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Preface



“Dr. Schneider, this is Karen Lambert and I’m calling from Belize. You fixed my shoulder a few years ago and I’m dealing with an awful emergency.” The phone line crackled and gapped, credibly confirming the Central American origin. “My husband and I are on an eco-tour vacation, and two days ago at a zip line park, his harness broke and he fell twenty feet. His elbow dislocated and broken bones were sticking out of his arm.”


Karen went on to explain that her husband, Mark, had been shuttled to a small hospital in a nearby town, but that she had not been allowed to see him since he was admitted forty-eight hours before. The local doctor had reduced the elbow (aligning the joint and broken bones) but had not operated. Frantic, she pleaded for help to extricate her husband from the unsophisticated infirmary and convey him to the United States.


My team and I sprang into action, and working with a local air ambulance company, facilitated transport to Denver the next day on a private jet staffed with nurses. An ambulance met them at Denver International Airport, and after rushing him to my level one trauma center, we prepared for emergency surgery at 2:00 A.M.


All day long I had prepared for the worst. I was worried about a life-threatening infection, and knew for certain that loss of his arm was a distinct possibility. At best, I was hoping that we could minimize lifelong disability and hope for reasonable function. When I met with Mark and Karen in the pre-op holding area, they looked understandably exhausted and emotionally empty. Mark was lying on a gurney in a white surgery smock; Karen was still wearing the logoed travel company T-shirt, khaki shorts, and adventure sandals. Just as I was about to give them “the big talk” about doing our best to save his arm, Mark looked up at me with travel-weary eyes and informed me:


“I want to be able to play softball this summer and I don’t want scars.”


Stunned, I tried recalibrating, sensing the need to educate Mark about the grave consequences he was facing. I couldn’t break through. He equated Karen’s successful shoulder reconstruction and stabilization to his present situation. I mentioned the 80 percent death rate associated with “open fractures” just one hundred years ago, and tried to convey the complex nature of the ligaments, tendons, and muscles that held his elbow together, and the challenge of closing gnarly traumatic lacerations, but to no avail. Although I liked Mark’s optimism, I was concerned he wasn’t grasping the potential for serious complications, and the certainty that his arm would never be the same.


By dint of miracle, his surgery went extremely well. He didn’t die, he didn’t lose his arm, and he (somehow) ended up with superb function and had no disability. In fact, his scars were unnoticeable.


At his final appointment (following a softball game), we recalled his travails and assessed his final outcome. I tried one last time to discuss how close he came to losing his arm and how just a short time ago he would have almost certainly perished from this injury. Mark is an aerospace engineer, so common here in Boulder, Colorado, and despite his great intelligence, has no perspective about modern surgery. In fact, almost no one does, including surgeons. So when I reviewed his progress and compared it to how it would have gone just seventy-five years ago, Mark was shocked that there was no such thing as plates and screws, or even antibiotics, in the years before World War II.


Not that long ago, no one believed in germs. Although the first anesthetic drugs were discovered in the mid–19th century, surgery was still extremely dangerous until a small group of physicians and scientists were able to prove that the minuscule organisms that invisibly inhabit our world are the cause of infections. This knowledge triggered a revolution in medicine and surgery, and the first triumph was convincing surgeons to wash their hands before surgery.


An agonizing interval of seventy years passed from the acceptance of the germ theory to the development of antibiotics. During that period, surgery slowly developed, but to our modern eyes was highly limited in scope and efficacy. But a simultaneous series of inventions, like the development of polymers and transistors, modern alloys and antibiotics, and the undergirding establishment of private health insurance and Medicare, made modern surgery what it is.


Implant surgery, such as joint replacement, cardiac stent placement, lens surgery, and neurosurgical shunts, only became possible about fifty years ago. Implants, now numbering in the millions per year worldwide, were unthinkable a century ago, but this modern marriage of science, art, hubris, imagination, madness, bravery, and patience is nothing short of an implant revolution.


There are many encyclopedias of surgery and compendia of surgeons’ biographies. There are a few books written in recent decades that truly bring to life some of the renegades and pioneers who helped make our world modern. What is missing is a narrative that interconnects those lives, weaves together their tales, and explains “how we got to now.”


In this book, therefore, I set out to tell the story about the invention of surgery. In modern historiography, it has become au courant to presuppose that there are really no “lone geniuses” and almost no “eureka” moments. That is simply not true in the topic of surgery. There are many virtuosi who saw further in their underrated genius, challenged the status quo, and improved the lot of mankind more than in any other field. Here are their stories.










Introduction





Life is short, and Art long; the crisis fleeting; experience perilous, and decision difficult. The physician must not only be prepared to do what is right himself, but also to make the patient, the attendants, and externals cooperate.


—Hippocrates, Aphorisms, Section 1


The fact is that he whose purpose is to know anything better than the multitude do must far surpass all others both as regards his nature and his early training.


—Galen, On the Natural Faculties1





As the junior resident on the hand surgery service, I spend more time tending to the patients on the hospital floor and in the emergency room, and less time in the operating room. This summer has been hectic, with multiple “replants” (the reattachment of fingers after trauma suffered at factories, lumber mills, and backyard fireworks mishaps). Patients get airlifted or ambulanced to our trauma center from all over our region in hopes of saving their hands.


Two days ago, a young Amish boy suffered the loss of three fingers in a barnyard accident. Gabriel is five years old, but speaks no 

English—typical for a child here in central Pennsylvania, growing up in a cloistered community retaining the simplicity of a bygone era. In fact, almost no one in his family can communicate well with us. I have treated some Amish and Old Order Mennonite patients who speak modern English effortlessly, but some sects of Amish barely break away from their “Low German” dialect.


My job this morning is to change the leeches on Gabriel’s fingers. You read that right. It sounds positively medieval, but there is a role for leeches in modern medicine. Once the hand surgeon has completed the daunting challenge of reattaching fingers, which includes the tasks of realigning and stabilizing the bones, stitching together the tendons, and sewing the nerves and blood vessels with microscopic suture, he must monitor the blood flow within the arteries and veins to see if the finger will thrive. Leeches are used for their bizarre ability to secrete hirudin, a natural anticoagulant from their salivary glands that facilitates hematophagy, the ingestion of blood. Attaching a medicinal leech to a finger decongests the digit, thus increasing the chance of survival. The leech swells with feeding, and once it is fully engorged, it must be replaced with a ravenous collaborator to continue the digit-saving bacchanal.


As I walk into Gabriel’s room, I am greeted with a blast of furnace-hot air laced with the essence of barnyard manure. In an effort to accentuate his fingers’ vasodilation (expansion of the blood vessels), we keep patients’ rooms at 95° F. Inside the room are more than twenty people, all of whom are Amish; the men with characteristic Abe Lincoln beards, black wool trousers, suspenders, and white shirts, and women with bonnets and flowing navy-blue dresses to their ankles. I am reminded that most Amish bathe once a week, and the combination of heavy wool dark clothing, blistering hot and muggy Pennsylvania summers, and farm animal occupations make this room reek, even to me, the son of a large-animal veterinarian.


I have brought a jar of fresh leeches, skinny and dark wormlike creatures. I lean over the stoic Gabriel, his hand in a massive dressing three times the size of a boxing glove. As I undo the layers of white cotton dressing, my community of witnesses leans closer; I seem to be the only one sweating in the oven of room 765. With the removal of the final loose layer of gauze we are all staring at three huge leeches, each attached to a finger. They are crimson and india ink–black, immobile, and drunk with blood. They look ready to explode. I begin to tug on the first parasite, and it won’t budge. A wave of anticipation pulses through the throng, and now twenty faces are within feet of mine, and a mixture of pig, horse, and cow manure wafts pungently toward me with essences of molasses, scrapple (bacon remnant), and chow-chow (pickle relish) mixed in. I could vomit.


With a little more force, I am finally able to pluck the little vampire off a finger and the assembly groans in appreciation, “Yaaaa.” I repeat this two more times, with the fingers oozing at the attachment sites. One by one I then reach into the little jar and pick out a slimy creature and drag it onto a finger. With a little wriggle, the sluglike animal positions itself on the finger and a firm linkage is established. Gabriel has remained motionless the entire time, and he and I make eye contact again. We have no words in common beyond a simple greeting, but we do share at this moment thousands of years of medical tradition—the art of bloodletting. Although bleeding a patient is no longer practiced in America, there are still places in the world where bloodletting occurs in a fashion that goes back 2,500 years to the very beginning of medicine. My medical forefathers couldn’t have dreamed of refabricating fingers to a hand, even one hundred years ago. But they would have been enchanted by the notion of leeches sucking “bad blood.”
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On the left bank of the River Seine, in Paris’s labyrinthine Latin Quarter, are situated dozens of buildings associated with the Sorbonne, including the Université Paris 5 René Descartes. Located on the rue de l’École de Médecine, the university’s greatest building is a 17th-century colonnaded structure that houses an enthralling museum of medicine and a library. Inside the building, at the end of the lobby, stands a life-size stone sculpture of a veiled woman who gently lifts a shroud away from her face and upper body, revealing her placid countenance and exposed breasts. The sculpture is titled La Nature se dévoilant à la science, or Nature is revealed through science.


In this place of great learning, this monument captures the very essence of the scientific program of the Renaissance and Scientific Revolution, wherein mankind removed the opaque veil from the distinctive beauty of nature. Centuries had passed since the philosophical and artistic revolutions of ancient Greece, but as medieval darkness gave way to the light of learning, a rekindling of an enlightened curiosity took hold across Europe. The 15th century was a time of exploration, innovation, and reinvention of communication via new technology—much like our current time.2 Figures like Leonardo da Vinci, Christopher Columbus, and Johannes Gutenberg upended the status quo, much like Steve Jobs, Elon Musk, Jack Dorsey, and Mark Zuckerberg have done over the last decades—and not without controversy.


The Renaissance is a convenient starting point to trace the origins of modernity in medicine, in part because so little had changed from the time of Hippocrates to the 15th century. Even as the Western world was awakening from a great, thousand-year sleep, it was still mostly pointless to consult with a physician, and likely, more dangerous to be under the care of even the wisest doctor. As is beautifully detailed by David Wootton in Bad Medicine, a patient inflicted with almost any malady, in any era before 1865, would have been better served by suffering alone, away from the “care” of a physician.


Therefore, the two towering figures of Western medicine, Hippocrates and Galen, had actually done very little to improve the lot of men and women under their philosophical care for almost two thousand years. And certainly, they had contributed nothing to the practice of surgery. Nonetheless, it is critical to understand that these fathers of medicine—even though they were merely pulling so many levers behind the curtain like the Great Oz—influenced every Western physician over the last two thousand years, and so their theories matter.


My undertaking in this work is to explore the metamorphosis of the understanding of the way the body works, how disease happens, and the near-miraculous ways 21st-century surgeons can resuscitate, reconstruct, and even reimagine human beings. I will spend little time examining ancient Asian medicine, or the oral traditions of healers in primitive societies. While there may have been surprising perceptions among antiquity’s shamans, dead-end, unlinked intellectual insights are not the focus of this work. The foundational breakthroughs that led to the invention of surgery—from the invention of science itself to the discovery of cells, germs, modern materials, and outcomes research—is the thrust of this book.


Stephen Greenblatt, in his enchanting book The Swerve, relates the story of the near-mythical poem, “On the Nature of Things,” by the Epicurean poet, Lucretius. Lost to antiquity, the poem was remembered for its insights and artistry, but no one in the Middle Ages had ever read it. All that remained were stories about its greatness, similar to the legends of the Colossus of Rhodes or the Hanging Gardens of Babylon. After disappearing for 1,500 years, it was discovered in 1417 by an Italian scribe and book hunter, Poggio Bracciolini, in a southern Germany monastery.


Poggio concealed himself for three weeks in the monastery and copied its 7,400 Latin lines from ancient papyrus, returning to Rome with his treasure. Within a few decades, Gutenberg invented the printing press, and soon copies of Lucretius’s poem would be printed and distributed around the Western world. The discovery of “On the Nature of Things” helped make the world modern, turning away “from a preoccupation with angels and demons and immaterial causes and to focus instead on things in this world; to understand that humans are made of the same stuff as everything else and are part of the natural order; to conduct experiments without fearing that one is infringing on God’s jealously guarded secrets … to legitimate the pursuit of pleasure and the avoidance of pain … to find the mortal world is enough.”3 While it is challenging to pinpoint all the causes of the Renaissance, surely this poem, with its groundbreaking claims, helped the world “swerve” toward modernity.


What made the poem so radical? To start with, Lucretius claims that everything is made of invisible particles. He further postulates that these particles are eternal (which would be a foundational claim of Antoine Lavoisier, one of the fathers of chemistry). Harvard University philosopher George Santayana has called this “the greatest thought that mankind has ever hit upon.”4 In addition, our poet tells us that humans are not unique, we are in a primitive battle for survival, there is no afterlife, religions are cruel, and the highest goal of life is the enhancement of pleasure and the reduction of pain. Radical, indeed. When these assertions were resurrected at the end of the Middle Ages, one can see why they were so iconoclastic. As Gustave Flaubert has said, “Just when the gods had ceased to be, and the Christ had not yet come, there was a unique moment in history, between Cicero and Marcus Aurelius, when man stood alone.”5 These ponderings would help transform astrology to astronomy, alchemy to chemistry, and, eventually, Aristotelian cosmology to Newtonian Physics.


