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Forensic imaging with multidetector computed tomography (MDCT) and other cross-
sectional imaging modalities is a rapidly evolving field. Understanding the pathological basis 
of disease and death is fundamental to the interpretation of radiologic images. Forming a 
bridge between these distinct disciplines, Essentials of Forensic Imaging: A Text-Atlas 
brings the long tradition of radiologic pathologic correlation to forensic radiology and autopsy.

Providing readers with a technical and interpretive foundation for applying modern cross-
sectional imaging to forensic autopsy, the book integrates more than 300 color autopsy 
photographs with postmortem MDCT and radiography in a topical format. Organized by 
cause of death, the rich pictorial display of case material that accompanies the text establishes 
a contextual understanding. Readers can learn the diagnostic value of imaging applied to 
forensic autopsy by correlating specific causes of death with their respective forensic and 
radiologic principles. Causes of death covered in this practical volume include:

    •   Gunshot wounds
    •   Blunt force injury
    •   Fire and burn injury
    •   Blast injury
    •   Drowning and other deaths in water
    •   Suicide
    •   Natural causes
    •   Asphyxia
    •   Electrocution

As forensic imaging becomes more advanced, the possibilities for its use in autopsy continue 
to grow, as do the opportunities for application in related areas. In the final chapter, these 
expert authors also discuss the use of MDCT in the assessment of medical intervention, 
exhumation and second autopsy, and anthropology.
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To our nation’s Fallen Warriors who have passed through the Charles C. Carson 
Port Mortuary at Dover Air Force Base, Delaware, on the way to their families 
and final resting places. It is through the investigation of their deaths that we 
have been able to learn new things that will advance forensic medical practice 
and lead to changes that make service members safer in the future. We have 
endeavored to serve them all, at all times, with dignity, honor, and respect.
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The concept for this book evolved from our experience with teaching radiologic pathologic correlation and the unique 
collaboration between the Department of Radiologic Pathology and the Office of the Armed Forces Medical Examiner at 
the Armed Forces Institute of Pathology. The core theory of radiologic pathologic correlation is that an understanding of 
the pathologic basis of disease is fundamental to the interpretation of radiologic images. This book brings the long tradi-
tion of radiologic pathologic correlation to forensic radiology and autopsy.

We are fortunate in our practice to have the ability to interpret multidetector computed tomography (MDCT) images just 
before the autopsy and receive immediate feedback from experienced forensic pathologists. When we started interpreting 
postmortem MDCTs, we tried to read the images without knowledge of the history and external physical findings. We then 
moved to the autopsy table where we could directly correlate imaging findings with autopsy findings. This process helped 
us retain objectivity as to the strengths and weaknesses of postmortem MDCT, and it taught us how we could best add 
value to the autopsy process. The dialogue that takes place at the autopsy table about the imaging and autopsy findings and 
the discussion about the possible mechanism of injury and cause of death is the ultimate radiologic pathologic correlation 
experience. We work with an experienced team of talented professionals that includes forensic pathologists, anthropolo-
gists, dentists, DNA experts, investigators, and photographers. This rich experience provided a foundation for us to develop 
a broad knowledge base in forensic imaging.

In writing this textbook, our goal is to provide the reader with a technical and interpretive foundation for understanding 
the application of modern cross-sectional imaging, namely MDCT, to forensic autopsy. To this end, we integrated imag-
ing material with basic forensic information in a topical format. As an atlas, the emphasis in this book is placed on the 
rich pictorial display of case material demonstrating the power of MDCT imaging. The text provides classic radiologic 
pathologic correlation by concise discussions of the autopsy and radiologic findings such that the reader can learn the 
diagnostic value of imaging applied to forensic autopsy. The autopsy photographs provide a striking complement to the 
images. The resulting radiologic pathologic correlation provides a unique and informative instructional tool suited to 
those oriented in either imaging or forensics.

Forensic imaging with MDCT and other modalities is a rapidly growing and changing field. We highlighted the strengths 
and limitations of advanced imaging in the major categories of death seen in our practice: gunshot wounds, blunt trauma, 
blast injury, thermal injury, drowning, natural deaths, sharp force injury, suicide, and a few less common causes such 
as asphyxiation and electrocution. We do not attempt to comprehensively cover clinical forensic medicine or the entire 
breadth of forensic autopsy because there are excellent textbooks available. However, these textbooks currently lack imag-
ing material. We believe this book will be useful to forensic pathologists, radiologists, and investigators, particularly those 
who have added or are considering the addition of MDCT to their practice. It is our expectation that some readers will 
become the leaders in the new subspecialty of Forensic Radiopathology.

Angela D. Levy, MD
H. Theodore Harcke, Jr., MD

PREFACE
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T echnological advances in the last decade led to 
revolutionary changes in cross-sectional imaging. 

Developments in multidetector computed tomography 
(MDCT) and magnetic resonance imaging (MRI) technol-
ogy transformed the collection and display of image data. 
The image resolution of MDCT and MRI scans increased 
as the acquisition times decreased. Computer worksta-
tions and multiplanar two- and three-dimensional soft-
ware enable radiologists to view and interpret images in 
ways that were not previously possible. As a consequence 
of these technological advances, cross-sectional imaging 
fundamentally changed the practice of clinical medicine 
such that noninvasive or minimally invasive diagnostic 
and therapeutic techniques are commonplace.

The application of these technologies to forensic medicine 
is a natural extension of clinical imaging. As MDCT and 
MRI scanners are being incorporated into forensic facili-
ties worldwide, the benefits and limitations of these tech-
nologies in forensic investigation are still being explored 
(Hayakawa et al. 2006, Poulsen and Simonsen 2007, Rutty 
et al. 2008). Undoubtedly, incorporation of cross-sectional 
imaging techniques in forensic medicine represents a new 
approach to forensic radiology and affords an opportu-
nity to increase the contributions of radiology to forensic 
medicine and add objective, reproducible anatomic data 
to autopsy.

Our experience with postmortem MDCT evolved from 
the September 11, 2001, terrorist attack. The department 
of Radiologic Pathology at the Armed Forces Institute 
of Pathology supported the Office of the Armed Forces 
Medical Examiner in the forensic investigation of the vic-
tims of the Pentagon attack. The conventional objectives 
of forensic radiology were applied to the investigation—
human remains identification and assistance in the foren-
sic assessment of the crime scene. As the investigation 
proceeded, the efforts of radiology focused primarily on 
remains identification, because the recovered bodies were 
subjected to extreme physical and thermal trauma, and in 
many cases, human remains were mixed with debris from 
the site (Figure  1.1). Radiography was used to establish 

whether human remains, personal effects, or other mate-
rials were present in recovered specimens (Harcke et al. 
2002). Some of the lessons learned from this experience 
were carried forward in the design of a new mortuary 
facility, the Charles C. Carson Port Mortuary at Dover Air 
Force Base, Delaware, which opened in 2003. As part of a 
research initiative, MDCT was installed in the mortuary 
in 2004.

After the first week of scanning, it was clearly evident that 
MDCT would become an invaluable part of the autopsy 
process and it was quickly incorporated into all autopsies 
performed at the mortuary. The images we obtained dur-
ing the first week of scanning showed us that postmortem 
MDCT had tremendous potential. MDCT produced images 
with exquisite anatomic detail that displayed fracture pat-
terns that were difficult to assess at dissection (Figures 1.2 
and 1.3) and multiplanar and three-dimensional full-body 
images of ballistic and skeletal trauma (Figure  1.4). In 
some cases, we were able to assess gunshot wound tracks 
and injury comparable to autopsy (Figures  1.5 and 1.6). 
We recognized that there were limitations in the assess-
ment of visceral and vascular injury because the technique 
did not use intravascular contrast media, and MDCT 
three-dimensional surface rendering could not match the 
external examination of an experienced forensic patholo-
gist (Figure 1.7 through Figure 1.9).

