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			Wh​o is the author?

			My name is Morten Drewes Pedersen. At the time of my accident and concussion, I was in reasonably good condition: I biked to and from work (about 11 km each way) almost every day for almost the whole year, danced salsa, and led an active, healthy life in other areas. I hold a Master of Business Administration and a Commercial Law degree, and before my accident, I worked on commercial legal and economic matters. So, I am not a healthcare professional, and I have not worked with any healthcare professionals or services. Everything I share in this book - the scientific information, my lessons, stories, and insights - comes from living through the ups and downs of my own concussion journey. These pages reflect my personal path and what I’ve learned along the way.

			This book presents the scientific information, the lessons and experiences, along with rehabilitation exercises, that have helped me regain a relatively normal life.
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			​Preface

			The book you are now holding was born out of personal experience, a great deal of reflection, and a sincere wish to be of service. It came to life because of a journey I did not ask to take, but one that ultimately taught me more about the human brain, the fragility of our senses, and the resilience of the human spirit than I ever could have imagined.

			That journey began the day I had an accident on my bike and got a concussion.

			Why I Wrote This Book

			In the days and weeks following my concussion, I f​ound myself navigating a world that suddenly felt unfamiliar. Sounds seemed louder, light more intrusive, balance less certain, and thought less fluid. Simple tasks demanded enormous effort. I sought help, I sought answers - and I found that while dedicated professionals did their very best, there was a gap: a gap in understanding, in accessible knowledge, and in practical guidance for those living through the invisible and often bewildering aftermath of a concussion.

			I began to think. I began to learn and later, I began to read. I began to connect the lived experience of what I was feeling with what researchers and neuroscientists had discovered about the bra​in and its sensory systems. And gradually, something remarkable happened: understanding brought with it a kind of power. Not the power to instantly heal, but the power to participate meaningfully in my own recovery.

			This book is the result of that learning. It is my sincere attempt to share what I discovered - and what I wish I had known much earlier - in a way that is honest, warm, and practically useful. It is written from the heart as much as from the mind.

			Who This Book Is For

			This book is for you - whoever you are and wherever you are in your own story.

			Perhaps you are someone ​who has recently experienced a concussion and feels​ lost in a fog of symptoms, uncertainty, and unanswered questions. Perhaps you are a family member or close friend watching someone you love struggle in ways that are difficult to see and even harder to fully understand. Perhaps you are a curious reader who simply wants to understand more about the extraordinary organ we carry inside our skulls - the brain - and the remarkable sensory systems that depend upon it.

			This book is also written with a deep respect and genuine hope that healthcare professionals, researchers, scientists, and practitioners in fields spanning neurology, physiotherapy, psychology, and sports medicine will find value in its pages. The observations, experiences, and reflections presented here are offered in a spirit of collaboration - as a contribution, however modest, to the continuing and vital work being done to better understand, diagnose, and treat concussions.

			A Note on This Book’s Approach

			I have made every effort to present the information in these pages as clearly and accessibly as possible, without sacrificing accuracy or depth. The brain is a breathtakingly complex organ, and the science surrounding concussions continues to evolve. I am not a neuroscientist or a physician, and I have been careful throughout to draw on established research while also sharing my own story with candor and humility.

			You will find both knowledge and narrative in this book. The science of the brain and sensory systems is explained in terms that I believe anyone can engage with meaningfully. Alongside that, you will find practical rehabilitation approaches - exercises and strategies aimed at helping those recovering from a concussion rebuild their abilities, their confidence, and their quality of life. These are not abstract recommendations; they are grounded in what worked, what challenged me, and what I believe can make a real difference.

			A Word of Gratitude

			The fact that you have chosen to open this book means more to me than I can easily express. For a book to make a difference in the world, it must first be read. You have already taken that step, and for that I am deeply grateful.

			I hope that as you read, you will feel not only informed but also accompanied by someone who has sat in the same uncertainty, asked the same questions, and found that knowledge, patience, and perseverance do make a difference. I wrote this book because I wished it had existed when I needed it most. My deepest hope is that it will be exactly that for you.

			With warmth and sincerity,

			Morten Drewes Pedersen

		


		
			

			C​HAPTER 1:

			H​ow to Use This Book and Approach Your Recovery

			1​.1 Introduction

			What happens when I get a concussion? And what shall I do to recover as fast as possible from my concussion? Those were my key questions: when I got a concussion of the brain and my life turned difficult, and even minor daily activities, which I normally did not even notice making or using energy on, became a huge challenge, if at all possible! 

			This book is about concussions of the brain. After a concussion, life may become challenging. Fortunately for most people, it’s a relatively short period; for a small number, it may be longer. This book presents information about concussions, the brain, and the sensory systems, which I have gathered during my time going through my concussion. Hopefully, it will help you manage your concussion with the (to my knowledge) most appropriate information available at the time of writing this book. For reasons that will be disclosed later, time is of the essence after a concussion. The information presented in this book will enable you to begin your rehabilitation shortly after you obtain medical approval, thereby reducing your recovery time. At the same time, it is my wish that the book will initiate further research and development in concussions and direct better ways to recover from a concussion. To put it more precisely, this book presents the information I would have liked to have read before I got my concussion.

			January 25, 2016, was a Monday morning like any other. However, this Monday morning would, in just a second, radically alter my life. I had an accident on my bike on the way to work because of 5 meters of black ice in a bike lane. Unfortunately for me, this accident became much more challenging and resource-demanding than I had ever imagined in my wildest fantasy. That morning, I got a lecture on how fragile1 life is. I have since had to acknowledge and live my life under very different conditions from normal life, and over a much longer period than I had ever imagined. However, I feel fortunate to be here and to have finally found a way back to a relatively normal life. This book presents what I have learned during my transition back to a normal, everyday life.

			After my accident, I have been examined and treated by several healthcare professionals (including some of the best in Denmark) and other professionals, who consider themselves competent within the diagnosis and treatment of concussions. Unfortunately for me and the others, who have had a concussion and/or still have post-concussion symptoms, there seems to be relatively limited knowledge about concussions and their treatment. Notwithstanding that I have consulted all kinds of experts and was diagnosed as having a concussion, no one was actually able to give me a specific explanation of the two questions: what happens when I get a concussion? And what shall I do to recover as fast as possible from my concussion?

