading to ensure a healthy skeleton. Even better, a proper running program that correctly manages training stress will result in stronger bones. Running is a great way to promote healthy bones. As a runner, you can cheat the aging process. Between the ages of about 25 and 30 years, your body stops laying down more bone. At this stage, a weight-bearing sport like running (along with ingesting sufficient calories and calcium) will actually reduce the rate at which your bones weaken and the rate at which you lose bone mass. Thats why being active while youre young is so vitalyou get yourself into the best possible position before the inevitable decline happens. Being a lifelong runner who remains healthy while properly managing training over the long run (literally and metaphorically) lowers your risk of the two major bone diseases, osteopenia and osteoporosis, which well discuss in more detail in Chapter 3.

Providing More Structure Still: The Joints

Muscles produce tension on bones, and bones provide support and protection. The missing piece of the movement puzzle is the point at which two bones meet: the joint. The musculoskeletal system can be effectively described as a series of levers, with each lever having three specific components:

1. Load: This is the force against which you must move the lever. If you hold this book in your hand and curl your biceps, the book is the load you are moving.

2. Effort: This is the force you must apply to make the lever move. In the biceps example, effort is the force exerted by your muscle in an attempt to elevate this book in your hand. Note that the effort is not necessarily always up to the task of causing movementif the load is exactly equal to the effort, then the book stays in the same place. If the load is greater, then the book wont move. Only when the effort is greater than the load can you produce movement.

3. Fulcrum: This is the point around which the lever rotates. In your body, it is always a joint; in the biceps example, the fulcrum is your elbow.

The three parts of the musculoskeletal systemthe muscles, bones, and jointswork together: The muscles provide the force, or effort; the bones act as lever arms; and the joints are the fulcrums about which our limb segments rotate. Thanks to their mutual cooperation, we can do everything from eating to running.

Ch-Ch-Changes

Now that you can appreciate the elegant and complex arrangement of the musculoskeletal system, we can delve into exactly what happens to that system when we stress it enough with running so that it makes adaptations. The Stress and Muscle chart  summarizes the way the body adapts to running.

In the Introduction, we first explained Selyes General Adaptation Principle. We described the bodys general, nonspecific response to stressors, which occurs no matter what type of endurance activity you perform. For example, whether you take up running or rowing, adaptations such as increased blood volume and a decrease in resting heart rate take place. However, specific adaptations differ in magnitude and type, depending on the training stress that causes them. As a basic example, endurance running increases the density of mitochondria in the muscle cells, but only in the legs, not in the arms. Rowing, on the other hand, causes the same adaptations to happen in both arm and leg muscles. Sprint training causes a very different set of adaptations than endurance training. Well cover some of these as we look at the structural (also called morphological) and biochemical changes that take place in muscle in response to running.

MORPHOLOGICAL METAMORPHOSES

When you either begin or progressively increase your running routine, the first major adaptation you might notice is that your leg musculature gets bigger. There are two ways a muscle can increase its size. Theoretically, the number of muscle fibers can increase, but there is scant evidence to suggest that this actually happens in humans. On the other hand, the size of each fiber can increase while the number of fibers remains constant. This is the effect you will see when you intensify training.

Another running-induced adaptation is one that we cannot see: the growth of more capillaries around the muscle. Capillaries are the microscopic blood vessels where nutrients, oxygen, and waste products such as carbon dioxide transfer between tissues and blood vessels. So why the extra pipes? Muscle is the bodys most metabolically active tissue, especially during running. It demands a high rate of oxygen delivery so that it can produce ATP by burning fuels such as carbohydrates. Increasing the number of capillaries compares to building more roads to handle heavier traffic. This adaptation facilitates increased oxygen delivery to power muscle contractions and also allows the body to get rid of more waste products.

METABOLIC ADAPTATIONS

For much the same reason that capillary density increases, mitochondria in the muscle tissue increase as well. The mitochondria are the engines of the muscle, adding oxygen to fuels such as carbohydrates and fats while harnessing the energy from chemical reactions that ultimately produce ATP. Higher mitochondrial boosts the horsepower of the muscle, allowing us to produce more energy and run longer and faster.