Since our initial experience with these victims of ballistic 
trauma, we have had the opportunity to image a compre-
hensive range of causes of death and compared them to the 
complete autopsy that followed. We learned that MDCT 
provides a wealth of anatomic data prior to autopsy that 
are invaluable in many but not all causes of death. We also 
continue to obtain radiographs in all cases. Radiography 
is considered to be essential because of its excellent resolu-
tion and absence of artifacts. It is also the imaging modal-
ity of choice to evaluate subtle bone detail and dissociated 
body fragments and for the anthropologic evaluation of 
skeletal remains. In contrast to radiography, the role of 
MDCT in our practice is to provide a two-dimensional 
multiplanar and three-dimensional anatomic survey prior 

Chapter 1

Introduction to Forensic Imaging
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(a)

(b)

 

(c)

FIGURE 1.1  Radiographs from the investigation of the September 11, 2001, terrorist attack on the Pentagon were obtained to 
assist in the recovery and identification of human remains. (a) Multiple bone fragments are present and commingled with wires and 
natural debris. (b) Debris containing bone fragments of skeletally immature victim. Arrows show physeal plates of a finger and wrist. 
(c) Fragment of a victim’s spine shows embedded debris and vertebral body fractures.
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(a)

(b)

 

(c)

FIGURE 1.2  Lethal gunshot wound to the head. (a) Coronal MDCT shows an air-filled cranium and complex, comminuted skull 
fractures created by a bullet that traveled through the skull. (b) Three-dimensional MDCT shows the position and pattern of the frac-
ture fragments with an intact scalp. (c) Autopsy photograph of the skull after the scalp has been removed shows the fracture and injury. 
The fracture fragments dissociate from one another when the scalp is removed, limiting the appreciation of the fracture pattern.
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(a)

 

(b)

FIGURE 1.3  Lethal gunshot wound to the head. (a) Three-dimensional MDCT shows a complex, comminuted posterior skull frac-
ture. (b) Autopsy photograph of the cranial dissection shows that the fracture fragments fall apart when the scalp is rolled away from 
the skull making it difficult to appreciate the orientation and relationship of the fracture fragments to one another.

(a)

 

(b)

 

(c)

FIGURE 1.4  Full-body MDCT reconstructions. (a, b) Victim of multiple gunshot wounds to the head, torso, and extremities. Full-
body coronal MDCT in (a) shows fractures of the skull, right shoulder, and femur. There are bilateral pneumothoracies and pulmonary 
injury and retained metallic fragments in the right chest and pelvis. Three-dimensional MDCT in (b) shows blue color tagging of 
metallic fragments, revealing the distribution of metallic fragments throughout the body. (c) Victim of blunt trauma to the head shows 
a right temporal skull fracture on a three-dimensional MDCT.
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(a)

 

(b)

(c)

 

(d)

FIGURE 1.5  Lethal gunshot wound to the chest. (a) Axial MDCT in lung windows shows large bilateral hemopneumothoraxes and 
the gunshot wound path marked by gas (arrows) and increased attenuation from hemorrhage (arrowheads). Rib fractures and spinal 
fractures are also present. (b, c) Axial and sagittal MDCT in bone windows shows a complex fracture of the thoracic spine with dis-
placed vertebral body fracture fragments that extend into the spinal canal and left chest. (d) Autopsy photograph of the anterior aspect 
of the thoracic spine shows the entry and exit wounds through the thoracic spine. Further dissection revealed complete transection of 
the spinal cord that was not evident on MDCT.

(a)

 

(b)

FIGURE 1.6  Lethal gunshot wound to the chest. (a, b) Coronal MDCT in lung windows shows the bullet track through the lungs. 
Gas, hemorrhage, and metallic fragments in the bullet track delineate its path. The more anterior section (a) shows the gunshot wound 
track in the left upper lobe, and the more posterior section (b) demonstrates the gunshot wound track in the right lung. Bullet frag-
ments are present in the right lower lung and adjacent to the right hemidiaphragm (arrow).
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to dissection that guides the forensic pathologist to spe-
cific abnormalities if necessary. MDCT is also used to 
evaluate and document complex fracture patterns of the 
skull, spine, and pelvis which are often difficult to assess 
at autopsy. Postmortem MDCT adds objective and repro-
ducible anatomic data to forensic autopsy.

Interpretation of image findings in the postmortem state 
is uniquely different from clinical image interpretation. 
One of the most important considerations when adapt-
ing MDCT and other cross-sectional imaging modalities 
to forensic medicine is that an understanding of the post-
mortem state and principles of forensic autopsy is neces-
sary for accurate interpretation of the images.

PRINCIPLES OF FORENSIC AUTOPSY
Forensic autopsy is an autopsy performed for the medi-
colegal investigation of death. In the United States, 

approximately 20% of deaths undergo medicolegal inves-
tigation annually (Godwin 2005). A forensic pathologist 
performs forensic autopsies under the provisions of local, 
state, or federal law through a coroner or medical exam-
iner system. The indications for forensic autopsy include 
sudden or unexpected death; death associated with crimi-
nal violence; an unexpected or unexplained death in an 
infant or child; death associated with police action; death 
of an individual in local, state, or federal custody; death 
caused by workplace injury; apparent electrocution; death 
associated with alcohol, drugs, or poison; unwitnessed or 
suspected drowning; unidentified bodies; skeletonized or 
charred bodies; and when the forensic pathologist deems 
it is necessary to determine the cause and manner of death 
or collect evidence (Peterson and Clark 2006).

The purpose of medicolegal death investigation is to deter-
mine the identity of the deceased; establish the cause, 

(a)

 

(b)

(c)

 

(d)

FIGURE 1.7  Lethal gunshot wound to the chest. (a) Three-dimensional skin surface rendering shows the gunshot entry wound to 
the right of the right nipple. (b) Autopsy photograph shows the entry wound with marginal abrasion and soot. These findings are not 
evident on the surface-rendered image. (c) Autopsy photograph of the chest dissection shows hemorrhage surrounding the wound 
track in the right ribs. (d) Coronal MDCT shows the entry wound in the chest wall (arrow) containing gas and gas in the chest wall. 
There is focal hemorrhage in the lung (arrowhead) in the wound track and bilateral pneumothoraxes.
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mechanism, and manner of death; identify contributory 
factors to death; document injuries and natural disease; 
collect medicolegal evidence; and in some cases, provide 
expert testimony. The cause of death is the underlying 
disease or injury responsible for initiating the sequence 
of events that led to death. The mechanism of death is the 
physiologic process that caused death. The manner of death 

is a description of how the death occurred or the circum-
stances in which the death occurred. It is the opinion of 
the forensic pathologist that is derived from the autopsy 
findings, circumstances surrounding death, and informa-
tion from the scene investigation. The manner of death 
is described as natural, accidental, homicide, suicide, or 
undetermined.

(a)

 

(b)

(c)

 

FIGURE 1.8  Self-inflicted gunshot wound. (a) Three-dimensional skin surface rendering of the submental region shows an irregu-
lar marginated wound. (b) Autopsy photograph shows the entry wound with marginal abrasion and soot. These are important forensic 
findings that indicate it is an entry wound and there was contact of the gun muzzle with the skin surface. These findings are not pres-
ent on the surface-rendered MDCT. (c) Sagittal MDCT shows gas in the wound path in the submental region and through the tongue 
(arrows). The path is not directly visualized in the brain. There are small foci of gas and metallic fragments in the brain. The exit wound 
is the large defect in the vertex of the skull. The skull and skull base are extensively fractured.
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Forensic autopsy is not performed in all medicolegal 
death investigations. The medical examiner may choose 
not to perform an autopsy or to perform a limited or 
complete autopsy. Ancillary and supportive procedures 
such as radiography, laboratory tests, histology, and 
toxicology are also performed at the discretion of the 
medical examiner. In the United States, the National 
Association of Medical Examiners (NAME) provides 
performance standards to serve as guidelines for the 
minimum standards for each component of a foren-
sic autopsy (Peterson and Clark 2006). NAME recom-
mends that radiography be performed for all infant 
deaths, gunshot wound and explosion victims, and 
charred remains.

