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Introduction 

Medicolegal death investigation, or forensic death investigation, is the systematic 

investigation of unexplained or violent human deaths. Practitioners of this type of investigation 

include medical examiners, who are doctors of medicine who utilize forensic pathological study 

to find a corpse’s identity, cause of death, or anything else out of the ordinary (1). Forensic 

anthropologists also partake in medicolegal death investigation, though focusing instead on 

remains that are heavily burned, in an advanced state of decay, or otherwise lacking soft tissue. 

The field of medicolegal death investigation is one that regularly utilizes analytical 

methodologies and technologies from other fields. Often, practices from the field of medicine are 

found to be particularly applicable (2). The accuracy and precision of these new practices, 

defined respectively as the results’ proximity to the “true” value and the proximity of the results 

to each other (3), must be assessed in order to ensure the resulting data are worthy of 

consideration in the process of death investigation. The constant pursuit of greater accuracy and 

precision allows for confidence in the field and the information that comes from it. 

However, while the techniques and technologies adopted by the field of medicolegal 

death investigation are put quickly into practice, they have not always been adequately assessed 

for their accuracy and precision. One example of this would be forensic science’s adoption of 

gait analysis, or the study of walking patterns. In 2000 a gait analysis “expert” was called into a 

courtroom to testify, thus ushering in a new investigative technique that was quickly embraced 

and cited in numerous court cases (4). 

Even when the shortcomings of this new technique were acknowledged, the findings still 

had significant impact on court decisions. In 2005, footage of a bank robbery in Denmark was 

handed over to gait analysts. These practitioners concluded that, while the perpetrator in the 
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robbery footage had a limp that was similar to a particular suspect, footage did not capture 

adequate gait characteristics that they required for suspect identification. Regardless of this 

finding, the court used this statement to make a guilty verdict (4). 

In 2011 gait analysis was found to be unreliable (4). The high variability in gait analysis 

results meant severely low precision, and thus data that should not be used in court. In recent 

years, recent gait analysis research has involved ensuring precision using groups of diverse 

experts (4). 

Computed tomographic (CT) scanning is another prime example of promising forensic 

technology adapted from medicine. CT scanning is the outer and internal image of a subject via 

x-rays. With 3D-CT scans, these images can be layered together to produce a three-dimensional 

rendering of the scanned subject (5). This technology is frequently used in forensic pathology 

and anthropology, as these scans allow investigators to learn about the deceased with minimal 

disturbance of the body. CT scans are frequently used to find the geometric shape and 

measurements of traumatic pathologies, often in an effort to identify details about the weapon 

used, as well as the number of strikes or impacts. CT scans also allow investigators to gather 

particular markers that allow for the identification of a body. As such, the information that CT 

scans reveal are especially helpful in cases where the deceased is in advanced stages of 

decomposition, or has sustained burns or other severe trauma. CT scans are also frequently 

utilized instead of autopsies in other countries, as well. In Japan, for example, there is a 

combination of minimal access to medical examiner systems and a high concentration of CT and 

MRI technology present within the country that lead to an increased reliance on CT for death 

investigation (6). Globally, there are a number of religious and cultural groups that may also hold 

beliefs that are against the practicing of autopsies, such as Orthodox Jews and Muslims (7). 



3 
 

The importance of this work is clear – providing objective findings to questions of 

justice, bereavement, and public health is the ultimate goal of these death investigations. The 

results of these investigations affect countless lives, including family members of the decedent, 

criminal suspects, and the general population. The techniques used within medicolegal death 

investigation must be analyzed systematically and objectively to ensure that the field is doing the 

absolute best work it can – especially considering the hugely important nature of the findings. 

Utmost precision and accuracy must be pursued consistently and continually. 

