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FOREWORD



by Joe Montana


The sport of football has brought more into my life than I could have ever imagined. A brotherhood of lifetime bonds, a strong work ethic, a chance to see the world, and the opportunity to spend a career loving what I did. In my seventeen-season NFL career, I played in hundreds of games, threw thousands of passes, and was fortunate enough to compete on some of football’s biggest stages.


But playing the sport I love for so many years came with a price. The mileage I put in on the field was mileage that was taken from my post-football body. When I stepped off the field for the last time, I did so thinking that while my NFL career lay behind me, I had an entire active life ahead of me. My body had other reckonings for me.


The time I thought I was getting back became time I spent in doctors’ offices: consultations, x-rays, surgeries, physical therapy. I’ve had elbow surgery, three neck fusions, and half a dozen knee surgeries. I also have arthritis in my elbows, hands, and knees. I’ve been in and out of a doctor’s office enough times to have an honorary degree. Yet although I was fortunate to have access to the world’s greatest in medicine, advanced tools, and surgery methods, I still faced a fear of the unknown with each visit.


Hindsight being 20/20, knowledge is power. Early in my career, there was so much I didn’t know—and still so much I don’t know. What allowed me to be my best on field was the work I put in off-field: countless hours studying tendencies, learning the intricacies of my craft, educating myself on strengths and weaknesses of my opponents. Every big play, every single drive, every pass thrown was rooted in months or years of preparation and education. The more you know, the better primed you are to achieve your goals and succeed.


The same can be said for your knee: the more you know about it and its relationship to the rest of the body, the better prepared you can be to recover, and to stay healthy, strong, and without injury.


In The Knee Injury Bible, Dr. LaPrade, Dr. Chahla, Luke O’Brien, and Dr. Kennedy have put together a book with that exact goal in mind: to educate and empower the patient. From their combined fifty-plus years of experience in sports medicine, they have written this book for you, beginning with injury and ending with recovery and covering everything in between. Having also been a knee patient himself, Dr. Kennedy offers further insight through the eyes of someone who has been there.


A resource like this would have been incredibly helpful for me during my own experiences with injury, and is a must-have for anyone with a knee injury, whether fresh or a years-old disability.
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INTRODUCTION


by Dr. Nicholas Kennedy


Autumn mornings in Vail, Colorado, have a certain feeling to them. There’s fresh dew on the ground, a crisp chill in the air, and a medley of yellow aspens dotting the valley. The year is 2012, and I’m taking advantage of the cool weather, playing some flag football with a few friends from my work at a sports medicine clinic, most of whom happen to be doctors or medical students. The league may be amateur, but for this group of former competitive athletes, winning is definitely still a top priority.


This competitive, take-no-prisoners attitude has earned my team a spot at the championship game—which we are currently losing. Badly—down 21 to 6 already and only in the second quarter. Frustrated doesn’t even begin to describe my mental state. To make matters worse, I have a pulled groin on my left side, easily one of the worst I have ever experienced, and it’s causing some annoying—and I admit, embarrassing—limping.


“Hey Max,” I shout at one of my teammates, “play safety. I’m gonna rush the QB from now on!” With levelheaded thinking having gone by the wayside hours ago and the championship title on the line, this flag-football game has morphed into NFL Game Day.


After the next snap, I take off after the quarterback with a desperate fervor, sprinting at a completely unimpressive speed. Just as I reach the opposing quarterback, who I might add is thirty years my elder, he sidesteps to my right but takes off to the left, an incredibly effective juke. When I attempt to recover from his tricky change of direction by cutting from my right leg, which is already bearing most of my weight thanks to the groin pull on the left, my right foot inconveniently finds a pothole in the grass. As my awkward cut turns into a rather dramatic plunge to the ground, I hear a crack like a firework on the Fourth of July.


The knee pain that follows is as nausea-inducing as it is excruciating. Rolling on the ground, I’m utilizing a full arsenal of vocabulary to describe my pain. But if you are going to hurt yourself playing flag football, might as well do it with a team full of orthopedic residents and medical school students on site to diagnose you.


And the diagnoses start flying.


“I think it’s his ACL [anterior cruciate ligament],” one declares, after he’s finished his spur-of-the-moment evaluation.


“His ACL feels fine to me, but I think maybe his FCL [fibular collateral ligament] is loose,” proclaims another.


The battle between diagnoses continues, but one thing is for sure: whatever is torn or broken, my knee hurts like the dickens. As I rise to take my first step to get off the field, my right leg does a sideways curtsy, and it becomes abundantly clear that some things that should be working are definitely not.


The morning after that fateful flag-football championship game, my boss (now friend and mentor) Dr. Robert LaPrade, an orthopedic surgeon, performs a thorough exam on me, including several maneuvers to assess the status of the different ligaments of my knee. From the look on his face, I can tell I have done a number on it.


He shakes his head. “Your FCL is torn for sure. ACL too, probably. You need an MRI [magnetic resonance imaging] and stress x-rays.”


Later that day, the MRI confirms his suspicions. I have torn my ACL and my FCL, and also have a small tear of my meniscus, which is the knee’s cushion. Surgery is in my near future.


Still, pain aside, none of this seems to faze me; why should it? I’m twenty-three years young, and figure it’ll heal fast. With a quick surgery and rehab, I’m sure I’ll be back to reliving my glory days in the local basketball, flag-football, and softball leagues in no time. I even say to Dr. LaPrade confidently, “I’ll be back in time for Hoopfest, no problem,” a three-on-three basketball tournament in my home state of Washington the following June.








[image: ]








I was fortunate enough to have some background in the field of orthopedics, which deals with bone, muscle, and ligament injuries. At the time of my injury, I was completing a year of sports medicine research in Vail. While I was still very green, I knew what my knee ligaments were, and I had a basic understanding of what surgery and physical therapy encompassed. I had also grown up around surgery and sports medicine—my father is a sports orthopedic surgeon in Yakima, Washington. I was often on the sidelines at semiprofessional games or touring hospitals on weekend rounds with my dad. Additionally, over the years I’d seen my younger sister, my wife, and my sister-in-law all tear their ACLs and undergo reconstructive surgery. It had been easy for them, right?