Hippocrates’s life spans the triad of great philosophers—born ten years after Socrates, most of Plato’s life, and overlapping Aristotle by fourteen years. Not just a physician, Hippocrates was a renowned author, a pillar of the culture, a patriot of Greece, and a moralist. The “Hippocratic corpus,” the sixty pieces of writing that are attributed to him and his followers (though by some estimates, almost half are falsely attributed), contains works that were probably written over a century or two. John Block concluded, “Hippocrates first gave the physician an independent standing, separating him from the cosmological speculator. Hippocrates confined the medical man to medicine.”6 All early “healers” were natural philosophers, and Aristotle said that it was the task of these philosophers to look into the principles of health and disease. This started with an obsession with the “correct regimen” and proper diet. “How to find the diet that would maintain the body in health and free it from disease was a problem that invited speculation about the constituents of body and of food, as well as about the structure, the functions and the activities of the body and its parts.”7


The ancient truth-seekers mulled over the function of the body without any knowledge of cells, germs, genes, cancer, even bodily organs; is it any wonder that disease was a complete enigma? If primitive man in every corner of the world was transfixed with the starry sky, found meaning in the mutable moon, contemplated the traversing of the sun, and considered the pulsing of the tides and respirations of the winds, how much more significance would be achieved by turning inward to our bodies and examining the motions, ebbs and flows of a pounding heart, of breathing, even urination and defecation?


Siddhartha Mukherjee, in The Emperor of All Maladies, says the ancient Greeks were “preoccupied with fluid mechanics—with waterwheels, pistons, valves, chambers, and sluices—a revolution in hydraulic science originating with irrigation and canal-digging and culminating with Archimedes discovering his eponymous principle of buoyancy in his bathtub. This preoccupation with hydraulics also flowed into Greek medicine and pathology. To explain illness—all illness—Hippocrates fashioned an elaborate doctrine based on fluids and volumes, which he freely applied to pneumonia, boils, dysentery, and hemorrhoids.”8


Hippocrates, and later, his disciple Galen, would explain the inner workings and dysfunction of the body with the concept of the Four Humors (liquids). Thinking like a hydraulic engineer, Hippocrates theorized that our bodily vessel is a container of blood, phlegm, black bile, and yellow bile. “In the process of digestion, food and drink are turned into the bodily juices, the humors,” writes Owsei Temkin, “… they are the nourishment of the body, i.e., of its tissues, which consequently owe their existence to the humors. The [Aristotelian] elements of fire, earth, and water do not exist as such in the body; they are represented by yellow bile, black bile, and phlegm, respectively.”9 Air, Aristotle’s fourth element, is the pneuma of the Stoics (the vital spirit or creative force of a person), and is the vehicle of vital and psychic functions.


To understand Hippocrates’s 4th-century B.C.E. mindset, remember that English physician William Harvey’s breakthrough experimentation of blood circulation was still almost two thousand years away. The ancients had no concept of circular blood flow, which we trace starting at the heart, coursing through the aorta and subsequent smaller vessels—all the way to the narrowest blood vessels, the capillaries—with a gradual reversal to the thin-walled, low-pressure veins that form tributaries, like ever-widening rivers on their way to the ocean, to the massive vena cava that empties back into the heart. If you are reading this book you probably understand that blood does not simply “dump” into your muscles, like a container of meat being splashed with blood. Instead, your muscles are thoroughly perfused with tiny blood vessels, too small to see with the naked eye. There is no reservoir in our body where all the juices (Hippocrates’s simplified bile, blood, and phlegm) collect together. Why would he conjecture this way?


It seems that Aristotle was the first to scientifically dissect an animal, and perhaps it was his pupil, Diocles who was the first to dissect a human.10 In the ancient world, human dissection was permitted until being outlawed by the Romans. The Hippocratic physicians would have been allowed to dissect the dead, but this was before embalming and refrigeration, and would have demanded fairly quick action before putrefying flesh made investigation too repulsive. Presented with a recently deceased person or animal, an ancient physician would have likely made cuts into the abdomen, finding smelly bowels filled with half-digested food and large blood vessels containing congealed blood, dark purple in color. In the abdominal cavity, surrounding the bowels, there was abdominal fluid, like warm apple juice. Handling the organs, the kidneys, liver, and spleen would be crimson and full of gelatinous, molten blood. The gallbladder, anchored below the liver, would have been large and pear-shaped. Slicing into it, pea-sized gallstones would have tumbled out with yellowish fluid oozing over the examiner’s hands. In the thoracic cavity, home to the lungs and heart, pulmonic fluid would be discovered surrounding the lungs and filling the lobes with frothy liquid, like watery tea in a sea sponge. The trachea and bronchial airways would almost certainly have had a mucous residue so common in a dying man. In conclusion, we have the four humors: blood, yellow bile, black bile, and phlegm. Without understanding organ function, the early anatomist would deliberate over these fluids, seeking a unifying “theory of everything” to explain the workings of the most interesting system in the universe. There must have been a singular moment (upon a particular corpse), when Hippocrates formulated and simplified his four humors theory; would there ever be a philosophical offering more contemplated and recited than this?


The individual humors, when dominant in a human being, contributed to the personality and behavior. Each one of the four personality types, based upon one of the humors, is familiar to our ears. In Greek, black bile is melancholia, upon which our word for a depressed, “melancholic” person is based. A calm, “cool-headed” person had an overabundance of phlegm, and was therefore “phlegmatic.” An irritable, crotchety, or “bilious” person has too much yellow bile and is “choleric.” If a patient had a predominance of blood, and was spirited or intemperate, he would have been called “sanguine,” from the Latin word for “blood.”


And here is the very important observation about the dominance of Hippocratic theory all the way to the Scientific Revolution. Even the savants of the Renaissance, who were forced to contemplate the function of the body in a world without science, were powerless to resist the allure of Hippocratic musings. Because the philosophical foundation was a fraud, medicine was ineffectual, even lethal. The Hippocratics provided much explanation for why the therapies worked: it never occurred to them they did not.11 If Hippocrates is the Father of Medicine, it is a dubious paternity; we can’t identify any success associated with his (or his followers’) theories.


The most logical intervention for a sanguine person would have been to decrease the volume of blood. If the patient was “hot-headed,” or if a disease was causing redness and heat (we would describe them as having a “fever”), the Hippocratic physician would bleed the patient. This was classically performed by cutting a vein (venesection), but later by cupping (suctioning the skin with a cup) or applying leeches. “Bloodletting” was therefore the ancient art of trying to achieve a balance in humors, and explains why so many patients were bled (often, to death). Consider all the times you have been sick with a fever. That fever, a bodily increase in temperature, is a systemic reaction to a bacterial or viral attack that is now easy to explain in scientific terms. Had you lived a mere five generations ago, you likely would have been bled bedside by your community physician.


The Roman Empire began in 31 B.C.E., with the consolidation of Greece and Hellenistic Egypt under one ruler, Augustus Caesar. Augustus ruled until 14 B.C.E., and Rome was the center of a powerful, peaceful kingdom for two hundred years. Greek city-states assimilated under Roman rule, and in turn, the Early Empire embraced classical Greek culture.


Into this period of relative peace and order was born the other great physician of antiquity, Galen (130–200 C.E.). Like Hippocrates, Galen was from east of the Aegean Sea, and was born in Pergamum in Asia Minor (present day Bergama, Turkey). Like Hippocrates’s island of birth (Kos), Pergamum was home to a sanctuary of the healing god Asclepius. Galen’s training started at home, extended to Smyrna and Corinth, and ended at Alexandria. Owsei Temkin has written: “The founding of Alexandria was an important event in the history of ancient scholarship, science, and medicine. From the 3rd century B.C.E. until its conquest by the Arabs in 642 C.E., Alexandria was the foremost center of medical study and especially of anatomy.” As will become plain in this book, there has always been a “center of scientific and medical learning” in the world. “For a time, it seems, anatomy could be studied on human bodies, until Roman law put an end to such study and confined anatomy to animal dissection.”12


Galen returned to Pergamum, flush with his Alexandrian education, where he became physician to the gladiators. An early “sports medicine physician,” it has become clear that Galen probably performed no human dissection during his career, but he was exposed to deep anatomy during his surgical treatment of gladiatorial injuries. Galen was later summoned to Rome by the emperor Marcus Aurelius, and it seems that he spent his last forty years there, writing, teaching, and attending to the emperor.


Galen was not just an influential physician. He was a philosopher, a dazzling and highly industrious author who wrote in a cultivated Greek style, a scientist and skilled dissector (albeit, of monkeys and pigs). Highly prolific, “his preserved works alone would fill about a dozen volumes of approximately one thousand pages each.”13 If Aristotle was the first to perform animal dissection, and the first to postulate that the organs of the body had individual function, it was Galen who raised animal dissection and vivisection (dissecting on live animals) to another level. The major revolution in anatomical learning had occurred in Alexandria, led by Herophilus and Erasistratus, who were both contemporaries of Epicurus, in the 3rd century B.C.E. Alexander the Great had just founded his city at the time of their birth; it was a frontier city on the Mediterranean near the mouth of the Nile, surrounded by barbarians. It is possible that dissection (and even, shockingly, vivisection) was performed on convicted criminals in that city. Steven Johnson has described the “hummingbird effect, an innovation, or cluster of innovations, in one field [that] ends up triggering changes that seem to belong to a different domain altogether … sometimes change comes about through the actions of political leaders or inventors …”14 The young city of Alexandria, as a Hellenistic outpost, was the ideal laboratory for the Greek natural philosophers, with a tradition (handed down from Alexander) of assimilating local customs and leaders and inculcating international students. For almost one thousand years it was the greatest city of learning in the world and had the largest library (of papyrus scrolls). The marriage of ancient Egyptian scholarship, Greek philosophical insight and empiricism, and contributions of conquered Persian and Indian peoples made Alexandria the ideal city for Galen to complete his studies.


Galen’s great work On Anatomical Procedures is a wonder. It was his last major work, and was based on a lifetime of anatomical investigation. It has been said that Galen, though not the founder of the science of anatomy, was its first important witness, and this work is his pièce de résistance. Like most anatomy books, there is an abundance of information on bones, muscles, blood vessels, and organs. However, much of the writing is imbued with Hippocratic humoral physiology; it is laughably wrong when examined today, but it was the authoritative work until Vesalius’s De humani corporis fabrica (On the Fabric of the Human Body) was published in 1543. So highly regarded was Galen that Vesalius, as we shall see, had to tiptoe around criticizing the master and gently sow the first seeds of doubts about his authority.


Galen became a true pioneer when he performed anatomic experimentation. Tragically, it involved vivisection, but instead of conjecture about the imbalance of humors, Galen became the first to uncover organ function. “By tying and untying the ureters Galen proves the flow of urine from the kidneys to the bladder; he severs the spinal cord at different levels and describes the ensuing loss of motion and sensibility; he ligates the recurrent nerves [that lead from the brain to the vocal cords] and he has discovered and notes the subsequent loss of voice.”15 This 2nd century natural philosopher upended centuries of Aristotelian theory about the heart being the “command center” of the body, and instead demonstrated that the nerves carried the impulses to the muscles from the brain.


Why do we breathe? The Greco-Roman philosophers had no concept of oxygen, and were left pondering the role of respiration and conjectured that there was a pneuma, a vital spirit, that must be drawn in to infuse the body. The psychic pneuma, Galen concluded, must well up from the net-like plexus of arteries at the base of the brain, what he termed the rete mirabile, and travel to the ventricles, the fluid-filled caverns in the middle of the brain. As Galen had established that impulses must originate in the brain, the empty space of the ventricles must be the domicile of the psychic pneuma. Galen’s rete mirabile, the fount of the psychic pneuma, would become a major issue 1,300 years later, but for now, Galen had led a critical revolution in deciding that cognition originated in the brain.


Near the end of Galen’s life, at the end of the 2nd century, “peace and stability collapsed, and for about a hundred years political conditions close to anarchy disrupted cultural and economic life.”16 Eventually, barbarian incursion on Roman soil destabilized the empire. In one of the most impactful developments in Western civilization, the emperor Constantine made Byzantium (which he renamed Constantinople, modern day Istanbul) his capital in 330 C.E. Rome and Constantinople were dual capitals for decades, but in 395 C.E., after the death of the emperor Theodosius, the empire was divided permanently between the Latin West and East. By the late 400s, Rome was in full collapse, and the Latin Middle Ages would last for one thousand years.


