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Introduction
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In the first week of 2012, DNA results arrived in a Washington, D.C., murder case more than 33 years old. At the 1980 trial, an FBI examiner had told the jury that a hair from a stocking found near the scene came from the defendant, Santae Tribble, and the prosecutor had told jurors that the hairs "matched perfectly." The new tests said otherwise. The hairs had come from several people with no connection to the crime, and one of them, according to accounts of the testing, had not come from a person at all. It came from a dog. By then Tribble had spent 25 years in prison.

What makes that moment worth starting with is not that an examiner got something wrong. It is that this examiner was not unusual. The examiner worked in the FBI Laboratory, used a method the profession had relied on for generations, and said the kind of thing colleagues there said. When the FBI later went back through its own hair testimony, it found erroneous statements in 257 of the 268 trials it reviewed. The expert in the witness chair had not gone rogue, but had done the job the way the job was done.

That is the finding of this book, and it can be put in a sentence. For most of the twentieth century, American juries heard forensic experts state conclusions with a confidence that no one had ever measured, and when the measuring finally began, a great deal of that confidence turned out to have been assumed rather than earned.

The confidence had its own vocabulary. "Identical." "Microscopically indistinguishable." "With all medical certainty." A "practical impossibility" that anyone else had made the mark. Fire investigators read pour patterns on a burned floor as a signature. Dentists spoke of teeth as if they were fingerprints, and fingerprint examiners spoke of their own work as if error were not possible. These phrases sounded like the results of experiments. Mostly they were the results of experience, an examiner's long familiarity with his own conclusions, which had rarely been checked against cases where the right answer was known in advance.

In 2009 the National Academy of Sciences said so in plain terms. Apart from nuclear DNA analysis, its committee wrote, no forensic method had been "rigorously shown" to tie evidence to a specific person or source consistently and with a high degree of certainty. That sentence did not come from defense lawyers or from activists. It came from a committee co-chaired by a federal appeals judge and a statistician, after more than two years of listening to the field itself.

Why should a reader who will never stand trial care about the gap between what a method can show and what an expert says it shows? Because in case after case the testimony was not one piece of evidence among many. In a house fire with no witnesses, the burned floor was the case. In the collapse of a small child alone with one adult, the medical findings could be nearly the whole of it. In a drug arrest, a lab certificate or a $2 roadside kit was often all that stood between a defendant and a guilty plea, and in Houston a kit turned blue for a crumb that was aspirin and caffeine. When the forensic evidence is the case, its errors are not small errors. They are the verdict.

How did any of this come to light? Mostly through DNA, which began freeing people in 1989 and which is, in most of these pages, the hero. DNA cleared men who had been convicted on bite marks and on hair, men identified by certain eyewitnesses, and five teenagers convicted on their own confessions. Its successes showed what the older methods had said in cases where the truth could finally be checked. Yet DNA has limits of its own, and one chapter here belongs to a man whose DNA turned up under a murder victim's fingernails although he had spent the night of the killing in a hospital bed miles away.

The scale is still being counted. The National Registry of Exonerations listed 3,870 exonerations as of October 31, 2026, and it has found false or misleading forensic evidence among the contributing factors in nearly 30 percent of the cases it knows about. What matters here is that every one of them stands for a person, and that the count includes only the people someone managed to find.

* * *
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IT IS JUST AS IMPORTANT to say what this book is not.

It is not an attack on forensic examiners as a class. Most of the people whose testimony appears in these chapters believed what they said. They used methods they had been taught, in laboratories that expected them, before courts that accepted them. Several later said publicly that they had gone too far, among them a Mississippi dentist who said in a 2011 deposition that he no longer believed in the uniqueness of bite marks. There is outright fraud in this book, most notably a chemist in a Boston drug lab, but it is the exception, and even her story turns out to be largely about the supervisors who did not act. When the Registry broke down the official misconduct in the exonerations of 2025, deliberate falsification of forensic work appeared in two cases. The failures described here are mostly failures of institutions: of training that taught folklore, of labs that rewarded speed, of courts that deferred to experts and then to one another.

