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      To my wife, Cher Maillot, who gives my life a better balance, and my parents, Grae and Bill McCredie, who caught me when I

            fell


   

      Prologue


      In Search of the Lost Sense


      Aristotle was wrong. Often credited as the first to catalog the human body’s primary senses, he neglected to mention one of

         our most important: the sense of balance, that intricate orchestration of nerve impulses that allows us to dance with gravity.

         His oversight, however, is understandable. While it’s easy to detect the role of the eyes, nose, skin, tongue, and ears, the

         receptors of balance are hidden from view and don’t easily give up their secrets. Because the equilibrium sense is mostly

         autonomic, working below the level of consciousness, like breathing or the beating of a heart, the great philosopher apparently

         was unable to sense its subtle operation.

      


      Nearly two thousand years later, the American writer Diane Ackerman made a similar error. In her popular book A Natural History of the Senses, she glossed over the balance and equilibrium faculties in just a few sentences. Ackerman’s short shrift of balance is less

         defensible than Aristotle’s, but it still reflects the common view. For a number of reasons, many people today aren’t aware

         that balance is a legitimate sense. Not only is there disagreement among medical professionals about what constitutes a sense,

         but balance is a devilishly complicated phenomenon, and to this day it remains half-veiled in mystery and ambiguity.

      


      But among those who have studied the balance sense in depth—specialists in scientific research, physical therapy, and clinical

         medicine—many would argue that without it we might not have much use for the other senses. Not only is the primary balance

         organ, called the vestibular apparatus, older than most of the other sense organs on an evolutionary scale—an indication

         of its importance to the survival of our primordial ancestors—but balance is as vital to our existence today as it ever

         was. Without balance, many of the things we take for granted would be impossible. We could not stand on two legs, never mind

         walk or run. We couldn’t see images in sharp detail as we move, or navigate without visual landmarks, or perhaps even think

         clearly.

      


      One reason balance is the “lost” sense is that it was missing in action for so long, hidden in shadows as humans toiled to

         figure out how their bodies worked. Only in the past 150 years or so have we been able to discover just exactly what it is,

         how it operates, what can go wrong with it, and how to maintain and improve it. Because it is such a latecomer to the table

         already occupied by the other senses, balance has had to elbow its way to any sort of recognition. Now it’s beginning to get

         some well-deserved notice. And the timing couldn’t be better. Balance is becoming a bigger issue now than at any time in history,

         mainly because people are “losing” it more frequently than ever before. And when you lose your balance, even for a moment,

         whether from disease, the effects of aging, or anything else that interrupts your dance with gravity, bad things can happen.

      


      A few years ago my father and I were hiking together on a popular trail that leads to the top of Mount Si, on the western

         edge of the Cascade Mountains near Seattle. After stopping at the summit to eat lunch and catch our breath, my dad, who was

         sixty-seven at the time, grabbed his blue daypack, draped it casually over one shoulder, and began exploring. After a few

         minutes, he stopped on top of a large rock, and I idly watched him slide the pack strap slowly off his right arm. In what

         seemed like slow motion, his whole body then proceeded to lean awkwardly toward that side and, to my astonishment, he spun

         into a headfirst dive, disappearing from sight. Horror-struck, with my heart pounding, I scrambled quickly down to where I

         imagined him lying, in a crumpled heap, bleeding and badly injured. But by the time I reached him a few seconds later he was

         already beginning to sit up. Some miracle had caused him to land harmlessly on a patch of ground between boulders. Only his

         pride had been hurt.

      


      As we descended back down the trail, I began thinking about my father’s fall. It was an unsettling demonstration of his growing

         frailty, and of the dimming of his once dynamic sense of balance. For as long as I had known him he’d been an athletic and

         graceful man, a renowned fast-pitch softball player, and a professional woodsman who had spent years wading streams and tramping

         across the slippery backs of fallen logs. I then recalled a friend telling me about a fall his own mother, who was seventy-five,

         had recently taken. She was a vigorous exerciser who for years had walked several miles at a rapid clip three or four times

         a week. But on one occasion she suddenly lost her balance and fell forward onto the sidewalk, unable even to get her arms

         up to protect her face. My friend, though walking at her side, couldn’t prevent her fall. The results were gory but not serious.

      


      These two incidents made a deep impression on me and started me wondering about the nature of balance. What controls it? Is

         the decline of the human balance system—and falling—an inevitable part of growing old? Why isn’t balance as commonly talked

         about in fitness circles as strength training or aerobics or stretching? I was bemused at first by the lack of information.

         But the further I looked into the subject, the more intrigued I became, not least because I had to search so far and wide

         to come up with answers to my questions.

      


      One thing I learned is that balance, like all the other senses, begins to degrade after you reach your thirties—unless the

         process is forestalled by techniques I’ll talk about later. Balance disorders are one of the most common forms of disability

         in the United States. Although reliable epidemiological data are scarce, a 1989 National Institutes of Health report estimated

         that some 90 million people over age seventeen “have experienced dizziness or balance problems.”
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          This figure includes the broadest range of balance disorders, from serious to mild. For comparison, about 32 million Americans

         suffer from hearing loss today. In this country, an epidemic of falls is mowing down the elderly like scythes, and soon it

         will begin thinning the ranks of the used-to-be baby boomers. After the age of sixty-five, one out of three Americans falls

         each year, adding up to more than 10 million falls annually.
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          Dr. Owen Black, one of the leading clinicians in the field of vestibular disorders, reports that 70 percent of falls are

         mediated by an impairment of the vestibular system. While most falls don’t result in serious injury, they are like a game

         of Russian roulette. Sooner or later the bullet—in the form of fractures, lacerations, and sometimes death—will sit in

         the firing chamber. While losing your sense of balance, or any sense, is a predictable part of aging, a number of other diseases

         and disorders also contribute to the danger, such as ear infections, certain types of brain injuries, diabetes, and the dislodging

         of tiny stones that reside within the inner ear (yes, every one of us has rocks in our head). Tragically, another source of

         severe balance loss can afflict otherwise healthy people when they contract a bacterial infection that requires a hospital

         stay.