ROLE OF RADIOLOGY IN 
FORENSIC AUTOPSY
Immediately upon its discovery in 1895, radiography was 
used in the courts to document and illustrate gunshot 
wounds (Brogdon 1998). For many years, the principal 
role of radiography has been to aid in the determination 
of identity when conventional methods such as finger-
printing or DNA analysis are not available or cannot be 
utilized; to assist in the evaluation of injury, namely bone 
injury in blunt and ballistic injury; and to localize metallic 
fragments and foreign bodies.

Adding MDCT to forensic autopsy expands the role of 
radiology in forensic autopsy, allowing the radiologist or 

forensic pathologist to view anatomy without dissection. 
The multiplanar and three-dimensional capability makes 
the anatomic display of the MDCT similar to that of autopsy 
(Ljung et al. 2006, Thali et al. 2003). Cross-sectional imag-
ing viewed in this manner directs the forensic pathologist 
during dissection, allows injury patterns to be visualized 
in three dimensions, detects occult disease or injury, and 
enables thorough evaluation of anatomic areas that are 
difficult to dissect. In certain causes of death and forensic 
scenarios, it is possible that cross-sectional imaging may 
serve as a triage technique to help forensic pathologists 
decide which decedents should have an autopsy or if the 
autopsy should be limited or complete. In those cases that 
do not undergo autopsy, cross-sectional imaging findings 
add anatomic information to the external examination 
and toxicology findings that were previously used alone to 
determine the cause of death.

Interpretation of postmortem images requires an under-
standing of the changes that occur in the body after 
death, namely postmortem change and decomposition. 
For example, gas is produced during decomposition, so 
it is often normal to find intravascular gas. Knowledge 
of the position of the body at the time of death may be 
key to resolving imaging findings. It is also important to 
keep in mind that supine positioning of the body on the 
scanner table was not necessarily the position of the body 
at the time of death and that there may have been ana-
tomic shifts in organ position because of an injury that 

(a)

 

(b)

FIGURE 1.9  Gunshot wound to the abdomen. (a, b) Coronal and axial MDCT of the upper abdomen show extensive gas collections 
in the liver from a gunshot wound. Scattered metallic fragments are present in the posterior right and left anterior abdomen. There 
is a pneumoperitoneum, pneumothorax, and gas in the subcutaneous tissues of the right flank. The exact path of the bullet cannot 
be clearly identified. Specific abdominal vascular injury and hemorrhage within the liver cannot be appreciated without intravenous 
contrast material.
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was inflicted to cause death. For example, the location of 
a stab wound track and the organ position with respect to 
the stab wound will be affected by whether the victim was 
sitting or standing at the time of the stabbing. A gunshot 
wound to the chest may cause the lungs to collapse or pleu-
ral space to fill with blood, and this affects the position of 
the gunshot wound track on postmortem imaging.

ROLE OF IMAGING IN 
THE DETERMINATION OF 
CAUSE, MECHANISM, AND 
MANNER OF DEATH
Incorporation of cross-sectional imaging into forensic 
medicine expands the role of radiology such that imag-
ing not only provides supplemental and supportive infor-
mation for the determination of cause and mechanism of 
death, but may also be the primary source of information 
for these determinations. For example, a postmortem 
MDCT of a gunshot wound victim may show a gunshot 
wound track through the lungs with a large hemothorax. 
The cause of death is a gunshot wound to the chest. The 
mechanism of death is fatal hemorrhage. But there are 
limitations to MDCT. It may not reveal the exact site of 
vascular injury that produced the hemorrhage, and if bul-
let fragments were present, autopsy would be necessary to 
recover them. In contrast, other causes of death such as 
atherosclerotic cardiovascular disease may have normal 
postmortem MDCT scans and autopsy would be neces-
sary to determine the cause of death. The strengths and 
limitations of a particular imaging modality should be 
considered when applying them to a particular case. The 
manner of death cannot be determined by cross-sectional 
imaging or radiography findings alone. Although radio-
logic findings may support the opinion of the forensic 
pathologist, the consideration of intent to harm, violence, 
and circumstances surrounding death requires informa-
tion from the scene of death and witnesses.

CONCLUSIONS
Radiology is an integral part of forensic autopsy. 
Radiography alone is used in most centers. However, tech-
nological advances in cross-sectional imaging have made 
it possible for MDCT to be used routinely with forensic 
autopsy. Cross-sectional imaging makes the radiologic 
contribution to forensic autopsy more effective and brings 
the potential to increase both the speed and accuracy of 
forensic pathologists and anthropologists. Throughout 
this textbook, we discuss and illustrate the MDCT fea-
tures of various causes of death with autopsy correlation. 
The benefits and limitations of imaging are highlighted for 
each cause of death.
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The emergence of multidetector computed tomography 
(MDCT) and magnetic resonance imaging (MRI) as 

postmortem imaging techniques has brought unique chal-
lenges to radiology and forensic medicine. Incorporating 
cross-sectional imaging modalities that were specifically 
developed to image living patients in a clinical setting into 
forensic medicine requires an adaptation of our under-
standing of the anatomic appearance of living tissues and 
human physiology to the postmortem state. The purpose 
of this chapter is to discuss the integration of cross-sec-
tional imaging techniques into the forensic environment; 
the technical considerations that are necessary for the 
interpretation of cross-sectional images, namely MDCT; 
and radiology reporting.

INTEGRATING CROSS-
SECTIONAL IMAGING INTO A 
FORENSIC ENVIRONMENT
Workflow
Although the standard practice in forensic facilities is 
to radiograph and image human remains before physi-
cal autopsy begins, the timing and circumstances of the 
imaging can be varied based on the workflow in a particu-
lar forensic facility. All possible options that comply with 
prescribed forensic guidelines should be considered when 
establishing a forensic workflow that includes radiogra-
phy and cross-sectional imaging. The decision on when 
to obtain radiographs and cross-sectional imaging should 
be based on the processing scheme of the facility and the 
physical location of the radiologic equipment.

At our institution, intake photography and identification 
precede radiologic examinations. When human remains 
are received in radiology, they are imaged in the body bag 
that they arrived in at the mortuary. The body bag is opened 
prior to radiography and MDCT to move the zipper and 
metal grommets out of the imaging field of view. All physi-
cal evidence, such as clothing, jewelry, or other items on 
the body, remains in place while obtaining radiographs 
and MDCT. After the radiologic exams are completed, the 
remains undergo forensic dental examination followed by 

autopsy. Clothing and personal effects are removed from 
the body in the autopsy room, and more photographs are 
taken after the body is cleaned. External examination and 
dissection complete the process. During dissection, pho-
tographs, tissue, and fluid samples are obtained as neces-
sary. While this workflow has advantages of efficiency and 
maintains an organized chain of custody, radiographs and 
MDCT images show external debris, clothing, and personal 
effects on the body. In some cases, these can be detractors 
because they may create artifacts on the images. However, 
the imaging does reflect the physical relationship of cloth-
ing, personal effects, and in some cases, medical devices at 
the time of death. If there is significant artifact from exter-
nal debris, clothing, or personal effects, reimaging after the 
body is cleaned may be necessary.

There are advantages to imaging the body after it has 
been cleaned and had a preliminary external examina-
tion. Some facilities may find that this fits their work-
flow better, particularly if the imaging equipment is at 
another location and transport could affect external 
evidence. Artifacts from clothing and debris are elimi-
nated, and metallic markers can be placed on the skin 
surface to identify wounds so that their precise location 
appears on the images. If imaging is performed after 
external examination, medical devices (e.g., tubes, lines, 
and catheters) should be kept in place so their position 
and possibly their effectiveness can be assessed on the 
images. Consideration should be given to separately 
radiograph clothing and other personal effects to check 
for metallic evidence or other findings that may have 
been overlooked. The disadvantage of this sequence is the 
disruption of the continuity between external examina-
tion and dissection.