One cannot comprehend Western civilization without understanding the (temporary) survival of the Roman Empire in Constantinople for hundreds of years. “While the West was on its way to the Latin Middle Ages, the Greek East preserved its ancient heritage. Justinian even succeeded in reconquering Italy, Africa, and part of Spain, and reuniting the Roman Empire. But the reunification did not long outlast him. Culturally, Antiquity faded away slowly, but politically the East, even before the onset of the Arab conquests in 634, had become the Byzantine Empire.”17 During the final breakup of the Roman Empire, Greek culture (and medicine) continued to spread throughout the Middle East, first to Syria, then to Persia, and finally to the Mohammedan world. “Several of the Prophet’s successors (Mohammed died in C.E. 632) … were great patrons of Greek learning, and especially of medicine. The Arabian scholars imbibed Aristotle and Galen with avidity.”18 As we shall see, Arab scholars kept the faith, so to speak, of Hippocrates and Galen, and their writings were translated from Greek and Latin into Arabic. These Arab language books, serving as repositories of ancient wisdom, awaited translation back into Latin at an appropriate time—a time of awakening—the Renaissance.


Homo sapiens have been on earth for some 250,000 years, but modern man has existed 8,000 years, which equates to 300 generations. On a single sheet of paper, you could write the word “great” 300 times; each “great” would represent a particular ancestor of yours, ending with our common biological “Adam,” the first modern man.


So we are left contemplating 295 generations of vulnerability, completely at the mercy of nature; five generations blessed to exist under the auspices of “good medicine”; and two generations thriving in an era of modern medicine and what I will call the implant revolution. The Greco-Roman domination of medicine persisted into the 16th century, finally undermined by an elegantly simple innovation that revolutionized humanity’s ability to communicate, allowing incremental advances in the understanding of the way our bodies work, and then, later, dynamic leaps forward with the invention of surgery.










ONE



Dilemma




“It has been the experience of all who treat tuberculous joints that bony ankyloses [joint fusion] is the most satisfactory result which can be obtained. No other result assures equal permanency of cure and freedom from late recurrences. The truth is that our means of treating tuberculosis are limited and only feebly effective. In the last analysis, it is the patient himself who masters the infection. We have no specific drug, serum, or therapeutic agent, the use of which will quickly kill the organisms. [Only two things] are of any material value: rest and sunshine.”


—R. I. Harris, Toronto, Ontario, 19351


“Dr. Neer became disenchanted with the end results of patients with fractures of the proximal humerus treated with resection of the humeral head. He mentioned this to Dr. Darrach who said, ‘Smiley, why don’t you do something about it?’”


—Charles Rockwood, MD





My heart sinks when I hear that Miranda has dislocated her shoulder again. I first met her a year ago, when she estimated that she had dislocated both shoulders dozens of times each. As a seizure patient, Miranda is susceptible to a particularly diabolical type of dislocation where the humeral head is forced backward (posterior) and out of joint, instead of the usual anterior dislocation, in which the humeral head is displaced forward and toward the chest wall. Most full-blown dislocations require manipulation (reduction) by a clinician, preferably under deep sedation in the Emergency Room, with the sobering realization that vast numbers of patients over the millennia simply lived with a chronically dislocated and crippled shoulder.


Miranda’s latest dislocation was particularly discouraging for her, because as a twenty-five-year-old, she and her doctor had finally found a medication regimen that had eradicated her seizures. Finding the right anti-seizure medicine can be extremely tricky, balancing side effects against the burden, embarrassment, and inconvenience of a seizure. She had lived seizure-free for months, daring to hope that they were finally gone. But here she was in our ER, painfully frozen to her gurney, her arm protected against her abdomen, downcast and dispirited. She knew the drill: we’d start an IV, “knock her out” with powerful sedatives, and I’d maneuver the arm around while pulling powerfully on her forearm. It seemed plain that she was more disconsolate about her seizure than her dislocation, but then again, my primary job was to relocate the shoulder. Meeting people at their lowest and later helping them to be at their best is among the greatest honors of being a surgeon. A major part of facilitating that transition is providing hope, and I told her that we’d promptly get her shoulder reduced, but more importantly, I gently suggested that we should surgically address her shoulder in the future and make her dislocations a thing of the past. It was as though she hadn’t realized that there was a cure for her problem; I saw a spark of hope, asking, “Is it really possible to keep my shoulder from dislocating?” “Yes,” I assured her, “we are much better at solving people’s shoulder instability problems today through a combination of techniques. Once we’re done here today, let’s set up an appointment in my clinic to fully talk about your shoulders.”


Miranda eventually saw me in clinic, where we discussed surgery. After a detailed conversation she opted for surgery, and soon we addressed her stretched-out shoulder capsule, torn labrum (the gristly connective tissue around the shoulder socket that keeps the humeral head in place), and damaged bony surfaces, and were able to give new life to her left shoulder. In the months that followed, she progressed well, not dislocating either side, and more significantly, not experiencing another seizure.


Now, half a year after her left shoulder operation, Miranda has returned to my clinic, where I learn that she dislocated her shoulder again. “Her left or right?” I ask. “The right side—not the one she had fixed,” my assistant Kristy replies.


Relieved that her operatively repaired left shoulder is still doing well, I knock on her exam room door and enter, finding Miranda sitting on an exam table, and I’m struck by how nervous she is. We know each other pretty well, but she’s anxious, even fidgety.


“Miranda, how are you doing?”


“I had another seizure … I’m sorry,” she blurts out.


I have seen this kind of apologetic reaction in patients who are subject to migraines, seizures, inflammatory bowel disease, and other episodic illnesses where the sufferer has little-to-no control over the disease. The self-reflection on causality, I think, makes them explore whether or not they are to blame for their infirmities.


“This last seizure was a really bad one. Normally I have a pretty strong sense it’s coming on, but I had almost no warning this time. My boyfriend had never seen me have a seizure, and it was really tough for him to see my face so screwed up during the convulsions. You know, my friend videoed me once during a seizure and I couldn’t believe how scary I looked. Now, he saw me look that way …” and she trails away with her eyes welling up with tears.


My hand on her shoulder, I console her, “You know it’s not your fault, right, Miranda?”


“I just feel so bad about it. I also wet my pants and had to leave the restaurant with pee all over my jeans. I just don’t know why I have to have all these damn seizures.”


“Miranda, I cannot imagine how frustrating that must be. I feel so sorry that you suffer from these seizures. It simply isn’t fair. I’m hoping that you and your neurologist can tweak your meds and get your seizures under control, and this I swear to you: I will do everything in my power to make both of your shoulders stable and pain free, so that even if you have another seizure your shoulders will be okay.”


When treating a chronic dislocator who suffers from seizures, I often think about patients in antiquity, who were castigated for their epileptic fits, abused for their “demon possession,” or suspected of witchcraft. The writhing and grimacing of a paroxysm, and the apoplexy that followed a seizure, lead the ancients to conclude that some supernatural power was governing the bodily temple of the victim. And just when the patient’s existence couldn’t be more precarious (with the inference of a hellish collusion), their earthly subsistence increasingly deteriorated with headaches, bodily injuries, tongue bites, confusion, and psychosis.


The rare early philosopher had insight that seizures were not underworldly, but instead were physical disease states. Only in the last century have seizure disorders become treatable, roughly in the same time frame that shoulder instability has become manageable. All medical pioneers shared a certain exasperation, an odium, for the way things were. Even today, when speaking with patients who are burdened with unjust conditions, I have a bitter sadness and vexation for their “dis-ease” that I know my medical forbears had in great measure, as well as a disgust for their poor understanding of what causes disease and how to treat it.


Dr. Charles Neer glanced at the X-rays of Mrs. Harrison’s shoulder, recognizing in a moment that the elderly New Yorker’s arm would be useless for the rest of her life. Frustration growing, Dr. Neer reckoned that this was the third severe shoulder fracture of the month, and he had nothing to offer the patient—at least nothing that would help—and his sense of impotence roiled beneath his tranquil exterior. He had been summoned to the emergency room to evaluate the seventy-year-old Manhattanite who had fallen in her apartment earlier in the day and had been conveyed to the Columbia Presbyterian Medical Center. Although his hospital was one of the first in the world to have a “fracture service,” Dr. Neer knew that in 1951, he was powerless to help Mrs. Harrison, not with surgery, not with a plaster cast, not with a prayer.


With the discovery of X-rays in 1895, Wilhelm Röntgen had revolutionized fracture care—instead of doctors blindly treating crooked and shattered limbs, X-rays divulged detailed information about the location and “personality” of the broken bones. Soon, fracture taxonomy reports appeared in medical journals, and these would eventually guide treatment. Each bone in the body, in time, would have its own classification scheme, usually referred to by its primary author. In the first half of the 20th century, little appreciable progress in patient care had been achieved, but physicians had started to notice the predictable patterns by which bones break.


The “father of shoulder surgery” is Ernest Amory Codman, a firebrand who published The Shoulder in 1934, the first textbook solely dedicated to the treatment of shoulder injuries.2 Codman instigated many crucial changes in medicine, including outcomes research, hospital accreditation, tumor registries, and the advancement of shoulder surgery. Despite his pioneering role in medicine, and particularly in shoulder surgery, Dr. Codman never published a journal article on shoulder fractures, arthritis, rotator cuff tears, or shoulder instability. After a tumultuous career, Dr. Codman died in 1940 at the age of seventy, and in the war-torn decade that followed, a few scattered reports on the treatment of comminuted, or “shattered,” fracture dislocations of the shoulder were published. These articles (written in English, Italian, and German), published just half a century ago, are shockingly simplistic to the modern reader and would stand zero chance of publication today. In general, the authors concluded that surgery of smashed and fragmented shoulder bones was successful (enough) if the fragments were simply removed, leaving a blank shoulder socket that was intended to heal with a blob of scar tissue, with the hope that the resultant “flail arm” provided at least a modicum of function with the arm at the side. The journal publications in the 1940s included no measurements of angular motion of the shoulder joint, no pain scores, and minimal commentary about functional abilities.


A more scientific (less anecdotal) evaluation of the flail arm patients was needed, and the young Charlie Neer was the man to do it.


Born and raised in Vinita, Oklahoma, Charles Sumner Neer II was the namesake of a general physician and surgeon, who was born in New York, trained in St. Louis, and practiced frontier medicine in the Indian Territory that would become the forty-sixth state of the Union. The elder Dr. Neer was himself the son of a physician, and Charlie once wrote that his father “never once thought of me being anything other than a doctor.”3


Vinita, Oklahoma, was the epitome of a frontier town when Charlie was born on November 10, 1917. Oklahoma achieved statehood in 1907, formed from the many independent Indian lands of the (western) Oklahoma Territory and (eastern) Indian Territory. Vinita, located in northeast Oklahoma (near the Kansas and Missouri borders), was in the center of Cherokee lands when the elder C. S. Neer moved there from Missouri to start his new practice.


C. S. Neer, senior, established his clinical practice on the major intersection of town (Wilson Street and Illinois Avenue), on what is now US Route 66. Utilizing literature search techniques, one can trace Dr. Neer’s path from St. Louis to Springfield, Missouri, and then to Vinita; he had publications in the Journal of the American Medical Association in 1907 while a resident, then in 1908 while employed in Springfield, and then in 1909 after setting up shop in Vinita. Charlie was born in 1917 when his physician father was thirty-eight years old, and grew up an accomplished horseman and natural-born Oklahoma lad. Expecting his son to become a physician, Dr. Neer and his wife made the decision to place young Charlie on a train and enrolled him at the Shattuck Military Academy in Faribault, Minnesota (today known as a major incubator of National Hockey League talent), where he would spend his prep school days as a tennis and football standout. The superior education at Shattuck prepared him for Dartmouth College, from which he matriculated in 1939, and then medical school at the University of Pennsylvania, graduating in 1942.


After an internship in 1943 in Philadelphia, Charlie’s surgical training was interrupted by World War II. Like so many physicians during the second great war, life was placed on hold, and Dr. Neer served in both major theaters of war, in field hospitals in Europe (under General George S. Patton) and the Philippines (under General Douglas MacArthur), and at a general hospital in Japan.


Dr. Neer returned to the United States, and for the first time in his life moved to New York City in 1945. For the next half century, the country-born Dr. Neer lived in the busiest city in the world, establishing himself as one of the most influential surgeons who has ever lived. His arrival in New York coincided with waning European medical leadership, and he is one of the pioneers who planted the flag on American soil. His papers are the most quoted in all of orthopedic surgery, and his shoulder surgery trainees became the most influential thought leaders around the world. The manner in which shoulder arthritis, rotator cuff tears, shoulder instability, stiff shoulders, and painful shoulders are treated are all deeply influenced by his original works. And it all started with his truth-telling about our incompetence in dealing with severe shoulder fractures.


In the late 1940s, Dr. Neer completed his orthopedic residency at the New York Orthopedic Hospital (which would join Columbia Presbyterian on the Upper West Side of Manhattan in the early 1950s), and his mentors were the physicians who led the fracture service: William Darrach, Clay Ray Murray, and Harrison McLaughlin. In today’s orthopedic departments, there are many divisions: foot and ankle, sports medicine, total joints, spine, tumor, hand, shoulder and elbow, and pediatric orthopedics; but in the 1940s, fracture care was just starting to be the first specialty of orthopedics, undergoing a major metamorphosis due to a combination of historic advances in metallurgy and antibiotics. As Dr. Neer entered internship in 1942, penicillin was in its first year of use in the United States, reversing a trend where any open fracture (bone poking through the skin) was potentially lethal.