			The neurologist recommended that I gradually return to my normal life and activities, and engage in as many high-intensity pulse exercises as possible once daily. For a very long time, I tried to do both as well as I could. However, I did not have the desired progress even though I faced a tremendous amount of challenges and discomfort.

			I have asked all experts and any other advisers/assistants I met during my concussion to contact me immediately, if/when they or anyone else comes closer to an explanation of what happens when a person gets a concussion and how to recover from a concussion. How many experts do you think have contacted me afterward with further information regarding knowledge on concussions and the treatment thereof?  You have probably already guessed the number: 0.

			However, despite the above, I knew that inside, behind all the adverse symptoms and discomfort, the draining activities, and the disproportionate need for rest and sleep, I was cognitively myself. Despite all the challenges and difficulties I have had during my concussion, I have always felt that I was (reasonably) myself, as much as I could anyway. So, to put it another way, I still had the ability to think and find solutions.

			From the day of my accident and concussion, I also knew that the end goal for me was a full recovery and going back to my normal life with social activities, work, travels, and all the other good things in life, while also maintaining the quality of life as before my accident. My challenge was to find the key(s) to my recovery and how to train myself, my brain, and sensory systems back to a relatively normal condition and functionality as before my accident.

			If you have a challenge, it may help, in most cases, to know what you are fighting against. Knowing your exact challenges makes it (to some extent) possible to plan to overcome them and get through them. I discovered that if I were to find a way back to my normal life and daily activities, I would have to take the responsibility by myself, with my limited resources, to investigate to the best extent possible what I was fighting against (what my challenges were) and then make a plan accordingly for how I should overcome them. The results of my investigation and the following plan have fulfilled their purpose. I am now relatively close to my normal life. In addition, I have written this book about concussions, the brain, and the sensory systems, which I hope will be of value for all those who have had or may have a concussion, as well as to the society, which may save tremendous resources through timely and appropriate information and treatment for people who have been unfortunate enough to get a concussion of the brain.

			How big is the problem with concussions? In Denmark, approximately 25,0002 people have a concussion annually. Of these people, about 90 percent get healthy within 3 months.3 The remaining 10% experience prolonged symptoms, and a small minority never fully return to pre-injury functioning. In the United States, an estimated 1.6 to 3.8 million sport- and recreation-related concussions occur each year.4 Collectively, in the whole world, there are a large number of humans who get a concussion each year. Unfortunately, some of these people require a long time to recover, and some may never return to their normal lives. 

			I’m sharing my concussion recovery experience to:

			
					Help people recover faster by applying hard-won insights

					Spare others my struggles - prolonged disability, diminished quality of life

					Advance research into brain function and concussion treatment

					Educate everyone involved - patients, families, healthcare providers, institutions

					Promote prevention through a better understanding of brain vulnerability

			

			

			What makes this book different: I don’t just describe symptoms. I present information about how the brain and sensory systems work as an integrated unit—because understanding this collaboration enables effective rehabilitation.

			Targeted exercises leverage neuroplasticity: as you recover sensory function, your brain adapts and reorganizes to accommodate improvement. This only works when rehabilitation is guided by a comprehensive understanding of the system, not isolated symptoms.

			Your brain functions as an extraordinarily sophisticated “computer” - though that vastly undersells what it actually is. Understanding how this integrated system works is the foundation for recovery.

			The subject of concussion is enormously complex. The human head, brain, and body are, in themselves and together, enormously complex subjects. To make the sections easier to find and understand, the book will be divided into distinct chapters. However, as the head, brain, the sensory system, and the body and all their parts are connected and are working together, you may feel that certain subjects, observations, and explanations may be repeated. If that happens, I kindly ask for your understanding, as this is intended to make the book easy to understand and to provide the greatest possible value for the subjects presented.

			To present information on concussion and appropriate rehabilitation activities, it is necessary to provide a more general overview of the human head, the brain, the sensory systems, and their contents and functions. The general information provided should help you understand the learning, experiences, and rehabilitation exercise suggestions presented in this book. Hopefully, the general information presented will also help you understand why it is important to be careful and protect the head, brain, and body.

			To fix something that is broken, you may need to know how it is built and how it works. But with the human head, the brain and sensory systems, it may not be an easy task, as nobody actually knows how the brain works and what actually happens when a person gets a concussion. We know that the brain is located in the human head, beneath the skull, and is not directly connected to the outside world. The only way the brain can gather information about the external world is through the sensory organs connected to it, such as vision, hearing, smell, taste, and touch. This book will present information on how the human head, brain, and sensory system are built and how they work together. When combined, the information presented should provide insight into what may happen after a concussion, as well as an appropriate approach to managing the challenges and recovering from it. But to give you an insight into what task the book is trying to achieve, let me explain a bit about the brain: 

			The brain is the manager of each human being. All you think, decide, see, feel, hear, or do is processed in the brain. The brain actually makes each human being very capable. You are able to sing, bike, swim, talk, calculate, feel, love, write, and read. When you then know that the brain is made up of cells, you may wonder: how does each cell function and work together with all the other cells in the brain, and how do each cell and all the cells work together with the sensory systems and the body? These are not easy questions to answer. However, this book will provide insight into how the brain functions and interacts with the sensory systems, to better understand what may happen after a concussion and what a person may do to recover.

			The functionality of your brain is fundamental to the life you live. If you treat your brain well, it will function more effectively and help you make sound decisions for your well-being and overall life. If you treat your brain less well, it may function and think less well, make less appropriate decisions, and your well-being and life may follow the path of those potentially less well-made decisions. Let us aim to develop an understanding that enables us to optimize how our brains function and recover.

			1​.2 Concussions and Post-concussion Symptoms

			T​he following concussions and post-concussion symptoms are subject to this book.

			D​efinition of a concussion

			To present information about what may happen when a person gets a concussion and what a person may do to recover from it, it is essential to define what a concussion is.