It is not a claim that every conviction it mentions was wrong. Some were not, and some remain unresolved. Cameron Todd Willingham was executed in Texas in 2004, and no court has ever declared him innocent; under the Registry's terms he cannot be counted as exonerated. Robert Roberson's conviction in the death of his daughter stands as of this writing. The tens of thousands of drug cases dismissed in Massachusetts were dismissals, not findings of innocence. Where a conviction stands, this book says so, and it uses the word "exonerated" only in the sense the Registry gives it: official action that relieves a person of all the legal consequences of a conviction, based at least in part on new evidence.

And it is not a claim that forensic science is useless. DNA analysis of a single-source sample passed every test the President's science advisers applied to it in 2016. The chemistry that identifies cocaine works when an honest analyst runs it with calibrated instruments. Fingerprint examiners and firearms examiners have real studies on their side, and those studies get a fair hearing here. The argument is narrower than a dismissal and, in its way, harder to answer. A method can be useful and still be described to a jury as more than it is. The claim must not outrun the measurement. For decades it routinely did.

* * *
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THE ARGUMENT RUNS IN three directions. It moves through the disciplines themselves, from fire and teeth and hair to bullets, roadside drug kits, trace DNA and the medical diagnosis at the center of the shaking debate, the most disputed ground in the book. It moves outward, to evidence that is not forensic at all but works on a jury in the same way: the witness who is certain and the suspect who confesses. And it moves to the institutions, the national reviews that told the justice system its methods were unproven, the Texas commission and law built to carry that finding into court, the Registry's patient count, and the laboratories that rebuilt themselves so that their errors could be found from the inside.

None of the people in these pages chose to become examples. The victims of the crimes, and their families, did not choose any of it, and they are treated here with the care they are owed. The men and women who were convicted did not choose to become test cases for the reliability of a microscope or a dental mold. What they share is that someone, usually years too late, went back and looked.

Santae Tribble died in 2020. Nothing about the hairs ever changed. What changed was that someone finally asked how the claim made about them had been tested, and found that it had not. This book is about that question, and about why, for so long, almost nobody was in a position to ask it.
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Chapter One: The Fire in Corsicana

[image: ]


Two days before Christmas in 1991, a small house in Corsicana, Texas, caught fire with three little girls inside. Amber Willingham was 2 years old. Her sisters, Karmon and Kameron, were 1-year-old twins. (Court papers and news reports do not always agree on the spelling of Karmon's name; some write it Karmen.) None of the three survived. Their father, Cameron Todd Willingham, got out of the house. Before long the state of Texas had decided that he set the fire on purpose.

That is the whole of what most people knew about the case for the next dozen years, and it was enough to put a man on death row. A father had lived and his children had died, and the fire investigators said the house itself proved it was murder.

The man who said so most forcefully was Manuel Vasquez, a deputy state fire marshal, working alongside a second investigator, Douglas Fogg. They walked the ruined rooms and read them the way investigators of that era had been taught to read a burned building. They found dark, irregular burn shapes on the floor of the children's bedroom, in the hallway and at the front porch, and they took those shapes to mean that a liquid accelerant had been poured and lit. A later review of their work found that they had identified more than 20 separate indicators of arson in the house. The floor told the story, in their view. A person had spread fuel through the place where the girls slept, and then walked out.

Here is the part that does not fit. Every one of those indicators, examined years later by some of the most respected fire scientists in the country, turned out to be something an ordinary accidental fire can produce on its own. Not some of them. All of them. A deputy fire marshal had testified with confidence to a set of signs that the science of his own field was, at that very moment, beginning to discard.

* * *
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TO SEE HOW THAT HAPPENED, it helps to understand what an arson investigator in 1991 actually believed, and why those beliefs felt like knowledge rather than folklore.

For most of the twentieth century, fire investigation in the United States was a craft learned on the job. A young investigator followed an older one through burned houses and absorbed a vocabulary of signs. A pattern on the floor shaped like a spilled liquid meant a spilled liquid. Burning low down near the floor meant something had been burning at floor level, because fire, everyone knew, climbs. Several separate areas of heavy damage meant several separate points of origin, and an accidental fire starts in one place, so several origins meant someone had set it more than once. These rules were taught in training courses and repeated in textbooks. They had the authority of long use. What they did not have was much in the way of testing.

