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Now, there’s a topic you know a lot about!


— My mother upon learning I was writing a book about human flaws




Introduction:
Behold the Blunders of Nature


Here is a story you’ve heard numerous times: Behold the incredible beauty, complexity, and greatness of the human body and its many systems, organs, and tissues! It seems that the deeper into our bodies we look, the more beauty we find. Like the layers of an onion, the cells and molecules that make up the human body have seemingly infinite levels of complexity. Human beings enjoy a rich world of the mind, perform astoundingly complex physical tasks, digest food material and then commingle it with their own matter and energy, effortlessly turn genes on and off, and every now and then produce whole new individuals in “endless forms most beautiful.”


Somehow, all of these processes come together to create the wondrous complexity of human life while allowing us to remain oblivious to the underlying mechanisms. A perfectly ordinary human can sit down and play “Piano Man” without ever having to think about the cells and the muscles of her hands, the nerves in her arms, or the brain centers where the information to play the piece are stored. A second human can sit and listen to the song without ever bothering to contemplate the vibrations of his eardrum, the conductance of nerve impulses to his auditory processing center, or the memory recall that allows him to belt out the refrain, however imperfectly. The song itself was composed by another such human (albeit an exceptional one), a person who I dare to suggest had little appreciation for the genes, proteins, and neurons that were hard at work as he did so.


Despite the fact that we often take them for granted, the capabilities of the human body are simply wondrous — miraculous even. So why not write a book about that?


Because you’ve heard about it many times. Those books have already been written. If you want a book about the glorious intricacy of the human body, you are in luck — simply walk into any medical library, and you will find tens of thousands of volumes. If you count biomedical journals, where new discoveries are announced, the number of accolades to the greatness of the human form rises into the tens of millions. There is no shortage of words and pages dedicated to how well the body usually works.


This is not that story. This is a story of our many flaws, from head to toe.


As it turns out, our flaws are extremely interesting and informative. By exploring human shortcomings, we can peer into our past. Each and every flaw discussed in this book tells a story about our species’ evolutionary history. Every cell, every protein, and every letter in our DNA code has been subjected to the harshness of natural selection over the fullness of evolutionary time. All of that time and all of that selection has resulted in a body form that is fantastically robust, strong, resilient, clever, and mostly successful in the great rat race of life. But it is not perfect.


We have retinas that face backward, the stump of a tail, and way too many bones in our wrists. We must find vitamins and nutrients in our diets that other animals simply make for themselves. We are poorly equipped to survive in the climates in which we now live. We have nerves that take bizarre paths, muscles that attach to nothing, and lymph nodes that do more harm than good. Our genomes are filled with genes that don’t work, chromosomes that break, and viral carcasses from past infections. We have brains that play tricks on us, cognitive biases and prejudices, and a tendency to kill one another in large numbers. Millions of us can’t even reproduce successfully without a whole lot of help from modern science.


Our flaws illuminate not only our evolutionary past but also our present and future. Everyone knows that it is impossible to understand current events in a specific country without understanding the history of that country and how the modern state came to be. The same is true for our bodies, our genes, and our minds. In order to fully grasp any aspect of the human experience, we must understand how it took shape. To appreciate why we are the way that we are, we must first appreciate what we once were. To twist the old saying a bit, we can’t understand where we are now if we don’t know where we came from.


Most of the human design flaws that I describe in this book fall into one of three categories. First, there are aspects of our design that evolved in a different world than the one we now inhabit. Evolution is messy and takes time. Our species’ tendency to gain weight easily and lose weight only with difficulty made very good sense in the Pleistocene savannas of Central Africa but not so much in a twenty-first-century developed nation.


The next category of flaws includes those of incomplete adaptation. For example, the human knee is the product of a redesign that took place as our ancestors gradually shifted from a quadrupedal posture and an arboreal lifestyle to a bipedal posture and a mostly terrestrial lifestyle. Most of the various components of the knee adapted very well to the new demands placed on this crucial joint, but not all of the kinks were worked out. We are almost fully adapted to upright walking — but not quite.