			In this book, a concussion is defined as;

			“A concussion, also known as a mild traumatic brain injury (​mTBI), is a head injury that temporarily affects brain functioning. Symptoms may include headache, ​dizziness, difficulty with thinking and concentration, sleep disturbances, a brief period of memory loss, brief loss of consciousness, problems with balance, nausea, blurred vision, and mood changes. A concussion should be suspected if a person indirectly or directly hits their head and experiences any of the symptoms of a concussion (Wikipedia Contributors). Signs and symptoms of a concussion usually occur within minutes to hours of the injury, usually within 72 hours. However, symptoms may be delayed by 1–2 days after the accident.”5

			In addition to the above definition, the mild concussions in this book will mean concussions of the brain with no measurable abnormalities and no physical or visible damage to the head and brain, and no cognitive changes measurable due to the concussion.

			The definition of concussions is broad. There may be many different kinds of concussions, and they may have various levels of symptoms and discomfort.

			

			Even though this book will be for what is categorized as mild concussions, this does not mean that the concussion in itself, its discomfort, and consequences for the unlucky person’s general life and quality of life may be mild. Actually, I hope that my example and this book can be instrumental in making awareness about the fact that even concussions that initially from a medical point of view are initially classified as a mild concussion, not necessarily are mild to the person who has been so unlucky as to get such a classified mild concussion. A so-called mild concussion may also not be mild for the person who got the concussion, family, friends, work, and colleagues.

			For information, the American College of Medicine has, in August 2023, updated their definition of mild traumatic brain injury, which may have an impact on how mild traumatic brain injury (= concussion) may be perceived and diagnosed in the future.6 The new definition of mild traumatic brain injury by the American College of Medicine may be good to know about. However, in this book, mild traumatic brain injury (= concussion) is defined as set out above, as the above-written definition of concussion is in more general and readable wording and thereby appropriate for the purpose of this book.

			Notwithstanding the definition of and focus on mild concussions in this book, I do hope that persons who might have other kinds of concussions and/or challenges with the head, the brain, and/or the sensory systems may benefit from the information presented in this book.

			D​efinition of ​Post-Concussion Syndrome 

			Post-concussion syndrome is defined in this book as;

			“Post-concussion syndrome or (PCS), also known as persisting postconcussive symptoms, is a set of symptoms that may continue for weeks, months, or years after a concussion. PCS is medically classified as a mild traumatic brain injury (TBI or, more specifically, ​mTBI) (Wikipedia Contributors).”7

			The definition of post-concussion syndrome is broad. There may be many different kinds of post-concussion syndromes, and they may have different levels of symptoms and discomfort. For clarity, this book will be for post-concussion syndromes, which are considered mild. The symptoms and discomfort are considered similar to those felt from the concussion itself, as set out above.

			For clarity, post-concussion syndrome and post-concussion symptoms describe the same concussion situation and therefore have the exact same meaning. Both wordings may be used in this book. 

			To make this book easy to read, the term “concussion” will include both the definition above of “Concussion” and “​Post-Concussion Syndrome”.

			1​.3 Medical Examination and Documentation 

			If you should be so unfortunate as to have an accident and have an outer force directly or indirectly hit your head, it is very important that you get an examination done as soon as possible. The medical examination has two purposes: 1) to have an evaluation of your condition and potential concussion and have an updated and appropriate advice on the treatment, if required, and 2) to ensure that you have a medical evaluation and documentation of the event, diagnosis, and recommended treatments from a doctor. It is required that the medical examination be conducted by a doctor, as in many cases (at least in Denmark), a doctor is the only qualified and authorized healthcare professional able to perform and document such an examination.

			In Appendix 1, information is inserted about how to handle a concussion in the initial phases. The information is from Opstrup and Kjær (2019).

			There are several ways to examine the brain after a concussion, as presented in Opstrup and Kjær (2019) and included in Appendix 2.

			1.3.1. Diagnosis and recommended treatment

			The correct diagnosis and recommended treatment are essential to a timely recovery and a return to a normal life. It is therefore required to obtain an appropriate evaluation and diagnosis followed by the recommended treatment. It ​is important to listen to and follow the doctor’s recommendations. In the ideal world, a doctor would be able to both make an accurate diagnosis and recommend an appropriate treatment, enabling you to recover relatively quickly and return to your normal life. 

			1.3.2. Documentation of the event and concussion

			Right after an accident, everybody is very supportive and understanding. Everybody expects you to recover relatively soon and return to your everyday life with family, friends, colleagues, work, and hobbies. Most likely, that​ is also your own expectation – I know it was mine. However, I have to admit that things do not always go as you predict or expect. For one´s own sake, one´s family, employer, insurance, public authorities, and others, it is of material importance that the doctor conducting the initial examination after the accident in detail describes the accident, the diagnosis, the treatment, and any other issues relevant to the concussion and one’s condition and situation. The reason for this requirement is that your medical journal, as written by your doctor, will be the most important document for any future decisions and/or verdicts regarding you and your person in regard to potential treatments, your employer, healthcare insurances, loss of work insurances (hopefully only temporary), accident insurances, and verdicts from any public authorities.

			If you were first evaluated by emergency or urgent care physicians, contact your primary care doctor to ensure they have complete information about the injury, symptoms, and your personal condition and situation. The reason for this is that your own private doctor may be required to assist you in filling out documents about your condition and situation for your employer, the public authorities, and insurance providers, if necessary. As a consequence, it is also very important that your own private doctor carefully describes in your medical journal the accident, the diagnosis, the recommended treatments, and any other important issues in a way that the journal also can be enclosed as documentation for your condition and situation for your employer, public authorities, and any insurance.

			Many are born optimists and believe they will soon return to a normal life. If it does not go as expected, I recommend scheduling an appointment with your own private doctor and arranging regular follow-up visits. The appointments shall be used to evaluate your condition and situation. It is important to follow the prescribed treatment consistently and keep your doctor updated on your condition. The update on your condition and situation shall be documented in your medical journal, if such should be necessary, for example, regarding your employer, public authorities, and any insurance.

			I know from my own experience that it can feel unmanageable to make appointments with your own private doctor and attend consultations. However, I strongly recommend it if you are unfortunate enough to experience the symptoms of your concussion continue. Your employer, public authorities, and insurance companies may only accept your doctor’s written documentation as a valid input about your condition and situation. Even if you have limited resources and already have a full daily rehabilitation routine, I recommend setting aside time to schedule an appointment with your primary care physician.

