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To Ferdinand, my muse.


To every person living with pain, 
and the brave army of healthcare providers who treat them: 
You are not alone. This book is dedicated to you.
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Ask not what disease the person has, 
but rather what person the disease has.


—Dr. William Osler





There are two ways of spreading light: 
to be the candle, or the mirror that reflects it.


—Edith Wharton


















Foreword


I know pain.


As a neurosurgeon for the past fifty years, I’ve served as faculty at Yale University School of Medicine and New York Medical College, written and lectured extensively about pain, and treated thousands of patients. I myself have required surgery for my own pain. But my approach to medicine has had a very unique trajectory.


As a young medical student at Beth Abraham Hospital, my mentor was a junior doctor unknown to me—and, at that time, unknown to the public—named Dr. Oliver Sacks. He became my teacher and friend and, ultimately, an acclaimed author and world-renowned speaker. My training with him turned out to be one of the most remarkable experiences of my medical education. His books continue to exemplify his singular approach to medicine.


With great patience and an abundance of joy, Dr. Sacks explored the inner lives, struggles, and triumphs of his patients. Each patient had a unique story. That story was the window that revealed the missing clues—and to open that window was to treat the patient as a whole person. Reading Dr. Zoffness’s book, I thought again of Dr. Sacks and his work. This book similarly transforms stories about pain into stories about people.


While most books about pain address the pain of a specific body part or offer “easy cures,” Tell Me Where It Hurts stands out as unique. Here, for the first time, is a book that brilliantly integrates pain neuroscience with the individual. It is evidence-based, thoroughly researched, readily accessible, and easily understood.


Dr. Zoffness is a highly skilled, respected clinician who has mastery of the vast, complicated topic of pain. She is also the consummate educator. On every page, I felt that she was speaking to me. Like the patients in her book, I felt that she understood my pain story, my unique history. She allowed me to finally understand the science of my own pain and the many factors that influence it.


I urge you to read this important book. In it, you will discover your own pain story—and, perhaps for the first time, experience the window opening, and find those missing clues revealed.


—Jack Stern, MD, PhD, associate professor of neurosurgery at New York Medical College, former faculty at Yale University School of Medicine and Weill Cornell School of Medicine, author of Ending Back Pain













Introduction and Welcome


I started studying pain for one main reason: I was scared of it.


At Brown University, I majored in Human Biology Brain and Behavior—a combination of neuroscience, psychology, and biology—and wrote my honors thesis on pain science under the tutelage of a renowned pain neuroscientist. My hope was that by understanding pain, my fear would fade. Over time, it actually did. But something unexpected also happened.


The more I learned, the more alarmed I became by how wrong we’ve been about pain—how little we’re told about how it really works, how abysmally we treat it, and how dire the consequences. Because the truth about pain is that it is eminently understandable—and also treatable.


My name is Rachel Zoffness. I’m a pain scientist, pain psychologist, and faculty at the UCSF School of Medicine. I also teach the next generation of medical doctors at Stanford University. I trained at Brown, Columbia, the University of California San Diego, Rockefeller University, and Mount Sinai Hospital. I’ve served on the boards of America’s leading pain organizations, consult on the development of pain management programs around the world, and give trainings for physicians at hospitals across the US.


When I finally opened my private practice dedicated to treating people living with pain, most of my patients had been deemed “untreatable medical mysteries.” They’d tried every medication and intervention under the sun. But as we worked together, I watched as the seemingly impossible happened: One by one, they got out of bed and went back to life. You will read some of their anonymized stories in this book. How could this possibly be? I wondered. I am not a magician. What was different about my approach that helped my patients heal?


You will find those answers here—and more.


My deepest hope is that you glean something from these pages that helps you on your journey—whether you’re someone living with pain, someone who treats it, a lover of science, or simply love someone who’s suffering. Science offers incredible wisdom and promise, and there is so much hope to be found here. Join me as we completely revolutionize everything you’ve been told, and sold, about pain. I look forward to seeing you on the other side.
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Pain Isn’t What You Think It Is
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Everything You’ve Been Told About Pain Is Wrong


Migraines, Two Proms, and a Haircut


When I first met Sam, he’d been bedridden for four years. His skin was pasty and pale, his hair long and unwashed. He walked hunched over, his arms locked around his abdomen. When he sat on my couch, he rocked himself back and forth, his face contorted with pain. He’d been diagnosed with amplified body pain of unknown etiology and chronic migraine that caused daily, crippling headaches. Sam was so incapacitated that he’d had to drop work, study, exercise, and socializing, his life stripped down to the studs. He’d seen fourteen doctors and been on forty medications. Nothing had worked. In truth, that didn’t particularly surprise me; I saw cases like this all the time. What surprised me was his age.


Sam was only sixteen years old.


Unable to attend school since seventh grade, Sam had fallen behind socially and academically, and was now completely disconnected from his community. He had no friends, no life, and no hope. After I gave a talk on pain science at a San Francisco hospital, Sam’s mother approached me. Her eyes were frantic. “Please,” she begged, desperate. “You have to help my son.” They’d tried everything, she said; all other treatments had failed, and they were out of options. I wanted to help, but wondered if I could: If a top-tier hospital hadn’t cured him, could I…? But I was the last stop on the train. How could I refuse?


I’ve been studying pain neuroscience, human biology, and clinical psychology for decades. But despite my science background, I actually think of myself as a pain detective. By the time a patient finds me, they’re typically in Sam’s position—exhausted, demoralized, and desperate for the pain to end. They’ve seen dozens of doctors and specialists, taken cabinets-ful of medication, and have been assigned an assortment of diagnoses. It’s my job to examine all the clues and figure out what’s really going on—the full constellation of factors triggering and perpetuating the pain, and what I need to do to treat it. I told Sam that I could help him if he was willing to trust me and try the medicine I was offering, even though—for the first time in his life—it wasn’t a pill.


The first step was to establish rapport and dig for clues. A shy, private teenager, Sam was understandably hesitant to let me into his world. He gave one-word answers, shifting uncomfortably and looking at the floor. So instead of asking personal questions, I inquired about his hobbies. He loved two things, he said: soccer and reading. I told him that I’d been a shy child who loved books, too. The following week, Sam surprised me by bringing his favorite book for me to read, Ready Player One. I consumed it in a matter of days. We spent our next visit talking about the book, why he loved it, and his favorite characters—all of whom were lonely and socially isolated. It seemed telling. Slowly, we developed a relationship. He eventually disclosed that he’d been struggling with crippling social anxiety, depression, and suicidality for years—but that this had somehow been discarded by his team as unrelated to his pain, and thus left untreated. His body hurt; what could emotions possibly have to do with it?


Once my investigation was complete and I had a fuller picture of his life, family, stressors, triggers, and goals, we began treatment. The first step was teaching him the science of how pain works and how to heal. This required doing the careful dance I always do: helping him connect physical symptoms with emotional health without inadvertently conveying the message that the pain was “all in his head.” It wasn’t; it never is. But this connection carries the built-in suggestion that a patient is “faking” or “mentally ill,” a stigma that’s as poisonous as it is pervasive. It is therefore something I always explicitly address.


After we discussed my approach to treatment, we began the action phase: helping Sam get out of bed and back to life, one tiny step at a time. Each week, I taught Sam some techniques to reduce his pain and manage his symptoms, and sent him home with a small task.


Week 1, he stood on his porch in the sun. Week 2, he walked to the corner mailbox. Week 3, he walked around the block and texted one friend. Week 4, he took his dog to the dog park and talked to a few strangers. Pain flared, then receded. Sam, his parents, and I discussed Sam’s sleep and diet, and crafted a plan to help him alter his lifestyle. He stopped staying up until 4 a.m. playing videogames, set his alarm in the morning, and introduced fruits and vegetables into his largely bread-and-pasta diet. He tracked his progress on his phone, and each week had something promising to report: a new friend at the dog park, a reconnection with his former soccer coach, a pain-free walk.


Slowly, slowly, the physical, cognitive, and social activity began to change his brain. The more Sam did, the more he realized he could do. He began jogging—just a few minutes at first, stopping to rest when pain flared—and then a mile a day. As his anxiety, isolation, and depression abated, so did his pain. After two months, Sam was strong enough to get a tutor. He cracked open his math textbook and started catching up in school. He walked to the barber and got his first haircut in four years. He got glasses to ease eyestrain, and bought some new clothes. You should have seen the pride on Sam’s face the day he showed up at my office wearing new sneakers, a new backpack, and an enormous grin. He was a teenager transformed. Sam spent the entire session excitedly showing off his books, pencil case, and school schedule.


