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First Thoughts

The Victorian upper crust excelled at taking apart dinner. Plates were flanked by as many as sixteen utensils. There were special knives and forks for game and roasts and separate sets for fish and salad and fruit. But tableware only takes one so far. To reduce a mouthful of mutton or hare to what is known in oral-processing parlance as “the swallowable state,” a certain amount of chewing must take place. For that one needs teeth. For the multitude of Victorians who lacked them, a seventeenth implement was sometimes set out. Picture a pair of garden pruners with flat, toothed blades. The masticator, as it was called, allowed the edentulous dinner guest to pre-chew the offerings before lifting them to mouth.

Dentures have been around since the 1700s. Who would rely on a masticator when they could opt for false teeth? In fact, people often had both. They’d masticate in the privacy of their room, then install their dentures and head into the dining room to sit down and not eat. Far from being a functional replacement for molars and incisors, false teeth at the time were largely ornamental, a sort of wig for the mouth. “With uncertain adaptation to the jaws, and primitive fastening arrangements, false teeth were in general almost useless for eating,” wrote the late John Woodforde in The Strange Story of False Teeth, a book I chewed through to here expectorate a few morsels.

At its most extreme, the unsatisfactory fastening arrangement took the form of piercings in the gums, from which a set of “floating teeth” were suspended “on the ear-ring principle,” as Woodforde noted. Moderately less cruel were spring-loaded dentures, wherein stiff wire coils united the lowers and uppers, pushing the latter against the top gums, and at the same time tending to launch them forward out of the mouth. “It shoots beyond the gums and . . . forces the lip out just under the nose,” George Washington complained in one of his many letters to one of his many dentists. “His mouth was like no other I ever saw,” recalled a visitor, “the lips firm and the under jaw seem[ing] to grasp the upper with force, as if the muscles were in full action when he sat still.” Hence the grim set of the general’s mouth in his later portraits. He was locked in battle with his teeth.

The twentieth-century denture stayed put through a combination of suction and oral glue—or “fixative,” as the Poligrip people prefer. Even then, dentures afforded less than a quarter of the chewing efficiency of natural teeth. Respondents to a 2015 Poligrip survey confessed that their dentures limited not only their menu choices but their love life. Twenty-four percent of them were afraid to kiss someone passionately. Twenty percent were reluctant to smile.

Given all this, the truly astonishing item in that Poligrip poll was that the majority of the respondents—53 percent—were younger than forty-five when they first got dentures. Meaning that most had made the decision to have pulled their remaining healthy teeth.

It called to mind something I’d heard about—“matrimonial dentures,” wherein a bride-to-be* was given false teeth and the necessary extractions as a wedding gift, to spare the couple the expense of having rotted teeth extracted one at a time over a lifetime. (Likely a misguided strategy, as denture wearers had to be refitted for a new set every five to ten years, as the body resorbed the toothless bone below.) My understanding of the practice was that it was confined to a reasonably distant past and to insular, dentally underserved cultures that relied on the services of denturists, people who are not licensed to fill or clean or otherwise extend the lifespan of a tooth.

Looking into it, I landed on a Reddit r/AskHistorians thread. Someone had inquired about the practice. More than a thousand comments followed, from people whose parents or grandparents—in the United States, the UK, Canada, Australia, Germany—had had all their teeth pulled in their early twenties or teens to make way for dentures. At its peak, the practice spanned the 1940s, ’50s, and ’60s. Of the first one hundred comments, which was as far as I read, only eight referenced wedding gifts. Eleven were presents for youth who had just come of age (almost including Paul McCartney, who told Terry Gross in a 2013 Fresh Air interview that his dad had suggested that at twenty-one he “have all my teeth taken out and false teeth put in”). Mostly it seemed to be “just what you did,” as one Redditor recalled their grandparent saying. “Commonplace,” noted another. “Fashionable.” “All the rage back then.”

I suspected unscrupulous dentists may have pressured or misled these people’s relatives, but I saw no mention of that. Fluoridation didn’t hit its stride until the 1960s, and the absence of fluoride likely contributed to the poor state of people’s teeth. But it seemed to me that at least some of these folks had succumbed to the lure of what they took to be progress, believing false teeth would not only look better than their natural teeth but would function equally well—that they’d serve as literal replacements for what they’d been born with.