			​1.4 How to use This Book and Approach Your Recovery

			This book and its content are secondary to examination and advice from healthcare professionals. The rehabilitation exercises presented here should only be used when a medical professional, after careful examination, recommends beginning rehabilitation activities slowly and safely.

			What This Book Offers

			The head, brain, and sensory systems are extraordinarily complex. Concussions affect each person differently, symptoms vary, recovery timelines differ, and what works for one patient may not work for another. There is no single formula for treating a concussion. This book cannot replace medical care, but it can help you:

			
					Understand what may happen during a concussion

					Identify rehabilitation activities suited to your specific challenges

					Make informed decisions with your healthcare team

					Navigate your recovery with greater clarity and confidence

			

			The information presented comes from my personal recovery experience. These are my observations, insights, and the rehabilitation protocols that worked for me. They have not been clinically tested beyond my own case, but they brought me from severe impairment back to nearly full function. I share them in the hope that they will help others facing similar challenges.

			A Note on Sources and Quotations

			To provide maximum value while maintaining professional standards, I have included direct quotations from leading neuroscience texts and medical literature throughout this book. These appear in their original wording because precision matters when you’re making decisions about your brain and health.

			I recognize this makes the book somewhat denser to read. However, I believe accurate, original information is more valuable than simplified paraphrasing when you, your family, and your healthcare providers are evaluating what’s best for your specific situation. The quotes ensure you’re getting information as close to the source as possible, not filtered through my interpretation alone.

			The quotes may be translated to create a book in one language. In cases of translation, this will be followed by a note referencing that the text is translated by me as “MDP”. 

			All quotations are reproduced faithfully from their original sources. Where a quoted passage refers to a figure, chapter, or section from the original work that is not included in this book, this is indicated within the quotation using the notation [figure in original source] or [see original text]. These are editorial additions by the author.

			Important Medical Disclaimer

			The content here represents my best knowledge and experience at the time of writing. However, concussion science continues to evolve. New research may provide a better understanding and more effective treatments than what I describe. Always seek immediate medical attention after a head injury and follow professional medical advice. Use this book as a supplement to medical care, not a replacement for it.

			​This book provides information about how your brain and sensory systems are built, how they function, and how they may be affected by a concussion. Understanding their complexity is vital -  both for your safety and for an optimal recovery. For this reason, the book should be read in full before attempting any of the suggested rehabilitation exercises.

			

			UNDERSTANDING YOUR LIMITED RESOURCES

			Before my concussion, I took daily activities for granted. Reading, driving, using screens, all effortless. After the injury, these required enormous energy or became impossible for a period. Your resources during a concussion may be severely limited. This isn’t weakness; it’s the reality of a concussion.

			The Cost of Improvement

			In my experience, every improvement came at the cost of discomfort. Sometimes immediately during the activity, sometimes delayed, appearing the next day, even when I’d felt fine during the exercise. This taught me a critical lesson: start any new activity at extremely low levels and progress slowly.

			It’s far better to do small rehabilitation exercises daily than to push too hard, crash, and need days of rest to recover. No matter how natural an activity seems or how easily you performed it before injury, BEGIN IN VERY SMALL STEPS AND PREFERABLY VERY SLOWLY. This applies to every suggestion in this book.

			Finding Your Balance Between Activity and Rest

			Recent research shows that gradually and carefully resuming normal activities soon after a concussion supports recovery. With medical clearance, gentle rehabilitation can help rather than harm. But this requires constant monitoring of your condition and strict adherence to medical advice.

			Only you know what you can handle. Listen to your body. Find your personal balance between activity, rehabilitation, and rest. Take frequent breaks. Prioritize sleep. Start exercises in small, gradual steps, and increase only when you can do so without symptom exacerbation.

			

			A Critical Warning About Eye Exercises

			When you begin visual rehabilitation (detailed later in this book), do not train your eyes at distances shorter than 40-45 centimeters (reading distance) unless you have specific medical guidance to do otherwise. Some advisors recommend exercises where the eyes move inward at very close distances. Unless there’s compelling medical justification, do not perform these exercises; they place unnatural strain on the visual system. When the book, in later chapters, uses terms like “at close distance” or similar in relation to the visual sensory system, it will never be closer than 40-45 centimeters to the eyes.

			No Perfect Book Exists

			This is not a comprehensive medical text. Consult medical professionals, read widely, and search for information specific to your symptoms. Use multiple resources to inform your decisions.

			HOW THIS BOOK IS STRUCTURED

			Any challenge can be approached through four questions:

			
					What do we know?

					What can we do?

					What do we want to do?

					What do we actually do?

			

			Only you can answer questions 3 and 4, what you’re able to do and what you ultimately choose to do. But to make informed decisions, you need answers to questions 1 and 2: What is known about concussion, and what rehabilitation options exist?

			This book addresses the first two questions:

			Question 1: What We Know
I present information about the head, brain, and sensory systems, how they function normally, and what may happen when an external force causes a concussion. This foundation explains why certain activities are challenging after injury, and why specific rehabilitation exercises may help.

			Question 2: What We Can Do
I describe rehabilitation exercises based on my observations and experience. These include the challenges you may face and suggestions for appropriate, timely exercises to rebuild your capabilities and return to normal life.

			With this information, you can evaluate your situation with your advisors and decide what’s possible and appropriate for your specific recovery.

			The Reality of Recovery: Work Required

			This is not a miracle book. Reading it won’t heal your concussion. But by understanding the information presented and doing appropriate rehabilitation exercises, you may achieve what feels like a miracle.

			The journey from where I was after my accident to where I am now feels miraculous to me. But I also worked extraordinarily hard. I consistently pushed my boundaries and paid for improvements with perceived discomfort. Miracles happen, but some require relentless effort.

			YOUR APPROACH: MENTAL PREPARATION FOR RECOVERY

			A concussion creates its own challenges beyond physical symptoms. Your mental approach profoundly affects the speed of recovery and the discomfort you’ll experience along the way.