So I was more than confident this process would be smooth. I was going to have my surgery done at Steadman, arguably the best place to have ACL reconstructive surgery. Names like Kobe Bryant, Ed Reed, Alex Rodriguez, Ricky Rubio, and a whole host of other professional athletes have had their surgeries done here. On top of that, I was going to be treated at Howard Head Physical Therapy, a mecca for sports rehabilitation. I wasn’t just in good hands; I was in the most capable hands you could ask for. This was going to be a breeze!


How’s that Montgomery Gentry song go again? “Lord, I’m learning so much more than back when I knew it all.” Or said in another way, ignorance is bliss. I came to find out that injuring your knee is no joke. Surgery is not the walk in the park that I had made it out to be in my head, nor is physical therapy the leisurely bike ride you might want to take around the park. My ten-thousand-foot view of watching others go through the journey of knee recovery would be nothing like actually experiencing it.


During my recovery, I remembered words I had spoken to my sister once during her ACL rehab: “Just do your exercises, Julia. Physical therapy is easy.” Those words would be the purest form of karma during my weeks of struggling to regain my normal motion and strength. Let it be known that I was definitely not playing full-contact basketball at eight months post-injury, as I had so arrogantly proclaimed. It would be months, and honestly years, until I was back to doing the things I love to do: everything from playing basketball and football to hiking and fishing.


THE PURPOSE OF THIS BOOK


If you have suffered a knee injury, this book is meant to be your road map to recovery: understanding why your knee injury happened, your treatment options, and how to regain function and return to your favorite activities as quickly as possible with least risk of reinjury. When I got injured, I was fortunate enough to be immersed in the world of orthopedics, surrounded by the best care one can receive—yet despite this I still, at times, felt completely lost. I’d had unrealistic expectations when it came to my treatment and my recovery, and it was these fairy-tale ideas that led to my long and admittedly complicated rehab journey. A journey that included development of significant knee stiffness that required additional surgery, a fall in the bathroom the night of my second surgery leading to another knee ligamentous injury, hours of continuous passive motion device usage (see here), and more than fifty physical therapy visits, before eventually regaining full function.


I like to tell my patients the knee is an incredibly logical joint—its logical quality is one of the reasons why we authors of this book are such fans of it and have a passion for treating injuries of the knee. By “logical” I mean that its function is very easy to understand. The knee mainly does two things: flexes and extends. It does not want to move in and out (abduct or adduct), nor does it want to rotate internally or externally like the hip and shoulder; it is a very stable joint. But because it only wants to do two things, there are a lot of movements that can cause injury, and furthermore its location along our biomechanical axis exposes it to a lot of force with every step. This is a good explanation for why the knee is the most common joint injured by adolescent athletes, responsible for approximately 2.5 million emergency department visits per year.


And all the force the knee joint is exposed to day in and day out, combined with the high prevalence of acute injuries, helps explain why the knee is also the most common joint to be affected by arthritis. Nearly one in five adults over age forty-five have knee osteoarthritis. This is a fairly staggering statistic, even more so when one considers our current aging population and the number of people in the United States in that age group, approximately 120 million people.


Even though knee injuries are highly prevalent, they can be challenging to manage. Why is this? We think it boils down to three major factors: lack of adequate information, lack of patient comprehension, and lack of access to proper care and implementation of necessary rehabilitation steps.


All three of these factors are intricately related. Some of you are probably familiar with the saying “too much of anything is bad.” That saying definitely holds true for medical information. In today’s culture, where Google searches make answers available at the click of a button, everyone can feel like an expert. The problem is that a good deal of the information presented as fact is not vetted and is actually far from fact. A wealth of resources sometimes actually makes it more difficult to get the knowledge you need, and this is particularly evident in medicine.


The lack of good information and abundance of misinformation then help lead to the second problem, which is lack of comprehension. Patients read something they believe to be true, or hear a doctor on TV, and assume it applies to them, which can lead to a poor understanding of their problem. This then directly leads to not receiving proper care or taking the timely, necessary steps for recovery. In our practices, we’ve found that often patients do not fully grasp the importance of their knee injury—not just the current impact but the impact on the long-term health of their knee and whole body.


We want to help people learn from our mistakes, and also make decisions in as informed a way as possible. It is our goal to give you the power, knowledge, and encouragement to succeed, and to not only help you understand what your knee injury is and how to treat it but give you a more holistic and educated view of your injury and the journey that lies ahead. We will cover what to do, where to go, who to see, and what it all means. We will help provide a good estimate of what one can expect with surgery in regard to pain, medications, rehabilitation, diet and its effects, the new advancements of what is called “stem cell therapy” and beyond, and how and when you can expect to get back to doing the things you love.


This book is for the seventeen-year-old senior in high school who has just torn their ACL in the middle of their last year of high school sports. It’s also for the seventy-five-year-old mother and grandmother with daily knee pain that is beginning to make it tough for her to enjoy her hobbies or keep up with her grandkids. This book is for the forty-five-year-old office worker who has seen the number on the bathroom scale continue to climb but is experiencing too much knee pain to stop the climb. It is even for the parents of the teenager who is trying to decide if knee surgery is the right decision. Is it too invasive, aggressive, or maybe just plain unnecessary for their child to undergo?


In short, this book is for you—the patient, the patient’s parent, family member, or loved one—to provide you with an arsenal of information so that this whole process feels less overwhelming. We don’t expect you to emerge from reading this book with a medical degree, but we do hope you come away with an improved understanding of your injury and what can be done for it.


ABOUT THE AUTHORS


So who are your Mr. Miyagis to teach you the wax on and wax off of the knee joint? There are four of us. The veteran of the group is Robert LaPrade, MD, PhD. He is a sports-certified orthopedic surgeon who practices at Twin Cities Orthopedics in Edina, Minnesota. He has more than twenty-five years of experience in the field and has helped thousands of patients (including scores of professional athletes) address their injuries and eventually return to the life and activities they love.


Dr. LaPrade also has a passion for research and has published more than four hundred seventy-five peer-reviewed papers, which serve not only to help shape his practice but also to help advance the field of orthopedics as a whole. He has traveled around the globe to present his work and educate others in the field. Among his numerous awards for his research is the Kappa Delta Award, which is the highest career honor for orthopedic research. Time and time again he likes to say, “There is nothing like your health.” He knows how important your knee health is for your overall health, and he aims to help patients understand and treat their injuries.