The third category features those human defects that are due to nothing more than the limits of evolution. All species are stuck with the bodies that they have and they can advance only through the tiniest changes, which occur randomly and rarely. We inherited structures that are horrendously inefficient but impossible to change. This is why our throats convey both food and air through the same tiny space and why our ankles have seven pointless bones sloshing around. Fixing either of those poor designs would require much more than one-at-a-time mutations could ever accomplish.


A good example of the tremendous constraints of evolution even during episodes of great innovation is the vertebrate wing. Wings have been invented in many separate lineages. The wings of bats, birds, and pterosaurs all evolved separately and therefore have big structural differences. However, in all of those cases, the wing evolved from a forelimb. Those animals lost many uses of their forelimbs in order to get wings. Neither birds nor bats can grasp things very well. They have to crudely use their feet and mouths to manipulate objects. It would have been far better for those animals to grow wholly new wings while retaining their forelimbs, but evolution rarely works that way. For an animal with a complex body plan, growing new limbs is not an option, but slowly reshaping existing limbs is. Evolution is a constant game of tradeoffs. Most innovations come with a cost.


Evolutionary innovations are as varied as they are pricey. They range from copying errors in the blueprints inside each cell to glaring design defects in the assembly of bones, tissues, and organs. In this book, I will address each of these categories of errors in turn, looking at whole sets of flaws that share the same general themes and that, taken together, tell an incredible story about how evolution works, what happens when it doesn’t, and the high price our species has paid for these adaptations over the millennia.


Human anatomy is a clumsy hodgepodge of adaptations and maladaptations. We have pointless bones and muscles, underwhelming senses, and joints that don’t quite keep us upright. Then there’s our diet. Whereas most animals do just fine eating the same thing day in and day out, we humans have to have ridiculously varied meals in order to get all the nutrients we need. Most of the contents of our genomes are completely useless, and occasionally they are actually harmful. (We even carry around thousands of dead viruses tucked in the DNA of every one of our cells, and we spend our lifetimes dutifully replicating these carcasses.) And there are yet other, even more astounding imperfections: We are incredibly inefficient at our ultimate goal of making more of ourselves, and we have immune systems that attack our own bodies, just one of many design-related diseases. Even what is arguably our crowning evolutionary achievement — the powerful human brain — is filled with defects that lead individuals to make extremely poor choices in their daily lives, sometimes at the expense of their very existence.


But as strange as it may sound, there is beauty in our imperfections. How boring would our lives be if each of us were a purely rational, perfect specimen? Our flaws are what make us who we are. Our individuality comes from tiny variations in our genetic and epigenetic codes, and much of this diversity arises from the haphazard insults of mutation. Mutations, like lightning strikes, are random and often destructive, but they are also, somehow, the source of all human greatness. The flaws discussed in this book are scars of battles won in the great struggle for survival. We are the unlikely survivors of this endless evolutionary conflict, the products of four billion years of dogged perseverance in the face of great odds. The history of our flaws is a war story unto itself. Gather round and listen.
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Pointless Bones and
Other Anatomical Errors


Why the human retina is installed backward; why one of our mucous drains is located near the top of a sinus cavity; why our knees are so bad; why the disks of cartilage between our vertebrae sometimes “slip”; and more


We love to admire physical excellence. We can’t get enough of massive bodybuilders, graceful ballerinas, Olympic sprinters, shapely swimsuit models, and hardy decathletes. In addition to its innate beauty, the human body is also dynamic and resilient. The carefully orchestrated functions of the heart, lungs, glands, and GI tract are truly impressive, and we continue to discover the elaborate intricacies through which the body maintains its health despite the onslaught of a changing environment. Any discussion of the shortcomings of our physical form must first begin with an acknowledgment that the beauty and capability of the human body far outshines the few odd quirks here and there.


But quirks there definitely are. Lurking in our anatomy are some odd arrangements, inefficient designs, and even outright defects. Mostly, these are fairly neutral; they don’t hinder our ability to live and thrive. If they did, evolution would have handled them by now. But some are not neutral, and each has an interesting tale to tell.