The phrase that sums up the problem is one investigators themselves used: "puddle shapes." When the commission that would eventually review the Willingham case looked back at the state of the field, it noted that in 1992 it was still widely believed that puddle-shaped and liquid-type burn patterns on a floor were unequivocal evidence that an accelerant had been used. Unequivocal. Not suggestive, not one factor among many. Proof.

The trouble lay in a phenomenon called flashover, and in how badly the old rules underestimated it.

A fire in a room does not simply grow steadily. As a sofa or a bed burns, hot gases collect under the ceiling. The layer gets hotter and thicker and pushes heat back down at everything below it. At some point the radiant heat from that layer is so intense that every exposed surface in the room, the carpet, the furniture, the curtains, the floor itself, reaches its ignition temperature at nearly the same moment. The room stops being a room with a fire in it and becomes a room that is entirely fire. That transition is flashover.

After flashover, everything the old rules relied on breaks down. The floor burns, not because someone poured gasoline on it, but because the whole room is now radiating heat downward. Pieces of burning furniture and ceiling fall and burn where they land, leaving irregular dark shapes that can look exactly like puddles. Air rushing in through a doorway or broken window feeds the flames unevenly, so some patches of floor char deeply and others barely at all. Heavy damage near the floor, separate zones of intense burning, shapes like spills: a fully involved room can make all of them with no accelerant whatsoever.

None of this physics was secret in 1991. Fire scientists in laboratories had been studying room fires since the 1970s. But laboratory knowledge moves slowly into the field, and the field had good reasons to trust its own experience. Investigators had seen many arson fires where fuel had in fact been poured. They had watched those fires leave the patterns they described. What they had seen far less often was a careful experiment showing that an accidental fire, given enough time to reach flashover, would leave the same marks.

That experiment had happened, as it turned out, about 14 months before the Corsicana fire. It happened in Florida.

* * *
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IN THE EARLY HOURS of October 16, 1990, by most accounts, a fire broke out at a house at 527 Lime Street in Jacksonville. Some sources give the date as October 15. The fire killed six people, according to most reports, though at least one local account gives a different count. The local investigator, Ray Powell, concluded that it was arson. He found what he took to be pour patterns on the floors and judged that gasoline had been used. Prosecutors charged a man named Gerald Lewis, who lived there and said that a child had started the fire by accident. Lewis faced the possibility of the death penalty.

The case might have ended the way the Willingham case did. Instead, a fire scientist named John Lentini was brought in to examine it, and his team did something investigators rarely did. They tested the theory. An abandoned house next door to the original was nearly identical in layout. They furnished it in a similar way and set a fire on a sofa, with no accelerant at all, to see what would happen.

Lentini later described what he had expected. "I had expected that the fire would take on the order of at least 10-15 minutes before the fire would make the transition to flashover," he said. The room went to flashover in somewhere around four minutes.

When the fire was put out and the investigators walked through the test house, they found the damage they had been told was the signature of arson. There were burn shapes on the floor like the ones in the house next door. There were pour patterns. Nobody had poured anything. A chemist at the Florida fire marshal's office, reviewing Powell's work, also concluded that his finding of gasoline was incorrect. The charges against Gerald Lewis were dropped.

The Lime Street test did not overturn the field overnight. It was one fire in one house. Practitioners could argue, and some did, that a single re-creation did not prove their methods were generally wrong. But it was the clearest public demonstration yet that the visual signs relied on in courtrooms across the country could be manufactured by an accident. The Lime Street fire has since become a seminal case in modern fire investigation, the kind of event later writers point to as the moment the old rules began to crack.