At its most basic, progress is simple chronology: one thing following on the next. With fabricated body parts, the progression has followed a predictable course. The earliest offerings existed independent of the part they replaced: masticators, spectacles, wigs. Over time, devices migrated inside the body— masticators gave way to dentures, glasses to contact lenses, toupees to hair transplants. Replacements became more integrated, more complex, more expensive. False teeth and prosthetic limbs can now be screwed into bones, artificial lenses surgically implanted. Of late, the buzz is for regeneration: bits and pieces grown from one’s own cells. Stem cells and gene editing have landed us on the brink of a medical revolution. When it comes to regenerating entire complex body parts, however, it is a wide brink, with plenty of open terrain for hype.

When I was a kid, there was a TV show called The Six Million Dollar Man. Every week, in the opening credits, test pilot Steve Austin would crash his top-secret supersonic aircraft into the tarmac. “We can rebuild him,” says an unidentified, optimistic narrator. “Better than he was before. Better. Stronger. Faster.” Cut to heavily sped-up footage of the actor in a red track suit, running, and then stopping to scan the horizon with his bionic eye, which, annoyingly, beeps when he cues it up. At the time, this was understood to be science fiction. Today it can feel like Steve Austin has arrived, like he’s right outside your door, holding out his neuroelectric hand with articulated fingers, saying, Come with me to this brave new world! Grow a kidney! Print a leg! Headlines regularly serve up grabby pronouncements of inconceivable feats. “Lab-Grown Brain Cells Play Video Game Pong.” “Dr. Canavero Performing World’s First Head Transplant in December.” “Lab-Grown Penises Are on the Horizon.” (Run!)

Fast-forward a few years, and nothing more is heard. Are the penises still lurking out there on the horizon? Have the brain cells mastered Super Mario? Whatever became of the head transplanter?* For every step forward, three go nowhere. Progress doesn’t march, it lurches. In the best of circumstances, it takes a decade for all the testing and finessing, the up-scaling and downpricing, all the things that need to happen to bring something new into clinical practice.

If things haven’t progressed as quickly or as smoothly as The Six Million Dollar Man led us to think they would, it’s not because of researchers’ shortcomings. As we’ll see, their achievements are dazzling almost beyond comprehension. Blame instead the overwhelming complexity of the human body. It’s tough for a few hundred years of medicine and engineering to compete with the evolutionary accomplishments of millions of years of natural selection.

By way of warning—or reassurance—this is not a roundup of the latest advances in regenerative medicine. I have neither the background nor the quick production turnaround for a book like that. I dive into stem cells and bioprinting and gene-edited pig parts, but what I offer is more of a primer, a reality check for those who, like me, find themselves bobbing along in the swift current of discoveries that feel at once wondrous, improbable, and surreal.

Nor am I here to predict the future. There are no cyborgs clanking through these pages. Like all my books, this one situates itself for the most part in the present. It was an opportunity, a two-year hall pass, to spend time with people and in worlds I would otherwise never have access to. I’m drawn to the human elements of the quest. How does a person—and their surgeon— decide that it’s time to cut off an underperforming foot and replace it with a prosthetic? How do you combat the stigma of ostomy? How do you remove a tissue donor’s bones in a way the family will be comfortable with? Things like that. Also, things like this: Could a heart survive indefinitely outside a body? Is a finger a workable substitute for a penis? What makes a pig a better organ donor than a goat?

In the course of reporting this book I spent some time with a surgeon whom you’ll meet, Jeremy Goverman. At one point, I had mentioned the title of my book. Toward the end of our second day together, apropos of I forget what, Goverman turned to me. “I don’t think you can replace the human body,” he said. But it sure is interesting to try.

* That it was only brides who had it done, never grooms, has given rise to dubious denture conspiracy theories, one of course involving “gum jobs” and another best related by the denture wearer herself. “All the women I know who wear dentures have trouble talking,” wrote the author of a “Dear Abby” letter, “because the dentist intentionally made them that way so women will keep their mouths shut.”

* Still making widely discredited claims, though now about the feasibility of brain transplants rather than head transplants, lest, in his words, the “aged face and other head tissues . . . defeat the purpose of enjoying a pristine body.” Also dabbling in self-help publishing. Here’s the Amazon summary of Canavero’s 2013 advice book for men: “This book will tell you . . . how to exploit the needs and weaknesses of women for your benefit, how to cajole them and lure them into your web . . .”
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To Build a Nose

The Dawn of Replacement Body Parts

Tycho Brahe’s nose came off in 1566. By all accounts, the celebrated astronomer was a brash and hot-headed individual. An argument at a gathering at a professor’s home—Brahe still a student at the time—led to a late-night duel of honor. As custom then held, the duelists took up swords. A rapier swipe removed the better part of Brahe’s nose, leaving the nasal cavity open to view. For the rest of his life, Brahe used a metal nosepiece, likely brass, painted to match his complexion and glued in place. Though not very well. “Occasionally,” writes one biographer, “it would drop off.” Along with whatever he used to shape his swooping red mustaches—their wingspan in some portraits stretching beyond the perimeter of his ruff collar—Brahe carried with him a small box of nose adhesive.