			Taking Responsibility

			You must be mentally prepared to manage your new reality. Understand what recovery requires. I’ll be direct: your mental health and attitude will determine whether you access the solutions and resources necessary to overcome this injury.

			There’s a saying: “The will to will gives the ability to be able.” My recovery was long and demanding. I was fortunate to have been born with a strong will and psychological resilience. But if I could do it, others can too - including you.

			The key steps are clear:

			
					Understand your specific challenges

					Identify appropriate rehabilitation exercises

					Perform them consistently until you recover

			

			Maintaining Positive Attitude

			This sounds simplistic, but it’s fundamental: attitude determines outcome.

			Life includes difficulty and pain. That’s inevitable. But self-pity is self-selected. Stay calm and focused. Be proactive. Keep searching for ways through challenging situations.

			Negative attitudes never produce positive results. No matter what happens, stay positive and work daily toward a better condition and quality of life.

			Listening to Yourself, Not Others

			When you open up about your challenges, well-meaning people will offer advice. Somehow, they’ll claim to know exactly how you feel and exactly what you should do. They mean well. But there’s only one response to all these suggestions:

			Only you know how you feel and what you can handle at any given moment.

			If you haven’t learned this lesson earlier in life, learn it now: Listen to yourself, your head, your body. No matter what anyone else thinks, says, or does - be true to yourself. Take responsibility for your own care. Undertake only the rehabilitation activities that will genuinely help you return to normal life as quickly as possible.

			You are the specialist for yourself and your recovery.

			The Hard Truth About Recovery

			I’ve consulted many specialists about my concussion. I’ve read countless books, articles, and medical resources. Through all this material, a few truths appear universally:

			A concussion does not heal itself. Rest alone does not cure a concussion.

			You must be proactive. Identify rehabilitation activities that address your specific challenges. Perform the necessary exercises until you recover and can return to normal life.

			YOU HAVE THE RESPONSIBILITY for your health - short-term and long-term. Only you can perform the rehabilitation exercises. Only you can manage the discomfort from your decisions and activities. Either you learn to say no to demands that exceed your capacity, or you’ll learn the hard way when discomfort forces you to say no.

			Maintain the mindset that enables you to complete necessary rehabilitation activities. Take time now to reflect on your condition and situation. Acknowledge them honestly. Then make an agreement with yourself: you have this responsibility, you’re ready to take it on, and you’ll handle it with a positive, appropriate attitude toward the challenges, activities, and discomfort you must work through to return to a normal life.

			The “Yes-Hat” and the “No-Hat”

			Before my accident, I rarely said no - personally or professionally. I wore the “yes-hat” constantly. That’s possible and valuable when you’re at 100% physically and mentally. But the yes-hat may prevent your recovery when your condition has changed after a concussion.

			

			Let the yes-hat go for now. Find your no-hat for a time period.

			If activities have become challenging or impossible—no matter how small they seem, no matter what your surroundings think or say—protect your resources for conducting the necessary rehabilitation exercises. To help you manage situations where you feel pressure, I’ll introduce a value system that keeps you focused on yourself, your condition, and your resources.

			THE INNER/​OUTER VALUE SYSTEM

			During the challenging period of concussion recovery, maintaining a positive attitude toward life and surroundings is crucial. This value system helps you approach both.

			The ​Inner Value System

			People guided by an inner value system base their decisions on what they themselves believe is appropriate in each situation. They don’t concern themselves with others’ opinions about themselves or their actions.

			An inner-value person is satisfied with themselves when they follow their own values, use their skills and resources efficiently, and pursue their own personal goals, wishes, and dreams. Put in more direct words, such a person builds on doing the right things in accordance with their own requirements and personal character.

			The Outer Value System

			People guided by an outer value system base their decisions on what they believe others consider appropriate in each situation. They care deeply about what others say about them as people and about their actions.

			For someone with a concussion, the “outer world” can include family, friends, colleagues, employers, public authorities, insurance companies, doctors, and healthcare professionals - a demanding audience.

			An outer-value person is satisfied when they follow values they believe the outer world expects, using their skills to fulfill goals they think others want them to achieve. Put more directly, such a person focuses on doing the right things in accordance with their wishes regarding their personal reputation. I will be very direct. You do not recover from wishes of or by a good reputation.

			Why the ​Inner Value System Matters for Recovery

			Ideally, everyone should live guided by their inner value system. We inhabit a complex world with demanding daily lives, many tasks, and countless relationships. You can only be something for others when you can first be something for yourself.

			This mental clarity becomes even more critical with a concussion. A concussion may reduce your competencies and resources so severely that you must focus solely on your own needs and requirements for a period. Your rehabilitation activities will be determined by what’s necessary to return you to a normal, good-quality life.

			Your understanding and compliance with the inner value system are essential for recovery.

			You may need to explain this principle firmly to those around you to ensure a quick recovery. You may need to focus almost exclusively on your own needs during rehabilitation. Your surroundings must understand and respect this. If they don’t, your recovery may take longer.

			If you don’t completely understand this principle and the difference between inner and outer value systems - if you can’t explain it clearly to your surroundings - read this section again. It’s that important.

			

			MANAGING LIFE BEFORE AND AFTER CONCUSSION

			A concussion may change your life fundamentally in seconds. Living with a concussion may differ completely from normal life with normal concerns. When you struggle to read text, look at screens, or even answer your phone because you can’t look at it, your challenges become profoundly serious.

			As you’ll see throughout this book, recovery requires energy and resources. My best life advice applies perfectly here: You never know what will happen. Be ready for whatever comes.

			Creating a “Self-Going” Life

			If possible, and preferably before a concussion, establish your life to function with minimal resources. Make it as self-going as possible, meaning normal daily activities and routines are handled automatically without requiring your constant energy and attention.

			When life runs smoothly in the background, you can enjoy life and direct resources toward what truly matters. If a concussion strikes, you won’t face the additional burden of managing life’s logistics while cognitively impaired.