The act of operating in the era before antibiotics made any elective operation risky. There was, therefore, almost no enthusiasm prior to the immediate postwar epoch for insertion of any type of foreign material into the human body. The track record of implanted ivory, bone, glass, metals, plastics, and rubber was abysmal: almost every occasion of implantation resulted in infection, necessitating removal. Today, we hear of fracture and trauma patients undergoing fixation of broken bones on a regular basis; this simply did not exist just a few generations ago. Like an invalid stroke patient, fracture patients were placed in bed, with weeks or months passing before getting in a wheelchair or standing bedside. With no possibility of surgically reassembling the bone fragments, pioneering surgeons were little better than ancient “bone-setters.” Instead of “fixing fractures,” doctors would treat their supine patients with heavy plaster bandages and a dizzying array of ropes, pulleys, splints, and overhead trapeze frames.


Dr. William Darrach was seventy years old, and newly retired from full-time academic surgical practice when Dr. Neer returned from the Pacific Theater. Dr. Darrach had been one of the world’s first great fracture surgeons, and in the few years that their professional lives overlapped in New York, the elder surgeon left an indelible mark on Neer’s career. Decades later, Charlie Neer would still refer to Dr. Darrach as “my Chief.” When Dr. Neer was a resident, he prepared his first publication, “Intracapsular Fractures of the Neck of the Femur,” which was published in the American Journal of Surgery in November 1948. This was copublished with Harrison McLaughlin, MD, then the chief of the fracture service at Columbia. Unusual for its time, the five-page article describes a retrospective chart and X-ray review of 130 fracture patients over a thirteen-year span (1932–44). All 130 patients suffered a hip fracture of the femoral neck, and all of them were treated with the Smith-Petersen nail, the metal plate and screws that were developed by the pioneering orthopedic surgeon from Harvard Marius Nygaard Smith-Petersen. Thoughtful data presentation of patient profiles, disease states, and rudimentary patient satisfaction was conveyed in fourteen tables. Noticeably absent are the outcome measures, hip range of motion numbers, and pain scores that modern orthopedic papers must exhibit. However, the brilliance of reasoning, arrangement, and conclusion reveal a prodigy in the making.


There are six conclusions in the hip fracture paper, the truths of which today are set in stone:


•The best time for reduction and fixation of a hip fracture is immediately. (There is no benefit in waiting for surgery.)


•Good treatment for impacted valgus fractures of the femoral neck is internal fixation and avoidance of bed stay. (Neer makes the assertion that patients do better when bones are stabilized and the patient is moved out of bed.)


•Open reduction, properly done, is surer, shorter, and no more dangerous than closed reduction and blind nailing.


•Open reduction does not increase the incidence of subsequent aseptic necrosis. (Surgery, by itself, does not cause bone death—it’s the fracture that causes necrosis.)


•Results are known only after objective evaluation. (Neer echoes the great scientists and surgeons of the 17th and 18th centuries: Take no man’s word for it.)


•Almost all of the bad results of hip nailing are still the results of bad hip nailing. (In this, Neer’s final sentence of his first paper, he makes plain that technique matters.)


Charlie Neer completed his residency in 1949, shortly after the publication of his hip fracture paper. He immediately became an assistant professor in the Department of Orthopedic Surgery in Columbia University’s College of Physicians and Surgeons on the Upper West Side of Manhattan, and served on the Fracture Service, treating fractures from the neck to the toes. Manhattanites could choose from several world-class hospitals that proudly boasted of new fracture services. The newly constructed Columbia-Presbyterian Medical Center in Morningside Heights (completed in 1928) served the upper portion of Manhattan, the Bronx, and even New Jersey, with the recently opened George Washington Bridge (1931) offering access to the bedroom communities across the Hudson.


Charlie Neer had arrived at Columbia at the perfect time. The mergers of a medical school and university, the building of a campus and a bridge, and the postwar boom provided an expanding patient population for his observations. Reflecting fifty years later, Dr. Neer said, “When I was a resident in orthopedic surgery [1946–9] at the New York Orthopedic, Columbia-Presbyterian Medical Center, the only procedures used to treat problems of the glenohumeral joint were fusions or resections to manage tuberculosis, infections, and old injuries. I became interested in severely displaced fracture-dislocations of the proximal humerus and made a study of lesions of this type that had been treated … with open reduction and internal fixation, closed reduction, and removal of the humeral head.”4


The few resources available to guide orthopedic resident Charlie Neer in the treatment of shoulder fracture-dislocations provided no practically useful information. Ernest Codman’s five-hundred-page-long magnum opus, The Shoulder, focuses on the supraspinatus tendon and bursa, while offering no effective treatment of shoulder arthritis and fractures. One can hardly blame the Boston surgeon for his anemic ministrations; he would die in 1940 without knowing about penicillin, screw fixation of broken bones, or joint replacement. Regarding surgical treatment of fractures, Codman only said, “… early operation is far more promising than if it is delayed for even a few weeks. Surgical skill in handling fractures of the head of the humerus will be displayed more in attaining rapid and comfortable recovery than in ultimately securing good results, for nature alone would produce them in most cases. Injudicious fixation is responsible for most delays and failures in the recovery of normal function.”5 And that’s all—no technique recommendations, and certainly no comment on implants: there were none in 1934.


The other main textbook available to Charlie Neer during his residency was Arthur Steindler’s The Traumatic Deformities and Disabilities of the Upper Extremity, published in 1946. Steindler, the chair of Orthopedic Surgery at the University of Iowa, had published a book that was the most comprehensive technique guide for shoulder, elbow, and hand surgery that had ever been written; by today’s standards, it has almost nothing to say. For treatment of shoulder fractures in which the humeral head had broken and was dislocated, Steindler advised, “Incise along the axillary fold. Proceed bluntly through the subcutaneous tissues. Expose the head by blunt dissection and remove it.”6 Unimaginably terse, removal of the humeral head was the only option considered.


Shortly after Charlie Neer graduated, a breakthrough book by A. F. DePalma, professor and head of Orthopedics at Jefferson Medical College, was published in 1950. His book, Surgery of the Shoulder, was much more descriptive, richly illustrated, and practically useful than anything that had preceded it. Interestingly, there is no mention of penicillin or other antibiotics in the text, and no discussion of infections. A few pages in this lengthy tome dwell on fracture-dislocations of the shoulder, but as with other orthopedic textbooks of the day, the treatment of humeral head fractures is surprisingly crude. DePalma stated, “… removal of the head is unavoidable, despite the realization that the procedure causes great functional disability.”7 Later in the book, he softens, asserting, “with careful management, considerable control of the extremity and a surprisingly good range of painless motion may be obtained.”8


The most authoritative works of Charlie Neer’s early career all concluded the same thing: when faced with a severe fracture-dislocation of the shoulder, the only treatment available was extraction of the humeral head, and the only proper emotional response was a resigned, flimsy hope that a flail arm was better than an amputated arm.


Dr. Neer made his way up to the twelfth floor of the Columbia-Presbyterian Medical Center to visit Mrs. Harrison. She had been admitted to the Orthopedic Unit, awaiting surgery to have her humeral fracture fragments surgically removed in a day or two. Charlie Neer, bald from early adulthood but still athletically built, was accompanied by a few residents who were in their late twenties, boasting of no war experience. The small medical contingent shuffled into the elderly woman’s hospital room, and Dr. Neer sat on the edge of her bed. Mrs. Harrison’s X-rays divulged the severe nature of her injury: the upper portion of her humerus was in multiple pieces, and the humeral head, like part of a Granny Smith apple, was ripped in two. The fracture doctor needed to convey to the patient how serious her injury was and what the treatment plan was.


“Mrs. Harrison, you have a terrible fracture of your arm. The humerus bone is in many pieces.”


With her arm swathed against her body with a linen sheet, and with broken eyeglasses and a fresh black eye from her fall, she was the very picture of a broken and vexed woman.


“There is no way we can save the ball of your shoulder, Mrs. Harrison. But I can’t leave it where it is. We’ll need to take you to the operating room, make an incision, and remove all the broken parts. The only way to treat your shoulder is to take out all the shattered pieces and sew together the tendons in your shoulder and close you up.”


Dr. Neer was a man of few words and quiet contemplation. He paused, waiting for Mrs. Harrison to contemplate what he had proposed.


“Well,” she haltingly started, “am I going to be okay? Will my arm be usable?”


“It’s a little hard to say. This is a fairly rare injury, and we don’t have much guidance in the medical literature, but I don’t think you’ll ever raise your arm above your head, and it will be difficult dressing and working around the house. I’m sorry to tell you this, but you’ll mostly have to use your arm just by moving your elbow and wrist.”


After a brief silence in which Mrs. Harrison pursed her lips, fighting tears, Dr. Neer resumed. “I’ve been interested in this very problem for several years. We don’t do a very good job treating fractures like yours, and I have been spending a great deal of time trying to figure out how we can do better. My fracture colleagues around the world can’t even agree how to describe these kinds of fractures, how common they are, and how to make a difference. But it all starts with seeing how our patients have done here in this hospital, and it’s a project that I’m doggedly working on.” With that, the retinue of residents accompanied Dr. Neer out the door, making their way to the orthopedic clinic.


The residents knew about Dr. Neer’s new project, digging into old charts and X-ray jackets and reviewing the results of patients who had been treated for shoulder fractures at the New York Orthopedic-Columbia Presbyterian Medical Center since 1929, namely, since the hospital had opened its doors in the Morningside Heights neighborhood of Manhattan. This was no small task for the ambitious young attending surgeon, who knew well the dogged determination required in the bowels of the hospital’s chart rooms, with their musty gray patient folders and hand-scribed surgical logs crammed into crenelated shelves, the new fluorescent bulbs purring overhead and the smell of mimeograph ink permeating the medical records department.


Similar to the hip fracture paper he had published a few years before, this chart review project required herculean effort, poring through logbooks from the Fracture Service and the operating room. Charlie Neer wanted to evaluate every shoulder fracture and dislocation (or both) that had darkened the doors of the New York Orthopedic Hospital over a twenty-three-year period (from 1929 to 1951), and determine how many of those injuries involved a fracture, and subsequent dislocation, of the humeral head. A young physician performing this project today would contact her medical records department, submit the ICD-10 code (the national standard diagnosis code, e.g., S42.241A for a severe fracture of the right proximal humerus), and the information technology department would, in a matter of minutes, churn out a list of every patient in that category, replete with their demographic information and hospital number. Armed with these particulars, a skilled data-miner could generate a treasure trove of information from any computer, opening the hospital’s electronic medical records and imaging software. Dr. Neer, instead, needed to summon the skillset of an archeologist, scratching through opaque, coffee table–size logbooks with single-line handwritten entries of patients, with the briefest of descriptions of their names, dates of birth, and fractures.


Every available moment away from patient care was spent delving into the medical histories of shoulder fracture and dislocation patients over the life of the Columbia-Presbyterian Medical Center. Those patients who had suffered simple shoulder fractures were carefully tabulated but not investigated. He knew that most of those patients recovered reasonably well, without the need for surgery. Additionally, those who had experienced dislocations of the shoulder joint were chronicled, but again, not intensively evaluated. Dr. Neer was searching for the patients who had suffered the diabolical combination of a shattered proximal humerus and a dislocation of the humeral head. Slowly, the tedious work of searching through the medical records started to yield the occasional patient who had fallen victim to the terrible amalgamation. After months of chart review, Dr. Neer (and his helpers) had identified 1,796 total patients who had been afflicted with shoulder trauma at the hospital over twenty-three years. More than half of those patients (51.2 percent, or 921 patients) had suffered a fracture of the neck of the humerus. A total of 784 patients had dislocated their shoulders (44 percent of all patients seen at the hospital), and 71 patients had endured a fracture of the tuberosity (the large bump at the top of the humerus where the rotator cuff tendons attach). Of all the patients treated at Columbia-Presbyterian, only 20 had fractured and dislocated the proximal humerus, representing only 1.1 percent of all shoulder trauma patients. Less than one patient per year had fallen victim to the condition that would be the focus of Charlie Neer’s first shoulder publication, but the most significant impact of his inaugural shoulder paper was to illuminate how poorly those twenty patients had responded to the treatment of the day.


“Fracture of the neck of the humerus with dislocation of the head fragment” was published in the March 1953 issue of the American Journal of Surgery, authored by Charles Neer, Thomas Brown, and Harrison McLaughlin.9 After identifying the twenty patients of interest, an analysis was performed. The average age was fifty-six (what the authors described as being “midway between young and old”), and the typical mechanism was a fall from a standing height. Regarding treatment, in only two instances was closed treatment (no surgery) the final remedy. In three instances an attempt was made to surgically save the humeral head and reassemble the fragments together, and in a lone patient the surgeons had effected a fusion of the humerus to the shoulder socket.