Advantages and Limitations	
The advantages and limitations of integrating imaging into 
forensic autopsy in specific causes of death are discussed 
in remaining chapters of this book. We found that cross-
sectional imaging adds objective, reproducible anatomic 
data to autopsy. The ability to review and reconstruct the 

Chapter 2

Integrating Imaging and Autopsy
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anatomic findings at the time of autopsy at a later date is 
invaluable. When used as an adjunct to autopsy, cross-
sectional imaging provides an anatomic overview of the 
body prior to dissection. Abnormalities are localized more 
efficiently when the images are reviewed prior to autopsy; 
anatomic areas that are difficult to access at dissection are 
evaluated on images; complex fracture patterns are better 
visualized; and occult injury may be detected.

Cross-sectional imaging may potentially serve to aug-
ment a limited autopsy or, in some cases, replace autopsy. 
Although small published series, case reports, and anec-
dotal experience suggest that postmortem MDCT and 
MRI may be very useful tools to exclude occult trauma 
or disease in a limited autopsy and to triage cases for 
autopsy in mass casualty scenarios, careful consider-
ation should be given to the decision to exclude dissec-
tion. To our knowledge, there are no published studies 
that verify the accuracy of using cross-sectional imaging 
alone or in combination with limited autopsy in estab-
lishing the cause of death. Ongoing and future study 
comparing the accuracy of cross-sectional imaging to 
autopsy is necessary to validate and establish the effec-
tiveness of imaging modalities in the determination of 
the cause of death.

The most important limitation in integrating cross-
sectional imaging with autopsy is the cost and availabil-
ity of MDCT and MRI scanners and personnel. Purchase 
and installation of state-of-the-art equipment in a forensic 
facility may be prohibitive for some jurisdictions. As an 
alternative to an on-site scanner, medical examiners may 
choose to collaborate with local radiology practices or 
hospitals in order to obtain imaging studies on decedents. 
When making the decision to use postmortem MDCT and 
MRI, it is important to realize the strengths and weak-
nesses of each imaging modality, because each modality 
has unique benefits and limitations.

TECHNICAL CONSIDERATIONS
State-of-the-art radiography, MDCT, MRI, and ultrasound 
produce large quantities of digital data. Incorporation of 
these imaging modalities into a forensic facility requires 
careful consideration of the space, power, and personnel 
requirements to operate and maintain these technologies. 
In addition, a computer network and picture archiving 
and communication system (PACS) network is necessary 
if digital radiography, MDCT, MRI, or ultrasound are to 

be utilized. PACS replaces traditional film and allows effi-
cient storage and rapid transmission of images to computer 
workstations for interpretation or viewing of images. PACS 
networks also have the capability of remote access, which 
enables radiologists and forensic pathologists to remotely 
view and manipulate images for diagnosis, collaboration, 
and educational activities. At our institution, digital radi-
ography and MDCT are integrated into a PACS network 
that enables image viewing and manipulation in the radi-
ologist reading area. A computer monitor is mounted adja-
cent to each autopsy table so the medical examiners may 
view images while performing the autopsy (Figure 2.1).

Radiography
Radiography is the most widely used radiology technique 
in forensic medicine. Radiographs are used to document 
fractures, injury patterns, and occult injuries; localize for-
eign bodies and metallic fragments; and aid in the iden-
tification of human remains when conventional methods 
such as fingerprinting or DNA analysis are not available 
or cannot be utilized (Brogdon 1998, Fatteh and Mann 
1969, Mann and Fatteh 1968). Radiography is invaluable 
in the forensic investigation of gunshot wounds and is 
universally used to locate the bullet, identify the type of 
ammunition and weapon used, document the path of the 
bullet, and assist in the retrieval of the bullet. Radiography 
is also the imaging modality of choice to evaluate subtle 
bone detail such as metaphyseal fractures in child abuse 
and in the anthropologic evaluation of skeletal remains 
or dissociated body parts. We consider radiography to 
be essential even when MDCT is available. Because of its 
excellent resolution and absence of artifact, radiographs 
complement cross-sectional imaging. Also, imaging of 
small dissociated parts mixed with debris is more efficient 
with radiography.

Radiography can be performed with mobile or fixed 
radiographic units. If mobile units are employed and 
radiography is performed in the autopsy rooms, radi-
ation protection measures should be strictly enforced 
to protect all personnel. Mobile units may also be 
used as backup when fixed units are nonoperational 
or as the primary unit for isolation or contamination 
cases and in field or temporary morgues. Fixed radio-
graphic units in dedicated radiography rooms are the 
most optimal choice in a dedicated forensic facility 
(Figure  2.1a). State-of-the-art radiography units are 
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digital, and the images are viewed on the PACS net-
work. Traditional radiography units require radio-
graphic film screen systems and equipment for wet or 
dry processing.

Radiographic protocols should be standardized to avoid 
error. In our institution, all human remains are radio-
graphed in the anterior-posterior (AP) position from head 
to toe (Figure  2.2). Full-body radiography is necessary 
even when the suspected wound is in one anatomic loca-
tion, because additional injury or unsuspected pathology 
may be found. This is especially true in gunshot wound 
cases because bullets often travel to unexpected locations 
in the body. We add a lateral view of the skull to the proto-
col in all head injury cases (Figure 2.3). If human remains 
are dissociated, the dissociated parts are cataloged and 
radiographed separately.

Standard labeling of radiographs designates right and left 
sides. Labeling should always be done to avoid error. There 
may be instances when it is difficult to determine the right 
versus left side of the body. All efforts should be made to 
determine the correct side of the body. This should be done 
by the forensic pathologist (medical examiner) and not by 
radiology personnel. If it is not possible to establish right 
or left side (e.g., an amputated extremity), a marker should 
not be placed on the image. By convention, the radiograph 
is oriented such that the right side of the body is placed on 
the radiologist’s left for viewing (Figure 2.2).

C-Arm Fluoroscopy 
C-arm fluoroscopy is most often used to facilitate the 
localization and recovery of metallic fragments or foreign 
bodies at autopsy when based upon the localization of the 
object, on radiographs they are not readily retrievable at 

(a)

 

(b)

(c)

 

(d)

FIGURE 2.1  Forensic imaging equipment used by the Office of the Armed Forces Medical Examiner. (a) Swissray ddrRMulti 
for digital radiography. (b) GE Lightspeed 16 Xtra MDCT with extended table travel. (c) Radiology reading area with a picture 
archiving and communication system (PACS) and three-dimensional workstation. (d) Wall-mounted computer monitor adjacent to 
the autopsy table allows the medical examiners to view images at the time of autopsy.
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(a)

 

(b)

(c)

 

(d)

(e)

 

(f )

FIGURE 2.2  Selected radiographs from a victim of multiple gunshot wounds show anterior-posterior (AP) positioning on the 
chest, abdomen, pelvis, and extremity radiographs (a through f) and correct labeling.
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dissection. It may also be used for limited angiographic 
assessment of vascular integrity by directly injecting the 
vessel of concern with iodinated contrast material under 
fluoroscopic observation. The use of C-arm fluoroscopy 

in a forensic facility should be minimized because it is 
usually done in a location without physical radiation 
protection. All personnel in the vicinity of an operat-
ing C-arm unit should observe personal radiation safety 

(a)

 

(b)

FIGURE 2.3  Anterior-posterior (AP) and lateral views of the skull in a gunshot wound victim; these two views are the standard 
radiographs obtained for skull injury.