Around the same time, the National Fire Protection Association, the nonprofit body that writes many of the country's fire and building codes, was working on a new guide for investigators. It was published in 1992 as NFPA 921, the Guide for Fire and Explosion Investigations. Its central demand was simple to state and hard to obey. Fire investigation should follow the scientific method. An investigator should gather data, form hypotheses about where and how a fire started, and test each one against the evidence, ruling out accidental causes before declaring a fire deliberate. Burn patterns were to be interpreted with flashover in mind, not read off like signatures.

A guide is not a law. Publishing one did not retrain every investigator in every fire department at once, and nothing required a county investigator in Texas to have read it. Only later would reviewers describe NFPA 921 as the modern standard of care against which fire investigations are measured. But by the time Cameron Todd Willingham went to trial, the science that would undo his case was already in print.

* * *
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AT TRIAL, THE ARSON testimony was the center of the prosecution's case, but it was not the only thing jurors heard.

They heard that Willingham had confessed to another inmate while he was held in jail. The inmate was a man named Johnny Webb. They heard testimony describing Willingham as a sociopath. They heard about posters in his home that were offered as evidence of an interest in the satanic. The prosecutor, John Jackson, later called the killings "his crowning achievement as a psychopath."

Some of that evidence would also come apart. Elizabeth Gilbert, a writer who began corresponding with Willingham through a prison pen-pal program years after his conviction, looked into the posters. They were for the bands Iron Maiden and Led Zeppelin.

The informant's story has a longer and more tangled history. In 2000, Webb wrote a handwritten document addressed to the court and titled "Motion to Recant Testimony." It declared, "Mr. Willingham is innocent of all charges." Later he took the recantation back. In 2014, reporting by the Marshall Project and others raised a further question: whether Webb had testified in expectation of help with his own sentence. The Innocence Project accused Jackson of failing to disclose the recantation letter. Jackson has denied that any deal existed. He has said that an official named Batchelor met with him before the trial and "was adamant that we were not to offer Webb anything in return for his testimony." He has acknowledged that he later worked to get Webb released early from a robbery sentence, but he said that was because Webb was receiving death threats from the Aryan Brotherhood over his testimony.

Where does that leave a fair reader? With a jailhouse informant whose account was recanted and then un-recanted, and whose motives are disputed by people with strong reasons to see them differently. That is not nothing, and the prosecution's defenders have pointed to it for years. But informant testimony is the kind of evidence jurors are told to weigh with caution. The forensic testimony is what gave the case its certainty. Without the house telling its story, there would have been very little story.

A jury convicted Willingham of capital murder and sentenced him to death. The appeals that followed, in state and federal court, did not succeed. For most of that time, nobody with expertise in fire science looked hard at what Vasquez had said.

* * *
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THE MAN WHO FINALLY did was Gerald Hurst.

Hurst was a chemist who had become one of the scientists defense lawyers turned to when an arson case looked wrong. He was brought into the Willingham case late, as the execution date approached in early 2004. He read the trial record and the investigators' reports, and he went through Vasquez's indicators one by one.

His conclusion did not hedge. "Todd Willingham's case falls into that category where there is not one iota of evidence that the fire was arson," Hurst later told the PBS program Frontline. Elsewhere he put it more plainly still: "Fundamentally, this was a classic accidental fire."

Hurst's report reached the state four days before the scheduled execution, by contemporary accounts. It was part of a final effort to stop the execution. The governor, Rick Perry, refused to delay it. Perry would later defend his handling of the case in public many times.

On February 17, 2004, Texas executed Cameron Todd Willingham by lethal injection. The Texas Department of Criminal Justice keeps a record of the last statements of the men and women it has executed. Willingham's is partly withheld on the department's site, which says it left out portions because of profanity. What remains begins this way: "Yeah. The only statement I want to make is that I am an innocent man - convicted of a crime I did not commit." He went on, "I have been persecuted for 12 years for something I did not do."

A dying man's protest of innocence proves nothing. Many guilty people have said the same words. But the record Texas kept of his last minutes contains that claim, and the record of his trial contains a set of scientific assertions that, within a few years, almost no one in the field of fire science would defend.

* * *
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HURST'S REPORT MIGHT have stayed a footnote, one more expert disagreeing with another, except that Texas had recently created an institution suited to exactly this kind of question, the Texas Forensic Science Commission, whose own history belongs to a later part of this book.