Of the original twenty patients, sixteen underwent excision of the humeral head. In some of these patients, parts of the muscles and tendons were sewn to the broken top of the humeral shaft, not too different than someone duct-taping a car’s side mirror back to its base after a vehicular accident. In the results section of the paper, the authors outlined average follow-up time and the level of patient satisfaction. In what is perhaps the most profound sentence of the publication, the surgeons concluded: “There was usually from 5 to 25 degrees glenohumeral motion following head removal regardless of whether or not a [reconstructive] procedure had accompanied the [humeral head] resection.”


If a regular patient lifts his hand straight up in the air, evaluators would describe that as 160 degrees forward flexion; in the 1953 article, the typical patient barely had enough power to lift her hand imperceptibly away from the body. In other words, the wounded had essentially ended up with ankylosed, or fused shoulders.


Just a couple generations ago, chronic tuberculosis and trauma savaged many denizens of cities like New York, and a useless limb was all too common. Somehow, fourteen of the nineteen patients whose humeral heads were resected were “satisfied with their result and were carrying out their usual work without appreciable disability.” Neer and his colleagues dared to disagree, saying, “Nevertheless, the limited motion and fatigue pain following resection has suggested the value of a replacement prosthesis to serve as a fulcrum for motion.”


In the final column of the text, on page 257, is pictured a shiny, metallic object, which is described as, “a recently devised articular replacement currently being investigated.” The concluding sentences of the publication assert, “Replacement prosthesis presents logical possibilities and may prove of value in dealing with major injuries of humeral head. Its true worth remains to be determined.”


Like holding Edison’s light bulb in your hands, unplugged, you couldn’t be sure of what you were seeing. But, in time, surgeons would realize that the most important shoulder surgeon who ever lived, in his first article on the shoulder, had given a sneak preview of the future, not just for surgery of the shoulder, but for every joint. The ability to implant foreign materials in the body would awaken the imagination of engineers, biologists, and surgeons, and would usher in one of the most significant upheavals in human history—the implant revolution.










TWO



Paper, Prophet, and Printing Press


I struggle to remember what day it is. I came to the medical center Saturday morning, preparing to meet my fellow residents in the hospital cafeteria, and to “run the list,” where we review our patient registry and assign the scut work for the day. As the junior-level resident, I knew most of the “dirty work” would be done by me over the weekend, and because the orthopedic hand team was on call for the trauma center, I knew I was at risk for a brutal sixty-hour slugfest. All it takes is a little bad luck for a call weekend to go to crap, and as soon as I sat down with my pancakes and my list, my trauma pager beckoned me to the trauma bay.


The first trauma patient had been in a motorcycle accident, and most of the bodily destruction was centered on his right arm. His right hand was a jumble of open fractures, exposed tendons, pumping macerated vessels, and dog-eared skin flaps. I knew at a glance his surgery would take hours, and the day was just starting. Additional hand-injured patients steadily arrived in the emergency room, and as day turned to night, there was no abatement of suffering. By Sunday morning, there was almost a chance I could take a quick nap, but someone’s bagel knife mishap mandated that I descend down to the emergency room for a consult. The waves of traumatized patients, in a never-ending flow, pulsed through the ER, and my job was to stabilize, evaluate, and prepare the wounded for surgery and, if not otherwise detained, report to the operating room to surgically assist.


Late Sunday night, at my wits’ end, not having slept all weekend, a twenty-four-year-old Central-Pennsylvania lumber mill worker was flown in on an air ambulance helicopter. Four fingers on his right hand were sawed off where they attach to the palm, and the giant saw blade had mangled all the digits into oblivion. All we could hope to do was surgically clean the wound edges, and over time, fashion a “mitten-hand” that he might use as a club. His family arrived later by car; it is always difficult to deliver the sobering news that nothing miraculous can be done to salvage a limb. But it is only 1996, after all.


Sunday night blurred into Monday morning, which meant Morning Conference, followed by assisting in the OR during total joint replacement operations. I still have managed no sleep, and my fatigue is oppressive. Very few people understand true exhaustion and the consequent short-circuiting of the brain and bone-deep achiness. I have always performed well during stretches of sleep deprivation, but at fifty hours, habituation and willpower start to mean nothing. Wakefulness requires extreme concentration; alacrity is an impossibility. Like the urge to gag when food-poisoned or the impulse to squint with a flash of mirrored sunlight, the mind’s insistence to power down at ultra-weariness means that your body will collapse, earthward, in a flash, underneath you. In what feels like a bus crash while you’re napping, the paroxysm of awakening snaps your head around, your lungs gulping for air, your sea legs stumbling for firm footing in Wonderland, and your arms reaching for ballast. Often during residency, this seemingly drug-induced warfare with the primitive part of my brain (demanding rest, seeking solace, needing, above all else … nothing) would happen in the operating room while we were trying to operate. By dint of a miracle I have made it through a marathon of surgeries today, and now, as I piece together the events of the weekend, I remember the final thing I need to do today is to revisit that lumberman who lost the fingers of his right hand.


Dr. Pellegrini is my chairman, the person who presently controls my minute-to-minute existence. I’ve come to realize that every episode of the television show ER and every movie about surgical residents, despite their best efforts to dramatize the draconian aspects of a chairman and his residents, vastly undersells the boss’s power and the young medical doctors’ helplessness and feelings of inadequacy. I meet “The Boss,” as we call Dr. Pellegrini, and my chief resident Jeff Wood on the fifth floor, understanding that the patient’s family has now gathered in his room. Walking down the dark hallway, I am the only one who has been awake for three days. One night, under similar circumstances of sleep denial, I was actually falling asleep while walking down an empty hospital corridor, crashing against the hand rails, stumbling like a frat boy on his way home from hazing. The extra jolt of adrenaline—accompanying my boss—keeps me upright, but I bitterly regret that I didn’t bring extra socks or underwear with me Saturday morning. I am certain that I stink like a post-call intern, and the swampass from my three-day underwear and the sweaty feet entombed in cushionless, sodden socks make me even more desperate to trek home and collapse.


Our three-man team meets with the patient and his family in his room, conveying the stark reality that his life is forever rocked by one accident. He knows, as a blue-collar worker, his future is permanently jeopardized. I would like to think I’m an empathetic person, particularly for a surgical resident, but in this moment I am cruelly reduced to a psychology class test-subject of sleeplessness; all I want is to lie down. I can’t care about anything else, and (I’m ashamed to admit) I think to myself, this guy is part of the reason I was up all night. The patient’s family, all working-class people who smell of cigarettes, fried foods, and musty dampness, grasp the situation, with heads bowed in reticent submission. We agree that another operation will take place tomorrow, to further clean up the stump of his hand remaining.


Exiting the room, with heavy sighs emanating from my chest, I determine to make a beeline for home. Now in the dark hallway, I hear the patient’s father calling out, asking for a minute. Jaw clenching, I know I could explode in desperate anger, “WHAT NOW? There is nothing more to be said.”


The father, in worn-out flannel and dungarees, with muddy Red Wing boots and a mop of thick bristly hair, pauses. I’m thinking, I bet he’s only fifty years old, when he hesitatingly starts, “Sorry to waste your time, but I got a question.” Please—please for mercy’s sake—be quick, I think to myself.


His leathery, sun-weathered skin and raspy voice belie years of chain-smoking and laboring outdoors, but his kind eyes reveal a humble decency. “I’m not a smart guy, and I don’t know nothin’ about doctor stuff, but …” he trails off. I wait, and my whole body aches with fatigue. “I’ve lived my life, I’m forty-three years old, and it kills me to see my boy with a wrecked hand and no future.”


He extends his roughened, calloused hand, each finger thick with power from years of exertion, and softly asks, “Would it be possible to take the fingers from my hand and put them on my boy?”


Five thousand years ago, in South America, Africa, and Asia, primitive peoples simultaneously—and without communication—formulated the process of harvesting wild cotton, spinning it into cotton thread, and weaving it into material.1 As beautifully detailed in Sven Beckert’s Empire of Cotton, its ascension as the material that launched the Industrial Revolution is a study of global shipping, capitalism, slave trading, and the realization that cotton itself was an ideal multipurpose material. The saying “Success has many fathers” may suggest that multiple inventors vainly claim credit for another’s innovation. Read a different way, the phrase highlights the fact that almost all discoveries and inventions occur to different people simultaneously.2 Whether it’s the airplane, the light bulb, scientific theories (evolution, relativity, calculus), toilet paper, or the hypodermic needle, “inexorable technological progress” means that great ideas come into full bloom, awaiting harvest, in multiple places at the same time.


The concurrent development of ideas can be explained by a certain path dependence, the concept whereby innovation occurs along a particular, predictable course. “There’s not much point in mining uranium till you have invented steel, cement, electricity, and computing, and understand nuclear physics.”3 Inventions that are proposed far too early sound fanciful, like a “time machine,” but innovation usually happens at just the right time, when all the necessary ingredients are available. The evolutionary biologist Stuart Kauffman coined the term “adjacent possible” to explain how biological systems are able to morph into more complex systems by making incremental and less energy-consuming changes in their makeup.4 Steven Johnson, in Where Good Ideas Come From, applies the concept of the adjacent possible to science, culture, and technology. “The adjacent possible is a kind of shadow future, hovering on the edges of the present state of things, a map of all the ways in which the present can reinvent itself … each new combination ushers new combinations into the adjacent possible.”5


This book, in essence, is about the adjacent possible. The rise of surgery, in retrospect, followed a simple pattern: enhanced connectivity among scientists and physicians fueled discovery and communication, small groups of investigators learned how the human body functions, doctors in the 19th century untangled the cellular basis of disease processes, and 20th century surgeons discovered remedies. Each advancement (with its own sub-advancements) rested upon an earlier breakthrough.


The first major foundation in the rise of medicine is, surprisingly, the invention of the printing press. The printing revolution (called an “integral part of the general history of civilization”6), was a classic coming-together of many technologies, but there awaited a major insight to make the printing press a reality—and it’s not what you think.


Whatever environmental forces (ice ages?) necessitated the strengthening of social bonds among our primitive ancestors, there was a critical development of language and art that accelerated over the last thirty thousand years. But it is only in the last five thousand years that the written word has existed, which means that humans have spent 99.9 percent of our existence without writing. In the midst of the Renaissance, before science was invented, the greatest handicap humanity faced in conquering disease was the inability to share intellectual discoveries with a broad group of scholars. Hand-copied manuscripts, written on papyrus, were magnificently inefficient in conveying new information to investigators in far-flung municipalities. For medicine to flourish, and for surgery to become real, what was needed (to paraphrase Steve Jobs at the introduction of the iPhone) was a breakthrough communications device.


Coinciding with the invention of writing—around 3000 B.C.E.—the Egyptians made an ingenious utilitarian discovery for a ubiquitous plant: papyrus. Prior to domesticated crop production, the wetlands were replete with papyrus reeds—tufted three-sided emerald plants that held a peculiar interior that would change their society for millennia. Papyrus was used throughout the Mediterranean, but its production remained an Egyptian monopoly, and other than the Dead Sea Scrolls, its relics have only ever been discovered in Egypt.


The library at Alexandria was initiated by Ptolemy, the Macedonian Greek who became the ruler of Egypt in the 3rd century B.C.E. Besides being in a major cultural center and port, the library’s great advantage was being close to the papyrus production centers. “Every ship that called in the port of Alexandria was searched for [writing materials], and any that were found were copied for the library. Ptolemy wanted works on any subject, poetry or prose, and three centuries later, the library was the repository of 700,000 scrolls.”7


The ruler of Pergamum (in Asia Minor, the future home of Galen) aspired to build a magnificent library in the same era, but sensing a rival, Ptolemy refused to send papyrus to the Anatolian city. According to Pliny, the people of Pergamum were forced to innovate and create a new writing surface that was durable, thin, and in abundant supply. The invention was to be known as pergamum, and was made from animal hides that had been soaked in lime, scraped, and dried. The skins were then placed on a stretcher, further scraped and smoothed with stones. The final product is incredibly thin, and under the right conditions, is flexible and ages well.


Throughout Europe, pergamum retains its name in every language, but in English it is known as “parchment.” The three main sources of parchment remain sheep, goat, and calf, but the finest material is known as “vellum,” particularly when it is made from calfskin (most exceptionally, when it is fetal calfskin!). Parchment is still made worldwide, and uses include special manuscripts (like reproducing a diploma on a real “sheepskin”), collectible books, and bookbinding.