The Law of Specificity applies: The type of training you do determines what kind of metabolic adaptations are produced. If you do a great deal of high-intensity running, such as sprint training and shorter interval sessions, your muscles respond by making more of the enzymes and chemicals that help you function during high-intensity running: You get better at producing ATP rapidly and buffering the hydrogen ions that are formed when you sprint. With distance training, you improve the efficiency of energy production, increasing mitochondria and all the enzymes they contain to help you produce more ATP for longer periods.

There is another benefit to this energy efficiency. As we will discuss more in Chapter 8, additional mitochondria provide your muscles greater capacity to use fat as a source of fuel. So as you become better and better trained, you will rely less on blood glucose and more on fat for running fuel. As a result, youll finish a given run with higher concentrations of muscle and liver glycogen, which will protect you from the dreaded bonk (hypoglycemia) that occurs when the livers glycogen supply gets too low.

The really interesting thing about this change is that it cannot be explained entirely by the increase in mitochondrial density. The other mechanism at work is a change in the way you activate your muscles. This might mean that you are activating more or less muscle, depending on whether you are cruising during a two-hour run or doing a session of mile repeats. You may also be storing more triglycerides in the muscle, allowing you to more rapidly access fat as a fuel.

No matter what the cause of this change in fuel usage, the shift to fat as fuel will greatly enhance your endurance running performance.

Lactate, so long blamed for fatigue during exercise, is actually a product of carbohydrate metabolism. It is formed all the time, but at a much higher rate when you run fasterat that point, it starts to accumulate in the muscle and blood. When this happens, there is a range of other metabolic consequences. Some muscular adaptations to training will enhance your ability to take lactate out of the cytoplasm and into the muscle, where it can be burned as fuel. This is because exercise training increases the activity of a transporter that moves lactate into the mitochondria, where it can be used as fuel.


  Changing Your Equipment? Switching Fiber Types

  Youve probably read all about how distance runners have more Type I, or slow twitch, muscle fibers, whereas sprinters have more Type II, or fast twitch, fibers. One of the big debates still raging in exercise science is whether or not dedicated distance training over many years will change Type II fibers so that they either become Type I fibers or behave more like Type I fibers. Some scientists have produced data that they feel demonstrates such changes, but there is insufficient evidence to prove this conclusively.






A Balancing Act

Today the average office worker spends almost nine and a half hours each weekday sitting (at the office, in the car going to and from the office, at home in front of the TV, and so forth). One consequence of such idleness is muscle and postural imbalances: Some muscles become abnormally tight, and others become very weak. Since your musculoskeletal system is the foundation of your running, any imbalances might have adverse effects on your body, in the form of injury or pain.

On the other hand, during running itself you use certain muscles all the time (e.g., your quads, hamstrings, glutes, and calves) and others much less often (i.e., those in your upper body). This, too, often creates a postural imbalance, and the consequences include pain and dysfunction in the lower back, knees, and other areas, and, as a result, reduced running performance.

Muscles are described as pairs of agonists and antagonists. A muscle or group of muscles that shorten and move a joint act as agonists. The muscle or group of muscles on the opposite side of the joint that relax to allow this movement act as antagonists. When the joint is moved in the opposite direction, the roles switch: The agonist becomes the antagonist and vice versa. While in the swing phase of running, for example, when you rapidly extend your knee in readiness for the next footstrike, your quads (agonist) extend your knee as your hamstrings (antagonist) slow down the joint and make sure your foot is in the right place to hit the ground when it needs to.

There are no rigorous definitions of muscle balance and imbalance. Rather, an imbalance is inferred when an injury or functional issue can be corrected by strengthening the muscles on one side of the affected joint and/or lengthening the muscles on the opposite side. Imbalances develop when you spend all your time running in a mostly straight line on the road, which is great for your quads and calves but leaves hip rotators like your glutes or core stabilizers a bit bored and under-stressed. As a result, the latter weaken while the others strengthen. Lets take a closer look at running-specific imbalances and their potential consequences.