It would be another few centuries before prosthetic noses reliably stayed put. Some of the improvements came down to advances in materials science. Lighter options became available—aluminum, vulcanized rubber, celluloid plastic. New methods were devised to secure the nose. Here is onetime army surgeon Frank Tetamore describing one such invention—his own—in an 1894 paper: “These artificial noses are made of a very light plastic material. . . . They are secured on the face by bow spectacles made especially for the purpose.” To obscure the lower border of the prosthesis, “a mustache [was] fastened to the nose piece.” Forty years before novelty companies began selling Groucho Marx glasses, Frank Tetamore had invented a medical version. (Cigar to be avoided. The plastic he used, celluloid, is highly flammable.) The noses were finished with oil paint, different colors deemed suitable for different types of light. “He has one which he wears during the day,” wrote Tetamore of a prominent New York merchant who became a patient, “and one for evenings.”

Advancements in prosthetic nose technology paralleled those in the realm of artificial teeth. The requirements were similar: a readily molded material that would not disintegrate or smell bad and, most importantly, a way to keep the item from shifting or dropping out of place. As an alternative to adhesives, the newer prosthetic noses could be spring-loaded, along the lines of eighteenth- and nineteenth-century dentures.

And so it makes sense that the inventor of the spring-loaded prosthetic nose was a dentist, Robert Upham. “My idea in the beginning was to see if I could not relieve the necessity for glasses on the nose,” Upham wrote in the Boston Medical and Surgical Journal in 1901. As with the dentures, the wearer compressed the springs while donning the prosthesis. Once the nose was in position, the springs were released, allowing them to sit snug against what remained of the walls of the nostrils. “They are never painful,” Dr. Upham insisted. (Securing a set of teeth of course demanded more aggressive springs. The force needed to hold the upper plates in position tended to push apart the jaws. Keeping one’s mouth shut required mild, sustained effort— something Tycho Brahe might have benefited from.)

Of the many materials one might use to build a replacement nose, none surpasses one’s own skin. Danish physicians in Brahe’s day were not known to undertake nose rebuilds, though in fact the procedure had been around for some three thousand years. Rhinoplasty was the original plastic surgery.

There has long been a call for noses. As far back as 1500 BC, in India, and extending through the Roman Empire and ninth-century Ireland, nasal mutilation was a form of punishment. Because of the organ’s visibility, sitting as it does in the middle of the face, nasal disfigurement served as both humiliation and a warning to the populace. Noses were hacked off for thievery, tax evasion, adultery, disloyalty. Bounties were placed on enemy noses. Entire towns denosed.* Syphilis brought renewed demand. In its later stages, the disease can cause the bridge of the nose to deteriorate and collapse.

Necessity—and billing potential—was the mother of invention. In a procedure that dates to 600 BC, the Vedic surgeon Sushruta reconstructed noses from a plot of adjacent facial skin. The “flap” was freed on three sides but remained attached on the fourth in order to maintain a blood supply while the migrant skin grew some vasculature in its new locale. To reach the nose, the flap was swung across and twisted around.

Nasal reconstruction enjoyed a renaissance in midfifteenth-century India, this time at the hands of a caste of potters who evidently excelled at sculpting all varieties of malleable material. Here the flaps were lifted from the forehead rather than the cheek. (Long known as the “Indian method,” the technique is still sporadically used by plastic surgeons today under the alias “median forehead flap.”) By one visitor’s account, these were exemplary noses. In The View of Hindoostan, Volume II, eighteenth-century Welsh naturalist and travel writer Thomas Pennant marvels at the reconstructed nose of an oxcart driver punished for aiding British colonizers. He deems it “equal to all the uses of its predecessor. . . . It can sneeze smartly, distinguish good from bad smells . . . or [be] well blown without danger of falling into the handkerchief.”

However satisfactorily these noses performed or appeared, the rest of the face took a hit. As much skin as it takes to drape a nose, this was the size of the wound. To avoid scarring the cheek or forehead, sixteenth-century Italian surgeons advocated lifting a flap (or “pedicle”) from the skin of the inside of the upper arm. The challenge here was that the arm would need to take up temporary—three weeks or so—residence alongside the nose while the flap established itself on the face. You can find period engravings depicting the elaborate network of straps and harnesses used to support the arm and immobilize the graft. The best known of these accompanies a work by the surgeon Gaspare Tagliacozzi, who practiced in Bologna at the inconceivably badly named Hospital of Death. The illustration shows a man with his hand and wrist draped over the top of his head, his face angled to the side as if checking himself for BO.