      


      Cheryl Schiltz was a vibrant, energetic, thirty-nine-year-old woman living in a small town near Madison, Wisconsin, when she

         suddenly lost her balance. In 1997, after undergoing routine surgery, she developed a postoperative infection that required

         the prolonged use of a common antibiotic called gentamicin. Seventeen days later, the drug had succeeded in killing the bacteria.

         But unbeknownst to her or her doctor, it had also destroyed much of the function of her vestibular system, the pair of tiny

         bizarre-looking organs nestled within her inner ears. These are the body’s dedicated gravity- and motion-sensing organs, similar

         in function to the gyroscopic guidance systems on a modern airplane. Cheryl’s world was soon to be turned—literally—upside

         down.

      


      Back at home two days after the antibiotic treatment ended, she got up from bed in the morning and, as if struck by a shotgun

         blast, crumpled to the floor. Despite repeated attempts, she was unable to get to her feet. Her vision was blurry and distorted.

         After crawling to the bathroom, she managed to slide down the stairs of her two-story home on her rear end. “It was like being

         incredibly intoxicated,” she remembers. “The first thing I thought was: Holy cow, what’s going on?”

      


      A short time later, Cheryl was back at her doctor’s clinic undergoing tests to determine the cause of her problem. She recalls

         standing in the corridor—a feat she was able to perform only by bracing herself against a wall—when he delivered the bad

         news: her balance and vision had been disabled—perhaps permanently—by the effects of the antibiotic. Cheryl was among

         the small subset of people for whom gentamicin is seriously “ototoxic”—literally ear poison. She was diagnosed with “bilateral

         vestibular dysfunction,” or BVD.

      


      Over the next few years, Cheryl’s life proceeded to unravel. She tried going back to work, but her symptoms made that difficult.

         Driving the hundred-mile daily round-trip commute was nearly impossible due to her blurred vision. It’s hard for someone with

         an intact vestibular system to imagine what it’s like to look through the eyes of someone with BVD. “If you were to take a

         video camera and put it against your chest and just walk around and not pay any attention to what you were doing with it,

         and then watch the video, that’s kind of similar to what it looks like,” Cheryl explains. “Things wiggle and bounce around.

         Your eyes are like they’re on springs; they don’t want to stay still.”

      


      Walking became an act of will. Canes, usually one but sometimes two, were a necessity. As if struggling against the altered

         gravity of another planet, she had to be constantly vigilant about where she was in space, to think about how she was going to get from one point to the next. Assuming what she describes as a “Frankenstein” gait, her body

         stiff and rigid, her stance wide to compensate for her instability, Cheryl had to keep her gaze focused on the ground in front

         of her to minimize visual distortion, looking up only to make sure she wasn’t going to run into anything. “It’s like being

         in zero gravity,” she says. “You just don’t have a concept of rightness, or what’s up and down. The sense of grounding is

         gone. It’s as if the whole world and everything in it is made out of Jell-O. You don’t have anything steady under your feet.

         And then when you hit that, the Jell-O, everything in the distance starts shaking and that’s what you see.”

      


      Because she couldn’t manage the commute to work, Cheryl was forced to leave the job she loved. She found another closer to

         home, but her new boss didn’t cut her any slack and soon fired her. Although she was a bright, articulate, highly motivated

         woman by nature, well liked by past employers and colleagues, the BVD not only lowered her self-confidence but diminished

         many cognitive skills.

      


      “Multitasking was out of the question,” she says. “Before the BVD, I’d have two phones going, plus the computer, grabbing

         this and grabbing that.” After the onset of the BVD, “One thing at a time was all I could do. And trying to use a computer,

         I couldn’t take my eyes from the computer to the paper and then back up, it was awful. It would make me feel like I was falling

         out of my chair. I actually had to get a new chair. I had to ask the company to get me a chair with arms on it, or I would

         literally fall out of it.”

      


      The BVD also affected her short-term memory. She would have trouble remembering information she’d just read. While speaking,

         words she wanted to say were lost in a kind of brain fog. Simple math became problematic. “I remember making cookies once,”

         she says, “and I got so frustrated, to the point of tears, because I had to go to the other room with the measuring cup and

         ask my son, ‘What is three fourths plus three fourths?’ I could not figure it out.”

      


      What Cheryl’s experience shows us is the utter dependence we humans have on our balance system—not only for maintaining

         an upright posture, but for vision and even mental acuity. Cheryl, like most of us, never thought about her balance system

         before it was compromised. Yet we rely on our sense of balance for everything from watching a heron flapping across a marsh

         to the action (though most people don’t think of it as an action) of standing still, which involves constant, nearly imperceptible

         movements, as well as the integration of many different sensory inputs. Without it we could not perform any of the amazing

         feats of agility and athletics for which our species is known, from walking a high wire to spinning on ice at eighty revolutions

         per minute.