Over millions of generations, human bodies morphed tremendously. Most of our species’ various anatomical structures were transformed in that metamorphosis, but a few were left behind and exist now purely as anachronisms, the whispers of days long gone. For instance, the human arm and the bird wing perform totally different functions but have striking structural similarities in the scaffolding of their bones. That’s no coincidence. All quadruped vertebrates have the same basic skeletal chassis, modified as much as possible for each animal’s unique lifestyle and habitat.


Through the random acts of mutation and the pruning of natural selection, the human body has taken shape, but it’s not a perfect process. A close inspection of our mostly beautiful and impressive bodies reveals mistakes that got caught in one of evolution’s blind spots — sometimes literally.


I Can’t See Clearly Now


The human eye is a good example of how evolution can produce a clunky design that nonetheless results in a well-performing anatomical product. The human eye is indeed a marvel, but if it had been designed from scratch, it’s hard to imagine it would look anything like it does now. Inside the human eye is the long legacy of how light-sensing slowly and incrementally developed in the animal lineage.


Before we consider the puzzling physical design of the eye, let me make one thing clear: The human eye is fraught with functional problems as well. For instance, many of the people who are reading this book right now are doing so only with the aid of modern technology. In the United States and Europe, 30 to 40 percent of the population have myopia (nearsightedness) and require assistance from glasses or contact lenses. Without them, their eyes do not focus light properly, and they cannot make out objects that are more than a few feet away. The rate of myopia increases to more than 70 percent of the population in Asian countries. Nearsightedness is not caused by injury. It’s a design defect; the eyeball is simply too long. Images focus sharply before they reach the back of the eye and then fall out of focus again by the time they finally land on the retina.


Humans can also be farsighted. There are two separate conditions that cause this, each resulting from a different design flaw. In one, hyperopia, the eyeballs are too short, and the light fails to focus before hitting the retina. This is the anatomical opposite of myopia. The second condition, presbyopia, is age-related farsightedness caused by the progressive loss of flexibility of the lens of the eye, the failure of the muscles to pull on the lens and focus light properly, or both. Presbyopia, which literally translates as “old-man sight,” begins to set in around age forty. By the age of sixty, virtually everyone has difficulty making out close objects. I’m thirty-nine, and I have noticed that I hold books and newspapers farther and farther from my face each year. The time for bifocals is nigh.


Add to these common eye issues others such as glaucoma, cataracts, and retinal detachment (just to name a few), and a pattern begins to emerge. Our species is supposed to be the most highly evolved on the planet, but our eyes are rather lacking. The vast majority of people will suffer significant loss of visual function in their lifetimes, and for many of them, it starts even before puberty.


I got glasses after my first eye exam, when I was in the second grade. Who knows how long I had actually needed them? My vision isn’t just a little blurry. It’s terrible — somewhere around 20/400. Had I been born before, say, the 1600s, I would probably have gone through life unable to do anything that required me to see farther than arm’s length. In prehistory, I would have been worthless as a hunter — or a gatherer, for that matter. It’s unclear if and how poor vision affected the reproductive success of our forebears, but the rampant nature of poor vision in modern humans argues that excellent vision was not strictly required to succeed at least in the most recent past. There must have been ways that early humans with poor vision could have thrived.


Human vision is even more pitiable when compared with the excellent vision of most birds, especially birds of prey such as eagles and condors. Their visual acuity at great distances puts even the sharpest human eyes to shame. Many birds can also see a broader range of wavelengths than we can, including ultraviolet light. In fact, migrating birds detect the North and South Poles with their eyes. Some birds literally see the Earth’s magnetic field. Many birds also have an additional translucent eyelid that allows them to look directly into the sun at length without damaging their retinas. Any human attempting to do the same would most likely suffer permanent blindness.


And that’s just human vision during the day. Human night vision is, at best, only so-so, and for some of us it is very poor. Compare ours with cats’, whose night vision is legendary. So sensitive are cats’ eyes that they can detect a single photon of light in a completely dark environment. (For reference, in a small, brightly lit room, there are about one hundred billion photons bouncing around at any given moment.) While some photoreceptors in human retinal cells are apparently able to respond to single photons, these receptors cannot overcome background signaling in the eye, which leaves humans functionally incapable of sensing just one photon and thus unable to perform the sorts of visual feats that cats pull off so easily. For a human to achieve conscious perception of the faintest possible flash of light, she needs five or ten photons delivered in rapid succession, so cats’ vision is substantially better than humans’ in dim conditions. Furthermore, human visual acuity and image resolution in dim light is far worse than that of cats, dogs, birds, and many other animals. You might be able to see more colors than dogs can, but they can see at night more clearly than you.