LOWER LEGS

Strength and conditioning guru Michael Boyle has postulated that each major joint of the human body is designed primarily for either mobility or stability; the primary function alternates from joint to contiguous joint from the bottom to the top of the kinetic chain. The first major joint at the bottom of the chain is the ankle, and it is designed primarily for mobility. However, in most people today, the ankle joint lacks adequate mobilityspecifically, its ability to dorsiflex (bring the toes up) is compromised.

Stiff ankles absorb less ground impact force and pass more force to the knees, increasing the risk of injury to the knees and other joints higher up the kinetic chain.

UPPER LEGS

Because many of us spend the better part of our days in a seated position, imbalances can develop between the quads and the hamstrings. While we sit, the hamstrings are flexed and the quads are stretched. This can lead to tight hamstrings and weak quads, a combination in runners that is commonly associated with knee pain.

HIPS AND PELVIS

The outer gluteal muscle, the gluteus medius, is a hip external rotator, and it can become weakened from the repetitive nature of road running. Any imbalance here renders the muscle less able to properly stabilize the hips and pelvis during running. Weakness in the hip abductors, on the outside of the thigh, is widespread in modern society, as well. Weak hip stabilizers are a major risk factor for the two most common running injuries: patellofemoral pain and iliotibial band syndrome.

SPINE AND SHOULDERS

For runners, a lack of cross-training or weight training targeting the upper body will lead to problems. Upper-body muscles are only minimally activated during running, so over many months and years, they will weaken to the point that they are barely able to do their jobs. The lumbar spine (lower back) and cervical spine (upper back) provide stability, while thoracic spine (midback) injuries tend to occur when you push the envelope a bit too far. When you go for your long run on Sunday morning after gardening all day Saturday, these fatigued muscles end up giving out before you finish your run. This forces other muscles, such as the psoas, which connects the lumbar spine to the upper thigh, to completely take over the job of stabilizing the lower back. The trouble with this is that these muscles really werent designed for the job. Your psoas is normally a pretty powerful hip flexor. But if it has to both create stability at the lumbar spine and flex your hip, you experience compromised performance and increased risk of injuries such as hip flexor tendinitis.


Training for Body Balance

There are a variety of mobility and strengthening exercises you can do to put your muscles and joints back into their proper balance and thereby improve your running performance. Here is a selection of themone for each part of the kinetic chain. Perform these exercises at least twice a week as part of your normal running program. The last three exercisesthoracic spine rotation, scapular pushup, and cable external shoulder rotationare not running-specific, but we recommend them for building overall strength and fitness.
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Ankle Mobilization

[image: Image]INCREASES THE ANKLE JOINTS ABILITY TO DORSIFLEX

Stand facing a wall, with the toes of one foot against it, and bend that knee to tap the wall. The opposite leg should extend slightly behind the working leg. Then slide your foot back a bit so that your toes are about an inch away from the wall, and again bend your knee to touch the wall. Keep moving back little by little until you get to the exact point where the kneecap is barely touching the wall. Make sure that your knee faces straight forward and not inward (knock-kneed) and that your heel remains on the floor the entire time. Perform 8 repetitions with each leg.

[image: Image]

VMO Dip

[image: Image]STRENGTHENS THE VASTUS MEDIALIS TO IMPROVE KNEE STABILITY

Stand on an exercise step thats 8 to 12 inches high. Pick up your left foot and slowly lower it toward the floor in front of the step by bending your right knee. Allow your left heel to touch the floor, but dont put any weight on it. Return to the starting position. Complete 8 to 12 repetitions and then switch legs.

[image: Image]

Elevated Backward Lunge

[image: Image]INCREASES MOBILITY OF THE HIPS

Stand on a 4- to 6-inch step with your arms resting at your sides and a dumbbell in each hand.

Take a big step backward with one leg and bend both knees until the knee of the back leg grazes the floor, then thrust powerfully upward and forward off the rear foot to return to the starting position. Maintain an upright torso posture throughout the movement. Complete 10 reps with one leg, rest, and then switch legs.