      


      Karl Wallenda, the founder of the Flying Wallendas, the famous circus high-wire troupe, possessed arguably the most precisely

         honed balance of any human in the twentieth century. He came by what most people would consider his almost supernatural balance

         skills early in life, as many gifted athletes do.
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      At about the age most kids are learning to ride bicycles, Wallenda was teaching himself to perform handstands in unusual places.

         It wasn’t for sport or his own amusement or because he had nothing better to do. His parents, who had been professional circus

         performers in Germany, had taught him the rudiments of hand balancing to prepare him for a life in the circus. But when his

         stepfather was drafted into the German army in World War I, Karl, his mother, and his three siblings were forced to survive

         on war rations. To supplement the family’s skeletal income, the ten-year-old boy, small for his age but agile and strong,

         would sneak out of the apartment at night, after his mother had gone to bed, and walk alone into town.

      


      Here, at several of the town’s restaurants and bars, he would perform a brief but sensational balancing act. First he would

         do a conventional handstand on the floor, walking around on his hands to arouse the crowd’s interest. Then, rising back to

         a standing position, he would grasp the back of a wooden chair and press up into a handstand. Next he would tilt the chair

         up so that it was balancing on just its two front legs. The applause would grow a little louder. As the coup de grace, he

         would then set several chairs on top of one another, balancing all but the bottom chair on two legs. He’d push into a precarious

         but spectacular handstand on the back of the upper chair, managing to find the column’s center of gravity, his feet nearly

         extending to the ceiling. To magnify the crowd’s empathy, he would purposely shift his weight quickly to one side, making

         it appear that he was about to fall, then recapture his balance. In circus parlance, this bit was known as “selling” the trick

         to the crowd, making them believe it was extremely difficult. Then he would leap to the ground, landing on his feet, and the

         coins would fall like sleet into his upturned hat as applause and shouts and whistles engulfed the room.

      


      For Wallenda, whose name would become synonymous with the art of high-wire performing, this entrée was the beginning of a

         long career spent challenging the limits of human balance. He is an example of how doing so in a methodical way can produce

         extraordinary results. Even as an old man, he retained supremely good balance, performing regularly through his fifties and

         sixties, before finally succumbing to gravity at the age of seventy-three. Because of his balance skills, the odds that Wallenda

         would have fallen the way contemporary older Americans often do were infinitesimally small. Although few health professionals

         would advocate that their patients learn handstands or wire walking as a way to improve balance, the principles behind Wallenda’s

         approach are the key to unlocking our own mastery of balance. For balance, like aerobic capacity and strength and agility,

         is highly trainable. And the better your balance, the less likely you are to fall, whether walking down the sidewalk with

         a cane or slaloming through a mogul field on skis.

      


      This book, then, is an account of my exploration of a subject I’ve been interested in for years without really knowing it

        —until the day my father stepped off a boulder and disappeared. In search of the lost sense, I’ll follow balance’s murky,

         sometimes quirky trail, unraveling its tangles of complexity, revealing the ways it affects our lives. I’ll tell the stories

         of people like Cheryl who have their balance taken from them, suddenly or gradually, and of those, like circus performers,

         who have exquisite balance throughout their lives. I’ll look at how the balance system can be fooled and profoundly disturbed

         by forms of movement that it was not designed to register, such as when floating in the zero gravity of outer space, being

         catapulted off the deck of an aircraft carrier, or even riding in the backseat of a car. I’ll show how our balance system

         contributed to the survival of the human species, from increasing our hunting agility to helping us keep from getting lost.

         I’ll examine the question of why it took so long for us to fathom balance as a sense, and how bizarre spinning machines for

         quelling unruly lunatics were the predecessors of tools used by a diverse and distinguished group of nineteenth-century scientists

         to unlock the secrets of balance. I’ll pursue the somewhat mysterious connection between balance and cognition, analyzing

         how some people appear able to sharpen their mental skills by honing their balance system. Along the way I’ll discuss techniques,

         both simple and sophisticated, for training, maintaining, and enhancing balance, to help people keep dancing right on through

         to the last song. By the final chapter I hope you’ll understand why I believe that balance—this marvelous, almost unbelievably

         complicated thing our bodies do—is so important to our well-being that it demands to be elevated to its rightful position

         among the other five senses. For in the end, balance may prove to be the most primary—as in primordial, life-sustaining,

         essential—of all the senses.

      


   

      Chapter One


      Sickness from Motion


      Ho Goddess Nausea! . . .


      ’Neath whose ruthless power


      Valour and virtue, strength and genius cower.


      —FROM “ODE TO SEA SICKNESS,” 1884, BY WILLIAM MUIR


      Though the boat ride from hell happened decades ago, the memory lingers like a vile odor. When I was sixteen a friend invited

         me to accompany him and his family on a salmon-fishing trip along the British Columbia coast. All twelve of us were crammed

         into a twenty-foot runabout, its vinyl cover stretched over the normally open cockpit, sheltering us from the summer drizzle.

         As we reached an open channel, the boat met a big swell from the southeast, locking itself into a relentless, rhythmic motion.

         Sitting upon the inboard motor housing at the stern of the craft, facing forward, I soon began to feel sweaty and lethargic.