Speaking of color vision, not all humans have that either. Somewhere around 6 percent of males have some form of colorblindness. (It’s not nearly as common in females because the screwed-up genes that lead to colorblindness are almost always recessive and on the X chromosome. Because females have two X chromosomes, they have a backup if they inherit one bum copy.) Around seven billion people live on this planet, so that means that at least a quarter of a billion humans cannot appreciate the same palette of colors that the rest of the species can. That’s almost the population of the United States.


These are just the functional problems with the human eye. Its physical design is riddled with all sorts of defects as well. Some of these contribute to the eye’s functional problems, while others are benign, if befuddling.


One of the most famous examples of quirky design in nature is the retina of all vertebrates, from fish to mammals. The photoreceptor cells of vertebrate retinas appear to be installed backward — the wiring faces the light, while the photoreceptor faces inward, away from it. A photoreceptor cell looks something like a microphone; the “hot” end has the sound receiver, and the other end terminates in the cable that carries the signal to the amplifier. The human retina, located in the back of the eyeball, is designed such that all of the little “microphones” are facing the wrong way. The side with the cable faces forward, toward the light, while the hot end faces a blank wall of tissue.


This is not an optimal design for obvious reasons. The photons of light must travel around the bulk of the photoreceptor cell in order to hit the receiver tucked in the back. When you’re speaking into the wrong end of a microphone, you can still make it work, provided that you turn the sensitivity of the microphone way up and you speak loudly, and the same principles apply for vision.


Furthermore, light must travel through a thin film of tissue and blood vessels before reaching the photoreceptors, adding another layer of needless complexity to this already needlessly complicated system. To date, there are no workable hypotheses that explain why the vertebrate retina is wired backward. It seems to have been a random development that stuck because correcting it would be very difficult to pull off with sporadic mutations — the only tool evolution has in its toolkit.


This reminds me of the time when I installed a piece of molding called a chair rail — molding that’s placed about halfway up a wall — in my house. It was my first attempt at woodworking, and it didn’t go as well as I had hoped. The long pieces of wood for a chair rail are not symmetrical; you have to choose which is the top surface and which is the bottom, and unlike with crown molding or baseboards, with chair rails, it’s not immediately obvious which is the top and which is the bottom. So I just picked the way I thought looked best and then set about installing it: doing all the measurements, making the cuts, staining the wood, hanging it, sinking the nails, applying wood putty to the seams and nail holes, and staining again. Finally, I was done. The first guest to see my handiwork immediately pointed out that I had installed the chair rail upside down. There was a correct top and bottom and I got it wrong.


This is a good analogy to the backward installation of the retina because way back in the beginning, the light-sensing patch of tissue that would evolve into the retina could have faced in either direction with little functional difference for the organism. As the eye continued to evolve, however, the light sensors moved inside the cavity that would become the eyeball, and the backward nature of the installation became clear. But it was too late. At that point, what could be done? Flipping the whole structure around could never be achieved through a couple of mutations here and there, just like I could not simply flip my chair rail around; all the cuts and seams would be inverted. There was no way to correct my blunder without starting over completely, and there is no way to correct the backward installation of the vertebrate retina without starting over completely. So I kept the upside-down chair rail, and our ancestors kept their backward retinas.


Interestingly, the retina of cephalopods — octopi and squid — is not inverted. The cephalopod eye and the vertebrate eye, while strikingly similar, evolved independently of each other. Nature “invented” the camera-like eye at least twice, once in vertebrates and once in cephalopods. (Insects, arachnids, and crustaceans have an entirely different type of eye.) During the evolution of the cephalopod eye, the retina took shape in a more logical way, with the photoreceptors facing toward the light. Vertebrates were not so lucky, and we are still suffering from the consequences of this evolutionary fluke; most ophthalmologists agree that the backward retina is what makes retinal detachment more common in vertebrates than in cephalopods.
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The photoreceptors of the cephalopod retina (top) are oriented toward the incoming light, while those of the vertebrate retina (bottom) are not. By the time this suboptimal design became disadvantageous to vertebrates, evolution was powerless to correct it.