Tagliacozzi achieved early acclaim as a professor of anatomy at the University of Bologna and wrote a famous medical text on grafting, but his legacy has more or less been reduced to noses. To this day a statue of Tagliacozzi stands in a wall niche at the university’s anatomy lecture hall. One foot and an arm extend outside the niche, creating the impression that the man is coming toward us with excitement, to show us what he holds in his hand. It’s a nose, presumably from a cadaver. One of two existing oil portraits of Tagliacozzi shows the scholar as a young man seated at a wooden desk, one hand resting on an open book, the other holding a nose between thumb and index finger. Tagliacozzi holds the item with the nostrils facing the viewer, as if to say, Yes, yes, it is, it’s a nose. Light illuminates what the painter wishes us to focus on: the surgeon’s face and hands, his book, the nose. It wasn’t until much later that I noticed the severed head, scalp flayed and brain on view, sitting in the gloom on the far side of the desk. It was as though Tagliacozzi had insisted on including it, but the painter was like, This is too much, Gaspare. I’m kind of in love with Gaspare Tagliacozzi.

Though the arm flap bears his name, Tagliacozzi apparently wasn’t the first to try it. Aina Greig, writing in the Journal of Craniofacial Surgery, reveals that arm flap nasal reconstruction was first performed in 1460, by the Bavarian surgeon Heinrich von Pfalzpaint. The surgeon’s original manuscripts were lost, and his work has largely been omitted from plastic surgery textbooks. According to Greig, the loss was a substantial one. Four hundred years before the broad acceptance of sterile surgical practices, Pfalzpaint was stressing the importance of keeping clean. He advised the surgeon to bind wounds “with clean white cloths, for if they are not clean, harm results. He should also wash his hands before he treats anyone.” Pfalzpaint took operating room hygiene well beyond even what modern medicine asks of its practitioners. “Especially he should guard himself, if he has eaten onions and peas, or slept the previous night with an unclean woman, against breathing into anyone’s wound.” That Pfalzpaint failed to garner lasting renown perhaps came down to the unscholarly titles he chose for his scholarly works. His treatise on nasal reconstruction is called “HOW TO MAKE A NEW NOSE FOR SOMEONE: WHICH IS OFF ENTIRELY: AND THE DOG HAS EATEN IT.”

Even with antiseptic surgical practices, the early success rate for pedicled flap grafting was low. Our army nosemaker Frank Tetamore put it at one in ten, noting that the operations tended to worsen the patient’s disfigurement. Many of his clients had been surgically treated before coming to him for a prosthetic nose, in one case having endured ten unsatisfactory operations. And there was the matter of donor site scarring—be it on the face or the arm.

The scarring could be avoided altogether if the flap belonged to someone else. Because of the difficulty of locating a volunteer willing to spend days in bed connected to another human being by a six-inch isthmus of skin, the job largely fell to domesticated animals. The first attempt was undertaken by the esteemed French surgeon Charles Sédillot, in 1868, on behalf of a patient with extensive burns on one hand. In Sédillot’s account of the case, the flap was raised from the underbelly of a dog— un chien Danois. Offhand, I had no mental image of Danish dog breeds, but given that patient and donor would be sharing a bed for days, I pictured something small and manageable. Not the case. Sédillot had recruited a Great Dane. The effort failed, owing to “les mouvements excessifs et continuels” et what-the-fuck-did-you-expect “de l’animal.”

Perhaps familiar with Sédillot’s travails, the next surgeon to attempt the trans-species pedicle graft—E. W. Lee, of County Hospital in Chicago, in 1880—recruited a sheep. It was a wiser choice. Sheep, I’ve been told by those who raise them, are the chillest of barnyard animals. Unlike pigs and goats, they’ll tolerate being made to stand or lie around for protracted periods, as long as they have something nice to eat. There are those who maintain that this is because sheep are not terrifically smart. Others point to a past of selective breeding aimed at creating animals so docile they calmly submit to being sheared.* The outcome of Lee’s work is unknown, as the patient, a young girl with extensive burns to her back, died before the flap was cut loose from the sheep.

At least one other account of a pedicle zoograft exists in the medical literature, this one involving a woman, a pig, and a New York surgeon, all unnamed. The account dates to 1938. The author of the tale, Samuel Lambert, made the point that even were the animal confined, the flap was unlikely to have remained immobile. Many mammals, horses most notably but also pigs, possess the ability to voluntarily twitch the panniculus carnosus, a thin, broad muscle just below the skin, when they wish to dislodge an irritant—typically flies but in this case a human. Lambert’s account also makes reference to resistance on the part of ward nurses tasked with clearing livestock excrement from a hospital room multiple times a day. And that, more or less, marked the end of the barnyard pedicle flap.