         The subtle queasiness in my stomach gradually turned into full-blown nausea. I remember staring straight ahead, glum and miserable,

         unable even to look out through the scratched, nearly opaque plastic windows to the gray monotony beyond. The smell of exhaust

         fumes permeated every breath. I was thinking about how and where I was going to heave my lunch without attracting too much

         attention when I heard a voice. “You’ll never guess what color your face is,” chirped John, grinning like a ten-year-old tying

         tin cans to a cat’s tail. “Oooh, it’s sort of green!” someone else remarked.

      


      I had succumbed, not for the first time and not for the last, to what is perhaps the most common form of balance disorder:

         motion sickness. Though it strikes about a third of people who travel by air, sea, or land, motion sickness can be induced

         in almost anyone with an intact vestibular system, depending on the type and duration of the stimulus. On a scale of severity,

         it ranks at the bottom of the dozen or so known balance-related disorders. For most people, the symptoms go away soon after

         the stimulus ends, and it’s usually not life-threatening, though many victims, I can attest, feel as if they would rather

         die. It’s a common adage among experienced sailors that when you’re sick from the sea, first you’re afraid you’re going to

         die, and later you’re afraid you won’t.

      


      After that first memorable bout, I became vaguely aware, as most people are, that motion sickness was somehow related to an

         inner-ear problem, but I had no clue how the whole thing worked. It turns out that until the latter part of the nineteenth

         century, nobody else did either. Even today, though millions of dollars have been spent researching it, controversy still

         exists about the fundamental nature of motion sickness, how best to treat it, and how it might have served our species, in

         an evolutionary sense. “It seems extraordinary that . . . the fundamental nature of the disorder is still not understood,”

         wrote researchers in a study published in the Annals of the New York Academy of Sciences in 1992. “In particular,” the authors noted, “it is not clear why it exists at all.”

      


      Motion sickness is a curious phenomenon. For one thing, it’s really not a “sickness” in the strict sense of the word. There

         are no bacterial or viral invaders, no misfunctioning organs. It’s a common and normal response of the body to certain well-defined

         movements, but it can also occur, as we shall later see, when the body is completely still. Age and sex seem to play a role

         in susceptibility. Infants under two years old rarely experience it, while children between two and twelve are especially

         prone.
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          A 1955 study of five thousand passengers of transatlantic troopships showed that 31 percent of seventeen- to nineteen-year-olds

         reported seasickness, while just 13 percent of thirty- to thirty-nine-year-olds did.
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          After age fifty, motion sickness is rare,
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          unless, for instance, you happen to find yourself on a life raft in rough seas, where virtually 100 percent of people become

         seasick.
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          Apparently due to female-specific hormones, women are “more susceptible than men to all forms of motion sickness.”

         

            5

         

         

      


      It would be natural to assume that motion sickness is a disorder of the stomach, because that’s where the nausea seems to

         originate. But it’s actually a sensory problem. The sense involved is not one of the five we learn about as children, but

         that elusive sixth: our sense of balance.

      


      Unlike the other major senses, our sense of balance doesn’t make use of just one kind of sensory organ. You use your eyes

         for sight, your nose for smelling, and so forth, but balance employs a varying ratio of three different sensory inputs: vision,

         proprioception (cells in muscles and joints that indicate their position in space), and the vestibular system. Motion sickness

         involves two of the three sensory components of balance, vision and the vestibular system.

      


      While most people have some familiarity with how the eyes function, they can’t say the same of the vestibular system, also

         known as the vestibular apparatus, labyrinth, or simply the inner ear. Yet it is one of the most wondrous organs in the body,

         one that connects us across eons to some of the oldest and most “primitive” animals on earth, and which has played a crucial

         role in our development as a species. There are two of these labyrinths, located within the inner ear, each about the size

         of a marble. They look like a science fiction writer’s concept of creatures from another galaxy who have taken up residence

         inside our skulls. If they were aliens, you would guess that they were quite intelligent by the location in which they had chosen to live. Vestibule is a Latin term that means “entryway” or “antechamber,” originally used in architecture to describe an area between the door

         and the interior parts of a house. In human anatomy, it refers to the entryway into the skull, which here is fortified like

         a castle, surrounded by some of the hardest bone in the body, the “petrous,” or stony, section of the temporal bone.

      


      [image: art]


      The vestibular apparatus and cochlea are shown here in a beautifully rendered drawing made in 1934 by Max Brödel. On the left

            side are the three “rings” of the semicircular canals, labeled “Post.” for posterior, “Lat.” for lateral, and “Sup.” for superior.

            The “Utr.” and “Sacculus” represent the utricle and saccule. The snail-like appendage is the cochlea. (Original art in the

            Max Brödel Archives, Department of Art as Applied to Medicine, The Johns Hopkins University School of Medicine. http://www.hopkinsmedicine.org/medart/history/Archives.html)
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      This drawing, done by Max Brödel in 1939, gives an idea of where the vestibular apparatus lies within the inner ear. You can

            see the semicircular canals, the vestibule, and the cochlea in the upper right, protected by a bulge of very hard bone. (Original

            art in the Max Brödel Archives, Department of Art as Applied to Medicine, The Johns Hopkins University School of Medicine.

            http://www.hopkinsmedicine.org/medart/history/Archives.html)


      The “head” of the vestibular creature — three heads, actually — is formed by the semicircular canals, which look like three

         tiny hollow rings linked together. Their mazelike structure accounts for the name labyrinth. Attached is the cochlea, a major component of the hearing system, which curls upon itself like the grasping tail of a sea

         horse. Because we live in a three-dimensional world, the three semicircular canals are oriented approximately along the three

         dimensions of space, which, as most of us learned in high school math, correspond to the x, y, and z axes of a graph. When a person’s head rotates, fluid moves in the canals, exciting minute hair cells. Those cells send signals

         to the brain that tell it in what direction, how fast, and how far the head is moving.