There is one more design quirk in the human eye that merits mention. Right smack in the middle of the retina, there is a structure called the optic disk; this is where the axons of the millions of photoreceptor cells all converge to form the optic nerve. Imagine the tiny cables from millions of tiny microphones all coming together into one bundle, a cable of cables to carry all the signals to the brain. (The visual center of the brain happens to be in the very back, as far from the eyes as it could possibly be!) The optic disk, located on the surface of the retina, occupies a small circle in which there are no photoreceptor cells. This creates a blind spot in each eye. We don’t notice these blind spots because having two eyes compensates for it; our brains fill in the pictures for us, but they are definitely there. You can find simple demonstrations of this on the Internet by searching for optic disk blind spot.


The optic disk is a necessary structure insofar as the retinal axons must all converge at some point. A much better design would be to place it deeper in the back of the eye, tucked underneath the retina rather than smack on top of it. However, the backward placement of the retina makes the blind spot unavoidable, and all vertebrates have it. Cephalopods do not, because the right-side-in retina allows the easy placement of the disk behind an unbroken retina.


Perhaps it would be too greedy to ask for hawks’ eyes, but couldn’t we aspire to those of an octopus at least?


Nasal Sinuses That Drain Upward


Just below the eyes, you’ll find another set of evolutionary errors: the nasal sinuses, a meandering collection of air- and fluid-filled cavities, some of them deep inside our heads.


Many people don’t appreciate just how much open space there is in the skull. When you inhale through your narrow nostrils, the flow of air branches into four pairs of large chambers tucked in the bones of your face; this is where the air comes in contact with mucous membranes. The mucous membranes are highly folded patches of wet and sticky tissue designed to catch dust and other particles, including bacteria and viruses, so that they do not reach your lungs. In addition to trapping particulates, the sinuses are also useful for warming and humidifying the air you breathe.


The mucous membranes in the nasal sinuses produce a slow and steady flow of sticky mucus. This mucus is swept away by tiny, pulsating, hairlike structures called cilia. (Picture a miniature version of the hairs on your arms constantly swirling in order to push sticky water along your skin.) Inside your head, mucus drains into several spots and is ultimately swallowed and sent to the stomach — the safest place to put the mucus, since the bacteria and viruses it contains can be dissolved and digested by the acid there. The sinus passages, when working properly, keep the mucus flowing, which clears the bacteria and viruses before they can cause infections and prevents mucus from gumming up the whole system.


Of course, the whole system does get gummed up sometimes, and that can lead to a sinus infection. Bacteria that are not swept along fast enough can set up camp and establish an infectious colony that may spread throughout the sinuses and beyond. Mucus, normally thin and mostly clear, becomes thick, viscous, and dark green when you have an infection. Most infections are not serious, but they aren’t fun either.


Have you ever noticed that dogs, cats, and other animals don’t seem to have head colds nearly as often as humans do? Most humans suffer between two and five head colds (also called upper respiratory infections) per year, and some of them are accompanied by full-blown sinus infections. In the six years that I have had my dog, however, I haven’t noticed a single episode of a runny or stuffy nose, watery eyes, coughing, or repeated sneezing. He’s never even had a fever that I know of. Sure, dogs can get sinus infections, and the most common symptom is the easily recognized runny nose. But this is a rare occurrence for them. Most dogs will go their whole lives with no major episodes of infection in their nasal sinuses.*


Wild animals are similarly free of nasal symptoms. Sinus infections are possible but rare in nonhuman animals, although they are a little more common in primates than in other mammals. Why do humans have it so bad?


There are a variety of reasons for why we’re so susceptible to sinus infections, but one of them is that the mucous drainage system is not particularly well designed. Specifically, one of the important drainage-collection pipes is installed near the top of the largest pair of cavities, the maxillary sinuses, located underneath the upper cheeks. Putting the drainage-collection point high within these sinuses is not a good idea because of this pesky thing called gravity. While the sinuses behind the forehead and around the eyes can drain downward, the largest and lowest two cavities must drain upward. Sure, there are cilia to help propel the mucus up, but wouldn’t it be easier to have the drainage below the sinuses rather than above them? What kind of plumber would put a drainpipe anywhere but at the bottom of a chamber?