			Examples of a self-going life:

			
					Strong, supportive relationships (partner, family, friends)

					Good work environment and colleagues

					No ongoing conflicts requiring emotional energy

					Simple, manageable home

					Automated bill payment systems

					Minimal or no debt

					Financial stability, ideally independence

					Generally, a life structure that could function even if you have a concussion tomorrow

			

			

			The Privilege of Preparation

			I can say from experience: recovery was challenging enough with a relatively self-going life already in place. I was fortunate to be naturally structured and proactive, which helped tremendously during the concussion.

			Do yourself a favor: Reflect on how you manage time and resources. If improvements could make your life more self-going and free up energy, make those changes immediately. Don’t wait.

			I can promise you this: If you’re unlucky enough to have a concussion, you’ll be profoundly grateful for every proactive, structured preparation you made beforehand.

			MOVING FORWARD

			With this understanding of how to use this book, your limited resources, the importance of mental approach, and the value system that protects your recovery, you’re prepared to engage with the neuroscience foundation and rehabilitation protocols that follow.

			Remember: You are responsible. You have the capacity. And with proper information, appropriate exercises, and unwavering commitment, you can recover.

			Let’s begin.
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			​CHAPTER 2:

			​The head and its brain

			In order to be able to give some suggestions on what may happen when a person gets a concussion? And what may a person do to recover from a concussion? It may be appropriate to present information about the head and the brain. The presentation of the head’s anatomy will be relatively brief and limited to what is considered relevant to the subject of this book and to understand it.

			One key takeaway from this book is the importance of the head to your well-being and quality of life. The book will also show you how the head is assembled and how complex it is. The head is so complicated that just a minor external direct or indirect force hitting the head may result in a concussion, which may disrupt the head and its components and functionalities out of balance. Such an imbalance in the head’s components and functions may result in an immediate, fundamental change in a person’s life and quality of life for a period. As you read the following sections, note how many parts the head has, how complex the head is built, and how many data and functions the head and brain manage. Many of these functions are managed without you even knowing. After reading the following sections, I hope you will have a greater understanding and respect for your head and brain. I also hope that you have an understanding of why a concussion of the brain may give some kind of challenges and discomfort, if the brain and its functions get out of balance.

			Before presenting the parts of the head that are relevant for concussions and post- concussion symptoms, here is a short presentation of what the head actually is; 

			From an anatomical perspective, the head is the part of the human body that contains the mouth, brain, and sensory organs for vision, smell, hearing, and taste. The contents of the human head are protected by bones that have fused to form the skull, which is connected to the spine. The front of the head is called the face. There are many muscles in the head that control the sensory organs, the mouth, and facial expressions. The human head weighs about 5 kg on average. The head is balanced on the neck and throat, where muscles are responsible for head movement and keeping the head in its correct position and balanced on the spine.

			The head, and especially the brain, is complex in itself. The head itself has several sensory organs that constantly feed the brain information and experiences. As an example, your eyes, as soon as you wake up and open your eyes, constantly send input to your brain about where you are and what happens around you. Likewise, both your ears will constantly send auditory input to your brain, whether you are awake or asleep, which your brain evaluates to determine whether to react and, if so, how. Likewise, your nose constantly sends smell input to your brain, whether you’re asleep or awake. In addition to being complex, your head and brain constantly receive input from the rest of your body. It will be information from your complex nervous system, skin, and ​connective tissue, as well as from your inner organs, including blood pressure, hormone levels, whether you are hungry, and whether you need to urinate. The head and brain are, with all their functions and tasks, extremely important for you and your ability to live a good and hopefully happy life.

			​2.1 The brain

			​Introduction to the brain

			In order to get an understanding of the human brain, let us begin with an overview of the brain as presented by Frisby and Stone (2010);

			“The human brain is an immensely complicated structure which sits tightly inside its protective skull. The brain´s overall appearance is similar to that of grayish pink blancmange with a wrinkled skin, and its consistency is about that of a stiff blancmange, or of tofu. Somehow this superficially unimpressive blob, this pudding, mediates such complex processes as thinking, remembering, feeling, talking, walking, and seeing. The cells in the brain that carry out the information processing tasks required for these activities are called neurons. There are about 1011 neurons in the brain (1011 =100,000,000,000 = 100 billion; unpacking this number in this way may help you appreciate the very large number of neurons in the brain). As might be expected, the mysteries of brain function far outweigh the items of certain knowledge at the present time, even with regard to something as basic as knowing what task different brain components are doing.”8

			As indicated above, the brain is a complex structure that functions like a sophisticated computer, managing the body’s functions. The brain keeps us awake, able to perceive, feel, and move, and to do all kinds of things, like speak, sing, calculate, play music, play sports, and much more. But what is the brain actually made of, and how does it work? These will be among the issues presented in the following sections. The brain and how it functions are broad topics. So, before we present information about the brain and its functions, we need to set the scope for this presentation.

			

			Limits in the presentation about the brain to what is relevant for a concussion 

			This book will focus on how the brain is built and how it functions with respect to the intake and processing of sensory input, which is relevant to concussions. The aim is to provide a glimpse of recent research findings on how the brain functions and interfaces with the sensory systems. The information will hopefully bring us closer to information about what may happen when a person gets a concussion. And what may a person ​do to recover from a concussion?.

			The information presented on the brain in this book will be limited to material that provides value regarding concussions and their potential treatment. But let us begin by presenting information about the brain.

			2.1.1 How the brain is built

			To better understand how the brain and sensory systems work, we begin by outlining the brain’s structure and function. In later chapters, we will examine how relevant sensory systems are built and how they work together with the brain. But for now, let us focus on the brain itself.

			“The brain of an adult weighs about 1300 grams and consists of billions of nerve cells, whose connecting wires establish a complicated network. In these networks, nerve impulses are continuously exc​hanged, incoming nerve impulses from the sensory organs are analyzed, and new nerve impulses are generated in order to stimulate the muscles and glands of the body.”9 

			“The brain is the nerve system’s main computer, which handles the input from the sensory systems, controls the body’s functions, and is the base for conscious awareness and volitional actions. The brain is thus the highest-ranking organ in the nervous system, which makes it possible for the individual to go beyond reflexive ways of acting and instincts generated in lower-level parts of the ​central nervous system. The human well-developed brain is the biological foundation for our mental and intellectual processes, as certain brain areas throughout human development in history have specialized in conducting memory processes, language, conscious sensory, higher thinking processes, and volitional actions.”10

			“The brain is made of millions of nerve cells. Altogether, they manage thoughts, emotions, behavior, and movements, and handle all the input from the sensory systems, which we receive from outside and the body itself. It is impulses like sensory input, sound, taste, smell, and touch. The communication in the nerve system is so fast that a touch of something painful, like a hot pot, immediately results in a reaction, where you pull your hand towards you.”11

			“Some signals are sent to the brain to be handled by the brain. It could, as an example, be an answer to a question. Other signals result directly in a response before the brain has had a chance to process the input. The last we call a reflex. The touch of the hot pot is an example of this.”12

			We now have an overall understanding of how the brain functions. But let us look more into how the brain is built and structured.