When Sam finally returned to high school—fitter, stronger, healthier—he was asked to prom by not one girl, but two. He said yes to both. On the day of his graduation, Sam got onstage—this teen formerly paralyzed by anxiety, hopelessness, and pain—and announced that if you’d told him four years ago that he’d be graduating from high school, he’d never have believed you.


Sam’s neurologist, an established physician who serves on the board of multiple prestigious medical journals, was baffled by his remarkable progress, calling it “a miracle.” “What magic purple pill did you give that kid?” he asked incredulously. When I explained that treatment hadn’t been a pill, but had instead targeted Sam’s emotional and social pain in addition to the physical, he accused me of “stigmatizing” Sam. He argued that anxiety and depression had nothing to do with migraine, and stopped referring patients to me—even though he’d been treating Sam with pills and procedures for four years without any improvement.


I. The Painful Truth


Pain by the Numbers


Sam’s story, while extreme, is a classic example of how we continue to mistreat pain—and the reason we continue to suffer.


Pain is part of the human condition. Not a single one of us will escape. Pain is coming for all of us, if it hasn’t already—in the form of an injury, the pain of childbirth, back pain, or simply inhabiting an aging body. Many of us are managing pain right now; after all, pain is a symptom of nearly every known disease and illness. In fact, approximately 1.9 billion people around the globe currently live with chronic pain, 100 million in the US alone.1 Should these numbers seem high, think again—by most accounts, these are likely underestimates. Pain is ubiquitous, notoriously difficult to measure, and commonly treated as a symptom of other underlying conditions like arthritis, cancer, or migraine. Moreover, these numbers don’t include those affected by acute, short-term pain; people living in long-term care facilities; adults in the military; or incarcerated individuals. An immense financial burden, pain costs the US over $635 billion annually in medical costs and lost work productivity. And while you might assume chronic pain is reserved for the elderly, it impacts children, too: pediatric chronic pain, which includes common conditions like headaches and stomachaches, affects one in three children. An equal opportunist, pain impacts all genders, all races, and all cultures around the world. No one is exempt.


Our Treatments Don’t Work


Given how common pain is, it’s remarkable how terrible we are at treating it. Over the past several decades, a glaring disparity has emerged between pain prevalence and pain management: simply put, our treatments don’t work. Rather than decreasing, chronic pain is on the rise—affecting more people today than cancer, heart disease, and diabetes combined.2 Pain remains the number one reason for doctor’s visits. Meanwhile, thousands die annually of overdoses on opioids, the pain pill of choice, which is still prescribed for everything from a toothache to low back pain. Yet despite the fact that the pharmaceutical industry is finally being taken to task to the tune of more than $50 billion in reparations and payouts for false advertising, this hasn’t solved our pain problem.


It’s not just medications that fall short. Attempts to cut, burn, ablate, inject, and excise pain are similarly rife with failure. Take back pain, for example. One of the most common types of chronic pain, it affects up to 85 percent of the American population. Back surgery is one of the most recommended and popular solutions. But this procedure is so frequently unsuccessful that failed attempts have earned their own formal medical diagnosis: failed back surgery syndrome. Medicine now openly acknowledges that back surgeries aren’t the best solution for chronic back pain. In fact, they’re no better than nonsurgical interventions—and are perversely associated with increased disability and long-term opioid use.3


Medical devices like spinal cord stimulators, implants that deliver electrical impulses to the spinal cord, fare no better, proving no more effective than placebo and carrying significant risk of harm.4 Surgery-as-pain-cure for other painful conditions is equally as questionable: the Journal of Pain Research reports that chronic pain strikes up to 60 percent of patients after common operations.


Yet somehow, amid the disasters and the desperation, the treatment of pain remains a mystery—despite the fact that it doesn’t need to be.



The Miseducation of Pain Medicine


One of the primary reasons pain continues to be misunderstood and mistreated is that the vast majority of us are never taught how pain works. Through no fault of our own, we aren’t getting the pain education we need. Alarmingly, this includes the majority of healthcare providers across disciplines, including medicine, nursing, physical therapy, and occupational therapy. A recent survey reveals that 96 percent of medical schools in the US have zero dedicated, compulsory pain education.5 Healthcare providers in other disciplines, like nursing and psychology, receive even less. That’s not to mention patients—that is, the rest of us. We get none.


The select medical schools that do offer pain education commit fewer than five hours to the subject over four-plus years of medical training, relegating the subject to brief lectures and seminars.6 Pain is typically a subtopic folded into courses such as anesthesia or pharmacology, rather than offered as a stand-alone, multidisciplinary course. When pain is taught, the focus is primarily, if not exclusively, on anatomy and physiology—the study of basic body parts and their functions.7 Lest we mistakenly conclude that this reductive focus is restricted to medicine alone, it’s also true of pain education across other healthcare disciplines, including physical therapy and chiropractic schools, which popularly assert that “the issue is in the tissues.”


(Spoiler alert: It isn’t.)


My own research confirms the same. Surveys of my students, medical residents and fellows at Stanford and University of California San Francisco—doctors who have already completed four years of medical school—reveal that they received little to no pain education over the course of their training.8 The pain science class I teach, most report, is the first they’ve been offered.


To be clear, this isn’t the fault of our healthcare providers. Across disciplines, providers have been clamoring for better pain education for years. Indeed, when primary care doctors are formally surveyed, 82 percent rate their medical school pain education as frustratingly insufficient. And two-thirds of our doctors—people who chose medicine so that they might help and heal—report that their education didn’t adequately prepare them to treat chronic pain, leaving them feeling underprepared, burned out, and overwhelmed.


If pain science is rarely taught and is therefore rarely understood, it is suddenly much less mysterious why we don’t seem to know how to treat it. As someone who either has pain now or will someday, this should concern you.


A lot.


The Blessing and Burden of Biomedicine


That adequate pain education is lacking across healthcare isn’t news. For over a decade, this has been cited by experts as one of the primary barriers to effective pain treatment, and has even been referred to as a “crisis.”9 One of the reasons for this crisis is that our understanding of pain remains firmly rooted in the past.


The long-outdated biomedical model, upon which modern pain medicine rests, dates back to before 400 BCE. It is so old that it significantly predates Descartes, a philosopher who separated the mind from the body much like a cart uncoupled from its horse. This ancient conceptualization of human health is strictly concerned with anatomy and physiology, telescopically focusing on the body part that hurts rather than the whole person. Pain is thus blamed exclusively on injuries, posture, misalignment, “asymmetry,” strains, and slipped discs.


Regardless of what ails you, you have likely been told the same.


Despite major advances in science and medicine revealing that pain is a complex neurobiological event impacted by thoughts, emotions, social health, and even our environment, pain continues to be incorrectly framed as a purely biomedical problem that requires a purely biomedical solution: that is, pills and procedures.10 And when scans and tests reveal no physical abnormality, disease, or damage, patients are instructed to simply take painkillers and rest—or, worse, told the pain is “all in their heads.” This overly simplistic paradigm stubbornly and dangerously ignores other well-established drivers of pain, including social, emotional, and environmental factors. By neglecting these, our prevailing model of health ultimately prevents appropriate care, hurting more than it helps.


The truth is that we know better. That pain is multifactorial—not just biological—is a scientific fact backed by many decades of research. I will spend the rest of this book proving it to you. Still, for a variety of reasons, many to do with our profit-driven healthcare system, pain medicine remains rooted in the antiquated biomedical model. We continue to be treated as disconnected body parts, despite being housed in one hyperconnected body.


The costs of this misguided approach make for grim reading. The United States now holds the dubious distinction of being one of the world’s leading opioid prescribers. While we make up only 4.6 percent of the world’s population, we have historically consumed over 80 percent of the world’s opioid supply.i According to the US Centers for Disease Control, opioid-related deaths increased by 4,250 percent between 1979 and 2015. These deaths overlap with our pain crisis: More people in the US die from prescription opioid overdoses than from cocaine and heroin combined. And while our culture frequently stigmatizes heroin users as “addicts” and “mentally ill,” 80 percent tragically report that their first opioid was a prescription pill.11 What we’ve done to people living with pain—people like you and me—is no less than criminal.