But not the end of the barnyard skin donor. Nineteenth-century surgeons were discovering that a skin graft needn’t remain attached to its homeland, that healing would take place when the flap was cut completely free from its original owner (a “free flap,” as opposed to a pedicle flap). To find donors, surgeons would turn first to family and friends, but, as Scottish surgeon Alexander Miles pointed out, “such self-sacrificing mortals are few in number.” An 1898 news piece in the Brooklyn Daily Eagle laid out some numbers: 817 pieces of human skin were needed to cover the burns of a young woman whose clothing caught fire when vapors from the gasoline she was using to clean a pair of gloves ignited. Once the physicians had exhausted the acreage and forbearance of family and friends, they resorted to the skin of strangers. An ad placed in a local newspaper offered payment to people willing to part with a snippet of skin. Five hundred individuals responded—though about a fifth of them were “men who understood the advertisement to read that men were wanted for tree grafting and had come ready to go to work.” Even with the added volunteers, 137 pieces of chicken skin were required to make up the deficit.

The chicken was briefly the donor of choice among nineteenth-century zoografters. The rationale was one of surgical practicality. The skin under the wing is loose, with no fat adhering—ready to go with very little prep. France’s Paul Redard insisted upon young chickens. Youthfulness, rather than species, was thought the more important criterion in zoografting. “I have always used young animals,” wrote Alexander Miles in “Observations on the Grafting of Skin Taken from the Lower Animals,” “. . . in the belief . . . that the comparatively great developmental power of young tissues will enable the new covering, once it has adhered, quickly to spread over the raw area.” Miles’s contemporaries shared his belief. M. E. Van Meter was a puppy guy. G. F. Cadogan-Masterman preferred young rabbits. Thomas Raven tried a piglet. Miles summarized his own flensings in a handy table: eight kittens, five puppies, and two four-day-old rabbits. Who’s the “lower animal” now?

To be fair, Miles and his fellow puppy and kitten flayers operated a century before the widespread establishment of spaying and neutering programs. Strays from unwanted litters of dogs and cats were legion and viewed with little sentimentality. A similar combination of availability and public indifference to the creatures’ welfare catapulted frogs into the skin grafting spotlight. Writing in the British Medical Journal during World War I, Captain H. W. M. Kendall explains how he came to experiment with frog skin as a covering for the shrapnel, bullet, and bomb wounds he found himself treating. Kendall was stationed in France, where, as he put it, “demand and supply of material are both abundant.” I imagined him striking a deal with local restaurateurs: I can take those frog torsos off your hands, Chef. But Kendall, like everyone else in France, preferred the legs. The inner thighs, he noted, have very loose skin, easy to use. Just like chicken.

Frogskin grafting caught on, spreading in time to the United States, where it made headlines not only in medical journals but in daily newspapers. Coverage ran the gamut, from the jauntily alliterative “Repaired with Flesh from Friends and Frogs” to the frankly tasteless “Frog Skin Used in Effort to Keep Texas Woman from Croaking.” Only the Times-Mail of Bedford, Indiana, managed to maintain its composure: “Skin of Thirty Frogs Is Grafted on Woman.” No big deal. Move along. (Though composure went out the window a few column inches down the page, with the headline “Cow Is Ventriloquist: Able to Throw her ‘Moo’ All Around the Lot.”)

Though practitioners at the time wouldn’t have been aware of it, frogskin is apparently a rich pharmacopeia. According to James Crowe Jr., author of the Immunity paper “Treating Flu with Skin of Frog,” peptides isolated from skin of frog (I’m retaining the Shakespearean phrasing) possess not just antiviral but also antibacterial and immune system-modulating properties, both of which could, who knows, have benefited graft recipients.

The Frankenstein element of zoografting proved hard to resist. The Oakland Enquirer from June 26, 1911, relates the story of five-year-old Thomas Reardon, recovering from severe burns and soon to be “the only person in St. Louis who can exhibit a frog skin leg.” While some surgeons reported that zoografts sloughed off and understood them to be temporary coverings, others suggested that patients would go through life with functioning plots of the living skin of another species.

William Allen, writing in the medical journal The Lancet in 1884, presents an unusual take on the matter. He posited, bewil-deringly, that healing was achieved through a kind of dermal sexual reproduction. “If the sexual theory accounts for the process, the skin that grows after the application of the frog grafts must be of the nature of a new breed, a cross between human and frog epidermal elements.” Frankenskin.