This poor plumbing is not without consequence. When the mucus becomes thicker, things get sticky, both figuratively and literally. Mucus thickens when it carries a heavy load of dust, pollen, or other particulates or antigens; when the air is cold or dry; or when a bacterial infection is fighting to take hold. During these times, the cilia have much more work to do to get the sludgy mucus to the collection point. If only we had gravity to help with the drainage, like other animals do! Instead, our cilia must work against gravity and the increased viscosity of the thick mucus. They simply can’t keep up and this leads to the nasal symptoms of the common cold. This is also why colds and allergies occasionally trigger secondary bacterial sinus infections; as the mucus pools, bacteria can fester.
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The human maxillary sinus cavity. Because the mucous collection duct is located at the top of the chamber, gravity cannot help with drainage. This is part of the reason why colds and sinus infections are so common in humans but unheard of in other animals.





The poor location of the drainpipes in the maxillary sinuses also helps to explain why some people with colds and sinus infections can briefly find relief by lying down. When they don’t have to work against gravity, the cilia in the maxillary sinuses can propel some of the thick mucus toward the collecting duct, which relieves some of the pressure. This is no cure, however, and the respite is only temporary. Once a bacterial infection takes hold, drainage alone can no longer combat it, and the bacteria must be defeated by the immune system. In some people, mucous drainage is so poor that only nasal surgery can bring relief from near-constant sinus infections.


But why is the drainage system at the top of the maxillary sinuses instead of below? The evolutionary history of the human face holds the answer. As primates evolved from earlier mammals, the nasal features underwent a radical change in structure and function. In many mammals, smell is the single most important sense, and the structure of the entire snout was designed to optimize this sense. This is why most mammals have elongated snouts: to accommodate huge air-filled cavities chock-full of odor receptors. As our primate ancestors evolved, however, there was less reliance on smell and more reliance on vision, touch, and cognitive abilities. Accordingly, the snout regressed, and the nasal cavities got smushed into a more compact face.


The evolutionary rearrangement of the face continued as apes evolved from monkeys. The Asian apes — gibbons and orangutans — simply ditched the upper set of cavities altogether; their lower sinuses are smaller and drain in the direction of gravity. The African apes — chimpanzees, gorillas, and humans — all share the same type of sinuses. However, in the other apes, the sinuses are larger and more cavernous, and they are joined to each other by wide openings, which facilitates unrestricted flow of both air and mucus. Not so with humans.


Nowhere are there more differences between humans and nonhuman primates than in the facial bones and skull. Humans have much smaller brows, smaller dental ridges, and flatter, more compact faces. In addition, our sinus cavities are smaller and disconnected from one another, and the drainage ducts are much skinnier. Evolutionarily speaking, humans gained nothing by having those drainage pathways squeezed into narrow tubes. This was likely a side effect of making room for our big brains.


This rearrangement produced a suboptimal design that has left us more susceptible to colds and painful sinus infections than perhaps any other animal. But as far as poor design goes, this evolutionary mishap is nothing compared to what lurks just a bit farther down in the body: a nerve that should drive straight from the brain to the neck but instead takes a few dangerous detours along the way.


A Runaway Nerve


The human nervous system is astonishingly intricate and important. Our brains are highly developed, and our nerves make those brains functional.


Nerves are bundles of tiny individually wrapped cables called axons that convey impulses from the brain to the body (or, for sensory nerves, from the body to the brain). For example, there are motor neurons that live near the top of the brain that send their long axons out of the brain, down the spinal cord, out of the lumbar region, and down the legs to their targets in the big toes. A long route, for sure, but a direct one. There is a web of cranial and spinal nerves that carry their axons from the brain to every muscle, gland, and organ in the body.


Evolution has left us with some very bizarre defects in that system. Consider just one example, the awkwardly named recurrent laryngeal nerve (RLN). (There are actually a pair of these nerves, one on the left and one on the right, as there are for most nerves in the human body, but for simplicity’s sake, we’ll talk about just the left one.)