Soon after the life of Jesus, the Romans replaced the codex, a wooden tablet notebook, with parchment. Papyrus was not an appropriate substitute, since folding and sewing weakened it at the spine.8 The rise of the parchment codex is linked to the rise of Christianity; all early Christian documents found in Egypt have been codices, whereas contemporaneous pagan documents were almost always scrolls. (The Latin word for scroll is volumen.) Unlike papyrus, “parchment could be made anywhere and preserved well in a wide range of climates. But like papyrus, it was labor intensive, and it was even more expensive to make—it could take as many as two hundred animals to make a single book. [The use of parchment] indicated that a document was important and meant to last.”9


Johannes Gutenberg was born around the year 1400 C.E. in the city of Mainz, Germany. Founded as a Roman garrison shortly after the death of Julius Caesar, Mainz had grown into a small town of significance by the 15th century, and was one of the key Jewish centers of learning in Europe. The plague had swept through Mainz decades earlier, and as was typical for the era, the Jewish community was blamed (charged as “well poisoners”) and hundreds of Jews were burned alive in the city square. The plague had reduced Mainz from twenty thousand to six thousand inhabitants,10 leaving the Rhinelanders searching for scapegoats and vulnerable to excesses of the church, which was at its peak of corruption.


Gutenberg’s family was involved with the striking of imperial coins in the local mint, and he grew up acquainted with the tools of the trade, including punches, molds, and dies. “The startling conclusion is that Johannes Gutenberg, from his childhood, was in the company of men who could carve a letter in steel that had at least six, and perhaps sixty, times the resolution of a modern laser printer, just at the time that King Sigismund gave Mainz the right to make imperial coins, with a consequent demand for new designs, and new punches.”11


All of the constituent parts needed to craft a printing press were available to a tinkerer in the Rhineland in the early 15th century. Presses, with their massive wooden screws and crank arms, had been used since ancient times to make wine and extract oil, and more recently to squeeze paper dry. Punches were common among craftsmen for making medals, coins, armor, and decorations. Paper had arrived several centuries earlier from China and ink was well known to textile manufacturers. The time was ripe for an innovator who could connect the dots and start a revolution.


Gutenberg grew up in a family of goldsmiths, and would have witnessed the painstaking graving of individual letter punches. It is estimated that it would take a skilled punch-maker an entire day to make a single punch; it would require about three thousand punches for a standard printed page.12 That would require a coterie of ten punch-makers working an entire year to make enough punches to print a single page. “A complete nightmare, economically a nonstarter, totally impractical, ten times worse than working with Chinese.”13 Johannes Gutenberg’s big idea was not moveable type itself, and not even the punch: his breakthrough contribution was the ingenious idea to make a mold and to make the mold reusable.


The fabrication of a recyclable form, or mold, saved breaking the mold every time a letter was cast. Two blocks, in the three-dimensional shape of the letter L were nestled together around the matrix. An iron spring held the divisible form together, and this mitered type had the additional advantage of creating letters that had the same dimensions, thus creating a visually appealing print. The basis of Gutenberg’s media revolution was therefore the process of: punch (patrix), matrix, hand mold, and type. He changed the world—not by “inventing the printing press,” as is commonly concluded—but by inventing a dramatically improved way of rapidly crafting the reusable molds.


Gutenberg was a driven capitalist, but would never profit from his invention. In fact, it appears that he died with little money and scant celebrity. Experimentation with ink, press, and paper continued. Chemicals from gallnuts (bulbs formed on oak trees from wasp larva) were combined with soot, oil, and water to make an ink that was ideal for printing. Paper, and its “sizing” with animal fats, was also modified. Gutenberg and his partners tinkered with the degree of paper dampness, so that a perfectly moistened sheet of paper received well the ink from the punches. It was now time to produce his masterpiece, the printed Latin Vulgate Bible.


In every way imaginable, it is a masterpiece. “Gutenberg would need to match scribal Bibles in beauty and exceed them in accuracy, in two glorious, fat volumes totaling 1,275 pages. There might be a media revolution brewing, but it was essential not to look revolutionary, for otherwise no one would buy.”14 In essence, this was to be presented as a new form of writing, and since medieval scribes were so accurate, it was possible for this new printed book to pass as a magnificent and stately work of scribal art.


Having succeeded at last, with an astounding display of brilliance and perseverance, Gutenberg almost lost everything to his partners and colleagues, only by the skin of his teeth avoiding poverty and obscurity. And having produced one of the greatest publications, he ushered in a revolution—the Reformation—that blew Christian unity apart forever.15


When thinking of the European awakening of intellectual curiosity that started in the 14th century, it is too simplistic to exclusively think of Renaissance artists and their Medici patronage. On a scientific front, the rebirth was characterized by a nostalgia for classical thinking that was in large part fueled by a rediscovery of ancient texts from a most unlikely source.


During the reign of Byzantine Emperor Justinian (527–565 C.E.), no one on earth could have guessed that within a century, the preeminent power in the Mediterranean and near East would arise from within the Arabian Peninsula. Its founder would organize clans and tribes, introduce a new religion, unify the region between the Nile and Oxus under one language, and inspire the preservation of scientific and mathematical knowledge from ancient scholars. The orphaned prophet—who was most likely illiterate16—was born in Mecca, the village that already was a center of religious observation. Today, it is the focal point toward which Muslims face during daily prayers.


At the time of Muhammad’s birth, in 570 C.E., Mecca was already a place of religious pilgrimage owing to the presence of the Black Stone, said to be a meteorite brought by Abraham. Prior to Muhammad’s leadership, an annual truce was declared so that the warring tribes could gather together in Mecca to worship their pagan gods. Importantly, because Mecca was already a point of destination at the time of Muhammad’s birth, the commercialization of the annual pilgrimage had already been developed.


Muhammad exhibited exceptional leadership skills and preternatural genius in unifying his region’s tribes and clans, and in convincing them to abandon their pagan gods. He succeeded in creating the nucleus of the first Islamic society.17 What seems like small-town intrigue centered around a dreamer in the desert would result in a religion and culture that would preserve Greek learning and foster new scientific discovery for centuries.


Islam scholar Seyyed Hossein Nasr has said, “In the same way that the aroma of the frankincense of this land reached the Roman Empire and medieval Europe, the spiritual fragrance of Arabia, holy to Islam, is sensed by Muslims near and far.”18 To further extend the analogy, Islam also infused the world with a curiosity about antiquity, preserved and translated the writings of the ancients, and helped erect the bridge to the Renaissance. The “millennium intervening between the fall of Rome and the scientific revolution was not an intellectual desert. The achievements of Greek science were preserved and in some cases improved in the institutions of Islam and then in the universities of Europe.”19 Another sobriquet for the Arab Peninsula was Arabia Odorifera, and in keeping with the historical use of fragrances to cover up the stench of rotting carrion, the intellectual perfume that emanated from Islamic writers provided some of the only “fresh air” during the Middle Ages.


At the time of Muhammed’s death in 632 C.E., most of Arabia had been organized under his Islamic theocracy. After a few decades of tumult, in which the Sunni and Shia branches were established, the first dynasty—the Sunni Umayyad caliphate—was established in Damascus in 661 C.E. The Umayyads held power for almost a century, and during this time expanded across Northern Africa, Spain, and much of Central Asia. “From the formerly Byzantine lands that they now ruled they began to absorb Greek science. Some Greek learning also came from Persia, whose rulers had welcomed Greek scholars before the rise of Islam, when the Neoplatonic Academy was closed by the Emperor Justinian. Christendom’s loss became Islam’s gain.”20


The Golden Age of Islam began with the overthrow of the Umayyad dynasty by the Abbasid caliphate in 750 C.E. A new town, Baghdad, was built on the Tigris River by the Abbasid rulers and became the largest city in the world. The initial assimilation project by the Abbasids was the incorporation of Persian culture, and the Persians at the time revered Greek culture. As the Abbasid Muslims warmed to Greek philosophy, medicine, and science (if not poetry and drama), they eventually embraced ancient wisdom from other areas as well, including Egypt, China, and India. A flourishing and sophisticated society resulted, with educational and scientific advances across their empire that would serve as the intermediary from the Greek philosophers to the revolutionaries of the early Renaissance.


Al-Mamun (caliph from 813–833 C.E.) sent a delegation to Constantinople to acquire Greek manuscripts, and thus began one of the greatest intellectual transfers in world history; a tradition of translators, beginning with the physician Hunayn ibn Ishaq, and later his son and nephew, translated into Arabic the works of Plato and Aristotle, Galen, Hippocrates, and the mathematical works of Euclid, Ptolemy, and others. Historian Philip Hitti, comparing the staggering growth of wisdom among the Muslim savants to stagnant Europe, has said, “For while in the East al-Rashid and al-Mamun were delving into Greek and Persian philosophy, their contemporaries in the West, Charlemagne and his lords, were dabbling in the art of writing their names.”21


The Golden Age of Arabic learning spanned the 8th to the 13th centuries C.E., and for the first time since Alexander the Great, the vast region was united politically and economically, and the “removal of political barriers that previously divided the region meant that scholars from different regions and ethnic backgrounds could travel and interact with each other.”22 The rise of Arabic science coincides with the spread of Islam from the Pyrenees to Pakistan, and the lingua franca of the day was Arabic, whether the writers were African, Spanish, Persian, or Arabic.


The House of Wisdom, founded by the caliph al-Mamun, became the world’s center of learning. Whereas Alexandria had been the previous intellectual capital, with Greek and Roman manuscripts written on locally sourced papyrus, Baghdad become the new chaperone of philosophical and scientific inquiry, with conversion of all documents into Arabic, scribed on locally manufactured paper.23 One of the early assimilations that occurred at the House of Wisdom was the adoption of Hindu numerals (1–9) as well as the base-ten system and the concept of “zero.” An Arabic system of expressing abstract formulas (to the consternation of high school students everywhere) was introduced by al-Khwarizmi, which he termed al jabr, or algebra. The Abbasid Muslims incorporated the world’s catalog of knowledge, including alchemy, mathematics, science, and law. As Islamic libraries flourished and dwarfed European libraries, the scientific and cultural stagnation of the Western Middle Ages ground on.


The earliest figure in the Arab tradition was Yaʿqūb ibn Isḥāq aṣ-Ṣabāḥ al-Kindī (known as al-Kindi, or in Latin, Alkindus), born in Basra (present day southern Iraq) of noble Arabic descent, and called the “philosopher of the Arabs.” Al-Kindi was a polymath and was critical in translating Aristotle, the Neo-Platonists, and Greek scientists and mathematicians.


One of the most important medieval physicians was a Persian-born scholar named al-Razi (Latin: Rhazes), who was trained in Baghdad. Not confined to translating, Rhazes described smallpox and measles, and critically, was the first to seriously challenge the authority and infallibility of Galen. For instance, Rhazes postulated that fever was merely a defense mechanism and not an issue of humoral imbalance. His contribution was stunning; he was a “thinker explicitly questioning, and empirically testing, the widely accepted theories of an ancient giant, while making original contributions to a field.”24


Another Persian-born Arabic speaker was ibn Sina (known as Avicenna, 980–1037 C.E.), widely considered the greatest physician since Hippocrates. Avicenna claimed to have memorized the Koran by age ten, and was a polymath, writing prodigiously on philosophical, scientific, and medical topics. He famously published The Canon of Medicine, a compilation of medical knowledge in a massive multivolume work that was later translated into Latin and would be a classic in the West for centuries. The Canon of Medicine was the main textbook throughout European medical schools (Montpellier, Bologna, Paris), even into the 17th century.25 “Lecturing in 1913, Sir William Osler described Avicenna as ‘the author of the most famous medical textbook ever written.’ Osler added that Avicenna, as a practitioner, was the prototype of the successful physician who was at the same time statesman, teacher, philosopher, and literary man.”26 Avicenna, “the fountainhead of authority in the Middle Ages,”27 was perhaps the greatest ambassador from the rich cultural enlightenment of the Islamic world.


Three thousand miles to the west of the House of Wisdom lay Andalucía, modern day Spain, which the Muslims termed al-Andalus. While eventually collapsing in 1492, Muslim rule in Spain had enveloped the Golden Age of Islam, and had precipitated vast cultural, scientific, linguistic, and architectural traditions that exist to this day.


Abu al-Qasim al-Zahrawi, also known by his Latin name Albucasis, (936–1013 C.E.) was born and raised near Córdoba (he descended from the Ansar tribe of Arabia), and is regarded as the greatest surgeon of the Middle Ages. “Because surgery was less burdened than other branches of medicine by ill-founded theory, [Albucasis] sought to keep medicine separate from philosophy and theology.”28 Al-Tasrif (completed about 1000 C.E.) was the result of almost fifty years of medical practice, and contained the earliest pictures of surgical instruments in history. For over five hundred years, his encyclopedia of surgery was the standard reference in the universities of Europe. Albucasis stated, “Whatever I know, I owe solely to my assiduous reading of books of the ancients, to my desire to understand them and to appropriate this science; then I have added the observation and experience of my whole life.” If Albucasis scribed his eminent work in Arabic, how did it find its way into Latin?