The Innocence Project filed a complaint with the commission asking it to examine the arson science in two cases: Willingham's and that of Ernest Ray Willis, a Texas man whose conviction in a different deadly house fire rested on similar testimony. The commission agreed to look. It hired an independent expert to do the technical review.

That expert was Craig Beyler, a fire protection engineer with a national reputation. His report for the commission was dated August 17, 2009. Its conclusion was broad and direct. The investigations of both the Willis and the Willingham fires, Beyler wrote, did not comport with either the modern standard of care expressed by NFPA 921 or with the standard of care expressed in fire investigation texts and papers in the period from 1980 to 1992.

That second clause matters more than it might seem. One defense of Vasquez had always been that he should be judged by the knowledge of his own time. Beyler's answer was that the knowledge of his own time already demanded more. The basic principle of ruling out accidental causes before declaring arson was not invented after the trial. Beyler found that the arson ruling could not be sustained by modern science or by the science available in 1991. Press accounts summarizing his report described him as finding that the state's case rested on junk science and on the personal beliefs of the investigators rather than on fire science.

The report did not settle everything. The City of Corsicana issued a 21-page response disputing Beyler's conclusions and arguing that the report lacked objectivity. Officials there, and the prosecutor, continued to defend the conviction. That defense deserves to be stated at its strongest. Fire investigators like Vasquez had been trained in the methods they used. Those methods were standard. The informant testimony and the defendant's behavior, as presented at trial, persuaded twelve jurors who saw the witnesses in person. And even Beyler's own later testimony would acknowledge that the way investigations are done today differs from 1991.

What the defenders could not produce was a fire scientist willing to say that Vasquez's indicators, read with the knowledge available, actually proved arson. In time, the Innocence Project would point to nine independent experts who had reviewed the evidence and reached the same conclusion as Hurst and Beyler.

That same year, 2009, the case reached a national audience through David Grann's long article in The New Yorker, which laid out the investigation, the science and the execution in detail. A story that had been a matter for defense lawyers and fire engineers became a question many Americans were asking. Had Texas executed an innocent man?

* * *
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THE COMMISSION WAS scheduled to hear from Beyler in person in early October 2009. Two days before the hearing, Governor Perry replaced the commission's chairman, Sam Bassett, and declined to reappoint two other members. He named John Bradley, a prosecutor, as the new chair. The meeting at which Beyler was to be questioned, the first major item on the agenda, was canceled.

Perry's office said the members' terms had expired and that replacing them was routine. Critics pointed out that at least 100 other appointees across state government had also outlasted their terms and remained in their positions. The timing became a national story in its own right.

The commission's inquiry continued, more slowly. In January 2011, the reconstituted panel met in Austin and heard from Beyler and other national arson experts. Beyler, according to the Dallas Morning News account of the meeting, found that the original investigation did not prove that arson was the only possible cause of the fire. He also acknowledged that while fire investigation had changed since 1991, the idea of eliminating natural causes before declaring arson was, as the paper put it, a fairly timeless notion.

The commission issued its final report on the complaint on April 15, 2011. It concluded that the investigators had relied on flawed science. It did not find that they had been negligent or had committed professional misconduct, a finding critics saw as a way of avoiding blame and the commission's defenders saw as a fair reading of what the investigators knew and had been taught. Its recommendations looked forward: more education and training for fire investigators in Texas, and a process for reviewing old arson convictions that might rest on discredited indicators. On October 28, 2011, the commission issued an addendum that went somewhat further, acknowledging that unreliable fire science had played a role in Willingham's conviction.

That is as far as the commission could go. It had no power to declare anyone innocent, reopen a criminal case or reverse a verdict. Its jurisdiction was the science, not the man. A separate effort in 2010 to convene a court of inquiry into the case became caught up in appellate litigation. No court has ever declared Cameron Todd Willingham innocent, and because he was executed, the ordinary path to an exoneration, a court vacating the conviction and the charges being dropped, was closed before it opened. Under the strict terms the National Registry of Exonerations uses, he cannot be counted as exonerated. He can only be counted as a man executed on testimony his own state's forensic commission later found unreliable.