This is not to disparage biomedicine, which has generated lifesaving solutions where before there were none. Biomedicine is the reason we have penicillin, vaccines, and drugs to fight cancer; the reason we have prosthetic limbs and heart transplants; and the reason we can now live until one hundred. But when it comes to pain, we miss the big picture when we focus solely on bones, bruises, and body parts. Because neuroscience reveals that our brains matter, too—as do the environments we grow up in, the thoughts we think, and the foods we eat.


Driven by a broken healthcare system, the influence of Big Pharma, and poor pain education, pain medicine continues to fail patients and providers alike. Meanwhile, the discrepancy between the problem pain clearly presents, and the time we invest in teaching and treating it, continues to widen.


II. But We Can Fix It


Now for the good news. And there’s a lot of it.


Thanks to recent advances in neuroscience and medicine, we now understand pain better than ever before. And with this knowledge comes a better understanding of how to heal. The true treatment of chronic pain isn’t a magic pill, and it isn’t a quick fix. But it also isn’t a mystery.


We now know that pain is both more complex, and yet simpler and more intuitive, than we ever realized. At the crux of it are three major truths that fundamentally alter the landscape of pain medicine. The first is our concept of where pain is made. Tempting as it is to believe that pain is made exclusively by the body part that hurts, that isn’t actually true. Rather, pain is constructed by the brain. This includes the parts of our brain that make emotions. In fact, research confirms that emotions are a critical part of the pain experience, constantly adjusting pain volume. This means pain—all pain—is always both physical and emotional. We all know this intuitively, having seen how our bodies ache more during times of stress and duress, how we can briefly forget about our pain when absorbed in a beloved activity, and how depression actually hurts.


The second important consequence of relocating pain is that neuroscience offers a walloping dollop of optimism. Studies reveal that the brain is “plastic,” or ever-changing. The term for this is neuroplasticity, and it means that our brain cells have the ability to change the way they connect and communicate in response to new information. Each time you memorize a new route to work, for example, or rehearse a piece of music, the pathways in your brain rewire, creating new neural networks. In this way, brain structure and function constantly change throughout our lives with input, time, and experience. In fact, the brain continues to morph and change every day until the day we die. This is hopeful, encouraging news for people living with pain—because if the brain can change, pain can change. This is a mantra worth repeating.


The third crucial update to our understanding of pain requires finally abandoning the antiquated, outdated biomedical model. Pain, it turns out, is never just about bulging discs, broken bones, or bruised body parts. Rather, research shows that pain is biopsychosocial.12,13,14,15,16,17 This means there are three equally important domains of human health that contribute to pain production (and reduction!): biological, psychological, and sociological. Counterintuitive as it may seem, thousands upon thousands of studies confirm that stress, trauma, mental health, social health, loneliness, lifestyle, and environment impact the pain we feel just as much as any broken bone. Our short-sighted focus on the “bio” alone means we’ve been missing two-thirds of the pain problem.


Not surprisingly, these domains of health are all interconnected. Changing one element invariably affects the others. For example, changes in emotions like stress and anxiety (psychology) alter brain chemistry, hormone levels, muscle tension, and immune functioning (biology). Sleep and exercise (biology) fundamentally change our mood (psychology) and ability to work, function, and socialize (sociology). Sociological factors, like environment, lifestyle, diet, and social support, alter our hormones and brain chemistry (biology) as well as our thoughts and emotions (psychology). In fact, these three domains of health—biological, psychological, and sociological—constantly interact in endless feedback loops, each one influencing the others.


While injury and illness clearly matter—and they matter a lot—they simply aren’t the full story when it comes to pain. Neuroscience confirms that all information matters to the brain when it’s deciding whether or not to make pain, and how much. We’ll soon see how this works on a more granular level, peering into the brain and body to get a closer look. But the conclusion here is as obvious as it is profound. Since pain is produced by a combination of biopsychosocial factors, treatment must be biopsychosocial, too.


When it comes to chronic pain, it is insufficient to just treat the back, to focus only on the knee. As healthcare providers, we aren’t doing our job if we only write prescriptions or just recommend surgeries. And as patients, we do ourselves a massive disservice if we accept this limited, reductionist treatment plan. In order to effectively treat our pain, we must focus on our emotional health, social health, and environmental health, too.


Treatments That Work


I promised good news, and there is more of it.


Not only do we know the truth about pain, but we also know how to treat it.


Over the past decade, we’ve found that biopsychosocial treatments targeting biological and psychosocial factors are the most effective and comprehensive—significantly more so than medications alone.18,19,20 They also turn out to be more economical, reducing the cost of treatment and shortening our suffering.21 These interdisciplinary programs include a variety of “nonpharmacological” interventions—frustratingly and unhelpfully defined by the thing that they aren’t, rather than the thing that they are. (Surprising to no one, the long, sticky arms of Big Pharma have polluted even our treatment descriptions.) These treatments sit upon mountains of research, have abundant evidence of effectiveness, and are gaining momentum in medicine.


Unfortunately, many of these biopsychosocial protocols have been marginalized as “alternative” or “complementary,” and are consequently plagued by stigma and misunderstanding. To clear up any lingering confusion, these interventions are neither alternative nor complementary: They are simply medicine. But despite the evidence, treatments like the ones I’ll introduce in this book are often overlooked, omitted, or flat-out rejected. There are many reasons for this, including the erroneous belief that they target only mental health, not physical; a scarcity of trained and available providers; little to no reimbursement by insurance companies (which will gleefully reimburse as many expensive surgeries as you’re willing to tolerate, but often not a single psychotherapy session); doctors’ reluctance to refer to these treatments due to pervasive cultural skepticism; and rejection by patients, who feel stigmatized, dismissed, and invisible.


Ironically, despite the stigma and misunderstanding that prevent their use, these treatments address the parts of the recipe that are often ignored: the things we think and feel, how often we move, the quality of our diet and sleep, the communities we surround ourselves with, even our trauma histories. Not surprisingly, the very same factors that interact to make pain also contribute to healing it. Targeting these factors, in turn, change our biology—not just our psychology—to ultimately change the pain we feel.


Confirmation at the Top


Neither the pain crisis nor the opioid epidemic will change until pain education and clinical practice catch up with science. Until we start expanding treatments to include emotional, social, and environmental health, we will remain stuck. The evidence for this revised approach is now so overwhelming, so universally accepted, that governing bodies and policymakers at the highest levels are clamoring for change—all pushing for a move toward biopsychosocial approaches, and away from surgeries and medications alone.ii Despite the fact that it’s rarely implemented, the updated, now-standard recommendation for chronic pain is to apply effective nonpharmacological treatments first, before potentially addictive medications.22


As it is said in medicine: first, do no harm.


But pain medicine isn’t changing where it matters most: in our homes, hospitals, doctors’ offices, and pain clinics. As long as Big Pharma has a multibillion-dollar budget with which to prey on our ignorance and sell us the idea that pain is purely physical, we’ll continue trying to solve pain with a pill.


Whether you’ve come to this book because you’re tired of treatments that don’t work, because you fear your pain has no end, because you’re a provider experiencing burnout, or simply because you inhabit an aging body, welcome. We are about to turn pain medicine on its head.


Regardless of what you may have been told—that chronic pain is “untreatable”; that there’s only one solution, and it comes in the form of a pill; that pain has no known cause and therefore no known cure—there is hope. Healing is possible, and this book will provide a clear road map. Tell Me Where It Hurts is rooted in the most recent neuroscience, evidence, and research. It approaches pain from a completely unique perspective, describing the science of how our emotions, perceptions, and environment impact the pain we feel just as much as any injury. It describes the role of anxiety, depression, and trauma in pain; outlines where our current treatments fail; and offers an optimistic path forward. It bridges the gap between medicine and psychology, physical and emotional, to get to the heart of understanding and treating pain.


Because understanding pain—really understanding it—changes lives. It changed Sam’s, and it has changed mine.


I hope it will also change yours.


Footnotes


i These numbers vary depending upon who you ask. A more recent report from 2021 notes that “the United States has less than 5% of the world’s population but consumed roughly 30% of the world’s opioids in 2009, including more than 99% of the world’s hydrocodone and 80% of the world’s oxycodone.” Sources: Duff, J. (2021). Consumption of Prescription Opioids for Pain (Congressional Research Service). Manchikanti, L. & Singh, A. (2008). Therapeutic opioids: A ten-year perspective on the complexities and complications of the escalating use, abuse, and nonmedical use of opioids. Pain Physician, 11(2S), S63.


ii Governing bodies advocating for biopsychosocial approaches to pain include the National Institutes of Health, Centers for Disease Control, International Association for the Study of Pain (the largest and most influential pain science organization in the world), Institute of Medicine, Association of American Medical Colleges, Joint Commission for hospitals, and many others.
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The Real Science of Pain


HOW PAIN WORKS AND WHY WE HAVE IT


The Fastest Man Alive


Chances are high you’ve heard of Usain Bolt, otherwise known as “Lightning Bolt.”