			“THREE METAPHORICAL (BUT NOT LITERAL) LAYERS

			We start by considering the brain’s macroorganization, using a model proposed in the 1960s by the neuroscientist Paul MacLean (note 113). His “triune brain” model conceptualizes the brain as having three functional domains.

			Layer 1: An ancient part of the brain, at its base, found in species from humans to geckos. This layer mediates automatic, regulatory functions. If body temperature drops, this brain region senses it and commands the muscles to shiver. If an inj​ury occurs, a different loop initiates a stress response.

			Layer 2: A more recently evolved region that has expanded in mammals. MacLean conceptualized this layer as being about emotions, somewhat a mammalian invention. If you see something gruesome and terrifying, this layer sends commands down to ancient layer 1, making you shiver with emotion. If you’re feeling sadly unloved, regions here prompt layer 1 to generate a craving for comfort food. If you´re a rodent and smell a cat, neurons here cause layer 1 to initiate a stress response.

			Layer 3: The recently evolved layer of the ​neocortex, sitting on the upper surface of the brain. Proportionately, primates devote more of their brain to this layer than do other species. Cognition, memory storage, sensory processing, abstractions, philosophy, and naval contemplation. Read a scary passage of a book, and layer 3 signals layer 2 to make you feel frightened, prompting layer 1 to initiate shivering.“14

			The above is an overall presentation of the brain – its layers, its individual functions, and how each layer collaborates with the others, together functioning as one human brain. 

			A direct or indirect hit on the head may result in different kinds of effects in the brain. In principle, all layers of the brain presented may be influenced by direct or indirect effects of an external force. 

			

			In my case, the concussion to a large extent was related to challenges with the brain and the sensory systems, and especially the visual sensory system. In the following sections, this book will focus on the sensory systems and their collaboration with layer 3 of the ​neocortex. As a result, the information presented about the brain in the coming sections will, to a larger extent, be about the ​neocortex - layer 3. However, other brain layers and functions may be included in the presentation if appropriate for concussions. 

			Structure and function

			To help readers understand the brain’s structure and functions, this section presents information that is relevant to concussions.

			“The brain is divided into 2 hemispheres, the left and the right. While in constant communication, the left and right hemispheres are responsible for different behaviors, known as brain lateralization. The left hemisphere is more dominant in language, logic, and math. The right hemisphere is more creative and dominant in artistic and musical situations, and in intuition.

			Cerebral Cortex

			The cerebral cortex is the outermost layer that surrounds the brain. It is composed of ​gray matter and filled with billions of neurons to conduct high-level executive functions. The cortex divides into 4 lobes: fro​ntal, parietal, occipital, and temporal, by different sulci.

			​Frontal lobe

			The ​Frontal lobe, located anterior to the central sulcus, is responsible for voluntary motor function, problem-solving, attention, memory, and language. It also contains the ​motor cortex and the Broca area. The ​motor cortex enables precise voluntary movements of our skeletal muscles, while the Broca area controls motor functions involved in language production.

			​Parietal lobe

			The parietal lobe is separated from the ​occipital lobe by the parieto-occipital sulcus and is behind the central sulcus. It is responsible for processing sensory information and contains the ​somatosensory cortex. Neurons in the parietal lobe receive information from sensory and proprioceptors throughout the body, process the information, and form an understanding of what is being touched based on previous knowledge.

			 Occipital lobe

			The ​occipital lobe, the visual processing center, contains the visual cortex. Like the parietal lobe, it receives information from the ​retina and then uses past visual experiences to interpret and recognize stimuli.

			Temporal lobe

			The ​temporal lobe processes auditory stimuli through the ​auditory cortex. Sound energy activates ​mechanoreceptors located in the ​hair cells lining the cochlea, sending impulses to the ​auditory cortex. The impulse is processed and stored based on previous experiences. The Wernicke area is in the ​temporal lobe and functions in speech comprehension.

			Basal Nuclei

			The basal nuclei, also known as basal ganglia, are located deep within the cerebral ​white matter and comprise the caudate nucleus, putamen, and globus pallidus. These structures form the pallidum and striatum. The basal ganglia are responsible for muscle movements and coordination.

			

			Thalamus 

			The ​thalamus is the brain´s relay center. It receives afferent impulses from sensory receptors throughout the body and processes the information for distribution to appropriate cortical areas. It is also responsible for regulating consciousness and sleep.

			​Hypothalamus

			While the hypothalamus is one of the smallest parts of the brain, it is vital to maintaining homeostasis15. The hypothalamus connects the CNS16 to the endocrine system. It is responsible for heart rate, blood pressure, appetite, thirst, temperature, and the release of various hormones. The hypothalamus also communicates with the pituitary gland to release or inhibit antidiuretic hormone, corticotropin-releasing hormone, gonadotropin-releasing hormone, growth hormone-releasing hormone, prolactin-inhibiting hormone, thyroid-releasing hormone, oxytocin.”17

			“Pons

			The ​pons are found in the ​brainstem and connect the ​medulla oblongata and the ​thalamus. It comprises tracts responsible for relaying impulses from the ​motor cortex to the ​cerebellum, ​medulla, and ​thalamus.”18

			