The axons found in the RLN originate near the top of the brain and connect to the muscles of the larynx (also known as the voice box). These muscles, under the direction of the nerve, are what allow us to make and control audible sounds when we speak, hum, and sing.


You would think that axons that begin in the brain and end in the upper throat would travel a short distance: through the spinal cord, into the throat, and to the larynx. The whole thing could be just a few centimeters long.
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The left vagus nerve and some of the nerves that branch off from it — including the recurrent laryngeal nerve (RLN). Its circuitous route through the chest and neck is an evolutionary throwback to our early vertebrate ancestors, in which a straight path from the brain to the gills went very near to the heart.





Nope. The axons of the RLN are packaged within a more famous nerve, the vagus. It travels down the spinal cord all the way to the upper chest. From there, the sub-bundle of axons known as the RLN exit the spinal cord a little below the shoulder blade. The left RLN then loops under the aorta and travels back up to the neck, where it reaches the larynx.


The RLN is more than three times longer than it has to be. It winds through muscles and tissue that it need not. It is one of the nerves that heart surgeons must be very careful with, given how it intertwines with the great vessels from the heart.


This anatomical oddity has been recognized as far back as the time of the ancient Greek physician Galen. Is there a functional reason for this circuitous route? Almost certainly not. In fact, there is another nerve, the superior laryngeal nerve, that also innervates the larynx and travels the exact route that we would predict. This sub-bundle, which also branches from the larger vagus bundle, leaves the spinal cord just underneath the brain stem and travels the short distance to the larynx. Nice and easy.


So why does the RLN travel this long, lonely road? Once again, the answer is in ancient evolutionary history. This nerve originated in ancient fish, and all modern vertebrates have it. In fish, the nerve connects the brain to the gills, which were the ancestors of the larynx. However, fish don’t really have necks, their brains are tiny, they don’t have lungs, and their hearts are more like muscular hoses than pumps like ours. Thus, a fish’s central circulatory system, located mostly in the space behind its gills, is quite different than a human’s.


In fish, the nerve makes the short trip from the spinal cord to the gills in a predictable and efficient route. Along the way, however, it weaves through some of the major vessels that exit the fish heart, the equivalent of the branching aortas of mammals. This weaving makes sense in fish anatomy and allows for a compact and simple arrangement of nerves and vessels in a very tight space. But it also paved the way for an anatomical absurdity that would begin to develop as fish evolved into the tetrapods that would eventually give rise to humans.


During the course of vertebrate evolution, the heart began to move farther back as the body form took on a distinct chest and neck. From fish to amphibians to reptiles to mammals, the heart inched farther and farther away from the brain. But the gills did not. The anatomical position of the human larynx relative to the brain is not that different from the relative position of fish gills to the brain. The RLN should not have been affected by the changing position of the heart — except that it was intertwined with the vessels. The RLN got stuck and was forced to grow into a large loop structure in order to travel from the brain to the neck. Apparently, there was no easy way for evolution to reprogram the embryonic development of this nerve so as to untangle it from the aorta.
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The left recurrent laryngeal nerve (RLN) loops under the aorta in all vertebrates. Therefore, the RLN of sauropod dinosaurs would have been incredibly long.





The result of this is that the RLN forms a long, unnecessary loop in the human neck and upper chest. While this may not seem like a huge deal, consider that all of the tetrapod vertebrates are stuck with the same anatomical arrangement inherited from a common ancestor, bony fishes. The RLN of the ostrich should need to travel only two to three centimeters to do its job, but instead, it travels nearly a full meter down the spinal cord, then a full meter back up the neck. The RLN of the giraffe can be up to five meters long! Of course, that is nothing compared with how long the RLN must have been in the apatosaurus, brachiosaurus, and other sauropods. Maybe we shouldn’t scorn our own relatively puny RLN after all.