      


      The other extraordinary parts of the labyrinth are called the utricle and the saccule. Nestled directly beneath the semicircular

         canals, these two saclike structures house hundreds of tiny particles of calcium carbonate, a chemical compound that is the

         primary component of limestone, marble, snail shells, blackboard chalk, and antacids such as Tums. These are called otoliths, a Greek word that literally means “ear rocks.” In a scanning electron micrograph, otoliths appear as sharply faceted crystals

         jumbled together like boulders at the bottom of a landslide. The weight of this “heavy” mass of otoliths makes the utricle

         and saccule sensitive to linear (straight-line) accelerations of the head and to the pull of gravity. These organs are activated

         when, for instance, you roar down a runway in an airplane or while beginning an ascent inside an elevator (both linear movements),

         or when you tilt your head forward (gravitational force). The otoliths lend mass to the gelatinous material they’re embedded

         in. So when the head moves in a straight line or tilts in any direction, the crystals cause underlying hair cells to bend,

         in turn sending signals to the brain telling it which direction the head is moving in, or, if the head is tilted, what position

         it’s in relative to gravity.

      


      The vestibular apparatus plays one of the most important roles in the balance system. It constantly measures our body’s position

         in space, relative to gravity, and is the only organ in the body dedicated exclusively to balance functions. But by what means

         does this amazing organ, under certain conditions, reduce us to pathetic, wimpering souls?

      


      Shortly before Aristotle trumpeted the five human senses, another Greek, Hippocrates, took notice of the nauseating effects

         of travel by ship. In his treatise “The Nature of Man,” he wrote that “sailing on the sea shows that motion disorders the

         body.” In fact, the word nausea is derived from the Greek word for ship: naus. As citizens of a powerful seafaring nation, the ancient Greeks knew a thing or two about seasickness.

      


      I was in good company when it came to historic figures known to have suffered from mal de mer, as the French call it. Julius

         Caesar, Charles Darwin, and, most surprisingly, Lord Nelson, the famous British admiral and revered war hero of the late eighteenth

         century, all suffered badly and often from seasickness.
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          Nelson, according to historical accounts, was seasick practically every time he set sail, especially during the early days

         of his career, but also during the last voyages of his life. Another Brit, Lawrence of Arabia, rode camels the way Nelson

         sailed ships of the line and was often sickened by their lumpy, rolling, undulating gait. When Napoleon suggested that a dromedary

         corps be formed in Egypt, to serve as scouts for his troops, the idea was quickly squelched when it was learned that riding

         camels caused motion sickness. A research study in 1970 found that camel riders frequently complained of the disorder, as

         did those who traveled by elephant, but equestrians were never bothered by a horse’s motion.

      


      Humans aren’t the only vertebrates who can become ill from motion. Two British scientists reported in 1975 that “dogs are

         about as susceptible as man; other less susceptible animals are horses, cows, monkeys, chimpanzees, seals, some birds — and

         even some species of fish get seasick, when they are put in a tank on a boat and transported over the rough surface of the

         water.”
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      For more than two thousand years after Hippocrates identified seasickness, the origin of the disease was unknown, though dozens

         of hypotheses attempted to explain it. The variety of alleged causes demonstrates just how all at sea these learned men were

         in trying to fathom nausea caused by motion. In the nineteenth century, one argument pinned the blame on parts of the body

         that moved independently and were thus susceptible to passive movements. Shaking of the liver was one example, in which it

         was thought that bile discharged into the small bowel caused nausea. Likewise, some doctors thought that when the contents

         of the stomach were jostled by passive motion, of a ship for instance, a reflexive action was initiated that led to vomiting.

         Others believed that either too much or too little blood in the brain, stomach, or chest was responsible for motion sickness.

      


      Nausea provoked by motion, far from being simply a condition to treat, was itself considered a useful treatment for some patients.

         In the early nineteenth century, psychiatrists dealt with certain mental conditions by placing patients in rapidly rotating

         chairs, which induced vomiting and supposedly increased beneficial blood flow to the brain. With this same goal in mind, physicians

         later in the century prescribed sea voyages for some patients, not for fresh air or a change of scenery, but for the express

         purpose of making them seasick. Perhaps these doctors were simply following the ancient guidance of several Greek philosophers,

         who believed that motion sickness was at least a partial remedy for “consumption, insanity, dropsies, tumours, apoplexy, elephantiasis,

         and ‘many diseases of the head, breast, and eyes.’ ”
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      Another alleged cause of motion sickness, amazingly, was sound. One Boston doctor advised using wax to plug the ears, citing

         as evidence the experience of Ulysses and the Sirens. Other experts believed disturbed vision was to blame, or salt water

         finding its way into the lungs, or some kind of shock to the nervous system. So many educated guesses, over so many centuries,

         failed to find the source of this common malady.