He is the fastest man alive.


A sprinter, Bolt astonished stadiums of stunned spectators when he broke multiple world records at the 2008 and 2016 Olympics. His body is an exquisite, finely tuned running machine. Bolt doesn’t just run: He flies. Jaw clenched, sweat dripping, his feet barely seem to touch the ground. His speed is not an illusion: Bolt currently holds the world record in the 100-meter, 200-meter, and 4×100-meter races. He has earned nine Olympic Gold medals. He is known to be one of the most naturally gifted athletes on the planet, and the greatest sprinter of all time.


Usain Bolt also lives with a serious health condition. It is called scoliosis.


Scoliosis, a progressive condition in which a patient’s spine inexplicably, alarmingly curves, has been known to result in impaired movement, compressed organs, difficulty breathing, and debilitating chronic pain. At its most severe, it can be life-threatening. Scoliosis is typically corrected with a back brace, surgery, or both, the pain managed with medications. Shockingly, Bolt’s spine is so twisted that his body is asymmetrical—his right leg is half an inch shorter than his left. Researchers who have studied Bolt’s seemingly impossible biomechanics have determined that, as a result of his spinal pathology, his left leg remains on the ground 14 percent longer than his right when he runs, and strikes the ground with a completely different degree of force.






[image: Usain Bolt poses on a track, with a flag around his neck.]

Usain Bolt, fastest man alive. 
Credit: Kyodo news via Getty Images
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Scoliosis X-ray. 
Credit: iStock.com/oceandigital








One might reasonably think, given the degree of structural damage to Bolt’s spine, the unevenness of his hips and legs, and the way these affect his stride, that he would be in tremendous pain. Indeed, this is the lie we’ve been sold: that damage and pain are one and the same. In fact, had young Usain seen a different doctor, he may have been told that he’d never walk normally… let alone run.


However, this elite athlete instead reports that his back “doesn’t really bother him,” commenting that he doesn’t have much pain.1 In fact, Bolt’s spinal issues have impeded him so little that they remain uncorrected.2 Even more astonishing, doctors believe that, rather than encumbering him, Bolt’s abnormal gait and asymmetry are the very things that help him run faster.3


It is, of course, true that bones can break, muscles sprain, joints swell, and tendons tear. It is true that spines can twist and warp. And it’s true that these things require attention and care. But while body parts may get damaged, that’s not where PAIN lives.


If the myths we’ve been sold about pain were true—if tissue damage and the anatomical abnormalities found on back scans were the sole source of pain—Usain never would’ve been able to streak across our screens like a blistering bolt of lightning. He never would’ve stood atop an Olympic podium, powerful muscles shining, adorned with medals and a Jamaican flag, proudly waving to admiring crowds. Instead, he would be immobilized, disabled by pain, relegated to a hospital bed—watching the Olympic Games on TV, like the rest of us mere mortals.


It’s time to scrap everything you’ve been told—to rewrite every myth you’ve been sold. Because pain is so much more than what we’ve been led to believe. To have any chance of effectively treating it, we must peel back its layers and examine its nuances.


To do that, let’s begin at the beginning: with a visit to your doctor.



The Mismeasure of Pain


If you’ve ever been to a doctor’s office or hospital, you’re likely familiar with our current method of assessing pain. It looks something like this:
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This illustration is typically accompanied by a question: “On a scale of 0 to 10, how much pain are you in?”


Some have suggested that this scale is inadequate and invalidating, epically failing to capture the pain experience. As someone who confronts this scale daily, I find it problematic, too. Here’s my interpretation of what these faces actually seem to convey:i,4




0. I’m so excited that it’s summer vacation!


2. I like going to the zoo.


4. What do you mean you ate all the popcorn?


6. I can’t believe it’s going to rain on my birthday; that’s so disappointing.


8. My favorite show was canceled? How terrible.


10. The end of the movie Titanic is so sad!





Emojis aside, this basic scale begs some basic questions. For example, what does a 10 on the pain scale actually mean? Is it being bitten by a shark, a root canal, pushing an eight-pound baby out of a five-inch birth canal? What’s the difference between a 9 and a 10 anyway, does anyone really know…? Why is my broken leg a 9 and yours a 5? It generates more nuanced questions, too: Does a 4 accurately represent my suffering if I’ve had pain for twelve years across twelve body parts, and how does that compare to a brief 10 in one body part? If my 8 temporarily drops to a 4 when you distract me and make me laugh, does it require any less attention?


Science agrees with our skepticism. Pain is never composed of a single quality that varies only by intensity. Nor is it fixed, objective, or even linear. While it’s useful to gather this data about real-time pain intensity, pain is subjective and contextual, constantly changing as our mood, environment, and bodies change. Neither are these ratings correlated with, nor predictive of, how well we’re able to function or what we’re able to accomplish. Take two people with an identical pain rating, and one might be game to wrangle a steer while the other might be couch-bound. And because pain is relative, there’s no one correct way to assign—let alone interpret—these numbers. In fact, there is no such thing as an “objective” measure of pain.


But we don’t just get pain assessments wrong. Perhaps the reason we fail to accurately measure pain is because we’ve failed to meaningfully, and accurately, define it.


The first question I ask my patients—people who have been in pain for years without relief—is: “Has anyone ever explained pain to you?”


To date, not a single person has ever said yes.


Let’s end that now.


What You Don’t Know Will Hurt You: Pain Science 101


Despite the fact that pain is a ubiquitous human experience, affecting all of us at some point in our lives, basic definitions of pain are astonishingly inconsistent, changing depending upon whom you ask. Your physical therapist is likely to give you one answer; your physician another; your psychologist another; your mother, another. This is true even within medicine, driving the different solutions we prescribe: A surgeon evaluating an abnormal back scan may believe pain is due to a structural abnormality, something to be excised with a scalpel. An anesthesiologist may prescribe medications to solve your pain problem. A chiropractor is likely to blame misalignment and recommend an adjustment. And a psychotherapist is prone to focus exclusively on emotional pain. As with most things, the truth lies somewhere in the middle: All factors contribute. This is why an accurate, universal definition of pain is so critical—our treatment recommendations are contingent upon our understanding of the issue at hand.


The official definition of pain hasn’t evolved much over the past forty-five years. This definition, established by the International Association for the Study of Pain, the leading global authority on the study and treatment of pain, is “an unpleasant sensory and emotional experience associated with, or resembling that associated with, actual or potential tissue damage.”ii,5 This definition is critically important, because it reveals that while pain is in part defined by sensory characteristics—for example, location, duration, quality, intensity—it is also always emotional.


And then, it is much more.


Pain is our body’s warning system, a process triggered by actual or potential danger. It can be triggered by an injury, an illness, or—as we will soon see—our bodies being out of balance. Perhaps most importantly, pain is an interpretation—our brain’s best guesstimate based on all available information as to what’s happening and what’s to come, a predictive process meant to save our lives. An evolutionary response to perceived threat, pain is protective: an alarm that grabs our attention, motivates us to change our behavior, and buys us time to heal.


Pain is also a teacher, training our brain to learn from past mistakes and avoid dangerous situations in the future. Pain is the reason we pull our hand from that hot stove, stop running on a twisted ankle, and go to the dentist to get that rotting tooth pulled. Simply put, pain saves our lives. People born with a dysfunctional pain system and feel little pain, despite how luxurious that may sound, don’t live very long.


But not all pain is created equal. Temporary, short-term pain, called acute pain, is the type we’re most familiar with. Acute pain is typically the result of an injury or illness, and is defined as pain in any body part lasting three months or less. Common examples are a skinned knee, a broken bone, the pain of childbirth, and muscle pain from the flu. Acute pain also describes new, unexpected pain: a sudden stomachache after eating spoiled food, the abrupt pain of muscle fibers torn during a workout, the full-body pain of a spiking fever. The quality of acute pain is often as important, and as informative, as its location. For example, intense, stabbing abdominal pain can indicate a ruptured appendix, while tingling, electric pain can indicate nerve damage, and red-hot, throbbing pain can indicate an infection. In acute, emergent situations like these, it’s important to pay attention to these danger messages—to stop activity, seek help, and rest. This lifesaving instinct gives our bodies an opportunity to heal.