Luke O’Brien is an Australian-born physical therapist and head of the Howard Head Sports Medicine Center in Vail, Colorado. Luke is a well-respected physical therapist in the field of sports medicine and has led the way in several areas, including developing return-to-sport criteria. He has worked with all-pro NFL players, all-star NBA players, soccer players in the top European leagues, NHL stars, and of course, a moderately athletic and overconfident medical student whom he then agreed to write a book with years later.


In his practice, Luke has developed rehab plans for people from all walks of life, from the casual outdoor enthusiast to the professional athlete. He has a wealth of knowledge on the physiology and biomechanics of the human body, and he also has widely published his research work and been invited to give presentations all over the world.


A native of Argentina, Jorge Chahla, MD, PhD, is an orthopedic surgeon and researcher who now works at Rush University Medical Center in Chicago. He is someone who could not get enough education. Not only did he complete the usual five years of medical residency, but he also has completed two years of research fellowship and two years of clinical fellowship in the field of sports medicine at two of the top ten programs in the country, at the Steadman Clinic in Vail, Kerlan Jobe in Los Angeles, and Rush University in Chicago. He too has done extensive research, publishing in more than two hundred peer-reviewed publications, and he has a particular interest in biologics in orthopedics—things like stem cell, platelet-rich plasma, and other biologic healing modulators, and how they affect your knee, and whether or not they actually work. (We’ll discuss these in-depth in Chapter 11.)


Dr. Nicholas Kennedy is currently in his third year of orthopedic resident training at the Mayo Clinic. He completed medical school at Oregon Health & Science University and spent about two years in Vail working on research with their world-renowned staff. He has more than fifty peer-reviewed publications focusing on biomechanics, reconstruction, and rehabilitation of knee ligamentous injuries. At the age of twenty-three he won the Excellence in Research award, given to the best research paper at the American Orthopaedic Society for Sports Medicine annual meeting in 2014. Having had a serious knee injury himself, he also knows firsthand what it’s like to be on the other side of the operating table as an orthopedics patient.


Together, we have a combined fifty-plus years of experience with all aspects of treating knee injuries. Here we’ve shared our expertise to give you the most up-to-date and comprehensive view possible.


YOUR ROAD MAP: HOW TO USE THIS BOOK


Many of you reading this book are probably already overwhelmed regarding your injury, what it means for your life, and what to do going forward. This book is meant to help ease the burden—it should be a tool that should act to reduce stress, not a homework assignment that adds stress. With that in mind, here’s how to best utilize this book as your resource.


We have written the book in the order of how most patients address their injury. First you get hurt, and you find yourself asking, Why and how did this happen? That is the focus of Part 1, and why we start the first chapter with an explanation of what the knee joint is, how it gets hurt, why some people hurt it easier than others, and what traits you may personally possess that lead to an injury. We also give you some brief anatomy—not so much that you will feel like Billy Madison in biology class, but enough so that it gives you a foundation for understanding later chapters. Next, in Chapter 2, we address the question of what to do. Whom do you see? What tests are performed? How are they performed? When can you wait to see a doctor versus when is it urgent? We’ll look at the steps leading to a diagnosis.


Chapter 3 gives you a closer look at the top twenty-five knee injuries. We’ll talk about your diagnosis, explain some more regarding the anatomy and biomechanics (aka the “what” and “how” of the injury), and then give you treatment options. These include surgical and nonsurgical options.


In Part 2 of this book, Chapters 4, 5, and 6 are all things that involve surgery. What things happen leading up to surgery, what your day of surgery and recovery in the hospital or at home look like, and what common mistakes and misconceptions are regarding the entire surgical process. Our attempt in these chapters is to minimize surprise! We hope to give you as much information regarding the process as possible so that you can be more prepared. The authors of this book are firm believers in educating our patients and not sugar-coating. If we tell you, “After surgery, you won’t hurt at all,” or “Rehabilitation will be easy” and the medications have “no side effects,” it may convince you to have the surgery, but it does nothing to establish good rapport, and in actuality leads to worse outcomes and loss of trust between patients and doctor. These chapters should help educate you on the process as much as we can on paper. Chapter 7 is your guide to the medications you may be prescribed for a knee injury.


Part 3 is all about how to maximize your recovery to get your knee function back. In Chapter 8, we’ll talk about how to avoid complications postsurgery and what’s important to do—and not to do—in those early days and weeks. Chapter 9 discusses the rehab and physical therapy part of treatment, both for those undergoing surgery and for those opting to go the nonsurgical route. This part of the book has a significantly increased photo-to-word ratio with photos demonstrating how to do each of the exercises we suggest. Here, Luke also lays out some specific rehab exercise plans with set and repetition ranges to give some guidance for each phase of recovery.


Chapter 10 covers some nutrition and diet basics. The topic of how diet affects systemic health, and our musculoskeletal health, is a constantly evolving topic. We’ll look at the importance of protein and how the food you eat may improve healing and ease inflammation. Many types of diets may be effective for health and weight loss, from Mediterranean to vegan to paleo, and dozens of books are available. With that in mind, here we are giving some basic recommendations based on the best of our knowledge and the best scientific evidence available.


Chapter 11 addresses some of the nonsurgical treatment options, such as cortisone injections, which we find many of our patients have questions about. We also talk about more cutting-edge treatments you may have heard about in the media, or in professional athlete circles, such as stem cell therapy and platelet-rich plasma. Our goal in this chapter is not only to explain the options but also to explain the evidence. A lot of treatments being pushed on the public actually have very little evidence to suggest they have a measurable effect, and while they are relatively safe and sometimes worth the old college try, you as consumers should know as much as possible about the product you are about to pay (sometimes a hefty ransom) for.


Finally, Chapter 12 covers prevention—or how not to be living Bill Murray’s life in Groundhog Day when it comes to your injury. We discuss some ways to help maintain your knee strength and avoid reinjury.


As the book is organized chronologically, should you want to go through the journey of injury from start to finish, you can easily do so. But let’s say you have already had surgery, and you are just looking for some information on recovery and return to sport—simply jump to Chapter 8 and beyond. Or if you just want information on your diagnosis, skip to the subtopic in Chapter 3—or even just the “Rundown” box that follows each entry for the short version. If at any point you decide you want more information about the anatomy of your injury or why it happened, then you could backtrack to opening chapters.


The point is that you can use this book in any way you see fit. This book is a tool—you do not need to conform to the book; it should conform to you!