      


      This abundance of possible causes of the disorder created a blank canvas for “cures.” There were nearly as many remedies as

         ocean swells, from the mundane to the absurd, from benign to lethal. Some of the more quaint remedies called for herbs in

         various combinations, such as this concoction from a treatise published in 1607 by an anonymous English doctor:

      


      If in your drinke you mingle Rew with Sage


      All poyson is expel’d by power of those,


      Who would not be sea-sick when seas do rage


      Sage-water drink with wine before he goes.


      Sir Francis Bacon, in the seventeenth century, tells the story of a “certain English-Man, who, when he went to sea, carried

         a Bagge of Saffron next to his Stomach, that he might conceale it, and so escape custome; And whereas he was wont to be always

         exceeding sea-sick; At that time he continued very well, and felt no provocation to vomit.”

      


      In the nineteenth century, according to J. T. Reason and J. J. Brand’s 1975 classic, Motion Sickness, physicians dispensed cures based on their pet notions of the disorder’s origin. In the 1870s, doctors frequently prescribed

         amyl nitrate, a potent chemical compound that dilates blood vessels and increases heart rate, to combat what was thought to

         be “blood congestion” in the brain and spinal cord. On the other hand, those doctors who believed in the “gut shift” theory

         often recommended some sort of belt or girdle to be worn around the waist, to slow down the movement of stomach contents.

         Similarly, there was little agreement on the proper diet for someone who might encounter rough seas. Some advised dry toast,

         while others thought more exotic foods were preferable, such as “soup made of horse radish and rice, seasoned with red herrings

         and sardines.” Reason and Brand were particularly taken by the dietary prescription of one nineteenth-century “expert” who

         said passengers “should consume pickled onions prior to embarkation so that the resulting gas might distend the stomach and

         thus maintain a steady pressure within the abdominal cavity.” When the ship got to rolling wildly, passengers were supposed

         to hold their breath and contract their stomach muscles. “After a pre-embarkation diet of pickled onions,” Reason and Brand

         wrote, “it is possible that this course of action might have led to some social embarrassment!”

      


      Ingenious mechanical remedies were attempted, including variations on the hammock. Since Columbus, British and French sailors

         had adopted the use of hammock beds from Central and South American natives. Hammocks not only saved space in cramped quarters

         but, presumably, could counteract the rocking and rolling movements of a ship. In fact, Charles Darwin, while sailing aboard

         the Beagle, often sought refuge in them when he was struck by mal de mer. “The misery I endured from sea sickness,” he wrote, “is far

         beyond what I ever guessed at. The real misery only begins when you are so exhausted that a little exertion makes a feeling

         of faintness come on — I found that nothing but lying in my hammock did any good.” Specially built hammocks were sometimes

         set up for passengers in the midships area (the part of the vessel that experienced the least amount of rolling), as well

         as “articulated cabins or couches” that probably used a kind of gimbal arrangement to maintain an upright position.
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          These inventions were the forerunners, in a sense, of modern guidance mechanisms for airplanes and rockets that allow pilots

         to know their orientation in space — upside down, right side up — even when they can’t see.

      


      Headway toward understanding the true nature of seasickness finally came about in the late nineteenth century. In 1881, two

         scientists, Irwin and de Champeaux, published separate papers that pointed out striking similarities between the symptoms

         of seasickness and those of a peculiar disease described twenty years earlier by a French doctor, Prosper Ménière.
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          Ménière had shown that a disturbance of the vestibular system was the source of an ailment later named after him: Ménière’s

         disease. Because the symptoms of seasickness and Ménière’s disease — pallor, dizziness, sweating, and vomiting — were nearly

         identical, the root cause was probably the same, Irwin and de Champeaux hypothesized. Further evidence came a year later,

         according to a 1916 article in the New York Medical Journal,
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          when a man referred to only as “W. James” made an astute observation while sailing aboard a vessel rocked by heavy weather.

         On board was a group of fifteen deaf mutes. While many people aboard the ship fell ill, James observed that none of the deaf

         mutes did, which struck him as odd. Perhaps the deaf mutes’ damaged inner ears had something to do with their immunity to

         seasickness, he reasoned. Ménière and others had recently discovered that the inner ear was not only involved in hearing,

         but, via the vestibular apparatus, had a major role in controlling equilibrium. Was it possible that a normally functioning

         vestibular system was required to become seasick?

      


      The investigator’s full name, it turned out, was William James, father of American psychology, philosopher, and brother of

         the novelist Henry James. In 1874, William James, trained as a physician and physiologist, began teaching psychology at Harvard

         University and founded the nation’s first psychology laboratory, though he had never taken any courses in the subject himself.

         James’s influence on the profession was profound; soon after he began teaching at Harvard, dozens of other universities started

         their own programs, a professional society was formed, and several psychology journals were published. Paradoxically, though

         he was a great advocate of experimental psychology, James himself was loath to spend time in the lab. Even so, he felt compelled

         to organize an ambitious experiment to test his hypothesis about deaf mutes and seasickness. The preliminary report was published

         in the Harvard University Bulletin in 1882, and a century later it was detailed in his posthumous book Essays in Psychology.


      After making inquiries, James discovered that no one before him had ever noticed that deaf mutes were often immune to vertigo

         and dizziness, “another illustration,” he wrote, “of how few facts ‘experience’ will discover unless some prior interest,

         born of theory, is already awakened in the mind.” He arranged with several deaf-mute asylums to examine some of their inmates.