If pain persists for three months or longer, or beyond expected healing time, it is called chronic pain.iii This time stamp is arbitrary; in truth, chronic pain has no agreed-upon definition beyond “pain that endures.” Like acute pain, chronic pain can appear anywhere in the body—head, pelvis, back, jaw. Unlike acute pain, chronic pain does not serve an adaptive purpose. Rather, it is a sign of a signaling system gone awry, an alarm sounding in the absence of danger. Like every system in the human body, the pain system can malfunction, too. Rather than facilitating survival, chronic pain can instead interfere with life and functioning. In fact, as we will soon see, chronic pain has less to do with the body part that hurts and more to do with changes to our brain and nervous system.


But chronic pain isn’t simply pain that lasts longer. Neuroscience suggests that chronic pain actually works differently, involving biological mechanisms that are distinct from acute pain. Because of this, chronic pain is considered a disease process in its own right. Chronic pain can be linked to a specific condition, such as migraine, sickle cell disease, or cancer, or it may have no known etiology or cause. Pain that isn’t connected to any known structural damage or disease is also called idiopathic pain. Interestingly, research suggests that a large proportion of chronic pain is idiopathic6—yet another clue that we’ve been looking for the source of our pain in all the wrong places.


Pain and the Brain: The New Neuroscience of Pain


It’s easy to believe that pain lives exclusively in the part that hurts—our bad back, our aching knee. Indeed, this is what we’ve all been told.


But neuroscience confirms this isn’t true. One of the reasons we know this is because of a condition called phantom limb pain, wherein someone loses a limb—an arm or a leg—but continues to feel terrible pain in the missing body part. The fact that we can have terrible leg pain in a leg that is no longer attached to our body tells us that pain can’t possibly be constructed by the leg alone. Because if pain lived exclusively in the body, no limb should mean no pain. Pain must therefore be constructed somewhere else, and neuroscience reveals that this somewhere else is the brain.


And while we may all learn this eventually, no one knew this better than Mateo.



The Phantom Hand


Mateo, a shy, quiet twelve-year-old, was still in the hospital when his medical team called me. “I’ve never seen anything like it,” said his surgeon. “No amount of pain medication is helping. Can you get him in?”


Six weeks earlier, Mateo’s friend had found a firecracker in his parents’ garage. He brought it to the park, where the middle schoolers excitedly gathered in a circle. Mateo and his friend lit some matches. The firework had a long fuse, so the children assumed they had ample time to toss it in the air and run before it went off, as they’d seen in cartoons. Instead, it detonated instantly. The blast seared the skin on Mateo’s face, blew a hole in his eardrum, and burned his cornea. It also took off his left hand. Bleeding and unconscious, Mateo was airlifted to the nearest hospital. A police officer called his mother to tell her that Mateo might not make it.


Thanks to his amazing medical team, Mateo did make it. But his left hand and forearm were irreparable, and the doctors had to amputate below the elbow. After surgery, the pain was excruciating. Neither opioids nor any other pain medications helped.


Within days of leaving the hospital, Mateo and his parents arrived at my office. Quiet and self-conscious, Mateo was a wisp of a child who wore an oversized sweatshirt that swallowed him whole. Mateo answered all questions with a nod or shake of his head, averting his eyes and sucking nervously on his sleeve. He seemed to want to disappear. His father mercifully stepped in and described how the accident had completely transformed his son.


A previously cheerful sixth grader who loved tree climbing, football, and adventuring, Mateo was finding it difficult to adjust to his injuries. He couldn’t bathe himself or open a door, let alone climb a tree. He couldn’t stop thinking about the accident or the other kids who’d gotten hurt. He felt guilty, wondering how much of it had been his fault. Mateo was too traumatized to sleep alone, and had reverted to sleeping in his parents’ bed. He had terrible nightmares. Some nights, his father disclosed quietly, Mateo even wet the bed. On the few occasions Mateo did leave the house, he wore an oversized sweatshirt with long sleeves to hide his missing arm.


Mateo was also in terrible pain. But it was the strangest kind: The pain emanated from his left hand, the one that had been amputated. When asked to describe it, Mateo said it felt like there was a “ghost hand” still attached to his body, a hand that ached and spasmed. He had no fingers, but sometimes it felt like his fingers were cramping. It was confusing and alarming: How could he possibly have pain in a hand that was no longer there?


I gently explained to Mateo that he was right—he wasn’t feeling pain in his hand at all. Instead, I told him, there’s a map of our entire body that lives in our brain called the homunculus. When a limb is suddenly lost, it can take time for the homunculus and the rest of the nervous system to update and register the change. As a result, amputees sometimes continue to feel sensations in the missing body part, referred to as a “phantom limb.” Some people, for example, report feeling like a missing hand is gesturing, pointing, or even like it’s picking something up. Up to 80 percent of people with a phantom limb experience pain in this missing body part, a phenomenon known as phantom pain. Phantom pain is due to a variety of factors, including failure of the brain to recalibrate, damage at the injury site, and a nervous system stuck in alarm mode.


Mateo understood, but the information fell flat. It was just science, and it didn’t dim his suffering. As the weeks wore on, Mateo withdrew, dropped out of school, and slept all day. He barely spoke or left the house. The grief, misery, and pain threatened to consume him.


He needed help, and fast. I called a local occupational therapist, a specialist who helps people regain function and independence after an injury. Together, we started Mateo on a course of mirror therapy—a neurorehabilitation technique that relies on the power of neuroplasticity to remap the brain and reduce pain. In this treatment, a mirror is placed between a patient’s healthy limb and the affected one such that they cannot see their affected limb. The mirror reflects the healthy limb, creating a visual illusion of two strong, functioning arms: one real, the other a reflection. Patients then engage in movement-and-touch exercises while watching the reflection of the healthy limb in the mirror. This illusion feeds visual, motor, and sensory data back to the brain, which perceives the amputated limb behaving normally. With time and repetition, these new neural inputs stimulate neuroplasticity—helping the brain update with new information, and recognize that danger messages are no longer needed.


For Mateo, watching his missing left hand—which was really just a reflection of his right—flex and pick up objects was as satisfying and empowering as it was bizarre. The “muscle spasms” in his phantom hand disappeared within weeks. After three months of treatment with me and his occupational therapist, the pain began to gradually abate, too. That a treatment targeting his brain could actually heal pain was a revelation for Mateo and his family. We celebrated his remarkable progress.


But our joy was premature. Something was wrong. While Mateo’s pain was less, he continued to be despondent and withdrawn, a shadow of the vibrant child he’d been before. He was barely eating, and wouldn’t go to school. Mateo clearly needed more than just mirrors: He needed an antidote to the guilt and the shame. He needed to know he wasn’t alone. He needed to know he could still live a full life, that his dreams hadn’t died. This would require hope, motivation, and resilience in large quantities. It was an extremely tall order.


Luckily, I knew just the guy.


Emmett the Explorer, a famous archaeologist, was an old friend from graduate school who excavated massive dinosaur bones from forgotten caves around the world. He’d become a global phenomenon when a local TV network picked up his adventures. But four years ago, after a terrible accident on a dig site, one of Emmett’s legs had to be amputated. Like Mateo, Emmett had initially experienced terrible phantom pain. Upon meeting with medical experts, he discovered that targeting his brain—not just his leg—was key to his relief. Emmett sought out various ways to heal, including mirror therapy. It took months of hard work, but in time, Emmett’s phantom pain slowly receded. Today, he is again exploring, adventuring, and enjoying a rich, full life.


Mateo loved adventure shows, and had even watched episodes of Emmett’s series filmed prior to Emmett’s accident. What Mateo didn’t know was that Emmett was now also an amputee. When I told him about Emmett’s lost limb, phantom pain, and subsequent adventures, Mateo was stunned. Over the next few days, he binged all of Emmett’s new episodes, watching wide-eyed as Emmett rappelled out of helicopters into overgrown jungles with one leg. He watched as Emmett, unafraid, climbed, swam, and hiked using a robotic limb. He watched as Emmett unashamedly pulled off his prosthesis, in full view of camera and crew, revealing his stump. In session, Mateo excitedly recounted Emmett’s adventures. It was forward momentum, and I wanted to harness it.