[image: Image]

X-Band Walk

[image: Image]STRENGTHENS THE HIP STABILIZERS

Loop a -inch- or 1-inch-thick exercise band under both feet and stand on top of it, with your feet roughly 12 inches apart. Cross the ends of the band to form an X and grasp one end in each hand. Pull your chest up and shoulders back and keep tension on the band throughout.

Start walking sideways with small lateral steps. (The leg toward the direction youre moving will have to overcome the bands tension for each step.) Keep your hips and shoulders level, and dont deviate forward or backward as you move to the side. When you perform this exercise correctly, youll feel it in your glutes. Complete 10 steps in one direction and then 10 more in the opposite direction.

[image: Image]

Side Bridge

[image: Image]STRENGTHENS THE LUMBAR SPINE STABILIZERS

Lie on your right side with your legs fully extended and stacked and your right arm bent 90 degrees, with your forearm on the floor. Lift your hips until your body forms a straight line from neck to ankles. You may want to do this exercise in front of a mirror to make sure your hips dont sag toward the floor. Hold the bridge position for 20 to 30 seconds, and then flip over and repeat on the other side.

[image: Image]

Lying Draw-In with Hip Flexion

[image: Image]STRENGTHENS THE DEEP ABDOMINAL MUSCLES TO IMPROVE LUMBAR SPINE AND PELVIC STABILITY

Lie faceup, with your head supported by a large pillow or foam roller. Bend your knees 90 degrees and lift them so your thighs are perpendicular to the floor, feet together. Engage your deep abs by drawing your navel toward your spine and trying to flatten your lower back against the floor.

While holding this contraction, slowly lower your right foot to the floor. Immediately return to the starting position, then lower your left foot. If you find this movement easy, reengage the contraction in your deep abs. Lower each foot to the floor 8 to 10 times.

[image: Image]

Thoracic Spine Rotation

[image: Image]INCREASES MOBILITY OF THE THORACIC SPINE

Position yourself on all fours. Place your right hand on the back of your head.

Twist your torso to the left so that your right elbow swivels toward your left arm, which should be kept straight. Then rotate back, just past the starting position, so that your gaze is directed toward the wall to your right. Complete 12 rotations. Reverse arm positions and rotate in the opposite direction.

[image: Image]

Scapular Pushup

[image: Image]STRENGTHENS THE SCAPULAR STABILIZERS

Assume a standard pushup position. Keeping your elbows locked, retract your shoulder blades so that your torso sinks a couple of inches toward the floor. Now protract your shoulder blades fully, so that your upper back rounds slightly. Return to the starting position. Complete 12 to 15 repetitions.

[image: Image]

Cable External Shoulder Rotation

[image: Image]STRENGTHENS THE ROTATOR CUFF MUSCULATURE TO IMPROVE SHOULDER STABILITY

Neutral Rotation: Stand with your left side toward a cable pulley station. Grasp the handle in your right hand and begin with your right arm bent 90 degrees across your belly so that your forearm is pointing toward the cable pulley station.

Rotate your shoulder to pull the handle across your body. Return to the starting position. Complete 10 repetitions, then turn and repeat the exercise with your left arm.

Overhead Rotation: Stand with your right upper arm extended away from your body at shoulder level, your elbow bent 90 degrees and your shoulder rotated internally so your forearm is pointing toward the floor. Hold a small dumbbell in your right hand.

Rotate your shoulder externally 180 degrees, stopping when your right forearm is pointing toward the ceiling. Return to the starting position. Complete 10 repetitions, then repeat the exercise with your left arm.


[Chapter 2]

The Morning-After Problem

Among the universal experiences in the running community is something called delayed-onset muscle soreness (DOMS), a somewhat elaborate way of saying muscle stiffness. This is the characteristic pain that reduces you to a shuffle the day after your first run or a harder run than usual.

Even the most experienced runners endure DOMS after intense runningor any other activity, for that matterthat their bodies are not used to. This is a part of running that wed all love to avoid, but it lies in wait for us after hard training. It is the morning-after problem.