         With help from his brother Henry, James and his colleagues tested more than 500 deaf-mute children and adults. The subjects

         were rotated either while standing, eyes closed, or while seated on a square wooden plank, suspended by ropes. The results

         “beautifully” confirmed his hypothesis: “A very large number of the deaf-mutes examined are either wholly incapable of being

         made dizzy by the most violent rotations, or experience but a slight and transient giddiness.” Of the 519 subjects, 36 percent

         were not dizzy at all, while 26 percent experienced slight dizziness and 38 percent exhibited normal sensitivity to the rotations.

         In the general population, most people, usually over 90 percent, would have become disturbingly dizzy under these conditions.

         (For all its simplicity, this experiment produced reliable results; in 2004, Swedish scientists used state-of-the-art technology

         to test the inner-ear function of a group of deaf mutes and came up with findings nearly identical to those of James.)

      


      James didn’t stop with the spinning tests. He also wondered how deaf mutes would respond in an environment where gravity was

         ambiguous. Would an impaired inner ear allow them to determine their spatial orientation in such conditions? To find out,

         he conceived of an experiment perhaps most notable for its cruelty. In a large pool of water, he dunked the deaf mutes one

         at a time beneath the surface with their eyes closed. What James witnessed made a profound impression on him:

      


      Every one who has lost himself in the woods, or wakened in the darkness of the night to find the relation of his bed’s position

         relative to the doors and windows of his room forgotten, knows the altogether peculiar discomfort and anxiety of such “disorientation”

         in the horizontal plane . . . Imagine a person without even the sense of gravity to guide him, and the “disorientation” ought

         to be complete — a sort of bewilderment concerning his relations to his environment in all three dimensions will ensue, to

         which ordinary life offers absolutely no parallel. Now this case seems realized when a non-dizzy deaf-mute dives under water

         with his eyes closed. He hears nothing (except perhaps subjective roaring); sees nothing; his semicircular canal sense tells

         him nothing of motion up or down, right or left, or round about; the water presses on his skin equally in each direction;

         he is literally cut off from all knowledge of their relations to outer space, and ought to suffer the maximum possible degree

         of bewilderment to which in his mundane life a creature can attain.

      


      Why would this experience be so terrifying? If a person with a normally functioning vestibular system were dunked, he would

         at least have some idea of how his body was positioned and oriented in the water. Even though he couldn’t see, or sense his

         position via proprioception (because gravitational cues are absent underwater), he could still sense movements of his head

         and body through the vestibular system and thus have at least a rough approximation of his position. But take away the vestibular

         system, and there would be complete and utter disorientation. He would literally not know up from down, left from right, and

         he would feel like an astronaut untethered from his craft during a space walk, tumbling uncontrollably across the void. We

         can only imagine the howls of terror or anger some of the deaf mutes, emerging from the pool, must have unleashed on James

         and his assistants.

      


      Thus seasickness was the nausea and vertigo caused by “over-excitement” of healthy, fully functioning semicircular canals,

         according to James. His conclusions about the role of the vestibular system on spatial orientation presaged ideas that would

         develop a century later about the possible role of the inner ear in dead reckoning, a navigational skill some animals, including

         humans, use to find their way in the world. His experiments proved prescient in another way: a century later, one of the caveats

         always given to people with malfunctioning vestibular systems is to be extremely cautious when swimming or diving because

         of the danger of underwater disorientation.

      


      Inspired by James’s work with deaf mutes, another researcher, a German named A. Kreidl, devised an experiment to confirm the

         American’s hypothesis.
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          He built a platform that could be manipulated to re-create the effects of a rolling sea. Various animals were placed on the

         platform until they became seasick. Kreidl then surgically severed the animals’ eighth cranial nerve, the one that carries

         signals from the vestibular system to the brain. Again, he set the animals on the platform and tried to make them sick — to

         no avail.

      


      So by the start of the twentieth century, it was fairly well established that an agitated, healthy vestibular system was the

         primary component of seasickness. A 1916 New York Times article on the subject carried the headline: “Cause of Seasickness Discovered at Last?”
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          It went on to outline the research carried out by scientists in the previous fifty years that led up to the “absolute knowledge”

         of the true cause of seasickness and vertigo. There were no “epoch-making” discoveries responsible for the knowledge, the

         author stated, but a series of small contributions. He described the question of seasickness as “a bewildering and complicated

         matter, and the solution of these mysteries a notable achievement in scientific research.” But the “solution” wasn’t as pat

         as the writer implied; it would be another twenty or thirty years before all the pieces of the puzzle would fit together because,

         unknown to scientists at that time, several pieces were missing from the box.

      


      Although most scientists agreed on the origins of the disorder by the time the Times article was published, many of the old explanations persisted until World War II. That’s when a wave of new research was

         conducted by governments concerned with protecting their armed forces from the debilitating, and thus potentially lethal,

         effects of seasickness. Soldiers reeling from nausea after a few hours asea in a landing craft would not, when they hit the

         beach, be in top fighting form, nor would bomber crews or men transported in troop ships across long stretches of ocean.