I called Emmett and asked for a favor. He agreed to meet with Mateo and me the following week via video. On the day of the meeting, Mateo was visibly nervous. But when Emmett’s familiar face flashed across the screen, Mateo’s eyes filled with delight. Brimming with confidence, Emmett held up his stump for Mateo to see. Mateo shyly rolled up his sleeve and showed Emmett his. Emmett told Mateo about the phantom leg pain he’d experienced, and how it had gone away. He proudly showed Mateo his prosthetic, robotic leg, detailing all the things he could do with it. Mateo would love having a robotic arm, Emmett said enthusiastically, explaining that he could use it for everything from football to fishing. “Watch out world,” boomed Emmett with a conspiratorial grin. “We’ll both be bionic!”


After that, things started changing—and fast. After months of resistance, Mateo finally agreed to get fitted for a prosthetic arm. I’d been teaching him strategies to manage pain and gain control of his body, and he was using them. When asked, Mateo said that meeting Emmett, following his pain protocol, and coming to treatment were transformative. As Mateo’s physical, emotional, and social health improved, I told him, it was very likely that his brain—and his pain—would continue improving, too.


I was working in my office a few weeks later when Mateo’s father called to say there’d been a visible change in his son. After months of precipitous weight loss, Mateo had finally started eating again. He was using his prosthetic arm to dress and open doors, and had asked his father to help him climb a tree. He was brighter, happier. Mateo was finally returning to himself and the activities he used to love. He’d even asked to go back to school. His father’s voice crested with joy. Mateo still had a long journey ahead, but his improvement was palpable. “There’s been another big change, too,” his father said. “But I can’t tell you. You’ll have to see for yourself.”


When Mateo returned to session the following week, his oversized sweatshirt was gone. Instead, he wore a plain T-shirt, his arms and remaining hand in full view. I complimented his bravery and asked what had changed. Mateo sat tucked into the couch—small, quiet. He thought for a moment, then pulled himself up to his full height and said: “Well, if Emmett isn’t afraid to show his leg, I’m not afraid to show my hand.”


His face shone with hope and promise. His incredulous parents later remarked that Mateo had gone from a child who believed he could do nothing… to a child who believed he could do anything.
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Mateo’s story opens the door to the fascinating neuroscience of pain. As we begin our journey, the first thing to know is this: There is no one single “pain center” in the brain. Rather, pain is a diffuse neurological process constructed by multiple parts of our nervous system. This includes the prefrontal cortex, the foremost part of the brain, which helps direct attention, make decisions, and assemble predictions; the somatosensory cortex, which processes sensory information from the body like touch, pressure, and proprioception (the location of your body in space); an area of the midbrain called the periaqueductal gray, a structure involved in stress and pain modulation located deep in the center of our brain; and a collection of brain sites historically known as the limbic system, a critical part of our emotion machinery. Limbic structures include the amygdala, famous for its role in fear, threat, and emotion processing, and the hippocampus, which stores memories of past pain experiences and connects these to emotions.7,8 An important gateway, the spinal cord acts like a bouncer, gating and regulating sensory information from our tissues up to the brain—called bottom-up pain processing—and from the brain back down to the periphery, known as top-down processing.


PARTS OF THE BRAIN THAT MAKE PAIN
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At its most basic, the human nervous system consists of two interconnected parts: the central nervous system (CNS)—brain and spinal cord—and the peripheral nervous system (PNS), the network of nerves running through the rest of our body, which connects everything from our toes to our nose. Together, the CNS and PNS collect and interpret all available information from inside us and around us. The brain, our body’s prediction machine, then decides how to respond based on all available data: Is there an emergency, or is this a false alarm? If there is danger, how significant is it? What behaviors need to change in order for us to stay safe?


This data matters a lot to our pain system, our body’s danger-detection system. If the brain assesses all of this collective data and determines our body is in danger, it makes pain to protect us. Our appraisal of the situation—whether we believe we’re in danger or not—is a critical determinant of the pain we feel. Because it’s useful to understand the basic biomechanics of how this works, here’s a quick and painless (pun intended!) breakdown.


Say you’re in the kitchen chopping vegetables with a sharp knife when you accidentally slice the palm of your hand. This activates sensory receptors called nociceptors: specialized cells in our skin, organs, muscles, bones, and joints that collect information from the world around us and inside of us. Nociceptors detect changes and extremes in pressure, touch, temperature, chemicals, and tension.iv These cells derive their name from the Latin word nocere, which means “to harm.”


The warning messages they generate, which communicate potential danger, are transmitted via chemical and electrical messages from your hand to your spinal cord, in concert with a host of immunological, hormonal, and other changes in the body that respond to damage. In the spinal cord, a rapid withdrawal reflex is initiated that requires no conscious thought or decision-making. This helps us avoid and minimize potential damage: For example, you quickly and instinctively drop the knife and pull your hand away. This protective mechanism is adaptive, saving time in an emergency—imagine if you had to sit down and filter through all your options in the face of every imminent danger? We might bleed to death while we pondered.


This process of detecting and reflexively responding to potential damage is called nociception. Nearly all animals, even those with simple nervous systems, including jellyfish and fruit flies, experience it. Nociception is sometimes accompanied by automatic, autonomic bodily responses like sweating, rapid heart rate, changes in blood pressure, lightheadedness, and even fainting.


However, this experience is not yet pain. While it’s possible to experience tissue damage without awareness, there’s only one organ in the human body that enables us to consciously perceive and interpret sensations and experiences: our brain. It’s therefore only when these messages reach the brain that they become the experience we know as pain.9 The brain evaluates data from our environment (cooking in the kitchen), prior knowledge (sharp knives are dangerous), memories of past experiences (previous injuries from sharp objects), input gathered via the five senses (lacerated skin, blood on the counter), and emotions (panic!), among other things. Multiple brain sites now work together to reach a conclusion about what’s happening and how to respond. For example, rather than continuing to cook, we might get bandages, call for help, or go to the hospital. The brain also sends information and instructions back down to the body via the spinal cord, accompanied by a host of immunological, musculoskeletal, chemical, hormonal, and nervous system changes.


Indeed, a story like this one—a story about blood, breaks, and bruises—is a classic example of what we think of when we think of pain. But the truth is that this barely scratches the surface. If pain were a simple matter of skin and senses, someone with a back like Bolt’s would never reach superhuman speeds, or achieve impossible feats of strength.


Like all good stories, there’s much more to this one.


Hurt and Harm Are Not the Same


Most of us believe that pain is caused by an old running injury, a herniated disc, or years of terrible posture. However, while these factors can contribute to pain, they aren’t actually the cause. That’s not to say that damage can’t cause pain: As we just saw in the kitchen, it most assuredly can, and decidedly does. It just doesn’t fully explain the pain we feel, nor is it ever the sole driver.


This revelation is at the heart of understanding the true science of pain, and opens the door to other crucial truths, too. One of the most important is that “hurt,” or pain, and “harm,” or physical damage, are not the same.10 They commonly co-occur—but they don’t always. Pain can occur in the absence of damage, and damage can occur in the absence of pain.


We don’t need an Olympian to demonstrate this point, although Bolt handily helps. We’ve experienced it ourselves many times. Those black-and-blue marks you discovered in the shower, but had no idea how they got there? Evidence of crushed capillaries and blood vessels, without accompanying pain. And that time you played a stunning basketball game, only to discover afterward that your leg was covered in blood…? A perfect example of harm, or damage, minus the hurt. This is a common experience for athletes, who regularly report discovering blood and bruises only after the game is over—even though the injury occurred hours before. Cognitive, emotional, and contextual factors like excitement, distraction, and lack of conscious awareness can keep pain at bay. And the opposite can also occur, as you’ll soon see: hurt without harm.


What explains this strange disconnect?


The Meaning of the Message: Context Matters


Across cultures, certain painful experiences are considered normal—even enjoyable. Consider the ones you’ve deliberately sought out in your lifetime: tattoos and painful piercings; eating spicy, hot foods until our mouths burn and our eyes water; childbirth, which we do again and again, no matter how painful; grueling workouts that cause days of soreness; contact sports like boxing and martial arts; 26-mile marathons; and rough play during sex, like spanking or biting. The titillating subject of bestselling books like Fifty Shades of Grey, BDSM—which stands for bondage, dominance/discipline, sadism/submission, and masochism—isn’t technically “freaky” or uncommon, but is rather reportedly enjoyed in some form or another by one in three Americans.11


We seek out emotional pain, too: the thrill of scary movies, the terror of gravity-defying roller coasters, and that time you watched The Notebook simply because you needed a “good cry.” Not to be ignored, there are also those who engage in self-harming behaviors, like cutting, because it provides, for them, physical and emotional relief.