Lastly, although yes, this book is written by medical professionals, and yes, it is based in scientific evidence and combined decades of experience, please note that it should not replace seeing and receiving direct care from medical professionals. That is to say, please do not consult this book instead of going to see a doctor. Please don’t think to yourself, Well, I know what my diagnosis is based on the book, so I do not need to see anyone. The book is meant to supplement your care with your physician, physical therapist, dietician, and treatment team. It should work in concert to empower you, so that you can have informed discussions with them, but please follow your own physician’s and medical team’s advice. And be sure to talk with them before starting any exercise program.


YOU CAN DO IT


One thing we want you to remember throughout this book is that the process of bouncing back from a knee injury won’t always be easy. It won’t always be fun. But you can do it—and it’s worth it! Surgery, rehab, the long hours involved, the medications you take, the pain and soreness, they are all a part of the process. You can and you will improve if you stick with it.


My journey from a torn FCL, ACL, and meniscus involved multiple surgeries. At one point in time I was a twenty-three-year-old who suddenly couldn’t bend his knee further than 60 degrees (remember 90 degrees is a right angle; you need about 100 degrees just to sit in a stadium or movie theater seat) or go up and down stairs normally. It took me a year to walk without a limp, and eighteen months to jog again. As I recovered, I managed to reinjure my knee twice. But eventually I got there. In time you will, too.


Thanks to the amazing care I received, the hours of rehab, eating right, and pushing myself to regain my knee functionality, the local community flag-football leagues are still graced with my mediocre quarterbacking skills, and open gym basketball courts still get to see my attempts to take shots that don’t quite find the bottom of the net. Seven years after my injury, I’m able to work out, bike, and hike. I’m on my feet all day in a bustling hospital, and my knee manages to keep up. And I’m happy to say I can now do these things with minimal pain. All this is to say: if I can do it, so can you. The Knee Injury Bible is your guide to getting the best possible outcome for your knee.
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HOW DID THIS HAPPEN?



Factors That Lead to Knee Injury and Chronic Knee Pain


Unfortunately, if you are reading this book, you or a friend or loved one has experienced a knee injury. You didn’t sign up for that pain and inconvenience, right? You’re not alone. In medicine, it seems no matter what the diagnosis, whether it’s an ACL tear or meniscus injury—or pneumonia or cancer, for that matter—a shared question most everyone has is: Why me?


For thousands of years the answer for almost all conditions was also very similar: because. Or in other words, tough cookies—it happened. Thankfully, medicine has come a long way from Hippocrates’s day to the modern era of medical meccas like Mass General and the Mayo Clinic. As medicine has advanced, experts have been able to pinpoint with greater clarity why certain ailments affect certain people. The goal of this chapter is to give you a basic understanding of how your knee works and what factors may have led to the injury.


With this knowledge we hope to educate and empower you to feel more confident in understanding your injury. A large amount of the fear and anxiety that comes with an injury is due to the unknown that comes with it. We want to try to answer as many questions as possible to make more of the unknown known, and thereby make you more comfortable in your recovery process.


A LOOK INSIDE YOUR KNEE


The knee joint is one of the strongest and most important joints in the human body. It can withstand your body weight not only for simple activities such as walking and climbing stairs, but also during pivoting activities when it must bear significant loads. Although a complex structure, the knee is actually relatively simple in terms of its main function. It basically wants to flex and extend in a straightforward, stable, harmonious way, allowing the lower leg to move relative to the thigh.


There are two main bones, and four total bones, involved in the knee joint. There is the shinbone (tibia) and the thighbone (femur), which are the main attractions. The opening acts, if you will, are the fibula (smaller bone in lower leg) and your kneecap (patella). These bones, and the soft tissues involved as well, must all interact in such a way as to maintain balance and alignment of the knee.


Let’s take a deeper look at some of the key structures inside your knee. (See Figure 1.1.)


The Bones and Joints


OK, we know we just called it a joint, but in reality the knee is composed of three joints: (1) the tibiofemoral joint, which is formed between three bones: the thighbone (femur), the shinbone (tibia), and the kneecap (patella); (2) the tibiofibular joint between the shinbone (tibia) and the fibula; and (3) the patellofemoral joint, which is the kneecap with the end of the thighbone. All three of these joints work in harmony to encompass the knee.
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FIGURE 1.1.
Anatomy of Anterior (Front) of Knee










The patellofemoral joint, in particular, is an extremely complex joint that is frequently a source of pain for many patients. The kneecap is vital to extend and bend the knee. It allows for greater strength and mobility of the knee joint. The kneecap is flat on the front and has a V shape on the back. That V interacts with a groove that the femur has on its end, which is called the trochlea; the V slides up and down in that groove. The quadriceps tendon (which comes from the quadriceps muscle, a large muscle that runs down the front of your thigh) attaches into the upper border of the kneecap and is one of the main contributors to your knee’s range of motion. The pain generated from this joint commonly comes from the grinding of the back of the patella on the V area of the femur it slides within. This can happen from overuse with time, or from malalignment where the V of the patella doesn’t sit quite perfectly in the groove and instead rubs on the edges of the groove.


The tibiofemoral joint is composed of two rounded structures from the femur (known as the femoral condyles), which interact with two roughly flat structures from the tibia (the tibial plateaus). Everything on the knee will be referred to from now on as medial—inside of the knee—or lateral—outside of the knee. For example: medial and lateral femoral condyles—inside and outside, respectively—and medial and lateral tibial plateaus—inside and outside, respectively.


The surfaces of every bone that participate in forming a joint are covered with a layer of gristle (cartilage) that gives them an extremely smooth surface so they can move without friction and protect the underlying bone from damage. As the bone does not have a smooth surface, if the cartilage is gone—for example, in patients with advanced osteoarthritis—there is grinding of the joint. The joint is also filled with a small amount of fluid that allows for improved and frictionless motion, therefore reducing wear on the cartilage. This fluid is created by the joint lining or capsule—imagine a small, thick bag that encompasses the whole joint.


The Cushions: Pregnancy Donut for Your Knee


Between the femur and tibia are two structures that act as a cushion for the knee joint: the medial and lateral meniscus. These structures are tough and rubbery, which allows them to function as a “shock absorber” inside the knee to prevent the direct contact of the leg bones, diminishing the load that the tibia receives with every step or even more during landing (when jumping or running) or when lifting weights. These structures have a C shape and are referred to by three zones: a front part (anterior horn), a middle part (body), and a portion on the back (posterior horn). Furthermore, they are strongly attached to the tibia so they are not displaced during knee motion, through the meniscal roots. These root attachments are really important because if they are injured, the meniscus stops working, letting all the load that comes from the femur go directly to the tibia.