Pains in the Neck


A runaway nerve is just one thing that is messed up with the human neck. Really, the whole neck is a bit of a disaster. For starters, it’s very poorly protected, especially compared to the protection other important areas get. Just above the neck, the brain is kept in a thick, rigid housing that can withstand a substantial degree of trauma. Below the neck, the heart and lungs are protected by a strong but flexible rib cage anchored by a flat chest plate that is similarly sturdy. Evolution went to a lot of trouble to protect the brain and the cardiopulmonary system but left the connections between them totally vulnerable. (It also failed to protect our visceral organs well, but that is a story for another day.)


It is very difficult for someone to do great harm to your brain or heart with his bare hands, but your neck can be snapped with one swift motion. This weakness is not unique to humans, but humans do have special problems. For example, the vertebrae that are so good at allowing smooth movement as we twist and turn our necks are also easily dislocated. The trachea — the tube through which fresh air gets to the lungs — rests just underneath a thin layer of skin in the front of the neck and can be pierced by even a dull point with little force. The human neck is just a glaring vulnerability.


An even more basic flaw in the neck is the fact that there is one tube, from the opening of the mouth until about halfway down the neck, that is common to both the digestive and respiratory systems. The throat conveys both food and air — what could possibly go wrong? While this, too, isn’t an exclusively human problem — the throat is a nearly universal structure in birds, mammals, and reptiles — that doesn’t make it less of a flaw. In fact, this universal poor design demonstrates the physical constraints that evolution has to work with. Mutations are good for making small incremental tweaks but they cannot be used to execute full-scale redesign. Most of the higher animals get their food and air through the same tube. Having totally separate anatomical structures for digestion and respiration would make much more sense in terms of hygiene, immune defense, and the general maintenance of these very different systems — but evolution came up with a different, less sensible solution for many animals, humans included.


For breathing, especially, our bodies are supremely underequipped. Air passes down a single tube in the throat that then divides into dozens of branches in the lungs. These branches terminate in tiny dead ends full of air sacs that allow the exchange of gases across a thin membrane. The pathway for expired air is precisely the reverse. Air comes in and out like ocean tides through all those branches, hence humans are termed tidal breathers. This is horribly inefficient because there is a great deal of stale air left in the lungs when fresh air is brought in. These mix, diluting the oxygen content of the air that actually reaches the lungs. This burden of stale air in the lungs limits oxygen delivery, and so we must overcome this by breathing deeper, particularly during moments of peak demand, like exercise.


To get an exaggerated sense of the extra work humans must do because of tidal breathing, try breathing through a tube or a hose. But don’t try it for too long, because if the tube is more than a few feet, you will slowly suffocate, no matter how deeply you breathe. If you have ever snorkeled, you have experienced the same exaggerated effects of tidal breathing. Even when floating quietly, making only gentle motions with their legs and arms, snorkelers must breathe deeply to remain comfortable. Every breath is a mixture of stale and fresh air. The longer the path, the more stale air left behind at the end of every breath.


There is a much better way to breathe. In many birds, the airway splits into two lanes of traffic before it reaches the respiratory sacs. Inbound air heads directly to the lungs, not mixing with stale air. Stale air is collected into an out spout and travels upward, joining with the trachea only high in the throat. One-way flow of traffic into the lungs ensures that each breath brings in mostly fresh air. This is a much more efficient design and allows birds to take far shallower breaths than we do to deliver the same amount of fresh air into their bloodstream. This is a critical improvement for birds, because flying demands massive quantities of oxygen.


Of course, the biggest danger in the human throat’s design is not suffocating, but choking. Nearly five thousand Americans choked to death in 2014, the majority of them choking on food. If we had separate openings for air and food, this would never happen. Cetaceans — whales and dolphins — have blowholes, a powerful innovation that provides a dedicated conduit for air. Many birds and reptiles also have a superior design for breathing in that their nostrils convey air directly to the lungs rather than merging with the throat. This is why snakes and some birds can continue to breathe even while they are slowly working on swallowing a huge meal. Humans and other mammals have no such apparatus; when we are swallowing, we have to stop breathing momentarily.


It also doesn’t help that the human instinctual physical reaction when startled is to gasp. That in and of itself is an example of poor design. What is the benefit of suddenly and forcefully pulling in a large breath of air when you are frightened or receive surprising news? There’s no upside to that, and if there is food or liquid in your mouth at that moment, it can create a big problem.
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