The goal of this research is to observe and interpret general trends within the research 

surrounding CT in medicolegal death investigation, creating an outline of the general views of 

researchers. A systematic literature review will provide a meta-analysis of existing literature 

surrounding the use of CT scans in the field of medicolegal death investigation. In particular, this 

meta-analysis focuses on the topics of postmortem CT precision, accuracy, and role within 

medicolegal death investigation. 

 

Background 

In order to gauge the overall position of CT within the field of medicolegal death 

investigation today, the conclusions of multiple works of research must be compared and 

considered together. Such meta-analyses are useful in their ability to provide overviews of 

research and discourse, creating a cohesive, generalized narrative surrounding what can be a 

wide variety of results and opinions. This particular meta-analysis will provide an overview of 

the current state of CT in forensics as well as possible areas of weakness, further research, and 

expert opinions on the future of using CT in death investigation. 
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Meta-analysis 

A meta-analysis is an analysis of the combined results of multiple research studies. Meta-

analyses allow researchers to find general conclusions to be drawn from a body of research. This 

is a particularly useful tool for gauging aa variety of study methods and conclusions, as the 

combined results can provide averages that reflect those of the field overall. Meta-analyses also 

provide insight into the field and research discourse itself, allowing researchers to possibly 

identify common practices or biases affecting the research (8). 

For example, in 2009 Kuhns et al. (9) performed a meta-analysis, examining research 

papers on the topic of narcotic toxicology findings among homicide victims. This meta-analysis 

combined the findings of 18 independent research studies, allowing them to specifically analyze 

marijuana, cocaine, and opiate toxicology among victims. Using statistical analysis of the results 

of these studies, Kuhns et al. found notable trends, such as a correlation between cocaine usage 

and homicide by firearm, as well as correlations between races and specific drugs. 

My meta-analysis of research on CT in medicolegal death investigation will be largely 

qualitative with the addition of some statistical analysis. 

Taphonomy 

Paleontology is the study of life on earth through the fossil record. Taphonomy, 

specifically, is a branch of paleontology that is the study of the decay and fossilization of 

organisms. This field creates a record of the past using nothing but what physical evidence 

remains in the present day. Out of necessity, paleontology and taphonomy have developed a 

method for establishing cause and effect relationships in these contexts that cannot be tested 

directly. For example, Peresani et al. (10) performed taphonomic analysis on faunal remains 

from Fumane Cave in Italy, finding evidence in scrape marks on bird bones that indicate the 
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possible use of symbols among Neandertals; marks that were consistent with feather removal 

were found on the skeletal remains of birds that were not known to be food sources indicated 

possible use of feathers ornamentally. 

Dirkmaat and Cabo (11) discuss this intersection of medicolegal death investigation with 

forensic archaeology and taphonomy. They conclude that taphonomy’s scientific approach to 

estimating postmortem intervals, as well as the analysis of signs of manipulation of remains, 

provide a framework for medicolegal death investigation to follow. 

R. Lee Lyman discusses the idea of “uniformitarianism,” or the combination of testable 

theory and procedure, as it is practiced within the field of taphonomy (12). Originally describing 

the uniform nature of earth’s processes within the context of geology (13) “uniformitarianism” is 

the idea that natural processes are able to be recreated. In the context of taphonomy, this means 

that there are observable, reproducible patterns that allow researchers to understand the past 

using what physical evidence remains. 

Uniformitarianism applies in much of the same way to medicolegal death investigation. 

Investigators must rely on physical evidence alone to reveal as much as they can of the past. The 

scientific basis of this field relies on the idea of uniformitarianism – natural processes are largely 

consistent, and as such, they can be studied and learned in an effort to recreate the past. 

Precision vs. Accuracy 

While often used interchangeably, for the purposes of this meta-analysis, a distinction 

between precision and accuracy will be used; precision will refer to how “close” results are to 

one another. For example, if a particular study is repeated a number of times, a low variability in 

results would indicate a high level of precision. Accuracy will refer to how close results are to an 
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objective “truth” (14). An example of high accuracy would mean that the average results from a 

particular sample would be very close to the true average of a population. 