Constantinus Africanus (Constantine the African) was born ca. 1020 in Kairouan, Tunisia, a city near the Mediterranean coast that had become one of the great centers of Islamic scholarship. Constantine studied medicine first in Tunisia, but traveled extensively (startling, for his time) to Baghdad, Syria, India, Ethiopia, Egypt, and Persia. While making his way back to Carthage (present day Tunis), Constantine passed through Salerno, Italy (near Naples), which, at the time, was considered the leading center of medical teaching in Europe. Unimpressed, Constantine returned to Tunisia, likely expecting never to return to Salerno. However, within a few years, he was suspected of sorcery and sent into exile. An avid book collector, Constantine the (Muslim) African brought with him his treasure trove of Arabic translations of classical Greek works, Islamic medical tomes, advanced international medical training, and his facility for many languages.


Constantine synthesized (at times, freely plagiarized) Arabic medical knowledge and finished a number of medical books in Latin, including treatises of surgery, prognostics, medical practice, the urinary tract, gastrointestinal disease, and medical instruments. His best known and most voluminous work was the Liber pantegni, the first fully comprehensive medical text in Latin.29 By the time that Constantine was working on the Pantegni, he had converted to Christianity and was a Benedictine monk at the Monte Cassino monastery (between Naples and Rome), and he would spend the last decade of his life on his project of rendering medical textbooks in Latin.


Constantinus Africanus represents the change that was occurring in the world: a Mediterranean Muslim, convert to Christianity, who translated Arabic works into Latin presaged the return of Italian provinces to Christian control, the ascendancy of Latin scholasticism, and the domination of the West in medical education. Salerno would become known as the “first medical school in the world” (Greeks, Egyptians, and Arabs would contest this claim), and some would describe Constantine as the Muslim who ignited the Renaissance.


The second major figure in the translation movement was Gerard of Cremona (1114–1187 C.E.). While Constantine was an outsider who brought his external works and languages into Latin culture, Gerard was an insider (born in Cremona, Italy, the same city that gave us the Stradivarius) who left Italy for Toledo, still under control of the caliphate of Córdoba. Toledo was a city full of manuscripts and libraries, with ancient classics in Arabic and the newer works of the great Albucasis.30 For the next forty years, Gerard translated treatises on mathematics, algebra, astronomy, philosophy, and medicine. It may be possible that a “second” Gerard of Cremona was active in medical translation; schools of translation were common, and when it comes to scholarly works of antiquity, many authors usually contributed. “Gerard’s translation of the Great Arabic medical encyclopedias like Avicenna’s The Canon of Medicine opened the eyes of medical scholars in the West to the fact that medicine was a rational science that could be studied logically and methodically, which had a sound foundation in philosophy and the natural order.”31


The combined work of Constantine and the translators in Toledo sparked an interest in learning that been in hibernation throughout Europe for a millennium. The popularization of paper by the Muslims, combined with sourcebooks—now in Latin—fueled an intellectual awakening. For the thousand years that spanned the codex as the standard manuscript format until the 15th century, all Western books were copied by hand.32 Scribes would often gather at a monastery’s scriptorium, where copying of religious texts occurred under close supervision of a chief calligrapher. Until Gutenberg’s innovation, book production remained exceptionally tedious and costly, but the mechanization of book production dramatically unlocked the ability to disseminate new ideas.


“The Renaissance was one of those few historical periods that discovered itself, rather than being defined by hindsight.”33 It would have been obvious to any curious soul that it was an era of unique access. The connectivity that pulsed through Europe exposed the great minds to classic works and the insights of other savants. In turn, mutual access to the cognoscenti inspired discussion, fueled dissent, and triggered widespread criticism of authorities.


The slow dissemination of information from master to apprentice was permanently altered in the 15th century. The foundations of medicine and surgery were built by Hippocrates and his followers 2,500 years ago; Galen expanded upon these writings in the early Christian era, but his authority was little challenged in Europe and only slightly meaningfully in the Islamic House of Wisdom. The work of Latin translators and the introduction of paper energized scholasticism and prompted the rise of universities in Salerno, Bologna, Padua, Paris, Montpellier, and Oxford. And in the mid-1400s, just as Constantinople fell to the Turks and churches were converted into mosques, the printing press unleashed a torrent of insights, observations, astrological tables, philosophical ponderings, religious arguments, political criticism, and thoughts about the human body—its form, function, and malfunction—and when surgery might work. The world’s first great printed medical textbook would be lovingly produced in 1543 by a genius, age twenty-nine, and it would change medicine, and the world, forever.










THREE



Vesalius and De Humani Corporis Fabrica


I stare at the bookshelf of my parents’ library, trying to decide which volume of the World Book Encyclopedia I want to explore next. My dad is an academic veterinarian, and although we don’t have a lot of money, my family, like so many in 1976, has decided to “invest in the future” and buy a home encyclopedia. It’s the greatest invention in the world to me: twenty-two inches of information, alphabetized and condensed, containing, as advertised, a world of knowledge at my fingertips. In the days since the treasured series arrived, I’ve spent hours leafing through the books, reading about the Appalachian Trail, the Congressional Medal of Honor, and flags of the world.


I reach for Volume 8, with the letter H on the spine. I’m not looking for anything in particular, just waiting for something to grab my attention. As I plop down on our sunflower-festooned canvas couch, I thumb the pages to survey the topics. Letting the pages fall open near the back of the book I am arrested with wonder. Unlike all the other shiny paper pages, here are four clear plastic acetate sheets, each representing a layer of the human body.


The first human form has no skin, and gazes left. The right side of his body, closest to the book’s spine, has the muscles intact over the chest, abdomen, right arm, and leg. His left side bears only the rib cage painted on the first sheet, and I linger over his lungs and guts, enthralled. Turning the page, I see inside the front of his body, its entire rib cage and muscles visible. The front of the second sheet shows only the muscles of the left arm, but reveals the lungs, liver, stomach, and intestines, all glistening and moist. Every organ is numbered, and the corresponding legend makes a light blue column along the edges. Turning the second page, to my great pleasure, I find the brain, visible within its bony home, the skull.


The third plastic page reveals lungs, heart, large blood vessels, pancreas, and kidneys. I flip back and forth, memorizing the numbered organs and their habitations, not sure if they are interconnected, but riveted by the thought that the guts and organs all have their own purpose. The last sheet is mostly skeleton and nerves, and as I turn it, I see the back side of the body. To my boyish glee, I find muscle number 159, gluteus maximus, which sounds like a forbidden term.


As I stare at the images I can’t see how food gets from the mouth to the stomach, but the accompanying text tells me the esophagus serves as the conduit for liquids and chewed-up bits, and the small intestine absorbs the food particles, which are further broken down by the digestive enzymes from the pancreas. Whatever isn’t broken down and absorbed moves on to the large intestine, where water is drawn away, leaving “waste.” My grade school mind wonders, is “waste” the same thing as “poop?”


Nowhere else in this encyclopedia is there such a specialized set of illustrations, and the message is clear to me: the human body is the most important subject in all these volumes. Other topics still pique my interest, but these anatomical drawings will always be my greatest fascination. In fact, I can’t drift too far away from them; returning often to these acetate sheets.


In the 1400s, Gutenberg invented the printing press, Constantinople fell to the Turks, Jan Hus and Joan of Arc were burned at the stake, the Medici rose to power, Columbus sailed to the New World, the Jews were expelled from Spain during the Inquisition, and the word “discovery” was coined.


When Columbus stumbled upon the New World in October 1492, he had no word to describe the action of “encountering an unknown world.” Columbus recorded the accounts of his voyage in Spanish and Latin, but only Portuguese had the word, discobrir. Prior to the late 1400s, authors struggled to convey the concept of invention or discovery, and would rely upon paraphrases such as, “a new technique that never existed previously.”1


David Wootton, in The Invention of Science, posits:




The discovery of America in 1492 created a new enterprise that intellectuals could engage in: the discovery of new knowledge. This enterprise required that certain social and technical preconditions be met: the existence of reliable methods of communication, a common body of expert knowledge, and an acknowledged group of experts able to adjudicate disputes. First cartographers, then mathematicians, then anatomists, and then astronomers …2


Therefore, the idea of discovery is inseparably linked with ideas of “exploration, progress, originality, authenticity, and novelty. It is a characteristic product of the late Renaissance.”3





Copernicus (1473–1543), the Prussian astronomer who discovered heliocentrism (placing the sun at the center of our solar system), was fortunate to live during “the very decades when a great many changes, now barely visible to modern eyes, were transforming the ‘data available’ to all book readers. A closer study of these changes could help to explain why systems of charting the planets, mapping the earth, synchronizing chronologies, codifying laws, and compiling bibliographies were all revolutionized before the end of the 16th century.”4 The starwatchers comprehended that the heavens could be described with charts and tables; the early anatomists—cartographers of the body—would similarly map the intricate and predictable anatomy of humankind.


While it took a full century for print culture to assimilate scribal records of the ancient philosophers into coherently presented books, the simultaneous distribution of well-made figures and charts enhanced the works. It was one thing for a Florentine publisher to present, say, the philosophical works of Aristotle, it would be quite another for a 16th-century savant to revisit the works of Galen, the most authoritative physician-author in human history. The year 1543 witnessed the publication of two of the greatest books in human history: Copernicus’s groundbreaking manuscript, published in Nuremberg in the year of his death, and an anatomy book by a twenty-nine-year-old, Andreas Vesalius, who would dare to challenge the great Galen. His book, De Humani Corporis Fabrica (On the Fabric of the Human Body), a tour de force folio, would set the stage for a renaissance in medical education.


During the Sack of Constantinople, in 1204, crusaders (inspired by Pope Innocent and supplied by Venice) pillaged and purged the ancient city of its treasures, and carried them back to the Italian peninsula. These included works of art, sculptures, precious metals, and ancient manuscripts. The works of the philosophers of antiquity from Constantinople and other conquered lands “caused some to understand that there had once been an age that far outshone their own, one that emphasized the humanity of humankind, rather than its spirituality. As a result, there was now a new humanism in the air, which began to emphasize freedom of thought, rather than the selfless submission demanded by medieval philosopher-theologians. This humanism encouraged the exploration of human potential, and the expression of humanity, especially in literature, philosophy, and all forms of art.”5


Constantinople surrendered to the Turks in 1453; the mass westward emigration of the eastern Christians was an important factor in the reawakening of Europe. The translation centers in Italy and Spain had their new Latin works (from Arabic), but the Byzantines brought their Greek manuscripts with them to the Italian city-states just as Gutenberg was perfecting movable type printing.


A small group of 15th-century craftsmen fled Constantinople and made their way to Venice; the Venetians had been major power brokers for decades in Byzantium, with their sophisticated ships, trading networks, accounting systems, and banking erudition. The artists and technicians who sailed for Venice included a group of glassmakers who found themselves in one of the greatest commercial trading hubs in the world. The making of colored glass had been around since Roman times, but the Byzantine workers had elevated their craft to previously unseen heights, and a new luxury good was introduced. In the Venetian marshlands, however, the glassmakers had an unappealing habit of “burning down the neighborhood,”6 and were moved across the lagoon to the island of Murano. An “innovation hub” was created, and the “Isle of Glass” (which still produces exquisite glass today) became the paragon of the craft.


Steven Johnson describes the big breakthrough:




After years of trial and error, experimenting with different chemical compositions, the Murano glassmaker Angelo Barovier took seaweed, rich in potassium oxide and manganese, burned it to create ash, and then added these ingredients to molten glass. When the mixture cooled, it created an extraordinary clear type of glass. Struck by its resemblance to the clearest rock crystals of quartz, Barovier called it cristallo. This was the birth of modern glass.7





Surprisingly, modern, clear glass would enable several of the key innovations that empowered the birth of modern science and would define the birth of the Renaissance. The accidental making of clear glass would be followed by the (almost) accidental manufacture of mirrored and curved glass, and the possession of mirrors and small curved lenses would revolutionize medicine and science in unimaginable ways over the course of the next century.


Once the Venetians had discovered the technique of making cristallo, the next major challenge was making a larger flat piece of glass, not an easy task when you consider that glassmaking always started with a glass-blown bubble that had to be rapidly flattened while cooling. Additional experimenting with basic ingredients from faraway lands yielded ever superior glass, including herbs from Egypt and sand from Mediterranean trading partners. In an effort to make larger, flat panes of glass, they adapted a method of blowing glass into cylinders, slicing the molten glass lengthwise and laying it flat. Early mirrors had been made with a technique of adding silver flakes on the back of cooling glass, but the differential coefficient of contraction between the glass and metal made the glass fracture. The Muranese innovated an amalgam of mercury and tin, which resulted in less breakage of glass and yielded a shiny and highly reflective surface.8 While still a relative luxury good, mirrors became commonplace enough that they became part of the fabric of everyday life in the early Renaissance in Venice and Florence. “This was a revelation on the most intimate of levels: before mirrors came along, the average person went through life without ever seeing a truly accurate representation of his or her face, just fragmentary, distorted glances in pools of water or polished metals.”9


Therefore, a combination of developments occurred in the mid-1400s that set the stage for a seismic sociological change. Within a few decades, Lucretius’s poem “On the Nature of Things” was discovered in a German monastery, crystal clear glass and advanced mirrors were invented in Venice, Constantinople fell to the Turks—with the original Greek manuscripts flowing into Italy—and the movable type printing press was invented. Conventional wisdom holds that individualism was born in 1500 C.E.,10 and it is no accident that the refinement of mirrors and the appearance of the first self-portraits are coincident. “Self-consciousness, introspection, mirror-conversation developed with the new object itself,” writes Lewis Mumford in Technics and Civilization.11 Man could see himself for the first time, and as the personage came into focus, property rights and legal customs began to revolve around the individual, rather than the former collective units of family, tribe, city, or kingdom.12 The new individualism and humanism of the mid–15th century would compel prodigies to turn their gaze inward, to explore the motives of the mind and the corpus, and, following Columbus’s example, to discobrir the fabric of the human body. Our interior thoughts and our physical makeup became fertile ground for exploration at the fading of the Dark Ages, and the surveyors who sharpened their gaze on the human body had no idea about the new continents that lay before them.