FIGURE 2.4  C-arm fluoroscopy in the autopsy room. The radiologist charts the location of metallic fragments in a severely burned 
and charred victim of an explosion.
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precautions (e.g., lead aprons, gloves, and thyroid shields) 
(Figure  2.4). C-arm use dramatically decreased in our 
facility when MDCT became available. Now there are only 
a few instances when the C-arm unit is necessary in rou-
tine cases. On the rare occasion that both radiography and 
MDCT are nonoperational, C-arm fluoroscopy may be the 
only modality available for metal localization. In these 
cases, serial head-to-toe images are acquired, and the 
metallic fragments are simultaneously charted. Selected 
orthogonal views are obtained by rotation of the C-arm 
when necessary.

Multidetector Computed Tomography
MDCT, also known as multislice computed tomography 
(MSCT), is used with every autopsy at our institution. It 
is used as an anatomic survey to evaluate known injury 
prior to autopsy, to screen nontraumatic deaths for occult 
injury, and to precisely localize bullets and other metal 
or foreign objects in three dimensions. It also enables our 
medical examiners to visualize fractures and fracture pat-
terns in three dimensions, which allows them to study and 
interpret injury mechanisms with ease.

MDCT scanners have a faster tube rotation speed com-
pared to conventional axial and helical CT scanners. 
MDCT data are acquired as a volume of data in a single 
scan by using a two-dimensional array of detector ele-
ments rather than the linear array of detector elements 
used in conventional axial and helical CT scanners. The 
alignment of the detectors along the length (z-axis) of the 
body enables the scanners to obtain 4, 8, 16, 64, or more 
slices with each rotation of the x-ray tube. The data set is 
viewed as a volume rather than as individual images. The 
data can be reformatted into two- and three-dimensional 
planes that closely replicate conventional autopsy. PACS 
networks are necessary to store and retrieve the data, and 
postprocessing workstations are necessary to view and 
manipulate the images for interpretation.

A variety of protocols can be used to obtain scans. Protocols 
specify the technical and anatomic parameters for obtain-
ing scan data, reconstructing scan data into images, and 
reformatting images into anatomic planes. Scanning pro-
tocols can be organized for specific anatomic regions of the 
body similar to clinical scanning protocols or can be more 
generalized to obtain full-body data. Protocols should be 

established according to the technical capabilities of the 
specific scanner used.

We scan all of our decedents on a GE Lightspeed 16 Xtra 
(General Electric [GE] Medical Systems, Milwaukee, 
Wisconsin). They are scanned with their arms at their 
sides. Two scans for each body are obtained: a dedicated 
head CT and a full-body CT (Figure 2.5). The head scans 
are acquired axially with a slice thickness of 2.5 mm and a 
slice interval of 2.5 mm, with the CT gantry angled paral-
lel to the orbital-meatal line. The head CT scan data are 
reconstructed into two separate series, one using a soft 
tissue algorithm and one using a bone algorithm, and are 
viewed in multiple window and level settings (Figure 2.6). 
The total-body scans are obtained from the skull vertex 
to distal point allowable by table travel (up to 2000 mm). 
The scanning parameters for the total body scans are as 
follows: detector configuration 16 × 0.625, pitch 1.375:1, 
table speed 13.75 seconds, reconstruction thickness 0.625 
mm, and reconstruction interval 0.625 mm. No contrast 
material is administered. The full-body scans are recon-
structed in soft tissue algorithm. Images are viewed on the 
PACS workstations in multiple window settings to opti-
mize the depiction of pathology and injury (Figure 2.7). 
Three-dimensional workstations are preferred for image 
manipulation and reformations. We currently use a GE 
Advantage Workstation (software version 4.2-07, GE 
Medical Systems) (Figure 2.2c) and a Vitrea Workstation 
(software version 4.0.0.0, Vital Images, Inc., Minnetonka, 
Minnesota). The software developed for image processing 
in clinical radiology is also suited for postmortem imag-
ing; no special adaptations are required.

Our routine protocol calls for all bodies to be scanned 
fully clothed with arms down by the sides, in the body 
bags, as they arrived in the mortuary. This protocol mini-
mizes disturbance of the body and movement of forensic 
evidence. However, obtaining scans with arms down by 
the sides creates artifact in the chest and abdominal por-
tions of the scan (Figure 2.8). If the arms are raised, simi-
lar to the positioning of clinical body scan, the artifact is 
removed, and the image resolution improves (Figure 2.8). 
In some cases, rigor mortis must be broken to raise the 
arms above the head. If obtaining a scan of the body with 
the arms above the head is desired and rigor must be bro-
ken, consultation with the forensic pathologist should 
occur.
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Images are always viewed in multiple window and level 
settings to take full advantage of the data provided 
(Figures 2.6 and 2.7). Acquisition of the total-body scan 
in 0.0625 mm isotropic voxels enables multiplanar refor-
mations of images that have the same spatial resolution as 
the original sections without degradation of image qual-
ity. Multiplanar and volumetric reformations are quickly 
and easily generated on state-of-the-art workstations. 
They enable injury patterns to be visualized in a manner 
similar to dissection (Figure 2.9 through Figure 2.11). This 
is particularly helpful to explain and show injury patterns 
to those who are not facile with axial anatomy. However, 
some of the two- and three-dimensional software algo-
rithms employed may obscure or mask important ana-
tomic details (Figure  2.10 and Figure  2.12). Therefore, 
axial images continue to be important reference images 
that should always be interpreted and referred to because 
three-dimensional images, maximum intensity projection 

(MIP) images, and minimum intensity projection (MinIP) 
images may not reveal the full extent of injury.

MIP images record the highest attenuation value for a 
pixel in the path of an x-ray cast through a specified slab of 
images. MIP images are helpful for highlighting high atten-
uation structures like bone, bone fragments, or metallic 
fragments (Figure 2.12). In contrast, MinIP images record 
the lowest attenuation value for a pixel in a specified slab 
of images. MinIP images are most valuable for the evalua-
tion of low attenuation structures like air. Therefore, they 
are very useful to evaluate the trachea and bronchi and the 
degree of emphysema in lungs (Figures 2.13 and 2.14).

Three-dimensional volume-rendered images are an excel-
lent method to depict specific anatomic abnormalities and 
fracture patterns. Because routine postmortem CT is per-
formed without intravascular contrast, three-dimensional 
images are most useful for bone findings such as fractures. 

(a)

 

(b)

FIGURE 2.5  Routine MDCT protocol prior to autopsy includes dedicated head and full-body CT. (a) Lateral scout view of the head 
is used to plan the head CT parameters. (b) Anterior-posterior scout of the full body is used to plan the full-body CT parameters.
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(a)

 

(b)

(c)

FIGURE 2.6  Head CT scans of a gunshot wound victim are reconstructed into two separate series and viewed in multiple win-
dow and level settings. (a) Axial head CT reconstructed in a soft tissue algorithm and viewed with a window and level setting to 
optimize visualization of the brain parenchyma. (b) The same scan shown in (a) viewed with a window and level setting to optimize 
the detection of hemorrhage (arrow). Blood is also present in the lateral ventricles (arrowhead on right lateral ventricle). (c) Axial 
head CT from the same scan data as (a) and (b) is reconstructed in bone algorithm. The bone margin and detail are sharper to more 
easily identify abnormalities (arrows).
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(a)

 

(b)

(c)

FIGURE 2.7  Coronal CT images of the chest and abdomen in a gunshot wound victim are shown in soft tissue (a), lung (b), and 
bone (c) window settings. Altering window and level settings allows improved visualization of anatomic structures based upon CT 
attenuation.
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We have found that the three-dimensional depictions of 
skull, spine, and pelvic fractures are very useful because 
it is often difficult to visualize these fractures at autopsy 
(Figure  2.15). Skin surface–rendered images are not as 
useful because current software does not generate images 

that fully characterize the margins and contours of abnor-
malities or defects in the skin. Furthermore, contusion, 
hemorrhage, and other findings like soot deposition or 
superficial marking of the skin cannot be evaluated on 
these images.