I wished to know the extent to which these concepts are considered within the context of 

CT in medicolegal death investigation; a goal of this research was to determine whether current 

research focused primarily on result variability, accuracy, or some combination of the two. 

Precision will be assessed by how close repeated study results are to one another. The accuracy 

of said results, on the other hand, will be assessed by their proximity to the “true” values. It 

should be noted that due to the very nature of medicolegal death investigation dealing with 

unknown events, the truth can very rarely be known. For the purposes of this meta-analysis, 

autopsy results will be considered to be “true.” 

Trauma in Medicolegal Death Investigation 

When a person dies under violent or mysterious circumstances, or if they are otherwise 

unidentified, they will likely fall under the jurisdiction of a medicolegal death investigation. 

Depending on the exact context of this investigation, it will generally involve investigators 

seeking a cause of death, manner of death, or aiding in the identification of the decedent. (15) 

 Often, these investigations involve trauma – otherwise known as physical injury. Trauma 

is generally divided into different types: blunt force, sharp force, ballistic, explosive, and burn. 

Each of these types of trauma leave distinct signs, or pathologies, on the corpse of a victim. 

These pathologies can appear both in skeletal and soft-tissue (muscles, organs, blood vessels, 

etc.) (16). The exact nature of this trauma is of extreme relevance to a death investigation, as it 

may provide answers to family member or even lead to a criminal conviction.  

  



7 
 

CT Scans 

A CT scan (17) is a combination of X-rays, each taken from a different angle. CT scans 

allow radiologists to examine areas of the body cross-sectionally – a particularly useful method 

for learning about internal pathologies. Since the inception of the CT scan machine in 1967, the 

technology has come a long way (15). Scanners range in the number of “slices,” or images taken 

on each rotation of the arm within the machine (18). Dental cone beam CT scans involve the use 

of X-rays beamed in the shape of a cone, with the greater scan area allowing for the rapid 

collection of images that allow for the creation of a 3D image (19, 20). Almost all CT scan 

machines are expensive, with some sources suggesting that a small, refurbished scanner would 

cost upwards of $80,000 (21, 22). 

Traditionally, in medicolegal death investigation, to understand what is happening inside 

a corpse, a medical examiner or coroner would have to perform an autopsy – a form of surgery in 

which the body is opened up and examined. However, CT scans would theoretically allow the 

investigator to visualize the internal pathologies of a corpse without the need to perform an 

autopsy. One goal of my study was to establish the extent the field supports using CT scans 

instead of performing autopsies. 

There is a substantial amount of literature surrounding the use of CT scans in medicine, 

such as their role in pediatric medicine (23). There is also a substantial body of work surrounding 

critical review of other forensic investigation techniques, such as the analysis of literature 

focusing on fingerprint detection on metallic surfaces (24). Both of these types of research were 

reviewed to contextualize the current state of CT scans in medicolegal death investigation. 
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Methods 

This research is a critical analysis of literature on CT within medicolegal death 

investigation, with the specific purpose of assessing the focuses, methodology, and conclusions 

of current research. This data will be useful in guiding future research and establishing 

reasonable expectations of CT scan precision and accuracy within forensic contexts. 

Using key words such as “CT,” “medicolegal,” “forensic,” “post-mortem,” and 

“computed tomography,” I used online data bases such as the Portland State University Library 

website and Google Scholar to find peer-reviewed research papers relevant to the use of CT in 

medicolegal death investigation or the identification of previously unidentified corpses. A total 

of 36 research papers were collected, ranging in publication year from 1995 to 2020 (Appendix 

1). The majority of these research papers were pulled from two leading professional journals in 

the field: the Journal of Forensic Sciences and Forensic Science International. All collected 

papers were saved as PDF files to allow for reference. 