			“Cerebellum

			The ​cerebellum, known as the little brain, is responsible for smooth, coordinated voluntary movements. It is subdivided into anterior and flocculonodular lobes. The ​cerebellum contains a cerebellar circuit, using Purkinje cells and cerebellar peduncles to communicate with other brain parts. The superior cerebellar peduncle is composed of ​white matter that connects the ​cerebellum to the ​midbrain and allows arm and leg coordination. The inferior cerebellar peduncle connects the ​medulla and ​cerebellum using proprioceptors to maintain balance and posture. Lastly, the middle cerebellar peduncle is a one-way communication method from the ​pons to the ​cerebellum. It mostly comprises afferent fibers that alert the ​cerebellum about voluntary motor actions. The ​cerebellum communicates constantly with the cerebral cortex,  taking higher-level instructions about the brain´s intentions, processing them through the cerebellar cortex, and then sending messages to the cerebral ​motor cortex to make voluntary muscle contractions. These contractions are calculated to determine the force, direction, and momentum necessary to ensure each contraction is smooth and coordinated.”19

			“Spinal Cord

			The spinal cord proper extends from the foramen magnum of the skull to the first or second lumbar vertebrae. It creates a 2-way pathway between the brain and the body and is divided into 4 regions: cervical, thoracic, lumbar, and sacral. These regions are divided into 31 segments with 31 pairs of spinal nerves. There are 8 cervical nerves, 12 thoracic nerves, 5 lumbar nerves, and 1 coccygeal nerve. Each nerve exits the vertebral column, passing through the intervertebral foramina to its designated location in the body.”20

			With this overall presentation of the brain parts and their functionalities, the book will continue the presentation of the brain.

			[image: ]

			Figure 1 Realistic brain anatomy scheme with internal structure vector illustration.21

			The ​neocortex – the layer 3 part of the brain

			The ​neocortex is the part of the brain that collaborates with the sensory systems. It is therefore appropriate to include some more information about the ​neocortex - layer 3, in our presentation of the brain.

			

			“Time to add the cortex. As noted, this is the brain´s upper surface (its name comes from the Latin cortex, meaning “tree bark”) and is the newer part of the brain.

			The cortex is the gleaming, logical, analytical crown jewel of layer 3. Most sensory information flows there to be decoded. It´s where muscles are commanded to move, where language is comprehended and produced, where memories are stored, where spatial and mathematical skills reside, where executive decisions are made.”22

			“Cerebellum and the ​brainstem

			The ​brainstem is the brain’s connection to the spinal cord and the rest of the body. Damage here results in signals that are received or sent out from the brain may be disturbed or hindered, depending on the extent of the damage. The ​brainstem also controls some life-necessary functions such as the heart, breathing, and blood pressure. The ​brainstem is also important for sleep.”23

			“The ​cerebellum is placed just behind the cerebrum, below the Occipital lobe. It is important for the coordination of the input from the vision and audio impression with the muscles and movements. Cerebellum is also important for balance.”24

			The above sections have presented information on the functions and connections of the ​neocortex and ​cerebellum to the sensory system. The brain is part of the nervous system, and the next section will present information about it.

			2.1.2 The nervous system

			We have now presented an overview of the brain. To gain clearer insight into how the brain is positioned and functions in the human body, it is important to recognize that the brain is part of the nervous system.

			“The nervous system is divided into the ​central nervous system (CNS) and the ​peripheral nervous system. The CNS includes the brain and spinal cord. While the ​peripheral nervous system consists of everything else. The CNS´s responsibilities include receiving, processing, and responding to sensory information (see Image. Peripheral and ​central nervous system) [image in original source] .

			The brain is an organ of nervous tissue responsible for responses, sensation, movement, emotions, communication, thought processing, and memory. The skull, ​meninges, and cerebrospinal protects the human brain. Nervous tissue is extremely delicate and can be damaged by even the slightest amount of force. In addition, the brain has a ​blood-brain barrier that prevents the brain from any harmful substance floating in the blood.

			The spinal cord is a vital component of the CNS, located within the vertebral column. Its purpose is to send motor commands from the brain to the ​peripheral nervous system and to relay sensory information from sensory organs to the brain.”25

			The ​peripheral nervous system

			“The ​peripheral nervous system functions as the brain’s connection to the body. One example is when you drive a car. If the car in front of you suddenly brakes, a signal will go through your eyes and into the brain telling you that the car in front of you is stopping. The brain will then send a signal to the muscles in your feet, which will tense, so the feet can put pressure on the brake pedal, and your car will stop. The signal from your brain goes very fast and ensures that such an action may be done within a fraction of a second.”26

			Understanding the nervous system and its functions is important for understanding the​ brain and concussions. The above information provides an overview of the central and peripheral nervous systems. It is now clear that the brain is part of the ​central nervous system. It was also made visible that the ​central nervous system’s (the brain’s) responsibilities include receiving, processing, and responding to sensory information. However, before we delve further into the brain and how it receives, processes, and responds to sensory input, it may be appropriate to present information on the ​autonomic nervous system and its role in human well-being. The ​autonomic nervous system plays an important role in balancing rehabilitation activities with restitution and reloading, as presented later in this book. 

			The ​autonomic nervous system

			“The 

			
			
			

			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
					”Dendrites” are receiving incoming signals from other nerve cells,

					“Axons” send signals from the cell body to other cells.

			

			
			
			

			
			
			
			
			
			
			

			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			

			
			
			
			
			
			
			
			
			
			
			
			
			

			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			

			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			

			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			

			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			

			
			
			
			

			
			
			
			
			
			
			
			
			
			
			

			
			
			
			
			
			
			
			

			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
					“But what we do with our eyes moulds our brains and guides their development”, and

					“This finding – that brain plasticity is triggered by changes in the eye in response to visual stimulation – is a powerful demonstration of our core thesis that the brain and mental activity cannot be understood in isolation from the body.”

			

			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
					Neurons get more selective with training, as the receptive field of each neuron gets smaller. Overall, the map becomes more precise, and you can be very precise if trained to do so.

					As neurons are trained and become more efficient, they can process faster. This means that the speed at which we think is itself plastic.

					With training, neurons not only fire faster but, because they do, their signals become clearer, and they wire together more, forming groups of neurons that produce clearer, more powerful signals.

					Paying close attention is essential to long-term plastic change. By maintaining a focused approach and using your brain effectively, you will form stronger, faster connections and become better and better at it.
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