In addition to the main knee structures, there are also several structures around the knee that help cushion and protect the joint from friction and outside forces. Small pockets that contain fluid, which are called bursae, are distributed in several parts of the knee to reduce the friction from movement of tendons across the surface of the joint. They are important to further reduce the friction between bones by allowing for better sliding of the surfaces. (An adult knee normally has between three and five milliliters of joint fluid.) In addition, fat deposits around the knee, known as articular fat pads, help with knee motion and to cushion the knee from external stress. One of the most important is located below and behind the kneecap, the infrapatellar fat pad, which absorbs from the front of the knee (like an airbag) and cushions the patellar tendon as it moves when the knee flexes and extends.


Ligaments for Stability


But wait, there’s more! In order to keep the overall knee stable, there are several ligaments (think: cords) around the joint capsule of the knee to reinforce its structure and hold its bones in the proper alignment.


On the front, the patella is held in place by the patellar tendon or ligament, which attaches to the tibia.


On the inner side of the knee, the medial collateral ligament (MCL) connects the medial (inside) side of the thighbone to the tibia and prevents forces applied to the lateral (outside) side of the knee from moving the knee medially. (See Figure 1.2.)


Likewise, the lateral (fibular) collateral ligament (LCL) binds the lateral side of the femur to the fibula and prevents forces applied to the medial side of the knee from moving the knee laterally. The LCL is also called the FCL because it attaches to the fibula, which is the skinny bone on the outside of your knee. (See Figure 1.3.)
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FIGURE 1.2.
Anatomy of Medial (Inside) of Knee










On the inner and outer sides of the knee, toward the back of the knee, there are more complex structures called the posteromedial and posterolateral corners of the knee, respectively, that can prevent knee instability when it is in extension. Injury of these structures makes any injury much more severe.
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FIGURE 1.3.
Anatomy of Lateral (Outside) of Knee










On the back of the knee, the oblique popliteal ligament prevents the tibia from moving in the opposite direction (forward) with respect to the femur.


Last but not least, there are two important internal ligaments in the knee—the anterior and posterior cruciate ligaments (ACL and PCL)—which are major contributors to knee stability. They are named “cruciates” because they run from the front to the back and from the center of the knee to the outer side and inner side of the knee and cross each other. The ACL is important to make sure the knee does not slip forward, or more specifically, to make sure the tibia does not slip forward relative to or in front of the femur. The femur and the tibia should be basically aligned, and the ACL and PCL help with that. The ACL also limits how much the tibia internally rotates, or turns inward relative to the femur. The PCL does the opposite, preventing the knee from slipping backward, especially when it is bent.


IS YOUR KNEE BLOWN OUT OR WORN OUT?


There are two basic groups of knee injuries: (1) acute (think: traumatic and sudden) and (2) chronic (think: gradual wear). A good example would be the difference between blowing a tire on a car after running over a nail versus wearing down the tread of the tire over time. Of course, these causes of injury can overlap: a chronic condition can cause an abrupt, acute worsening and vice versa—an acute injury can cause changes in knee function, leading to an ongoing problem. For example, chronic tendonitis of the patellar tendon (otherwise known as “the tissue that connects your patella to the tibia is angry and inflamed”) can eventually lead to an acute rupture of that tendon, whereas an acute meniscal tear (tearing the shock absorbers in your knee) can lead to chronic joint pain and osteoarthritis down the road.


Direct, or contact, injuries are those caused by an external blow or force—a collision with another person, for example, during a tackle in rugby or football or being struck with an object like a hockey stick. Indirect, or noncontact, injuries result from internal forces built up by the actions of the performer, such as over-stretching, poor technique, fatigue, and lack of fitness. Direct injuries cannot be prevented because one cannot predict these events, but indirect injuries can be prevented by appropriate exercise and training programs.


RISK FACTORS FOR KNEE INJURY


Both acute and chronic knee injuries share a similar list of risk factors that can lead to injury. In general, these risk factors can fall into two common general patterns: nature-based and nurture-based. “Nature” you can think of as your anatomy and your genes—the body you were born with. Many people are born with genetic mutations in their cells that may make them more susceptible to certain health conditions, such as some types of diabetes. “Nurture,” on the other hand, would include your lifestyle habits and whether they may lead to detrimental effects. It’s well known, for example, that a smoking habit can lead to chronic lung disease. What makes this slightly more complicated is most health conditions fall into an in-between zone, where both nature and nurture play their respective parts. For example, high cholesterol and heart disease can be affected by food choices like a poor diet; however, numerous people also inherit traits that make them more susceptible to heart disease.


Musculoskeletal injuries especially fall smack dab into that gray area where both anatomy and lifestyle play a role. In this chapter, we are going to cover the aspects that put you at risk, and throughout this guide we discuss to what extent you can control them.


Nature-Based Risk Factors


1. Your Shape. The contour, or curve, of the shinbone and thighbone can be very different from person to person. In fact, some people have unique slopes, curves, and angles of their bones that make them predisposed to injury. If you think about it, this is logical. Think about how changing the angle at which you perform an exercise at the gym affects the difficulty and how much energy you need to complete the exercise. Doing a crunch is hard enough, but doing it on an incline bench is considerably harder. The same can be said for your knee anatomy. There is a natural orientation that should exist between the bones and the ligaments of your knee.


When these angles are changed compared to “normal,” this significantly alters the force that the structures of the knee are subjected to and can lead to injury.




MAY THE FORCE BE WITH YOU






What do we mean by “force” on your knee? You’ll hear us mention this a lot, and no, it is not the same Force Yoda speaks of. Who remembers high school physics? (Show of hands.) Force is, simply put, mass times acceleration. Your mass determines your weight (mass × gravity = weight). OK, we promise we’re done with physics equations. However, now that we have those, we can understand some key principles.


In broad strokes, the more force is applied to an object, the more an object will respond. In regard to your knee, the more force you apply to the structures involved—meniscus, ligaments, cartilage—the more likely you are to injure those structures and to wear them down. This is especially true over time, and it is a great explanation for why we do not develop arthritis in one day. Rather, it is the accumulated effect of excess force being applied through the knee over the years.