The decline of human dissection in Alexandria at about 150 B.C.E., at the time of Herophilus and Erasistratus, presaged the extinction of the medical school in what had been the most advanced center of scientific study in the world. The incorporation of Alexandria into the Roman Empire in 30 B.C.E. further codified the opposition to human dissection, both by statute and general pagan religious sentiment.13 As we have seen, it was Galen (129–199 C.E.) who became the unquestioned anatomical authority, even without ever dissecting a human cadaver or performing an autopsy. His investigations were animal-based, including barnyard animals and Barbary apes.


The prohibition of human dissection continued through the Muslim epoch of intellectual leadership from the 8th to the 13th centuries, with only scattered original anatomic investigations. “The anatomical knowledge of Islam was merely that of Galen in Moslem dress,”14 and the great Arabic translators were merely recapitulating what Galen had claimed. Curiously, it may have been the practice of dismemberment, boiling, and cleansing of bones of crusaders who had died in the distant East for easier transport back home that laid the foundation for the revival of human dissection.


The renewed interest in medical learning in the Italian Peninsula, first in Salerno, and later in Bologna and Padua, inspired young researchers to ignore the prohibitory bull of Boniface VIII of 1299 and perform the first human dissections. The bull was “directed not against human dissection but against the practice of boiling dead bodies of those far from home [for burial in their own homeland] … the papacy never issued any statement specifically opposing dissection although there seem to have been instances in which overzealous local ecclesiastical authorities, by interpretation or misinterpretation, did oppose the practice.”15 It is simply not true to claim that the church forbade dissection; ironically it was the Roman pagans who enacted these laws that had lasting power until the 1300s, and it was their Italian descendants who most powerfully challenged and reversed the laws.


Mondino de Luzzi, a physician from Bologna, Italy, became the first important dissector of the Middle Ages, publishing the classic Anatomia, in 1316. This was the first modern book devoted solely to anatomy, and while it appears that Mondino relied heavily upon Galen’s writings, it is clear that much of the book was based upon his own anatomic dissections. Anatomia is simple, concise, and systematic, and would be the guide to anatomists for two hundred years, helping spark medical curiosity across Europe. The University of Bologna was, therefore, the first home of the revived practice of dissection and study of the human body16; the revival would soon spread to Padua, Venice, and Florence throughout the 1300s, and later to Siena, Perugia, Genoa, and Pisa by 1501. Again, while the sins of the Catholic Church, particularly in the 14th and 15th centuries, were legion, the prohibition of human dissection was not one of them, as is commonly claimed.


It is no coincidence that the rise of anatomical understanding, humanistic self-awareness, and enriched artistic representation occurred simultaneously in the Italian Renaissance. In the early 16th century, Botticelli, Leonardo da Vinci, Michelangelo, Raphael, Dürer, and Titian coexisted, competed, and, occasionally, cooperated. In 1502, Giacomo Berengario was appointed chair of surgery and anatomy at the University of Bologna (situated halfway between Florence and Venice) and would become Mondino’s successor, writing Commentaria (1521), an extensive work of almost a thousand pages (possible only because of the printing revolution). Berengario was the first physician “not constantly overwhelmed by earlier authorities, either Galenic or Moslem [sic]”17 and put considerable trust in his own vision of the human body and its function. Importantly, he had a sincere interest in art, even owning Raphael’s John the Baptist. Commentaria would be the first anatomy book to integrate (although crudely) text and illustration, and Berengario was the “first anatomist to have a fairly good idea of the true significance of anatomical illustration.”18


Although surgery was still limited to the lancing of boils and rudimentary battlefield triage and temporization, the tide was swelling for an improved understanding of how the body works. With the advent of the printing press, the refinement of woodcut printmaking, and a new, scientific approach to investigation, the stage was set for a young anatomist/surgeon who would write one of the greatest books ever written.


Andreas Vesalius was born in Brussels, Belgium, in 1514, to a family well positioned in society, with a father (Andries) who was the imperial pharmacist and a grandfather who was a physician to the Archduke Maximilian. In a time when royalty was often on the move, the ambulations of the imperial train compelled Andreas’s father rarely to be home. Andreas benefitted from an elite education, first in Brussels, and then as an adolescent in nearby Louvain. At the Castle School at the University of Louvain, the teenage Vesalius studied philosophy, including Aristotle, and the arts, and was thoroughly versed in Hebrew, Greek, and Latin. With a family tradition of medical studies, it is not surprising that he opted for medical school, and by 1533, Vesalius was on his way to Paris.


Vesalius enrolled in the medical school in Paris, with the expectation that he would earn his degree within four years. In retrospect, it seems amazing that a medical baccalaureate degree demanded four academic years’ work. A modern surgeon asks, what were they studying and how did the program take so long? There was no such thing as a microscope, the concepts of physiology (the study of the dynamic functions of the body), pathology (the study of diseases of the organs and cells), and microbiology (the study of bacteria and viruses) were completely undiscovered, and surgery was as primitive as we may find in a stone age village in Borneo today. We must conjecture that they learned Galenic and Hellenistic medicine, replete with philosophy and misinformation. Vesalius was in Paris for three years, but was forced to leave before being granted a medical degree, as we shall see.


Prior to the arrival of Andreas Vesalius to the City of Light, barbers, surgeons, and physicians continued to wrangle for prestige and recognition. The longstanding prohibition against human dissection had contributed to physicians’ disinterest in anatomical study of any kind. Because the study of anatomy was so strongly linked to surgery, there was little incentive for physicians to engage in serious scholarship of the body and certainly not to touch a corpse. Modern readers understand that today, all physicians and surgeons, whatever their specialty, started out as classmates in the same medical schools. But in medieval times, physicians and surgeons did not train together. The guild of surgeons trained independently from the faculty of medicine; the barbers were far below, with no schooling in Latin (and certainly not in Greek), and only occasionally benefitting from instruction by physicians and surgeons. Barbers first organized around monasteries, where they performed the tonsure haircut we associate with medieval monks; over the preceding millennium, barbers became expert with knives while providing haircuts, shaves, and Hippocratic bloodletting. In England, the barbers melded with surgeons from 1540 to 1745, eventually becoming irrelevant except for a shave and a haircut. The striped barber pole is the only reminder of their former job as bleeding patrons.


Like medieval priests exercising control over parishioners, “the employment of Latin seems to have been in the ancient tradition of power and control … through its possession of the keys to the esoteric mysteries.”19 After years of simmering tensions, an agreement was finally reached in Paris in 1516 that resolved the medical hierarchy, with physicians preserving their vaunted position and surgeons accepting a subservient station. Instead of the Parisians emulating the more advanced Bolognese and Paduans, who rolled up their sleeves, dissecting and investigating for themselves, the French physicians eschewed touching cadavers, instead lecturing high from their cathedra (high chair) while the surgeon performed the actual dissection.


Whereas surgery had achieved some measure of respect in Italian cities by the 1400s, in Northern European countries like France, Germany, and England, esteem for surgeons languished far behind that enjoyed by physicians. Guilds (like modern-day trade unions) were formed by both surgeons and barbers, and were critical in establishing membership rules and standards. The craft of barber-surgery would have resembled the “surgery” of Greek and Roman times, limited to basic trauma stabilization of broken bones, sword and knife wounds, and the new injuries associated with gunpowder’s arrival from China.


The battlefields of 14th and 15th century Europe would bear witness to the new power of gunpowder, and the “blast injuries” seen from guns and cannons represented much greater trauma than had ever been seen. Ambroise Paré (1510–1590), himself the son of a barber-surgeon, never attended formal medical school but would rise to become surgeon to four French monarchs. Paré, the first great French surgeon, revolutionized the treatment of war injuries, becoming influential through his writing—in French and not Latin. Physicians in the early Renaissance found themselves helpless to treat patients whose gunshot wounds were dramatically worse than any injuries humankind had ever faced. Therefore, care was left to barber/surgeons, and in the pre-Newtonian age, it was difficult to understand that it was the energy imparted by the gunpowder-propelled shrapnel, and not some “poison” within the fragments, that imparted such significant injury. Giovanni da Vigo (1450–1525), surgeon to Pope Julius II, theorized in his publications in 1514 and 1517 that gunshot wounds were “poisoned by the effects of gunpowder,” and should be cauterized with hot oil to counteract the poison, mimicking the ancient treatment of gladiatorial battle wounds. As one can imagine, the searing effects of hot oil might staunch bleeding, falsely leading the traumatologist to conclude that care has been rendered, when in actuality the “zone of injury” has perversely been enlarged and further trauma has been introduced. Unfortunately, Vigo’s writings had influence, leading battlefield surgeons to obediently pour hot oil on blast injuries.


In his famous 1575 book, Oeuvres, Paré elegantly described his crisis during the Siege of Turin of 1536. Late one night following a horrific battle, Paré’s ration of oil had been extinguished. He recorded:




At last I ran out of oil and was constrained to apply a digestive made of egg yolk, oil of roses and turpentine. That night I could not sleep easily thinking that by the default in cautery I would find the wounded to whom I had failed to apply the said oil dead of poisoning; and this made me get up at first light to visit them. Beyond my hopes I found those on whom I had put the digestive dressing feeling little pain from their wounds which were not swollen or inflamed, and having spent quite a restful night. But the others, to whom the said oil had been applied, I found fevered, with great pain and swelling around their wounds. From then I resolved never again so cruelly to burn poor men wounded with arquebus [gun] shot.





Paré had serendipitously discovered a better way, accidentally performing a comparative study. More importantly, he published his results, contradicting the established academic authority of his time. He would significantly influence early surgery, advocating ligatures (sutures) in tying of blood vessels, the use of prosthetic limbs following amputations, and important changes in the management of childbirth. The advent of book printing had arrived just in time for Paré to publish his works, and, as will be seen repeatedly, war has been fertile ground for medical advancement.


Andreas Vesalius started medical school in 1533 (the same year that Paré arrived at the Hôtel-Dieu de Paris, the oldest hospital in the world, located next to Notre-Dame Cathedral) and his training was typical for the day. Galenic teaching was in its ascendancy, and Vesalius’s anatomical instruction was rudimentary at best. Here, Vesalius first showed his supreme curiosity (if not his morbid oddity, on display throughout his life), when he struck out on his own, admitting that he would not have been successful under his professors’ tutelage, “if when I was studying medicine in Paris I had not put my hand to the matter but had accepted without question the several casual and superficial demonstrations of a few organs presented to me and to my fellow students … by unskilled barbers.”20 As will be seen again and again, the invention of surgery was crafted by tinkerers, oddballs, lonely geniuses, inspiring mentors, and stubborn misfits; Vesalius was all these things. He visited the Cemetery of the Innocents in Paris on many occasions, picking through the decaying corpses and maggot-cleaned bones, later recalling his long hours in the cemetery “gravely imperiled by the many savage dogs.”21


With the outbreak of war between Emperor Charles V of the Holy Roman Empire and Francis I of France, Andreas Vesalius was forced to return to Brussels, given his identity of a Flemish enemy-alien living in Paris. He quickly installed himself in the medical school at Louvain (outside Brussels), and was soon scouting the locale for bodies. Outside the walled city of Louvain, while searching for the bones of executed criminals, Vesalius and a physician friend stumbled upon a cadaver, hanging upon a gibbet (the upside-down L-shaped frame used to hang criminals). He inspected the cadaver, concluding that the body had initially been burned and roasted over a fire of straw, but had been “freed of flesh” by the birds. Observing that the bones were now held together only by the dried ligaments, he recalled:




Observing the body to be dry and nowhere moist or rotten, I took advantage of this unexpected but welcome opportunity and, with the help of [my friend], I climbed the stake and pulled the femur away from the hipbone. Upon my tugging, the scapulae with the arms and hands also came away, although the fingers of one hand and both patellae as well as one foot were missing. After I had surreptitiously brought the legs and arms home in successive trips—leaving the head and trunk behind—I allowed myself to be shut out of the city in the evening so that I might obtain the thorax, which was held securely by a chain. So great was my desire to possess those bones that in the middle of the night, alone and in the midst of all those corpses, I climbed the stake with considerable effort and did not hesitate to snatch away that which I so desired.
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