An Excel spreadsheet (Appendix 2) was created to allow for the systematic recording and 

categorization of the research methodology, findings, and discussion of each collected research 

paper. A pivot table was created from this spreadsheet that allowed for the numerical 

comparisons of various data fields, as well as the creation of graphics that displayed the general 

trends in research discussed. 
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These research papers were then analyzed for their methods and conclusions, with a 

specific focus on common attributes (Table 1). 

Table 1—Attributes, questions the research is trying to answer, and categories for grouping answers. 

Attribute Questions Categories 

Sample size What was the researchers' sample size? "1 -10," "11 - 100," "101 - 

500," "500+" 

Statistics Was statistical analysis used? "Yes," "No" 

CT vs. autopsy Was CT compared to autopsy? "Yes," "No" 

Technology 

comparison 

Was CT compared to other forms of 

technology? 

"Yes," "No" 

Role Did the researchers consider CT to be a 

standalone technique? If so, was that 

universal or under limited circumstances? 

"Standalone," "Limited," "Not 

standalone" 

Approval Was the use of CT in medicolegal death 

investigation approved by the researchers? 

If so, was that under all or limited 

circumstances? 

"Supported," "Limited w/ 

conditions," "Not supported" 

Purpose of CT What was the reason for taking the CT 

scans analyzed? 

"Detail," "Causation," 

"Identification," "Treatment" 

Injury type What injury type was focused on by the 

researchers? 

"Gunshot wound," "Blunt 

force trauma," 

"Strangulation," 

"Hemorrhaging," "Not 

specified" 

Anatomical 

region 

  

What region of the body was the CT 

research focused on? 

"Head," "Teeth," "Neck," 

"Torso," "Not specified" 

Accuracy Does the research paper focus on the 

accuracy of CT? 

“Yes,” “No” 

Precision Does the research paper focus on the 

precision of CT? 

“Yes,” “No” 

 

 

Results 

Of the 36 research papers collected, 97% were focused on assessing the accuracy of CT 

in medicolegal contexts. Precision, as previously defined, was determined to only be discussed 

directly in 64% of the papers. 
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Of the 36 research papers included in this research, 21 specifically compared CT scan 

results to autopsy findings. The majority of these comparisons involved the use of autopsy 

findings as the “gold standard,” or the findings closest to the objective truth of the subjects at 

hand. Assuming that autopsies almost always provide results closest to the “truth” of what 

happened to the deceased – or in the case of identification – what the true measurements and 

identifiable markers are, these studies comparing CT and autopsy results are attempting to 

determine the accuracy of CT scans in medicolegal death investigation contexts. 

Additionally, seven of the 36 included papers had a significant focus on either comparing 

CT technology to other imaging techniques, or in the case of Murphy et al. (25), comparing 

cone-beam CT scanning to more traditional CT scanning. These comparisons lend themselves to 

analyzing the precision, or consistency in observations and findings, between technologies. 

Roberts et al. (26) compared CT imaging to MRI, finding CT to be more accurate than MRI 

when using autopsy results as the “true” findings; CT scans had better spatial resolution. Yen et 

al. (27) found CT and MRI to function similarly in their ability to detect strangulation related 

pathologies, though suggested that CT was slightly inferior to MRI in soft tissue hemorrhage 

detection. 
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As seen in Figure 1, 22 research papers focused on specific regions of the body, while the 

remaining 14 papers considered CT scans that covered any or all parts of the body (notated as 

“Not specified”). The majority of these papers focused on the head, often specifically examining 

cranial pathologies, such as Chawla et al. (28), who compared antemortem CT scans to autopsy 

findings in their respective abilities to identify the presence of cranial fractures. One research 

paper examined the differences between using cone-beam CT scanning and traditional CT 

scanning on teeth to find the identity of individuals (25). 