2. Your Knee Alignment. Your knee joint has two sides, if you will: the inside, or medial, and the outside, or lateral. Their balance creates a knee that is aligned and moves freely. Think of a teeter-totter that has a child of equal size on both sides.


If your knee is not aligned properly, the normal motion of the knee is affected, leading to increased forces in different areas of your knee.
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FIGURE 1.4.
Types of Alignment of the Knee










What does a misaligned knee look like? you may ask. Often it looks similar to a knee in good alignment from a ten-thousand-foot view, and it would take advanced imaging to notice the problem. But for more obvious examples, think of people who are knock-kneed (knees bend inward) or bowlegged (knees bend outward). (See Figure 1.4.)


Knock-kneed and bowlegged are examples of a very imbalanced teeter-totter. These conditions are caused by deformities of the bones, namely the tibia and femur. If one side of the bone (the outside or the inside) grows at a different rate than the other, you can end up with one side longer than the other. This leads to an imbalance in the axis of your knee.


The knee’s axis is where the force of your body weight is transmitted. In a well-balanced knee, that axis is dead center. However, when you have misalignment, the force is displaced to one side or the other, and this can cause premature wear and breakdown of your meniscus and cartilage (the same shiny surface you see on the ends of the chicken wings you love so much, which help bones to slide and move with less friction in joints). In other words, it can cause faster onset of osteoarthritis and chronic pain.


But this misalignment does not just affect cartilage. It also affects other soft tissues in your knee, such as ligaments and tendons. You have two major ligaments on either side of the knee, your MCL and your LCL. These ligaments help to prevent your knee from gapping open, or having more space between the femur and the tibia on their respective sides. Think of the ligaments as elastic bands—capable of tightening down, but also at risk of stretching out. With that in mind, you can imagine a knee that is misaligned would cause one side of the knee’s ligaments to be very loose, while the other side becomes more taut. This can put the knee at risk for traumatic injuries in the near term, as well as chronic problems down the road.


3. Your Limb Length. Another anatomic issue you can have is limb length abnormalities. Said differently: one leg is longer or shorter than the other. It is more common than you would think. While people often live many years without noticing it, even a slight difference in limb length can change the way you walk. Over time, this slight alteration in your walking form can lead to chronic conditions like pain, muscular atrophy (wasting) or hypertrophy (increased size) depending on the muscle, and potentially osteoarthritis.


As mentioned, some issues of misalignment are less easy to spot. There are subtle differences that would take some sort of imaging, such as an x-ray, to reveal. One example is how much slant there is on the top of your tibia from front to back (tibial slope). A higher degree of slope is correlated with an increased risk of tearing your ACL. That is a very specific academic fact you do not need to memorize; there will not be a test! However, it just goes to show there are numerous variants when it comes to alignment and anatomy that can lead to injury.


4. Your Bone Strength. Turns out not all bones were created equal. As some of you know, there are soft bones and hard bones, tough bones and brittle bones. Bone strength is one factor that falls into both nature and nurture. People are born with inherently different bone density and strengths and therefore have a theoretically maximum strength or size that can be achieved. On the other hand, some good habits can help maximize your bone strength potential. Consuming a diet rich in calcium and vitamin D, staying as active as possible, and not smoking are all habits that can support your bone health and strength.


5. You’re Super Flexible. Are you one of those folks who bend more like Gumby than a human being? If you can put your hands flat on the floor, touch your thumb to your forearm, bend your whole wrist nearly back on itself, and extend your elbow so far that it’s bending the opposite way, you may be a phenomenal gymnast or butterfly swimmer, and you definitely have a cool party trick. However, you are also at a greater risk for knee injury. Yes, we know you’ve been taught it’s good to be flexible, and it is; however, when you are that flexible, it can also be a problem. The ability to bend that far is known as hypermobility. And if you meet enough criteria and receive a high Beighton hypermobility score (because of those same X-Men–like bending abilities we just mentioned), you are even given that as a medical diagnosis. This means the tissue that composes your ligaments and tendons, called collagen, is a little bit stretchier than it should be. This also means your joints move way farther than they should in multiple directions, which leads to more force on your ligaments and therefore an increased risk of injury.


6. Muscle Imbalance. If you haven’t noticed a trend yet, we want to call attention to it right now: for proper function of your knee, and your body as a whole, you need balance. You have probably heard the saying “everything in moderation.” This is true when it comes to what we eat, how we live, and also, the muscles that move your body.


Remember, the knee’s main movements are simple: flexion and extension. The two main muscle groups that control these movements are your quadriceps on the front of your thigh (knee extension) and your hamstrings at the back of your knee (knee flexion).


The strength of these muscles should be, you guessed it, balanced. Too much strength in one group or the other can lead to increased forces across your knee. For example, if your quadriceps are much stronger than your hamstrings, this leads to an increased risk of an ACL tear. Your hamstrings help pull your tibia backward, while the quadriceps help pull the tibia forward. ACL tears happen when your tibia moves too far to the front relative to its normal alignment with the femur, while it is rotated toward the outside, creating a huge stress on the ligament.


7. Being Female. Unfortunately, knee injuries are not as modern as American society and have not gotten on board with equal opportunity for the sexes. Being female does convey a significantly greater risk for knee injury, specifically for an ACL injury.


So what does the knee have against women? That answer can be found in the aforementioned anatomical risk factors. Almost all are more common in women. Women are far more likely to be hypermobile, far more likely to have more fragile bones, more likely to have quadriceps that are stronger than their hamstrings, and also more likely to have some of the bony alignment abnormalities noted, such as an increased posterior tibial slope.


On top of all of this, in general, women tend to have smaller ligaments, tendons, and bones, which can withstand less force and are therefore at an increased risk for injury. One other risk factor involved specifically in ACL injuries in women is their landing biomechanics—how they land after a jump. Women tend to land with their knees more extended, or straight, and also more in a valgus (knock-kneed) position. Both of these positions tend to put more strain on the ACL and therefore are associated with an increased risk of injury.