(a)

 

(b)

(c)

 

(d)

FIGURE 2.8  MDCT images of a man who died from atherosclerotic cardiovascular artery disease. Images were obtained with 
arms down by the side and arms raised above the head. (a, b) Axial images of the chest show degradation of the image from beam 
hardening artifact from the arms down in image (a). Artifact is removed when the arms are up in (b). The image shows cardiac cal-
cification (arrowhead), an enlarged right atrium, and a large hiatal hernia (asterisk). (c, d) Coronal MDCT reconstructions from the 
same scan data show artifact in (c) when the arms are down and improved image resolution in (d) when the arms are up, aorta and 
coronary artery calcification (arrow) is clearly seen. A hiatal hernia is apparent behind the heart and there are aortic calcifications.
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Angiography and Multidetector 
Computed Tomography Angiography
One of the most important limitations of routine post-
mortem imaging is the assessment of vascular injury 
and pathology. A variety of postmortem angiogra-
phy techniques have been reported (Grabherr et al. 
2006, Grabherr et al. 2007, Ross et al. 2008a, 2008b). 
The contrast agent, delivery mechanism, and injec-
tion technique can be altered based upon the location 
of the suspected abnormality and radiologic technique 

used to image during contrast injection. For example, 
the injection may be performed during autopsy with 
C-arm f luoroscopy; before autopsy with radiography 
or MDCT; or after autopsy cannulation of vessels with 
radiography, C-arm f luoroscopy, or MDCT (Harcke 
and Solomon 2008).

Postmortem angiography differs from antemortem tech-
niques in that arterial perfusion can be either antegrade 
or retrograde to physiologic flow. This has enabled us to 
study a region of interest by gaining access at the most 

(a)

 

(b)

(c)

 

(d)

FIGURE 2.9  Multiplanar MDCT images of the chest in a gunshot wound victim allow display and evaluation of anatomic find-
ings in multiple planes. (a) Axial image shows a right rib fracture and right hemothorax. The bullet passed through the heart (arrow). 
There is pneumopericardium and elevation of the right hemidiaphragm and liver into the right hemithorax. (b) Coronal image 
shows the gunshot wound track in the right chest wall (arrow), rib fracture, and right diaphragmatic hernia (arrowhead). (c) Sagittal 
image shows the bullet passed through the right hemidiaphragm (arrow). Hemothorax layers dependently in the posterior right 
hemithorax. (d) Coronal oblique image shows the gunshot wound track through the heart (arrow). A bullet fragment is present in 
the right lung (arrowhead). Pneumopericardium and hemothorax are again identified.
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(a)

 

(b)

(c)

 

(d)

FIGURE 2.10  Multiplanar and three-dimensional imaging of a projectile injury through the distal femur. Axial MDCT (a) and 
maximum intensity projection (b) images of the distal femur show a wound track through the distal femur (arrows in a) and a metal-
lic bullet fragment in the soft tissues lateral to the femoral condyle (arrow in b). Decompositional gas is present in the soft tissues 
and vascular structures. (c) Coronal MDCT of the distal femur shows the entry site of the fragment in the medial aspect of the distal 
femur (arrow). (d) Maximum intensity projection (MIP) image of the distal femur and knee shows the location of the metallic frag-
ment with respect to the bone and joint. Importantly, the wound track is not clearly identified on the MIP images, emphasizing the 
importance of the routine images.
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(a)

 

(b)

   

(c)

(d)

 

(e)

FIGURE 2.11  Three-dimensional MDCT of a victim of head trauma shows frontal (a) and oblique (b) total-body images that 
are optimized to view bones. Images may be manipulated to magnify abnormalities without resolution loss. The skull (c), spine, and 
pelvis (d, e) may be rotated to view all sides. Skull fracture detail is well seen in (c), and a left femoral venous catheter is seen in (d) 
and (e). A right-sided chest tube is present.
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(a)

 

(b)

FIGURE 2.12  Maximum intensity projection (MIP) images of the thorax. (a) MIP image of the bony thorax from a man who died 
of atherosclerotic coronary vascular disease shows no bone abnormalities. (b) MIP image of the bony thorax in a gunshot wound 
victim shows multiple fractures, bone fragments, and metallic fragments in the gunshot wound tracks. Unlike the image shown in (a), 
the entire slab of images was not used to create this MIP. Portions of the lung and heart are present in the image providing an unusual 
view of the thorax. Care must be taken when creating these images such that the true anatomic findings are not misrepresented.

(a)

 

(b)

FIGURE 2.13  Minimum intensity projection (MinIP) images of the thorax in a man who died from atherosclerotic cardiovascular 
disease. (a) Coronal MDCT of the chest shown in soft tissue windows shows an enlarged right atrium and prominent superior vena 
cava. (b) Coronal MinIP shown in lung windows shows a normal trachea and central bronchi with an asymmetric distribution of 
pulmonary edema in the lungs. The lucent regions are better aerated than the more attenuated regions.
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convenient location and time. For example, we perform 
vertebral arteriograms after removal of the brain by can-
nulating the intracranial vertebral artery and injecting 
contrast in retrograde manner (Figure 2.16). Our angio-
graphic technique employs a 50% dilution of a standard 
iodinated contrast (320 mg of iodine/mL) that is hand 
injected. The flexibility in when and how postmortem 
angiography can be performed allows the pathologist to 
ask for the procedure at a point in the autopsy when it can 
be done with minimal delay in the procedure. The short 
time required for an angiogram is in contrast to the time 
for a difficult and lengthy dissection.

Magnetic Resonance Imaging
MRI has superior contrast resolution compared to MDCT. 
Consequently, it is a useful technique to image soft tissue 
alterations and pathologic processes. Postmortem MRI 
has been used to assess soft tissue and visceral hemor-
rhage, ischemia, and tumors (Aghayev et al. 2008, Ikeda 
et al. 2007, Shiotani et al. 2005, Yen et al. 2007). However, 
the technical complexity and availability of MRI make it 
more complicated to use as a routine imaging modality 
compared to MDCT. Procedures for cases with ferromag-
netic ballistic fragments also need to be established.

Ultrasound
Although not as commonly used in forensic medicine 
as MDCT and MRI, ultrasound has been reported to 
be an effective imaging modality in autopsy diagnosis 
(Akopov et al. 1976, Uchigasaki et al. 2004). Ultrasound 
is less expensive and more readily available than MDCT 
and MRI. It has the potential to be a useful tool when 
performing limited autopsy or to guide organ biopsy 
in a minimally invasive autopsy. A major limitation of 
sonography is the degradation of images by the artifacts 
produced by air and gas. Soft tissue gas is a major feature 
of decomposition, and this has the likelihood to limit 
postmortem use.