Are people who enjoy muscle soreness, spicy food, and spicy sex abnormal or genetically flawed? The answer is no—not even a little. Pain may be biological, but it is also contextual. This is why an experience that feels painful and miserable to you can feel deliciously gratifying to someone else, even when the sensory input—and tissue damage—are exactly the same. And an experience that may feel unpleasant in one context can feel good in another, even to you, even on the same day. For example, a rough massage from a trained therapist in a serene environment can feel good, while those very same sensations might feel agonizing during an assault. And a squeeze on the neck during sex with a trusted partner might feel exciting and erotic, while that same injury sustained during a mugging might feel violent, and violating.


Because pain is a guesstimate—our brain’s best assessment of whether our body requires protection—context is critically important.12,13 “Context” refers to the sum total of all available information from our internal and external environment from which our brain makes meaning and predictions in any given moment. External contextual cues include where we are, who we’re with, and what’s happening around us. Internal contextual data from our bodies include expectations and beliefs, the meaning we assign to sensations, how we’re feeling emotionally, and prior knowledge. These internal inputs, in turn, then influence how we perceive and react to the external world—further shaping our experiences.


The impact of context on pain is all around us, punctuating our everyday lives. For example, if you stub your toe on the day you get fired, it will feel substantially worse than that very same injury sustained on a relaxing Sunday at the beach with friends. Memories of a past debilitating concussion can exacerbate the pain of a new and different head injury. People and places matter, too: An arm pinch feels worse if made by a frighteningly long needle than by a friend’s reassuring squeeze. Pain hurts more when we’re lonely and sad than when we’re happy and surrounded by people we love. Pleasant colors and safe, soothing surroundings can lower pain volume, which is why children’s hospitals are festooned with murals and stuffed animals. The color red, known to signal danger in nature, has been shown to amplify pain intensity, while calming colors can make pain feel less bad. Interpretations change pain, too: unexpected chest pain feels worse if we believe it’s due to a heart attack than to a basic cold. If our doctor appears professional, intelligent, and trustworthy, our pain is likely to feel less bad than with a provider who seems less so. Negative diagnoses and poor prognoses can actually worsen symptoms and amplify pain. And if we take a sugar pill—a placebo—believing it’s an effective pain medication, our pain can subside simply because we expect it to.


Sensory input doesn’t exist in a vacuum: Social and environmental contexts change the meaning of the message. This mechanism helps us make sense of the constant input bombarding our brains, teasing out which sensations are safe—and thus don’t require significant attention or resources—and which are potentially dangerous, requiring an alarm response. This is why, despite the same degree of harm, we can experience a different degree of hurt: The meaning we make of the message matters.


To illustrate this point, I give you A Tale of Two Nails.


A Tale of Two Nails


In 1996, the British Medical Journal reported that a twenty-nine-year-old construction worker had been working on a job site when he accidentally jumped off a plank—straight onto a seven-inch nail.14 Much to his horror, it drove straight through his boot clear to the other side.


In terrible pain, the man was rushed to the emergency room. “The smallest movement of the nail was painful,” wrote his doctors, so “he was sedated with fentanyl and midazolam”—a powerful opioid painkiller and a sedative.15 When his doctors removed his boot, they discovered that a miracle had occurred: The nail had passed through the space between his toes. There was no puncture wound, no blood, no tissue damage—not a scratch to be found. But despite the absence of injury, his pain was real. How could this be possible?
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As our brains are designed to do, his brain used all available information to make meaning of the message—to determine whether or not he was in danger, and how much. This included knowledge about his hazardous work environment; memories of past pain experiences; beliefs and predictions; input from his five senses, including the visual of a giant nail sticking out of his shoe; his coworkers’ horrified faces; emotions, including fear; and other data. His brain then made a guesstimate about what had happened and how to respond. Because it perceived potential danger, it made pain to protect him.


The second Tale of Nails takes place ten years later in the ski resort town of Breckenridge, Colorado. Patrick, also a construction worker, was working on a job site when his nail gun misfired. It recoiled backward, the butt of the gun clocking him in the jaw. Patrick saw a nail shoot across the room and bury in the wall across from him. Other than a vague toothache, mild headache, and some swelling, he believed he’d escaped unscathed. Six days later—six days of eating, sleeping, and working—Patrick decided to go to the dentist to see about that tooth. The doctor took a scan of his patient’s jaw. Much to both men’s surprise, they discovered a four-inch nail embedded in Patrick’s face. It had plunged 1.5 inches into his brain, barely missing his right eye. Removal of the nail required a four-hour surgery. Said the surgeon afterward: “He’s the luckiest guy, ever.”16


In this case, there was significant damage—but very little pain. How could this be?






[image: X-ray image showing a side view of a human skull with a four-inch nail inserted vertically through the nasal area, near the right eye.]

Credit: Photo courtesy of Dr. Seth Reiner








As with our other construction worker, Patrick’s brain also used all available information to assess for danger and make meaning of the message. But in this case, Patrick saw a nail travel in the opposite direction of his body—contextual information that convinced his brain that risk of danger was low. Because the available physical, emotional, and environmental cues failed to trip his danger alarm, Patrick’s pain system remained relatively quiet—despite serious bodily harm.


These stories remind us of an important fact, one easily forgotten when something hurts: Pain is not an accurate indicator of tissue damage. The amount of pain we feel doesn’t reflect the degree of damage to our bodies. We can experience significant pain without any damage—for example, a nail to the boot but not the foot—and very little pain in the presence of significant damage, like a four-inch nail to the face.



Harm, but No Hurt: Wrinkles on the Inside


This surprising disconnect between pain (hurt) and damage (harm) isn’t just reserved for tales of nails. It’s evidenced by even the most common conditions, like low back pain, which will affect more than 80 percent of us over the course of our lifetime. Despite the fact that back pain is routinely blamed on slipped discs, herniations, and other structural issues found on back scans, studies shockingly reveal little to no correlation between these “abnormalities” and pain.v,17,18 In fact, these abnormalities don’t seem to predict pain at all. When scientists scanned the backs of over three thousand healthy people with zero back pain to peek inside, they found these very same abnormalities. Nearly all of the individuals scanned—90 percent of subjects ages sixty to sixty-nine, and 80 percent of subjects ages fifty to fifty-nine—had bulging discs, disc degeneration, and other anatomical abnormalities—but no accompanying pain.19


PEOPLE WITH “ABNORMAL” SPINES AND NO PAIN






[image: Graph titled 'People with abnormal spines and no pain.' Graph shows a notable increase in the percentage of people with disk degeneration, disk signal loss, disk bulge, and disk protrusion as age increases.]

Physical damage doesn’t always indicate pain, and pain doesn’t always indicate damage. 
Credit: Illustration by Eva Huzella. Graph based on data from Brinjikji, Luetmer, Comstock, et al. (2015). Systematic literature review of imaging features of spinal degeneration in asymptomatic populations. American Journal of Neuroradiology, 36(4), 811–816.








In yet another study of more than 1,200 healthy subjects who had no pain, nearly 90 percent of them had bulging discs.20 No hurt; measurable harm. If hurt and harm were the same, individuals with abnormal scans should be in terrible pain—and the more abnormal their scan, the more pain they should feel. But that’s not what scientists have found at all.


If this comes as a surprise, it’s only because the truth has been obscured. Science has known for years that structural issues are rarely the cause of low back pain—less than 5 percent of cases, in fact—and therefore, that surgery, spinal cord stimulators, and injections are rarely the cure.21


Lest we’re tempted to believe these results are an error, an anomaly, or something just to do with the biology of backs, this very same finding has been found across other body parts, too, including the hip, shoulder, jaw, pelvis, uterus, wrist, knee, and neck.22 Indeed, the evidence that tissue pathology doesn’t sufficiently explain pain is utterly overwhelming. Scientists have reasonably concluded that most of the lumps and bumps found on scans are most likely due to normal, age-related processes rather than anything sinister or pathological. Developing “wrinkles” on the inside—on our spine as well as on our face—is simply a part of the normal aging process. A dermatologist wouldn’t tell you that your face is “degenerating.” Why, then, would we say this about your back?


This doesn’t mean we should ignore growths or broken body parts, or that these don’t contribute to pain. We shouldn’t, and they do—particularly in the case of acute, short-term conditions. But study after study reveals that injuries, deformities, and degeneration are found in just as many people who have pain as those who don’t. Millions of us are currently walking around, quite happily and ignorantly, with bulging discs, crooked body parts, misalignments, and more—and we don’t know it or don’t mind, because we have no pain.