Introducing DOMS: The Most Feared Acronym in Running

You may recall your first foray into the world of running, when you went from zero to, perhaps, four miles on your first jog and felt pretty good about it. No sooner had you showered than you were looking forward to the next run. After a good nights rest, you woke up the next morning expecting to jump out of bed ready to tackle the day. Instead, your reward for completing those four miles was an inability to move your legs! Your muscles, especially your quads and calves, were almost paralyzed by pain and tenderness. You got out of bed in four separate movements, gently levering yourself up and holding on to the wall as you made your way to the bathroom.

For the next two days, the pain got progressively worse, which you could only imagine must mean the worst: You must be injured. After all, you reasoned, a few aches and pains were to be expected, but a progressive increase in pain over 72 hours certainly was not in the plan.

Then, almost as stealthily as it emerged, the pain began to subside. You no longer had to modify your movements, and you were able to walk normally. Stairs still hurt, but after another day or so, that was fine too, and you were ready for your next run. So you laced up your shoes, not entirely without trepidation (once bitten, twice shy), and headed out for another run, making sure to keep this one gentle.

The next morning, you woke up anticipating your four-phase bed dismountbut there was no pain. Perhaps some discomfort, but it was not limiting. By later that morning, it was almost gone, not to return until you got carried away again and asked your muscles to do more than they were up for.

This story, and any of its many possible variations, introduces a number of key characteristics that help us to understand what causes DOMS. But its by no means the only scenario in which DOMS develops.

Consider whether you can relate to any of the following:

[image: Image] You are an experienced runner who, after a layoff from running (due to work, injury, weather, or motivation), decides to resume and head out for what used to be your typical run. You wake up the next morning with a pain you thought was no longer possible, given your running history.

[image: Image] After months of training, you complete your first marathon feeling tired but strong, then you wake up the next day completely incapacitated by pain. Did you just not train enough?

[image: Image] Friends take you on a new route through the trails, with numerous sections of steep up-and down hills and even some stairs. Though its half the length of your usual road run, the next day your legs feel as though theyve exploded. Are you injured? Or were you just weak?

[image: Image] Youre a regular runner, but youve decided to introduce a bit of variety in your plan, so you attend a yoga class with a friend. The next day, the other participants are bouncing around, while you nurse your aching limbs back to health for a week.

Such stories are common, and they share a common themeDOMS. The stimulus is slightly different, and the context of each is of course different, but were sure that every reader of this book will have recognized at least one of these scenarios from personaland possibly painfulexperience.

Our objective is to explain what is happening physiologically in these scenarios, so that you can fully understand DOMS and the means to prevent it.

THE DOMS MYTHS: WHAT IT IS NOT

The first study describing a potential cause of muscle soreness after exercise was published in 1902. It suggested that the pain was caused by microscopic tears in the muscle fibers. According to Priscilla Clarkson, one of the worlds leading authorities on DOMS, research lost impetus some time after that, and in the 10-year period from 1970 to 1980, only five studies on DOMS were published. Research on the phenomenon has grown exponentially since then, with more than 100 studies published in the past 10 years. Despite new studies and the fact that someone was onto the true cause more than 100 years ago (as well see shortly), numerous myths about the possible cause of DOMS have infiltrated the popular media. Perhaps a good starting point is to explain what we know does not cause DOMS.

The Scientific Process: Shooting the Wrong Messenger

To understand how the DOMS myth evolved, you must recognize that any scientist is only as good as his eyes. In other words, it is possible to understand and explain only what can be observed. When direct observation is not possible, the next best thing is to infer cause and effect by linking two related observations (provided, of course, that the link is not completely arbitrary).

This logic, which is universally applied, often with incorrect results, says that if we know that A causes B, and that A also causes C, then B might be responsible for C. Applying this thinking to DOMS, scientists and runners very quickly recognized that a hard running session (A) caused muscle pain the next morning (C), especially if the runner was not accustomed to it. The next step was to identify variable C, and the first likely candidate that emerged was a molecule called lactate (B).