Pregnancy is a unique situation in which nature (being a female) and nurture (having higher weight) coincide. Obviously, it is expected and encouraged to gain weight during pregnancy. One of the things that make it challenging is the body aches and soreness that comes with gaining twenty-five to thirty pounds or even more in nine months. One of the areas of the body that feels that increased strain is the knees. This is common but fortunately does not have to be lasting. While you’re pregnant, working to stay active and mobile as much as is recommended (depending on your health status) can help, both with minimizing excess weight gain but also with staying limber and flexible. Some of the increased pain is unavoidable while pregnant, but following delivery and loss of the extra weight postpartum, that pain should subside. This is also a good reason to work on regaining your activity in the months following pregnancy (again, should your overall health allow it), to work toward maintaining a healthy weight going forward. In Chapter 10, we will discuss why excess weight and obesity are such detrimental issues for knee health.


Nurture-Based Risk Factors


With most of the nature aspects covered, let’s talk lifestyle factors. These include your athletic activities, whether you have gained weight, and whether you have previously felt knee pain or incurred knee injuries.


1. You’re an Athlete. In general, the young video game maven—the extreme Call of Duty general or FIFA master, say—does not hurt their knee. Objects at rest tend to stay at rest, and if you are at rest, it’s hard to cause acute trauma to your knee. However, those of you regularly blazing black diamonds, hiking Kilimanjaro (or just your local trails), tearing up the basketball court, and kicking Beckham-bending shots into the corner of the soccer goal are the ones who get injured.


High-energy, high-intensity sports especially tend to put a lot of load and force on the knee. The risk comes down to a few things: how you play and how you train.


Often the skills that make you a good athlete—those jukes, that power, that speed—are all things that put you at risk for an injury. Whenever we explain this to patients, we are reminded of scenes from the film Friday Night Lights. In the movie, Boobie Miles is the star running back of a high school football team in Texas. The kid is incredibly agile and can stop and change direction on a dime. One of his quotes is “You wanna win, put Boobie in, I’m about to spin.” When Boobie tears his ACL, the doctor explains to him why he can’t play: his ACL is largely what allows Boobie to decelerate and change directions so quickly. Those movements that make him so good are constantly putting strain and force on his knee.





THE BIGGEST SPORTS CULPRITS





Are there certain sports and activities that are more likely to lead to knee injuries? The simple answer is yes. Playing any sport in which your knee is susceptible to high-energy impact; that asks you to stop abruptly, change direction abruptly, or land awkwardly; or that puts disproportional amounts of force on the knee can lead to injury. Here is a list of the most common offenders, in no particular order:


• Downhill skiing, which can send you down a hill at forty or more miles per hour, has an inherently high risk of knee injury. Combine that with your ski boots, which means that you basically wear rigid casts around your ankles so they are supported but therefore make another part of you extra susceptible—the knee.


• Basketball is pretty much defined by starting, stopping, and landing awkwardly. Nowadays, basketball shoes almost stick to the floor—but that can mean your foot stops while your knee and leg do not.


• Soccer is a common cause of ACL tears for women especially. Again, there’s a risk similar to that of playing basketball: plant that cleat in the ground, and you’ll get great traction, which allows your foot to stop, but the knee doesn’t get the memo.


• Football tops the list for ligament injuries in men and also tops the list of popular team sports for complex multi-ligament (more than one ligament) injuries. This makes sense considering the aggressive and fast-paced nature of the game. Also, as the sport moves away from high hits to the head, to reduce the risk of concussions and their effects (as it should), players will start to hit lower and lower. This makes the knees a good target for a tackler and therefore a big risk for injury.


• Distance running, while good for you in terms of cardiovascular health and maintaining a healthy weight, is one of the more damaging activities for your knee long term. The reason? Running is much more high-impact when compared to other cardio activities such as elliptical workouts or biking. That is not to say that running is bad or not a worthwhile endeavor, but it puts your knee at a higher risk for chronic damage and wear. You can help minimize this by running on softer surfaces. Trail running or running on grass is much preferred to long runs on concrete or asphalt.


That said, playing any sport or doing activities where you make these types of movements can make you more prone to knee injuries. Others include gymnastics, tennis, hockey, and baseball.





This is where what is good for your knee physically, and what is good for success on the field, take two very opposite directions. Here is a list of common sports moves that put you at risk for knee injury, and an example of what a safer movement would be.


Risky Move: Full Speed Cut


Think of an NFL running back hitting a hole and getting to that second level of defenders, the linebacker. Right as he is about to get tackled, he makes a 90-degree change of direction, eludes the tackle, and takes it to the house. This movement is commonly done at full speed, planting your foot in the ground and then pushing off with the planted foot, allowing the direction change. The combination of speed and energy that goes into a cut like this leaves your knee very vulnerable to injury, and it is a common cause of noncontact (no contact with another individual) injuries. All of the power you have built up is being channeled through that one foot, which is kind of out in no-man’s-land and not squarely beneath you or aligned with your center of gravity.


Safer Move: Break Down and Change


The recommended replacement to such a move would be the “break down and change.” Instead of changing direction while maintaining full speed, you would instead stutter step and slow your speed, then change direction. This also allows you to keep your feet closer to your body and your center of gravity, which in turn allows for better balance and, more importantly, control. For a pro-athlete example, think of someone like NFL running back Marshawn Lynch. He is the master of carefully and meticulously breaking down and changing direction at slower speeds. He also has mastered the jump cut, which is a cutting movement made off of two feet simultaneously rather than one. (While some of you may think this move is less effective, let us remind you that Lynch has managed quite a few thousand-yard NFL seasons and won a Super Bowl. They don’t call him Beast Mode because he is ineffective!)


Risky Move: One-Legged, Off-Balance Jump and Landing


A movement made off-balance on one leg. This move commonly happens in basketball: driving to the basket, trying to get around your defender, and going up on one leg at full speed, then subsequently coming down on one leg awkwardly. It also often happens when flying in for a rebound: because you are jumping out almost as much as up, you come down awkwardly on one leg.



Safer Move: Taking Off and Landing on Two Feet


Some instances are unavoidable, but making a conscious effort to take off and land on two feet can help avoid excess risk to your knee. Think of getting to a good spot on the floor, boxing out, and going up with two feet. For a pro to look up to on this, there’s Rebekkah Brunson of the Minnesota Lynx, the all-time WNBA rebounding leader. She is excellent at getting good position and going up strong with two feet, securing the rebound, and landing with a good center of gravity.