I have questions, many questions. The cells of zoografts—or xenografts, as they are called today—are surfaced with foreign proteins. Why wouldn’t the patient’s immune system reject them? Why would they “take” at all? And if they’re rejected, what was the point? Whose skin do plastic and reconstructive surgeons rely on today?

For answers, I’m inflicting myself on the generous professionals of Massachusetts General Hospital, home of the Sumner M. Redstone Burn Center. The facility is one of the nation’s largest and best-known burn units, the hospital having gained prominence in the aftermath of the 1942 fire at the Boston nightclub Cocoanut Grove, which killed 492 people. Thirty-nine burn patients were admitted to Mass General that night. The hospital archivist sent me an illustrated Annals of Surgery paper summarizing their treatment. Nine had required skin grafts, often on the backs of the hands, because people had covered their faces. Though the heat was so intense as to burn off the tip of one woman’s index finger, the nail polish on her remaining fingers survived intact. One’s eye fixes on details like this, because everything else is too horrible. It’s no mystery that religion’s showrunners chose fire as the setting for Hell.



* When the town of Kirtipur, Nepal, finally fell to Ghurka invaders in 1767, the holdouts’ punishment, the story goes, took the form of mass nasal mutilation. All 865 male residents lost their noses, with exceptions made for those who played wind instruments. The last bit puzzled me. Surely one can play a wind instrument without the exterior of their nose. I ran this by the composer and jazz clarinetist David Rothenberg, whom I happened to have recently met. His reply included a link to the paper “Changes in Dento-Facial Morphology Induced by Wind Instruments, in Professional Musicians—A Systematic Review.” Playing a wind instrument can apparently be its own form of facial mutilation, bringing on, among other things: receding gums, bone remodeling, reduced facial length, thickened skin, acute pulpitis, lip lesions, overbite, herniated soft palate, “Satchmo syndrome” (rupture of the mouth muscles), recurring tartar, and saliva stagnation.

* Either way, it helps explain the enduring popularity of sheep—lambs, especially—in seventeenth- to nineteenth-century blood transfusion experiments. Medical journals of the day featured woodcut illustrations of lambs lying, seemingly contentedly, alongside bedridden patients, the pair connected neck-to-arm by a tube. I had wondered whether belief in some biblically derived Lamb-of-God purity explained the choice, but no article mentions this. Regardless of the reason, the practice was ill-advised—as well as impractical. As one practitioner wrote in an 1876 issue of the Medical Examiner, “will a lamb be at our disposal just when we want it in such cases of emergency?”

[image: ]
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Gimme Some Skin

Replacing the Human Exterior

You’ve seen the textbook illustrations: the big cube of human skin with its confectionary layers—the pink frosting of the epidermis, the paler dermis, the orange fat below. Big and pretty as a petit four. In reality, we are as drably thin-skinned as chickens. The epidermis is maybe thirty cells deep. The dermis, a few millimeters at its thickest. Earlier today, in the Massachusetts General Hospital burn unit, I watched an intern named Seamus plane a skin graft a third of a millimeter thick. You could have folded it and mailed it with a first-class stamp.

A skin graft is thin to help it survive in its new location. Until capillaries from the wound bed begin to grow in, the cells of the graft will be nourished by the plasma they sit in. The term for this is osmotic imbibition: drinking through your membrane. If the graft were much thicker, the cells on the inside of it would starve. Taking a very thin graft also speeds the healing of the new wound, the one Seamus had just created.

The graft I saw was planed from skin on the patient’s own thigh. This is autografting. You are your own skin donor. It is the ideal skin grafting scenario. Anyone else’s skin—spouse, cadaver, frog—will eventually be rejected by the immune system. Anyone else’s is a temporary covering. It may be called a graft, but more accurately, it’s a kind of dressing—a biodressing. This has been explained to me by Jeremy Goverman, a dark-haired, gifted, unwaveringly genial plastic surgeon at Mass General’s Sumner M. Redstone Burn Center.

For the past hour, Goverman has been answering my questions while simultaneously toggling between two computer monitors, updating patient charts and billing forms. Calls come in from the OR downstairs, and texts—ting!—land every half minute or so. A sign on Goverman’s desktop reads: Good Enough. It’s there as a reminder. Goverman is driven, a self-described perfectionist. He has struggled with a health care system that doesn’t prioritize—or leave time for—doing things perfectly. “Acceptance” is written on a yellow sticky note on the frame of one of the monitor screens. You may recognize it as a tenet of AA. Between 13 and 25 percent of surgeons grapple with substance abuse at some point in their careers.