RADIOLOGY REPORTING
The determination of the cause and manner of death is 
decided by the medical examiner and reported in the 
final autopsy report. The final autopsy report includes 
data that are obtained from many supporting elements 
of the entire forensic examination: scene investiga-
tion; medical and social history; fingerprint and DNA 
analysis; forensic dental examination; serum, urine, 
body f luid biochemical and toxicological analysis; 
external examination; photographic documentation; 

(a)

 

(b)

FIGURE 2.14  Minimum intensity projection (MinIP) images of the thorax in a drowning victim. (a) Coronal MDCT of the chest 
shows pulmonary edema and abnormal density in the trachea and bronchi. The MinIP image in (b) shows the density in the airways 
represents froth (arrows).
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internal dissection; histologic tissue evaluation; and, 
the radiology report. In our practice, the radiologist or 
forensic pathologist may complete the radiology report 
depending on the personnel support available at the 
time of autopsy. In the most optimal practice situation, 
images are reviewed by the radiologist (either onsite or 

remotely) and discussed with the forensic pathologist 
so the most complete imaging information is available 
before autopsy. If the radiologist is not available at the 
time of autopsy, the forensic pathologist may choose to 
preliminarily chart the imaging findings before autopsy 
and have the radiologist compile a formal report at a 

(a)

 

(b)

(c)

FIGURE 2.15  Three-dimensional images of the head in a gunshot wound victim generated with different workstation proto-
cols show various aspects of the injury. (a) Three-dimensional volume–rendered images of the bones of the skull and neck show a 
complex skull fracture with depressed fragments and a radial orientation of the fracture lines from the bullet entry site. (b) Three-
dimensional soft tissue and bone volumetric image shows soft tissue overlying the bone injury. (c) Three-dimensional surface–
rendered image shows the gunshot wound entry site (arrow) in the skin.
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(a)

 

(b)

(c)

FIGURE 2.16  Vertebral angiography in a blunt trauma victim with a fracture of the left transverse process of C-5. (a) Autopsy 
photograph shows cannulation of a vertebral artery in preparation for a retrograde injection of contrast. (b) Sagittal MDCT obtained 
during contrast injection at the plane of the vertebral foramen shows a normal vertebral artery. The fracture fragment presses on the 
artery (arrow). (c) Three-dimensional MDCT shows the normal contrast-filled vertebral artery passing through the vertebral fora-
men and the transverse process fracture (arrow).
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later time. Most importantly, the imaging studies 
should be reviewed prior to dissection so the forensic 
pathologist is aware of pertinent findings and can tailor 
the autopsy for such things as recovery of metal frag-
ments, extent of injury, and assessment of prior medical 
intervention.

As cross-sectional imaging becomes more widespread in 
forensic medicine and more radiologists become involved 
in forensic medicine, it becomes clear that the radiologist 
will encounter similar issues that are present in clinical 
medicine, such as what is the best way to communicate 
in a timely manner and how much historical informa-
tion is necessary when reading the studies. Retaining 
objectivity in the interpretation is important because 
the interpretation and report may have to be explained 
and defended in the courtroom. However, the collabo-
ration between the radiologist and forensic pathologist 
strengthens the conclusions of the final autopsy find-
ings. We found that balancing objectivity with knowl-
edge of the autopsy can be difficult. Our preference is 

to initially view and interpret postmortem images with 
basic historical data only so we are not biased by preced-
ing investigative reports. We like to discuss the findings 
with the medical examiner prior to autopsy and then 
arrive at a radiologic and pathologic consensus after 
dissection is complete. In our situation, the location of 
radiology adjacent to the autopsy room facilitates this 
process and has helped us learn the strengths and limi-
tations of postmortem MDCT.

The format of the radiology report may be similar to a 
clinical radiology report or may be charted anatomi-
cally similar to other forensic worksheets. We adapted 
the latter in our practice. The radiology findings of a 
combined interpretation of radiography and MDCT 
are typically annotated on a drawing of the human 
body and schematic CT sections so the medical exam-
iner can use the data during autopsy (Figure  2.17). 
This worksheet joins the other worksheets generated 
by the pathologist and used in composing the final 
autopsy report.

FIGURE 2.17  Anatomic worksheet used to record radiology findings.
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CONCLUSIONS
Incorporation of cross-sectional imaging modalities such 
as MDCT into a forensic facility requires careful consid-
eration of the impact on daily workflow. In our practice, 
cross-sectional imaging augments standard radiography. 
If cross-sectional imaging is performed on every case, con-
sistency in the workflow and imaging protocols is essential 
to avoid error.
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FORENSIC PRINCIPLES
Postmortem change and decomposition begin to 
develop immediately upon death. Postmortem change 
most commonly refers to livor mortis (also known as 
lividity or postmortem hypostasis), rigor mortis, and 
algor mortis. The degree of postmortem change and 
decomposition in combination with observations at the 
scene of death and, in rare cases, the status of gastric 
digestion can be used to estimate the time of death. 
They may also be indicators of the position of the body 
at the time of death or whether a body has been moved 
or tampered with after death.

Livor mortis is the earliest visible postmortem change. 
When the circulatory system stops, active blood flow 
through capillary beds ceases, and gravity acts upon the 
stagnant blood to draw it to the most dependent locations 
of the body. Erythrocytes are the most affected compo-
nents of blood and account for the appearance of the blu-
ish red or reddish purple coloration of livor mortis (Knight 
and Saukko 2004). The distribution and location of livor 
mortis depend on the position of the body after death. 
For example, when a body is supine following death, livor 
mortis is seen in the posterior regions of the body. In a 
body hanging vertically, livor mortis will be most marked 
in the feet and lower legs.

Decomposition is a multifactorial process that involves 
cellular autolysis, bacterial fermentation, and insect and 
animal predation. The rate and extent of postmortem 
change and decomposition are quite variable and depen-
dent upon the cause of death and external environment. 
Most importantly, decomposition may dramatically alter 
the appearance of the body such that it may make deter-
mining the cause of death more difficult.

AUTOPSY FINDINGS
Livor Mortis
The gradual appearance, concentration, and fixation of 
livor mortis are due to progressive intravascular hemo-
concentration and lysis of the erythrocytes. Initially, 
livor mortis appears as small reddish purple cutane-
ous patches, which gradually coalesce. The distribution 
of livor mortis will shift with repositioning of the body 
and will blanch with applied pressure. As the postmor-
tem period increases in time, livor mortis will become 
less movable and, eventually, will become fixed and 
unmovable. Although the onset and fixation of livor 
mortis may be affected by body size, cause of death, posi-
tion of the body, and ambient temperature, it is generally 
accepted that livor mortis becomes visible from 20 min-
utes to 2 hours after death and reaches its maximum at 
8 to 12 hours after death, at which time it becomes fixed 
(Di Maio and Di Maio 2001, Payne-James et al. 2003). 
The dependent areas supporting the weight of the body, 
such as the upper back, buttocks, and calves in a supinely 
positioned body, will appear paler compared to the sur-
rounding livor mortis because body weight compresses 
blood vessels in these areas and prevents the accumula-
tion of erythrocytes (Figures 3.1 and 3.2). Blanched areas 
may also appear in regions that are compressed from 
tight clothing, such as the straps from a brassiere or tight 
elastic in socks.

The color of livor mortis may vary with the degree of 
hemoglobin oxygenation at the time of death. The usual 
color is bluish or purplish red. In general, those who die 
hypoxic have darker livor mortis. For example, many nat-
ural deaths from atherosclerotic coronary artery disease 
or congestive heart failure have a dark livor mortis that 
is more prominent in the upper body and face. The color 

Chapter 3

Postmortem Change 
and Decomposition
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(a)

 

(b)

(c)

FIGURE 3.1  Postmortem livor mortis in a man who died from atherosclerotic coronary artery disease and was found in the 
supine position. (a) Autopsy photograph shows red and bluish red livor mortis on the posterior region of the body. Focal areas on 
the upper back, buttocks, calves, and heels are pale and blanched because these portions of the body supported the weight of the 
body. (b) Sagittal MDCT at the level of the aortic arch shows thickening and increased attenuation of the skin and subcutaneous fat 
(arrows) from livor mortis in the posterior region of the body and a hematocrit effect of fluid levels in the aorta and cardiac chambers 
(arrowheads). (c) Sagittal MDCT image of the brain shows high attenuation hemoconcentration in the superior sagittal sinus (arrow) 
and transverse sinus (arrowhead). Note the presence of skin thickening posteriorly.
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of livor mortis may also be indicative of specific etiolo-
gies of poisoning: cherry red in carbon monoxide poison-
ing, hypothermia, or cyanide poisoning; brown from the 
methemoglobin formed in sodium nitrite poisoning; and 
green from sulfhemoglobin in hydrogen sulfide poisoning 
(Payne-James et al. 2003).