Risky Move: Abrupt Deceleration


This is somewhat similar to the full speed cut. Think of someone on a fast break in basketball, running at full speed and then coming to a complete stop, for example in a jump stop. Movements like this confer a lot of force on the knee because your knee and the rest of your body are moving in one direction at a high speed when suddenly your feet come to a stop. The tendency is for your knee to continue in the forward direction it was traveling.


Safer Move: Controlled Stop


Again, for preventative measures, think of staying under control: coming to a controlled jump stop with two feet before your step through and shoot or before your pull-up jumper. For a great example of this watch any one of the numerous all-stars to have come through Geno Auriemma’s women’s basketball program at the University of Connecticut. Those players all have superb fundamentals including the vital skill of the jump stop and step through.


Another aspect of risk for athletes lies in how you train. This topic will largely be covered in Chapter 12 on prevention, but we do want to hit a few of the important points here. Sports moves that tend to put your knee at risk all have the common factor of being performed out of control and off-balance. You may be asking, So then, Mr. Miyagi, how exactly do I work on this control and balance? Maintaining good control and balance when you compete is like an intricate dance. It requires core strength, good proprioception (your or your body’s understanding of where you are in space), and, specifically for the knee, great strength and size of surrounding musculature. Your hamstrings and your quadriceps especially play an important role in protecting your knee from injury.


Whenever we watch an NBA basketball game, some of the awkward falls, trips, and tumbles those guys take have us cringing, thinking, If that were me, I would need to be carried off the court. We are constantly amazed how often the players land awkwardly yet can get up and get right back to the play. Use that handy-dandy TiVo app, or look on YouTube, and rewind and slow motion a play the next time you see a basketball player go down. Look at their thigh muscles just above the knee. As the player lands, watch how those muscles engage, acting as a scaffold and protective shield for the knee, which would otherwise end up awkwardly bent. If you are looking for a specific player to watch, we suggest LeBron James. The guy seems to take three to five awkward spills per game, but his incredible conditioning and lower body strength allow him to protect his knee.


Again, Chapter 9 on rehab and Chapter 12 on prevention will give you some of the tools you need to help be proactive in preventing these injuries.


2. Weight Gain = Knee Pain. Another common risk factor for knee injury, especially chronic knee pain, is weight gain. We know what you’re thinking: Here we go again—another MD telling me not to be overweight, and to eat better and to make healthy life choices. Jeez, get off your soapbox! OK, it’s true that there are more weight-control books out there than there are Kardashian selfies. However, not only does carrying extra weight increase the daily toll on your knees, but it also creates greater risk for suffering an acute knee injury. That extra weight can manifest as extra force during dangerous movements. Also, carrying extra weight tends to disrupt your balance and coordination.


Here is an extreme orthopedic example to drive home the point. If you have the heart to watch former football player Marcus Lattimore’s infamous knee injury on YouTube, what you’ll see is a knee dislocation: the whole knee joint disrupted and grossly unstable. Or in lay terms, he done messed his knee up. These injuries generally occur in high-force situations, like a football tackle, a car accident, heli-skiing, and so forth. These are all what we call high-velocity injuries.


There is also a group of injuries called low-velocity knee dislocations, such as when someone walking falls and subsequently dislocates their knee. These injuries are much likelier in individuals who are extremely overweight (obese). People of normal to slightly-above-normal body mass index (BMI) rarely experience such severe injury in that situation. But process this for a second: adding one hundred pounds of weight to your frame makes walking almost as dangerous as getting tackled below the knee by a linebacker! Yes, we are exaggerating, but only slightly. The point is that carrying excess weight is very bad for your joints, especially your knees.


Now this is just information; it is not to body shame you. We’ll explain more in Chapter 10 on why carrying extra weight can be detrimental for your musculoskeletal health. Later in the book we’ll also provide some dietary as well as physical therapy recommendations to help you heal, which can help with your weight and thereby help your knees!


3. You’ve Felt Knee Pain Before. We always ask patients, “Have you previously felt this pain?” or “Have you ever had a knee injury?” One of the main causes of arthritis is previous trauma to the knee. Cartilage injury is largely irreversible and progressive—unfortunately, once you have damaged your cartilage, it will continue to worsen, and it is just a matter of at what rate we try to slow it down.


How this happens is a somewhat complex process that involves a lot of big words that even bore doctors, but we will summarize it briefly here. We have already talked about the bones, ligaments, and meniscus involved in the function of your knee joint. The bones provide the alignment and some stability, the ligaments similarly provide stability, the meniscus cushions the bones from rubbing against one another as well as providing some stability, and the cartilage helps things to move smoothly. What happens with injury is one of these things gets “broken” or “torn” and loses its function. This causes a cascade effect that changes the function of the other involved components.


For example, a torn ACL makes your tibia move differently compared to your femur. This change in the biomechanics (movement of your knee) puts extra strain on your other ligaments as well as your meniscus. This causes your meniscus to wear out sooner, which eventually causes breakdown of your cartilage, and you feel arthritis pain. Or let’s go in another direction. You experience a tibial plateau fracture (more information to come in Chapter 3), which causes your joint alignment to be off. Even a couple of millimeters of misalignment could completely change the force on different parts of your knee, which also changes how you move and thereby leads to wear on your meniscus and your cartilage leading to… you guessed it, arthritis.


The key point is that sometimes even if you can’t feel it early on, the effects of an injury can be long-lasting and progressive. With that in mind, once you have had a significant knee injury, your aim should be to address the injury and try to minimize other factors that can worsen the health of your knee.


We hope this chapter has helped answer the age-old question of why you hurt your knee and helped you to understand a little bit of how to avoid injuries or prevent worsening of these injuries in the future. Knee injuries come in numerous flavors, many of which will be discussed in Chapter 3. Another key point to remember is that an injury to an important structure of your knee upsets its balance and alignment, which then leads to increased force. Yes, to use a Star Wars analogy again, knee injuries then are essentially dark Siths of the knee galaxy looking to upset the force. So treatment should be aimed at restoring the balance and trying to minimize further disruption.


As you will learn, some injuries are very treatable and have phenomenal outcomes, while others are more difficult to handle. Focusing on what you can do for your specific injury is important. Avoiding high-energy, high-risk situations and activities can be helpful, as well as maintaining a healthy weight to help decrease excess knee force.


Now let’s look at the immediate steps of what to do and what your treatment options are after a knee injury has occurred.
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