 

 

FIG.  1—Frequency of studies by specific anatomical regions. 
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As seen in Figure 2, of the 30 research papers focusing on searching for pathologies, 19 

focused on specific pathologies, while 13 involved scans looking for any relevant injury or 

illness. Of the specified pathologies, gunshots wounds were the most common focus. Giffen et 

al. (29) provide two case studies focusing on gunshot wounds to the head in which discrepancies 

exist between CT scan and autopsy results, arguing that these discrepancies resulted from a lack 

of CT imagining experience on the part of the image interpreter.  

Following closely behind those that focus on gunshot wounds are research papers with a 

focus on blunt force trauma. One such example would be Grassberger et al. (30), who provide a 

case study of two cases of CT scans of survivors of blunt force trauma to the head, concluding 

that the ability to use CT scans to reconstruct 3D images of the victims allowed investigators to 

learn more about the particular weapon attacks in question. 

 

FIG.  2—Frequency of injury types focused on in research. 
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Out of 35 applicable research papers, 14 had sample sizes between 11 and 100, followed 

closely by the range of 1 – 10 samples. Those papers with fewer samples were more often case 

studies, allowing the researchers to cover broad aspects of CT scans in medicolegal death 

investigation contexts by doing a close examination of specific usage. For example, Filograna et 

al. (31) use a single case study to examine common errors in CT scan analysis, focusing 

primarily on use error and the pervasive nature of search satisfaction. Conversely, those studies 

with larger sample size often provide statistical analysis of specific types of error/accuracy. 

Poulson and Simonsen (32) compared autopsy findings with CT scan results for 525 cases, 

specifically exploring the utility of CT scans when analyzed by a forensic pathologist lacking 

radiology training. They used their large data set to look at statistical discrepancies between CT 

and autopsy findings, ultimately finding that CT scans proved to be useful as a supplement to 

autopsy, though they could be greatly improved with radiological training and a common 

scanning protocol. 

 

FIG.  3—Frequency of samples used in each study, categorized into groups. 
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Regarding the specific intent behind taking CT scans (Figure 4), the majority of these 

scans were done in an effort to better understand a specific wound or illness (listed as “Detail”). 

Peschel et al. (33) examined the possibility of using CT scans to virtually reconstruct the skulls 

of gunshot wound victims in an effort to trace the bullet path. Another paper, focusing on 

forensic cases involving surviving victims of assault, included CT scans taken with the intent of 

assessing treatment plans for the survivors (34). 

 

FIG.  4—Frequency of purposes of CT scans. 
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As seen in Figure 5, 25 of the research papers suggested that the use of this technology 

would be appropriate under limited circumstances, such as if paired with required training for the 

analyst or an improvement in CT scan resolution. Grasseberger et al. (30) suggest that CT scans 

provide useful information, but should only be analyzed by forensic pathologists with 

radiological experience. Nine of the papers suggested outright approval of CT scans in forensics, 

while one suggested that CT scans provided little value when compared to autopsy. 

Figure 6 places these approval results over time, showing a progression in the research 

since the earliest publication in 1995. When examining the approval over time, we see an 

increase in support of CT usage. Filograna et al., in 2010, cite radiologist error as a significant 

problem in the use of postmortem CT scans (31). By contrast, in 2018, Decker et al. found that 

there was no significant difference between CT scan and autopsy results (35).  

 

FIG.  5—Frequency of researcher support of CT in medicolegal death investigation based on general grouping. 
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FIG.  6—The total approval classifications of the analyzed research over time. 
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Additionally, as seen in Figure 7, researchers tended to discuss the usage of CT scans 

within the context of other techniques such as autopsy or other imaging techniques. The research 

papers were divided into those that approved of CT as a standalone technique, a standalone 

technique under certain circumstances (such as limited ability to do autopsy), or a technique that 

should not be solely relied on under any circumstance. One such research paper suggesting CT 

not be a standalone technique was published by Delteil et al. (36), stating that due to the 

difficulty in interpreting CT scans (especially surrounding gunshot wounds), CT results should 

always be compared to autopsy findings. 