      


      Before the war, no reliable relief had yet been found to comfort those afflicted by motion sickness, though many remedies

         had been suggested. They ranged from amyl nitrite, potassium bromide, and creosote, to cayenne pepper, opium, cocaine, and

         “Valerianic ether of menthol on a sugar lump.”
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          One scientist noted that claims for most of the various medicines were unconvincing, as none had been tested in a rigorous

         way. Another researcher, after looking at all the unsubstantiated claims for motion sickness “remedies,” drolly stated that

         he was “convinced that the only real and complete cure is to sit under a big tree.”
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      So the race was on, in Britain, Australia, Canada, and the United States, to find treatments more practical than seeking refuge

         in a forest. The British and Canadians embarked on a program that focused on swinging test subjects in a special chair, like

         the ones James used to analyze deaf mutes, to determine how individuals reacted to “nauseogenic” motion. For those who were

         only moderately susceptible to motion sickness, there was some evidence that they could become used to it, like a sailor who

         gets his sea legs a week or two into the voyage. The idea was to eliminate people who were most susceptible and to see if

         the rest, through repeated exposure, could adapt. But both notions proved impracticable; the first because it would screen

         out too many men at a time when the demand for soldiers was high, and the second because it took too long to train a man to

         withstand motion sickness. The American research program also looked at what kinds of forces provoked motion sickness most.

         Instead of using a swing, scientists placed subjects inside a cab that moved up and down in a specially built eighteen-foot-long

         elevator shaft, in which the variables of acceleration, velocity, and amplitude could be carefully controlled. The most “nauseogenic”

         or sickness-inducing type of motion, it was discovered, occurred at a frequency range of about one cycle every three to four

         seconds. (You can form a mental picture of this by imagining yourself in a boat with a wave passing beneath you every three

         to four seconds.)

      


      Despite the best attempts of several governments, no explanation was found for differences in susceptibility to motion sickness.

         Reason and Brand, the authors of Motion Sickness, cited several studies that looked at the percentage of people who became nauseous after certain types of stimulus, but concluded

         that “we must content ourselves with the broad statement that all individuals possessing an intact vestibular apparatus can be made motion sick given the right quality and quantity of provocative stimulation, although there are wide and consistent

         individual differences in the degree of susceptibility.” What caused these individual differences was mysterious in the 1940s,

         and remains so today.

      


      British and Canadian scientists, abandoning their screening efforts, conducted extensive trials to test various drug treatments

         to combat motion sickness. The clear winners were those whose primary component was an extract of the belladonna plant, also

         known as nightshade, deadly nightshade, and devil’s cherries. The name belladonna is Italian and means “fair lady,” a reference to women who once used the plant to enhance their beauty. One of belladonna’s

         well-known properties, first mentioned by the Greek physician Galen in the second century, is that it dilates the pupils,

         making the eyes appear dark and, presumably, seductively large. (It is still used today by ophthalmologists for dilation.)

         Belladonna also gives the skin an attractive pale cast, like today’s makeup foundation. But if a woman didn’t want to wind

         up in the morgue, the dose needed to be carefully measured, for belladonna is extraordinarily poisonous to humans. It’s in

         the same family as tomatoes, peppers, and potatoes, but it is said that people have been poisoned simply by eating the flesh

         of game that have fed on its berries, which grow as large as cherries. Symptoms of poisoning include not only dilation of

         the pupils, but also flushed skin — the opposite of its desired effect among Italian beauties — and dryness of the mouth and

         throat, sometimes to the point of vocal impairment. In high doses, belladonna can cause hallucinations so vivid that “the

         very fabric of reality will break down,” one experienced user wrote. “You can be sitting down watching TV one moment and the

         next see your dead grandmother next to you on the sofa asking for more tea.”
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          The user’s concept of space and movement may also be dramatically altered. People have reported episodes of flying or falling

         through the air, completely free of gravity. Perhaps most puzzling is that belladonna poisoning also causes vomiting and nausea,

         the last things one might expect from a remedy for seasickness.

      


      But three of belladonna’s chemical components explain why the plant has been prescribed extensively, in medicine as well as

         in “magical” concoctions, for centuries: the alkaloids atropine, scopolamine, and hyoscyamine. Atropine, now synthetically

         produced, is a staple of every hospital intensive care unit in the United States. It’s a first-line drug used when a patient’s

         heart begins to beat dangerously slowly. It quickly increases the heart’s contraction rate and force, and shrinks the diameter

         of blood vessels (increasing blood pressure). Scopolamine, and to a lesser extent hyoscyamine, decrease acid secretions in

         the stomach and reduce nausea. Scopolamine is the active ingredient today of Transderm Scop, the little round, flesh-colored

         patches people put behind their ears before a cruise or fishing trip. Scopolamine acts to block nerve signals from the vestibular

         system to the brain. Even sixty-five years after it was first introduced to alleviate seasickness, the chemical has few peers:

         the company that manufactures it claims that over a million prescriptions for Transderm Scop have been written since it came

         on the market.

      


      In 1944, the Allies issued seasickness capsules containing belladonna-derived alkaloids to troops marshaling for the Normandy

         invasion. Seas in the English Channel just before the attack were extremely rough, and some men wound up taking more than

         the prescribed dose of anti-seasickness pills. The soldiers who accompanied Ernie Pyle, the revered American journalist, were

         among them. Pyle later wrote that “by noon all the Army personnel aboard were in a drugged stupor. The capsules not only put

         us to sleep, but they constricted our throats, made our mouths bone dry, and dilated our pupils until we could hardly see.

         When we recovered from this insidious jag, along toward evening we threw all our seasickness remedy away, and after that we

         felt fine.”
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          Pyle reported, however, that the pills did succeed in preventing seasickness in himself and all the men.

      

OEBPS/images/Art_P016.jpg





OEBPS/images/9780316076586.jpg
BALANCE

In Search
of the Lost Sense

Scott McCredie






OEBPS/images/Art_P017.jpg