Currently testing Goverman’s newfound equanimity: a visitor with no medical background and a long list of questions, many of which, it will become clear upon transcribing her recordings, she is asking twice.

“Wait, so why would you use anything other than an autograft?”

Goverman swivels from his computer to answer. Supply problems, in short. With a major burn, surgeons quickly run out of graftable (unburned) skin. “Sometimes we have to use the soles of the feet, the scalp, even the scrotum,” Goverman says. Areas that have been harvested can be reharvested after they’ve healed, but that can take two or three weeks. In the meantime, an allograft (skin from another human, typically a deceased tissue donor) or a xenograft (skin from another species) protects the wound. It also prevents some of the fluid loss. Deep burns destroy the closed-loop integrity of the circulatory system; leaking capillaries (among other things) send blood pressure dangerously low. Temporary grafts also make changing bandages less painful for patients, and they help keep them warm. Because they’ve literally lost their coat. Burn survivors can develop hypothermia in a 70-degree room. ICUs and ORs for survivors of major burns are often kept at 90 or even 105 degrees, nurses and surgeons sweating under their scrubs and sterile gowns.

Another question for Goverman: If skin grafts taken from other bodies are just a temporary dressing, why then did the frog and dog and rabbit skin grafters of nineteenth-century medical journals (and of the previous chapter) write that these grafts would “take”? Because they did. “It becomes your skin for a few days,” Goverman says. One of the things that happens with a big burn is that the immune system is suppressed. The lowered vigilance means a piece of foreign tissue is not flagged as dangerous. So the body follows normal skin protocols, extending the welcome handshake of capillary growth. For a matter of days, people were in fact part frog or puppy or rabbit.

An allograft lingers longer under the radar, because skin from a fellow Homo sapiens is a closer match than skin of another species. It likely buys you weeks, not days. Whatever is used, person or beast, a graft also helps prevent infection. The immune system’s temporary slowdown makes this critical in the early days after a serious burn. When someone dies after a serious burn, it’s often because of sepsis: a localized infection has gone systemic.

Eventually an allograft for a bad burn will be replaced with a permanent graft of the patient’s own skin. The surgeon can wait for the allograft to be rejected and slough off, or the surgeon can, as I believe I phrased it in a question to Goverman, rip it off.

“Ripping it off is actually nice because it freshens the wound bed.” Makes it bleed, he means. Blood is good. Blood heals. Blood feeds the new graft. “You want a nice vascular wound bed.” It’s unusual to encounter freshen, nice, and bed outside of, say, a hotel website. That’s surgery for you.

Goverman takes another call. It’s the OR again, letting him know his patient is prepped and ready. We walk to the elevator, Goverman slightly ahead of me, tinging as he goes. Because he’s so good-natured, smiling and joking with hospital staff, the tings have begun to seem, to me, like a feature of his personality, a sort of aural sparkle.

The patient is a man, youngish, already sedated on the operating table. Goverman wheels over on a stool and takes one of the man’s hands in his own. That is really touching, I think. Then he begins wiping the back of the man’s hand with a blue surgical cloth—briskly, the motions of a parent cleaning something gooey from a toddler’s hands. He’s wiping away dead skin. This helps him assess the damage, which can be hard to do at first. Second-degree burns can progress to third-degree in the early aftermath of a serious burn. And this one was serious. The man had been trying to fix an oil furnace, someone is saying. He touched two wires together, causing a spark and an explosion.

“Let’s not talk about that,” Goverman says quietly. Survivors’ stories, he feels, are their own to tell. I knew this, yet when I accompanied him on rounds, earlier, I was unable to stop myself. What happened, what happened, what happened. I can tell you this. Oil and grease are trouble. Boiling water, because it runs off, has limited time on the skin. Something oily will stick, and burn longer, as will anything viscous. There is a mac-and-cheese burn on the floor above us.

Goverman moves to the man’s wrist, using a tool now, scraping with short strokes, like a lotto player getting busy with the edge of a coin. Excision, or debridement, removes dead cells and bacteria and other bio-garbage that can interfere with healing. The deepest burns are on the man’s calves. He must have been wearing shorts. The skin here is about to be allografted. Goverman prepares the site with a longish blade called the Goulian (pronounced, with some aptness, ghoul-ian). Strips of flesh are pared with a quick, truncated back-and-forth motion. Where have I seen that, I think. A moment later, it pops to mind: shawarma shop.