 

FIG.  7—Researcher view on independence of CT scans as a medicolegal investigative technique. 
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some notable cases in which CT was considered to be at least slightly-more precise than 

autopsies in certain aspects (37, 38).  

There were a number of discussions regarding some of the pitfalls of CT scanning, 

particularly regarding the occasional missed sign of soft-tissue damage (35, 38). There were also 

some trends in the discussions surrounding user error and biases – particularly in the ability of 

these errors to significantly affect the interpretation of these scans (29, 31). 

Limitations of the technology were also discussed, such as poor ability to capture soft-

tissue damage and image artifacts when scanning dental work (38, 25). Roberts et al. (26) also 

found statistical discrepancies between CT and autopsy findings, citing the frequency of missed 

causes of death on CT and MRI. 

These specific scenarios in which CT scans can yield low accuracy are areas that future 

CT research should focus on exploring. These weaknesses should also be acknowledged and kept 

in the forefront of analysts’ minds when using this technique independently from autopsy or 

another imaging technique. Most of the literature reviewed, however, found that there were no 

significant differences in the abilities of CT and autopsies to identify bone fractures relating to 

traumatic injury (39, 27). This indicates that CT scans might be reliable as standalone 

investigative technique, potentially replacing autopsy, when used for certain types of injuries. 

Many of the research papers emphasized that specific post-mortem CT training should be 

provided to investigators who will be analyzing such images to increase precision between 

analysists as much as possible. 

There was also a notable trend in the literature of researchers discussing the role of CT 

scanning within the field, suggesting it might be either a possible replacement for (37), or 

supplement to, autopsies (32, 40). The vast majority of the research included in this meta-
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analysis (22 out of 37) suggested that CT scans might be viable as a standalone investigative 

technique, though only under extenuating circumstances – especially those that would limit the 

ability to perform other tests.  

The majority of the research emphasized the value of CT scans to medicolegal death 

investigation. Though the technology is expensive, this research indicates that coroner and 

medical examiner offices should try to get access to CT scanners. Additionally, many of the 

errors surrounding CT scans involved misinterpretation and mishandling of CT scan images; it 

would be in the best interest of the field of medicolegal death investigation to establish a training 

program for postmortem CT scan interpretation, as well as to utilize the interpretation of trained 

radiologists whenever possible. With the establishment of systems of training, the reliability of 

CT scan results will be greater. 

 Overall, there seems to be a growing interest in assessing both the accuracy and the 

precision of CT scans, though there should be a greater emphasis on the precision of these 

scanners going forward. 

Though there is variety in the results of these research papers, the effort to ensure that 

this technique is worthwhile and valuable is evident. The technology is not without its pitfalls, 

but its immense value to the field is clear. 

 

Conclusions 

The majority of the research indicated that CT scans are viable supplements to autopsy, 

as well as viable replacements under certain circumstances, such as with certain injury types or 

when autopsy is unavailable. Certain weaknesses of CT scans were generally agreed upon 
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throughout the literature, including a poor ability to pick up soft tissue damage as well as a 

particular vulnerability to user error. 

The literature generally indicated that CT scans have great value to medicolegal death 

investigation. The CT scan results were described as being beneficial as supplemental data 

collection to autopsies, as well as possible standalone investigative tools in the event that 

investigators are limited in their ability to use other techniques. Coroners and medical examiner 

offices should prioritize gaining access to CT scanners, and the field should establish a thorough 

training program to allow investigators to interpret these scans with greater accuracy and 

precision. Additionally, radiologists should be consulted in the interpretation of CT scans, as 

well as in the creation of the training system. 

Future research surrounding the use of CT scans in medicolegal death investigation 

should focus on further assessing the accuracy and precision of the investigative technique, 

exploring the issues surrounding the imaging of soft-tissue damage, and the possible creation and 

implementation of post-mortem CT scan training. 
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