There’s just no denying the data: Damage isn’t always the cause of pain, and it’s never the only culprit.


Pain, it turns out, is much more interesting than that.


Pain Is Biopsychosocial: The Three Pillars of Pain


Here’s what we do know: Science reveals that pain is biopsychosocial, produced by a combination of biological, psychological (emotional, cognitive, behavioral), and sociological (social, environmental, contextual) factors that work together to create the pain we feel. Pain lives in the glorious, messy middle of all the things that make you, you.


While holistic healthcare and mind-body medicine have tried to change the narrative for decades, even they miss the big picture when it comes to pain. Because understanding pain isn’t just about connecting mind and body. The things going on around us—not just inside of us—change pain, too.


In order to treat pain, therefore, we can’t just fixate on the part that hurts; we must instead treat all of you.


Pain Is Biological


The first pillar, the biological domain of pain, includes the ingredients we’ve heard the most about: genetics, tissue damage, system dysfunction, inflammation, the wear and tear of an aging body, neurotransmitters, hormones, diet, sleep, exercise. Anything and everything that can go wrong with the human body lives here: blights and diseases, afflictions and infections, things that break, tear, swell, and pull. For Sam, the teen with crippling pain that kept him in bed for four years, this included a family history of migraine, poor sleep, inadequate nutrition, changes in hormones and brain chemicals, eyestrain, and inflammation. For Mateo, biological contributors included a debilitating injury, a confused brain map, and a pain system stuck in danger mode.






[image: Venn diagram illustrating how pain is produced by a combination of biological, psychological, and sociological factors. Biological factors include genes, tissue damage, system dysfunction, inflammation, diet, sleep, and exercise. Psychological factors include emotions, thoughts, prediction, memories, attention, and coping behaviors. Sociological factors include race/ethnicity, socioeconomics, access to care, social support, trauma, and environment.]

Pain is biopsychosocial, always.








Biological factors are critically important when it comes to pain, and cannot be ignored. They are commonly treated with medical interventions like medications and surgeries—which, while extremely helpful for acute pain, often saving limbs and lives—are considerably less helpful for chronic pain.


Of note, just because pain has a biological component doesn’t mean it’s genetic destiny or assigned at birth—that is, just because Dad suffered from sciatica doesn’t necessarily mean we will. In fact, there’s no one single “pain gene” passed down from generation to generation. Rather, scientists believe that hundreds of genes contribute to the pain experience. Some of these genes help determine our “pain threshold,” or how much input we can tolerate until it hurts.


But even if the genetic deck is stacked against us, humans are never the product of genes alone. Rather, we are always a combination of our genes (nature) and our environment (nurture). So while some painful conditions are heritable to some degree, 100 percent of them, from arthritis to sickle cell disease, are massively influenced by social and environmental factors: things like diet, culture, socioeconomic status, trauma, and stress. Which brings us to the next, and most misunderstood, pillar of pain: the psychological domain.


Pain Is Psychological


The psychological domain of pain is less commonly addressed due to pervasive, and understandable, stigma—as we saw with Sam. This is fed by an ongoing cultural disconnect between emotional and physical pain. Western medicine tells us, for example, that either our pain is physical—in which case, we need to see a physician—or our pain is emotional, in which case we’re sent to a psychotherapist. But neuroscience reveals that pain is never either/or; it is always both.


Psychological influences, frequently rejected and ignored, include some factors we’ve already seen in action—like perceptions, expectations, and the meaning assigned to sensations. This domain also includes some components we haven’t yet explored, like thoughts, attention and distraction, and emotions. Emotional contributors to Sam’s chronic pain, for example, included the depression and sadness that made his body hurt more, and the untreated stress and anxiety that kept his nervous system in overdrive. Emotions that affected Mateo’s phantom pain included grief, shame, and hopelessness about his future. On the flip side, for both, hope and improved mood significantly contributed to pain relief.


Coping behaviors, or how we deal with pain once it starts, also live in the psychological domain of pain. These include the behaviors we decide to (or not to!) engage in when we wake up every morning—like whether we go for that walk, and how much alcohol and other substances we consume. Sam, for example, coped with pain by avoiding movement and activity, swapping soccer for videogames. This sedentariness, while normal and natural when we’re in pain, made his body weaker, his joints stiffer, his muscles tighter, and his pain system more sensitive. A gradual return to movement and beloved hobbies was a significant part of Sam’s healing protocol.


You’ll notice that all of these “psych” factors overlap with “bio” factors, and this is critical. Because these divisions are merely lines drawn in the sand. When it comes to pain, everything is connected.


Pain Is Sociological


The third pillar of pain is the social, or sociological, domain of pain. I call this the “everything else” domain because of its immense breadth. This pillar includes all of the social, economic, and cultural factors that impact our health and well-being. This covers sex, gender, race, and ethnicity; socioeconomic status and access to care; social factors like isolation and social support; trauma and abuse, which play a more profound role in pain than we ever imagined; environmental stressors like poverty and racism; and larger contexts, including societal norms and expectations.


Social factors influencing Sam’s health included social isolation, missing school, and falling behind socially and academically as a result. After being stuck at home for four long years, it’s no coincidence that his first treatment goal was to reconnect with friends and rejoin his soccer team. The social domain of pain played a similarly significant role for Mateo. It was only when he finally had social support, coaching, and role models that he truly began to heal.


Together, all of these factors combine to create the pain we feel. No one ingredient is the sole contributor; all factors matter, all of the time. Pain is never—not ever—due to just one thing. This is extremely hopeful knowledge, because it means there are many things that can adjust pain volume beyond pills—and that we have much more control than we ever realized.


In fact, we get to put our hands directly on the dial.






[image: Illustration of a pain dial. The top of the knob is labeled 'pain.' The base is labeled with numbers from one to ten. Arrows indicate the direction the dial can be turned.]

A Pain Dial in your central nervous system (brain + spinal cord) constantly adjusts pain volume. 
Credit: Illustration by Eva Huzella








An Introduction to Your Pain Dial


Imagine that, in your central nervous system, you have a Pain Dial that operates much like the volume knob on your car stereo: Pain volume can be turned up, and pain volume can be turned down. This Dial serves as a control mechanism for our body’s danger alarm. Over the course of an hour, a day, or a lifelong chronic illness, pain volume is always changing.


Many factors adjust pain volume. One of these, as we’ve all gratefully experienced, is pain medication. But there are many other factors that change pain volume, too, including our emotions.vi,23 For example, when we’re feeling stressed and anxious—our muscles are tense and tight, our thoughts are worried, we’re predicting the worst—the amygdala and other parts of our nervous system send a message to the Pain Dial, amplifying pain volume. This is also true of other negative emotions, like sadness, hopelessness, anger, and frustration.


Cognitive factors like thoughts and attention are also powerful adjusters of pain volume. For example, when we focus on the body part that hurts, our brain’s attention network sends a message to the Pain Dial amplifying pain volume. If you’ve ever noticed that pain seems to feel worse when you focus on it—when you stare at the needle going into your arm, anxiously awaiting pain onset, or when someone asks about your bad shoulder—you’ve experienced this phenomenon firsthand.


However, the opposite is also true.


When stress and anxiety are low—our muscles are relaxed, our thoughts are calm, and we believe our body is safe—the amygdala and other brain sites quiet the danger alarm. It isn’t a coincidence that mindfulness and relaxation strategies can be powerful pain management tools (much as we might roll our eyes, myself included). This also helps explain the science of Lamaze breathing, shown to reduce the pain of contractions during childbirth.


Similarly, when our emotions are positive and our mood is high—we’re feeling joyful and happy, or engaged in pleasurable activities with friends—the brain and nervous system turn pain volume down. As we’ll soon see, emotions are biologically tethered to the brain’s pain-control mechanisms, such that adjusting emotions necessarily adjusts pain, too.


Finally, when we’re distracted—engaged in life and hobbies, or simply focusing on other things—the CNS lowers pain volume, quieting the danger alarm. Our pain is still there—it hasn’t magically disappeared—but it feels less bad. If you’ve ever been so absorbed in some activity that you briefly forgot about your pain, that isn’t magic: It’s just your Pain Dial. This is one of the reasons why distracting a child with a screen can make an injection hurt less, and why athletes don’t notice blood and bruises until the game is over.
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