Produced as a result of metabolic processes that generate energy for your muscles, lactate has received perhaps the worst reputation of any molecule in all of exercise physiology. It has not only been in the dock for muscle damage, but has also been falsely accused of causing fatigue and muscle pain during running. Why has lactate been so falsely fingered? Because lactate was one of the first metabolic by-products of exercise to be identified, as far back as the 1930s. It was easy to measure, and its levels changed in response to a variety of exercise situations. It wasnt immediately named lactate, but its bad reputation grew when scientists discovered that:

[image: Image] Lactate was formed when muscle was denied oxygen. Insufficient oxygen was always deemed to be the crucial limitation to exercise performance; the increased production of lactate was perceived as very convincing evidence of its role in the fatigue process.

[image: Image] Lactate was produced in greater quantities during faster-paced running.

Since faster-paced running is also more likely to cause muscle fatigue and muscle damage, lactates candidacy as the intermediary (B) in the muscle damage explanation was strengthened. Pretty soon, lactate was equated with exercise poison, and the pain felt by runners the day after running was lumped together with the many other detrimental effects lactate produced.

Well discuss lactate in much greater detail in Chapter 8, which covers metabolism and fatigue, but for our present objective, suffice it to say that the basic theory for DOMS was that an uncharacteristic running session (A) caused DOMS (C) as a result of lactate formation (B). This myth gained even greater traction when coaches and athletes learned that if the athlete jogged lightly at the end of a hard session, he or she could reduce the severity of the muscle pain somewhat. The theory was that the light jogging helped flush out the lactate, thereby attenuating the pain it would otherwise cause. Simple enough, but as we shall see, quite incorrect on all counts.

When it comes to lactate and DOMS, scientific breakthroughs resulted from an improvement in the ability to see the muscle. The invention of the muscle biopsy technique, in which a small piece of muscle is taken from an athlete and then examined under a powerful microscope, revealed a whole new angle to DOMS.

In 1981, a Swedish scientist named Jan Friden published research findings. He asked volunteers to walk repeatedly down a flight of stairs and took a biopsy of their muscle afterward. His observations provided some of the first evidence of the real cause of DOMS, and well tackle them shortly.

However, this scientific study was slow to make an impact on the general public, and the lactate theory persisted as the cause of postexercise muscle soreness in popular media, running magazines, and coaching circles. In true detective style, then, consider the following questions about DOMS, based on your own experience of running, because the answers will steer us away from the lactate red herring, toward the real answer.

Q What type of running causes the most severe DOMS?

A Any experienced runner will tell you that DOMS is much more severe after very long distance runs at a slow pace or after very fast-paced running, such as speed workouts or hill training. The lactate theory does fit with the experience of DOMS after faster running, because more lactate is produced at faster speeds. But what of long, slow running? Ultramarathon runners know that no amount of training will prevent DOMS from occurring after events, virtually regardless of how slowly they run. The lactate theory of DOMS does not fit with this experience, because lactate forms in significant amounts only when we run faster, and most marathon or ultramarathon runners finish having produced very little lactate, yet they can still barely get out of bed after an event.

You may also know from experience that DOMS is particularly severe if you run downhill or do a series of jumping exercises. In the laboratory, there is a protocol for causing DOMS, in which volunteers jump off a 1-meter-high box 100 times. Most dismiss this task as very easy, laughing their way through it, until the next day, when they can barely walk. Again, very little lactate is formed during these jumps, and lactate production is also lower during downhill running than during normal, level-road running. Yet both cause much more severe muscle pain than running either uphill or on a level surface.

Finally, this discussion revolves around the kind of running that will lead to DOMS, which suggests a significant questionwhy does cycling not cause the same degree of muscle damage and DOMS as running? The lactate levels produced during very hard cycling are at least comparable to those of running, but the DOMS is nowhere near as severe, suggesting that something in the act of running, and not a common chemical, is to blame.

Q When does DOMS occur?