A nurse arrives with the allografts, four sheets, packaged and sealed. They’d been in a freezer until this morning, when someone thawed them in a bowl of room-temperature saline. (DO NOT MICROWAVE, the package insert warns.) The skin is pre-meshed in a diamond pattern, like an expandable baby gate. The mesh allows the surgeon to stretch the graft as needed, to cover more burn. (The meshing also allows fluid to drain.) An autograft removed on the spot, in the OR, would have to be meshed by hand. On a table against one wall is a mesher, a miniature version of what a chef would use to cut sheets of fresh pasta. Meanwhile the dermatome, the instrument used to remove an autograft, is a sort of medical-grade cheese slicer. Kitchens and operating rooms—the ever-present, mildly disconcerting overlap.

Using forceps, Goverman spreads the allografts and staples them in place. They give the appearance of thick, pale fishnet tights. The hospital recently switched to a less expensive supplier, and Goverman doesn’t like it. “It’s slimy, and the mesh pattern is variable.” Even with cadavers, you get what you pay for.

The newly placed grafts are covered with an antibacterial foam dressing called Mepilex and then mummy-wrapped in white gauze and finished with a winding of elastic bandage. Goverman calls out the square centimeters, and a nurse makes a note, for billing.

Goverman used cadaver skin today, but he has, in the past, used a pig skin product, and he recently went through an Icelandic cod phase. The cod people had invited a number of what are called key opinion leaders to come see the process and learn about the product. Junkets are one way that companies get products into hospitals and surgeons’ hands. Goverman makes no excuses. “I was like, I wanna go to Iceland!”

And? Is the cod product better than a traditional cadaver allograft? We’ve gone back up to his office, so he can dictate a surgery summary while the work is fresh in his mind. “They have some studies, some basic science—put it on a wound and find some markers that go up or down. Look, there’s less inflammation, it’s modulating this or that. Most of my colleagues think it’s great.” He’s not sure. “I will say, when you put it on the wound and you wait a week, the wound bed looks pretty good.” He’s typing again, like he’s finished with what he’s got to say about cod skin. Then stops. “But when you do nothing”—can’t help himself— “and you wait a week, the wound bed looks pretty good.”

Here’s an advantage: The hospital can bill for a skin substitute. “Mepilex will get you ten dollars,” Goverman is saying, “and fish will get you a thousand.” There are yet pricier options. Companies tout the advantages of grafts made from human embryonic membranes, placentas, dehydrated umbilical cells, foreskin* cells seeded onto cow collagen. They claim that they’re rich in generative factors and less antagonistic to a patient’s immune system. In fall of 2024, the New York Times ran a hyperventilatory piece entitled “Her Face was Unrecognizable After an Explosion. A Placenta Restored It.” I sent the link to Goverman. Her face looks great, he replied, because the head has robust blood flow; thus a second-degree burn to the face heals “spectacularly well” on its own, with nothing fancier than an antibiotic ointment.

There are seventy skin substitutes on the market right now, Goverman says. “There’s big, big money in this stuff.”† And is there truth to the claims—that products made with cells from the earliest stages of development promote faster healing? “We really don’t know,” Goverman says. Nor, he suspects, does the U.S. Food and Drug Administration (FDA). Biodressings are reviewed by the Division of Dermatology and Dentistry, though neither profession treats survivors of serious burns.

“What we do know,” Goverman adds, “is that despite all these products, wounds and open burns are still a huge burden and we’re still using, ultimately, the patient’s own skin.” (In 1936, a physician named Jacob Sarnoff combined both approaches, circumcising a young boy and then grafting his foreskin directly onto his finger, which had been “degloved” when his ring caught on a fence spike.)

Most autografts take the form of dermatomed strips immediately applied in the OR, though patients’ skin can also be cultured off-site, from a biopsy. There’s an aerosol autografting product, Spray-On Skin, that’s used alongside widely meshed autografts, to speed regrowth in the spaces of the mesh. Goverman often uses CEA, cultured epithelial autograft, wherein the patient’s cells are grown into a very thin—two or three cell layers—sheet of epidermis.

Even better would be a thick sheet—a full-thickness cultured autograft with dermis as well as epidermis, to use with severe burns. The Swiss company CUTISS is about to enter Phase 3 European clinical trials of one such item, denovoSkin. Early this morning, during rounds, Goverman checked in on a young boy who’d recently been admitted with burns on 90 percent of his body. The room was sweltering. Bandages covered everything that had not been burned away or amputated. Through an FDA compassionate use exemption, the child will become the first American burn survivor to receive a denovoSkin graft. After clearing customs, a biopsy of the boy’s skin will fly to Zurich in a refrigerated box. There it will be separated into dermal and epidermal components that will be cultured and then seeded onto a sponge-like collagen scaffold. About a month later, a piece of skin the size of a large elbow patch will fly back to Boston with its Swiss escort
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