* * *
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PULL BACK FROM CORSICANA and the meaning of the case widens.

The Willingham fire was not unusual in its evidence. That is the uncomfortable point. The same kinds of indicators Vasquez cited, the puddle shapes and pour patterns and the rest of the old vocabulary, were being offered in arson trials across the United States through the 1980s and into the 1990s. Investigators testified to them in good faith because that was what they had been taught. Defense lawyers rarely had the money or the knowledge to hire someone like Hurst. Judges, who are trained in law and not in combustion, had little basis for questioning an expert who described his methods as standard practice.

Fire is a peculiar subject for forensic science because it destroys its own evidence. A fingerprint sits on a surface and waits. A fire consumes the room in which it began. What investigators read afterward is not a direct record of how the fire started but a record of how it ended, after flashover has rewritten the floor. The old indicators assumed the opposite: that the final pattern pointed straight back to the first spark. That assumption was the error, and it was baked into training for a generation.

What the record does not establish is just as important. It does not establish that Willingham was a good father or a good man; his defenders and detractors have argued about his character for decades. It does not establish exactly how the fire started. Hurst and Beyler concluded that the evidence pointed to an accidental fire and that nothing in the physical evidence showed arson; they did not, and could not, identify the precise accidental cause with certainty after so much time. And it does not establish that every person convicted on the old arson indicators is innocent. Some fires really are set with gasoline, and some of those fires leave the patterns the old investigators described. The flaw was not that the patterns never meant arson. It was that they did not reliably distinguish arson from accident, and the people reading them did not know that.

John Lentini, the scientist who ran the Lime Street test, summed up the case in a sentence that has been quoted ever since. Texas, he said, "executed a man for a crime that they couldn't prove was really a crime."

Not everyone accepts that. David Martin, who represented Willingham at trial, has said publicly that he still believes his client was guilty. The prosecution's view has not changed. And in a narrow legal sense the conviction stands, because there is no living defendant to bring the challenge that might vacate it.

* * *
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THE SCIENTIFIC BATTLE, at least, is mostly over. NFPA 921 has become the recognized standard of care for fire investigation, and the indicators Vasquez relied upon are now taught as examples of what not to do. Fire investigators across the country learn about flashover early, and many learn about Lime Street by name. The Texas commission's recommendations for training and for case review were directed at precisely the habits that sent the Willingham case to trial.

But a guide does not reach backward into prisons. A training course does not reopen a closed file. The commission's report was a careful, limited document because the commission was a careful, limited body, and the man at the center of its work had been dead for seven years when it was finished. In the years since, Willingham's supporters have kept pressing for some formal acknowledgment of what went wrong; in September 2013 they filed a new petition in his name.

In 2011, at the meeting where the commission heard from national experts, the people in the room argued over standards of care and the meaning of negligence, over what a reasonable investigator in 1991 should have known. Those were the right questions for a body like that. They were not the questions the case had begun with.

Those questions began two days before Christmas in 1991, in a small house in Corsicana, with three girls named Amber, Karmon and Kameron. They were 2 years old and 1 year old. Everything that came after, the trial and the testimony and the execution and the reports, was an argument about how they died. Fire science can now say, with a confidence it did not have then, what the burned floor of their bedroom does not prove. It cannot give back the years in which nobody asked.
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Chapter Two: The Mark of a Tooth
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On April 7, 2016, the Supreme Court of Virginia granted Keith Allen Harward a writ of actual innocence. The next day, April 8, he walked out of a Virginia prison. He had been locked up since the early 1980s for a rape and a murder in Newport News, and the Innocence Project, which represented him, put his time behind bars at more than 33 years. Its own later summary rounds the figure to 34. Either way, he went in as a young Navy sailor and came out having spent most of his adult life in a cell.

What makes the case worth stopping on is not only the length of the sentence. It is the number of experts who had been sure. Six forensic dentists, at one point or another, concluded that Harward's teeth had left the bite marks on the surviving victim. Two of them were board-certified by the American Board of Forensic Odontology, the profession's credentialing body. Two others had been hired by his own defense lawyers, and they agreed with the prosecution.