A The first scenario we depicted at the beginning of this chapter is typical of DOMSno problem during the run, but 12 to 24 hours later, the pain starts and then builds progressively during the day. Research has shown that the most severe pain tends to occur between 24 and 72 hours after exercise. Given that lactate levels are back to normal within 30 minutes of exercise, its difficult to see how lactate could directly cause stiffness and pain. It could, of course, set in motion a sequence of events leading to the pain, but the fact that the pain lasts for up to three days, by which time lactate is long removed and forgotten, suggests there is a much more complex process in play.

Q What other kinds of activities cause DOMS?

A Runners often believe themselves to be among the fittest people around, often rightly so. Yet running fitness doesnt always translate well into other activitiesa reality that is often made painfully apparent the day after exercise in an unfamiliar activity, when DOMS emerges as the surest sign that fitness is sport-specific and contextual. A runner who ventures onto a tennis court, into the weight room, even into a yoga studio for the first time is likely to be humbled for a couple of days afterward with aching and stiff muscles. These activities typically produce less lactate than a running session, yet they can cause very severe DOMS. Even stretching causes DOMS, if it is overdone, in what is one of the most telling clues to the real cause. Of course, stretching produces almost no lactate, so an alternative explanation must be sought.

Exceptions to the Rules: Time to Change the Theory

In science, when exceptions to the theory or results that cannot be explained by the prevailing theory are discovered, the prevailing theory might be in need of revision. Until the turn of the 16th century, for example, it was thought that only white swans existed. However, the discovery of a black swan in Australia proved the consensus about swan color incorrect, and the paradigm needed change. The existence of even a single black swan rendered all previous theories and ideas about its impossibility invalid. As it turned out, black swans were numerous; you just had to look in the right place for them. This concept is the framework for Nassim Nicholas Taliebs book The Black Swan, but its also relevant to our DOMS discussion. The three just-discussed questions demonstrate that lactate, often thought in public circles to be the answer to muscle stiffness, fails to explain DOMS in any instance.

These three situations are the black swans of DOMS theory, and so it is time to adjust the theory of the likely cause of DOMS, aided by powerful electron microscopes and a dose of basic physiology, courtesy of Hans Selye.

MUSCLE SORENESS AND OVERLOAD: LESSONS FROM HANS SELYE

In the introduction to this book, we presented the General Adaptation Principle of scientist Hans Selye and explained how the management of training stress is the single most important factor determining your running success. You have to control the training load so that you are stressed enough to adapt but not so stressed that your physiological capacity to adapt is exhausted, which we know will lead to injury or overtraining.

This model can easily be applied to muscle soreness. Muscle is a living, dynamic, and continuously changing tissue that adapts to training by increasing (or decreasing) the size of its fibers, as well as their number and internal functions.

So what do Hans Selye and his Adaptation Principle tell us about DOMS? On first consideration, it would seem that the pain associated with DOMS is anything but adaptation. It feels more like the first stage of injury, especially because the pain gets worse and worse over the course of the first 48 hours after training. However, recall from the Selye model that the bodys first response to an applied stress is the alarm reaction. DOMS is nothing more than the alarm reaction to a bout of exercise that is more stressful than the muscles are familiar with.

Taking a more long-term view, DOMS is actually part of a process that will lead you into a stage of adaptation, in which running is easier, the muscles are stronger, and DOMS is (thankfully) a distant memory. We therefore need to consider how DOMS ultimately results in an overall improvement in muscle strength and in the ability to withstand further bouts of exercise.

THE PHYSIOLOGY OF DOMS: A COMPLEX PROCESS WITH A SIMPLE OUTCOME

Running is perceived as a stressor for many reasons

Phase 1: Eccentric Muscle Contraction and Structural Damage to Muscle







Phase 2: Damage Repair




THE INFLAMMATORY RESPONSE AND MUSCLE DAMAGE








PROTECTED IN THE LONG RUN




APPRECIATE THE MORNING AFTER


Q What type of running causes the most severe DOMS?



Q When does DOMS occur?


Q What other kinds of activities cause DOMS?



MANAGEMENT AND PREVENTION


Preventing DOMS: Better Than a Cure










Managing DOMS: Let the Process Happen
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