All six were wrong. DNA testing showed it, and the same testing named the man who had committed the crime.

* * *
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THE CRIME HAPPENED in September 1982. A man broke into a couple's home in Newport News, killed the husband and raped the wife. The Innocence Project's account is careful about what she could and could not say: she told police her attacker was wearing a sailor's uniform, and she was never able to identify Harward as the man.

The uniform pointed investigators to the Navy. A Navy ship, the USS Carl Vinson, was dry-docked near the couple's home, and Harward was one of the sailors assigned to it. Dentists aboard the ship ran visual screens of the dental records and teeth of somewhere between 1,000 and 3,000 men. Harward's teeth were flagged for a closer look at first. Then a forensic dentist examined them and excluded him.

The case went cold for six months. It came back to life when detectives learned that Harward's then-girlfriend had accused him of biting her during a dispute. Prosecutors sent his dental impressions and molds to two diplomates of the American Board of Forensic Odontology, Lowell Levine and Alvin Kagey. Both concluded that Harward had made the bite marks. After those two prominent experts reached their conclusion, the naval and local dentists who had earlier excluded him changed their minds.

At his second trial, Levine told the jury that there was "a very, very, very high degree or probability" that Harward had inflicted the bites, so high that it would be a "[p]ractical impossibility" for anyone else to have done it. Kagey testified that Harward was the biter "with all medical certainty" and "that there is just not anyone else that would have this unique dentition." The Innocence Project describes Levine as "known as one of the foremost experts in forensic bite mark analysis." That is worth holding onto. This was not a fringe practitioner. It was the field at its most respected.

Other evidence was thinner than it looked. A security guard said he had seen Harward enter the shipyard in a bloody uniform, but the Innocence Project later learned that he made that identification only after being placed under hypnosis. The prosecution told jurors that Harward could not be excluded as the source of blood evidence; later review found his blood type did not match.

Harward was first convicted of capital murder. The jury spared him the death penalty, and the conviction was reversed in 1985 on a question of how Virginia's capital murder statute should be read. He was retried and convicted again in 1986, by which time he was no longer eligible for death under Virginia law. The sentence was life.

Decades later, the Innocence Project arranged DNA testing of the rape kit and other evidence from the scene. The results excluded Harward. They pointed instead to Jerry Crotty, who had also been a sailor on the Carl Vinson at the time of the crime and who had a violent criminal record. Crotty could not be tried. He had died in an Ohio prison in 2006 while serving time for abduction.

* * *
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TO UNDERSTAND HOW SIX dentists could agree on something false, it helps to understand what bite-mark comparison claims to do.

The practice rests on a chain of three ideas. The first is that the arrangement of a person's front teeth is distinctive enough to tell one person from another. The second is that when those teeth bite human skin, the skin records that arrangement accurately. The third is that a trained examiner can look at the injury, compare it with a suspect's teeth, and reliably say whether they match.

Each link sounds plausible. Teeth do vary. Most of us have a chipped incisor or a crooked canine. And forensic dentistry has a legitimate and valuable use that lends the bite-mark work borrowed credibility: comparing a full set of dental records with the teeth of human remains is a long-established way of identifying the dead. Courts that had seen dentists name the victims of fires and plane crashes found it easy to believe that dentists could name the source of a bite.

But a bite mark on skin is not a set of dental records. In 1960, a British dentist named Ron Fearnhead ran a simple experiment. He had people bite into foods such as cheese, apples and chocolate, then tried to match dental models to the marks. He could match them. He also found a separate dental model, from someone who had nothing to do with the study, that matched the marks, in his words, "just as perfectly as the models of the jaws that made them." He drew a blunt conclusion: evidence identifying a person "by tooth-marks left as bruises in flesh should never be admitted," and even bite marks in food "should be examined extremely critically." He warned of "the danger of accepting, too readily, evidence which at first sight appears to be based on an exact science."

That warning came more than
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