Livor mortis is a phenomenon that occurs throughout 
all fluid compartments, tissues, and organs in the body. 
Internally, the lungs often show the most marked changes 
on gross inspection. The nondependent portions of the 
lungs, most commonly anterior, are pale, and the depen-
dent posterior lung is dark bluish red (Figure 3.3). Similar 
changes may be seen in other organs, such as the dependent, 
pelvic segments of jejunum and ileum, which may show 
areas of patchy discoloration from livor mortis. Similar to 

the cutaneous manifestations of livor mortis, visceral livor 
mortis is secondary to concentration of erythrocytes within 
the vascular system and diffusion of plasma from the vascu-
lar system (Ambrosi and Carriero 1965).

Rigor Mortis
Immediately after death, the muscles of the body are 
flaccid. Within 1 to 6 hours, skeletal muscles become 
increasingly stiff and rigid due to rigor mortis, by 6 to 
12 hours after death, muscles are completely rigid, and 
rigor mortis is fully developed. Biochemically, rigor mor-
tis is the formation of a transient bond between actin and 
myosin filaments that occur because of the loss of ade-
nosine triphosphate (ATP) from muscle. Muscle groups 
will remain in full rigor until they are forcibly moved 
(breaking rigor), which physically ruptures muscle fibers 

(d)

(e)

 

(f )

FIGURE 3.1  (Continued) Postmortem livor mortis in a man who died from atherosclerotic coronary artery disease and was 
found in the supine position. (d, e, f) Axial MDCT images show high attenuation hemoconcentration (arrows) in the dependent por-
tions of the aorta, right and left atria, and right ventricle, which form a hematocrit effect. The anterior aortic wall appears relatively 
dense adjacent to the hypoattenuating serum component of blood.
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and tears tendon insertions, or until autolysis and early 
decomposition causes the muscles to loosen, which usu-
ally occurs approximately 24 to 36 hours at ambient tem-
perature. It is difficult to rely solely on the stage of rigor 
mortis to estimate the time of death because there are 
many factors that affect the onset of rigor mortis: internal 

body temperature, decedent’s activity prior to death, 
environmental temperature, and the amount of muscle 
mass within an individual (Dix and Graham 2000). In 
some cases, rigor mortis may be helpful to determine the 
position of the body at the time of death or if a body has 
been moved after death.

(a)

 

(b)

FIGURE 3.2  Postmortem livor mortis in a man who died from atherosclerotic coronary vascular disease. (a, b) Axial MDCT 
images of the chest show the superior vena cava and descending aorta have higher attenuation compared to the ascending aorta 
(arrow) in (a). The wall of the ascending aorta appears denser than the blood in the lumen because the red blood cells have settled to the 
more dependent vessels. High attenuation–dependent hemoconcentration is present in the right atrium and inferior vena cava (arrow 
in b). There is pulmonary edema, bilateral pleural effusions, and a nasogastric tube in the esophagus.

(a)

 

(b)

FIGURE 3.3  Pulmonary livor mortis. (a) Autopsy photograph shows pale red anterior lungs and a dark red posterior lung from 
livor mortis. (b) Axial MDCT shows a gradual increase in pulmonary attenuation from anterior to posterior. Decompositional gas is 
present in the right heart.
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Algor Mortis
Algor mortis, or body cooling, is the equilibration of the 
body temperature with the surrounding environment after 
death. Because there are a number of variables that affect 
body cooling, algor mortis alone is not a useful predictor 
of the time of death. However, body temperature may be 
useful in combination with other postmortem findings to 
estimate the time of death.

Decomposition
Decomposition is the breakdown of dead soft tissues into 
fluids and gases. It is a multifactorial process that occurs 
through autolysis, putrefaction, and in some cases, 
insect activity and animal predation. Postmortem autol-
ysis is the breakdown of individual cells by intracellular 
proteolytic lysosomal enzymes. The rate of postmortem 
autolysis is greatly affected by temperature. Warmth and 
humidity accelerate autolysis, cold temperatures slow 
autolysis, and autolysis is stopped by freezing (Di Maio 
and Di Maio 2001). Putrefaction is a complex chemical 

process caused by bacteria and fermentation. The nor-
mal bacterial flora of the gastrointestinal tract as well as 
bacteria that are pathologically present within the body 
spread throughout the body to produce putrefaction.

The rate of decomposition is affected by a number of 
interrelated variables that include ambient temperature, 
humidity, body size and weight, trauma to the body, 
clothing, the surface or soil the body is resting on, and 
access of the body to insects and other predators (Mann 
et al. 1990). Consequently, the rate of decomposition 
is inherently unpredictable. There are no scientifically 
based methods to estimate the time of death of human 
bodies based upon the degree of decomposition for a 
body found in natural settings at ambient temperature. 
Despite the unpredictable rate and progression of decom-
position, putrefactive changes generally follow a predict-
able sequence. The first external sign of putrefaction in 
a body that has not sustained external injury is usually 
patchy green discoloration on the lower abdominal wall 
(Figure  3.4). Generally, this begins in the right lower 

(a)

 

(b)

FIGURE 3.4  Early decompositional changes in the abdomen 2 days postmortem. (a) Autopsy photograph of the anterior abdomi-
nal wall shows greenish brown discoloration (arrow) from early putrefaction. (b) Coronal MDCT shows putrefactive gas in the portal 
veins (arrow) and systemic vasculature (arrowhead).
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quadrant because of the relatively superficial location of 
the cecum, which contains large quantities of bacteria. 
The patchy green discoloration of the lower abdominal 
wall progresses to a dark green discoloration of the upper 
torso, head, and neck. The next phase is swelling of the 
face and head due to gas formation by putrefactive bac-
teria. Marbling begins to appear at this time (Figure 3.5). 
Marbling is intravascular hemolysis with a reaction 
between hemoglobin and hydrogen sulfide that results 
in a greenish black discoloration of the vessel walls and 
adjacent tissues. It produces a pattern of branching and 
arborizing greenish black lines that are visible through 
the skin. Generalized bloating is the next phase, fol-
lowed by blister and vesicle formation, loosening of the 
epidermis, and skin and hair slippage (Figures  3.5 and 
3.6). Bloating is frequently more severe in the face and 
scrotum.

Internally, when the body is intact, decomposition is not 
as dramatic and rapid as it is on the external surface of 
the body. Internal organs decompose at different rates. 
Autolysis of the pancreas and adrenal glands begins 

almost immediately after death (Figure  3.7 through 
Figure  3.9). Likewise, the brain is very vulnerable to 
autolysis and becomes soft to the touch within days after 
death and may liquefy within 1 week of death (Figure 3.10 
through Figure 3.13) (Knight and Saukko 2004). In con-
trast, the heart, prostate, and uterus are relatively resistant 
to autolysis and are usually the last remaining recogniz-
able organs.

Decomposition is not always uniform. Asymmetric or 
focal acceleration or deceleration of decomposition may 
occur when a body is clothed, positioned, or sheltered in 
a manner that creates a microenvironment that favors or 
slows decomposition (Figure 3.14) (Dix and Graham 2000, 
Mann et al. 1990). Decomposition also occurs more rap-
idly at sites of injury where bacteria have been introduced 
into the body by the injury or insects may gain access 
(Figure 3.15).

Insect activity, including that of maggots, beetles, and 
ants, as well as animal predation accelerate decompo-
sition. The location of a body is the major determinant 

(a)

 

(b)

FIGURE 3.5  Moderate decomposition in a drowning victim found 3 days after a witnessed drowning death. (a, b) Autopsy pho-
tographs show dark green discoloration and marbling (arrows) of the torso. Bloating and gaseous distension of the head and scrotum 
are present.
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(c)

 

(d)

(e)

FIGURE 3.5  (Continued) Moderate decomposition in a drowning victim found 3 days after a witnessed drowning death. (c, d) 
Coronal MDCT shows putrefactive gas throughout all vasculature, tissue planes, and rounded foci of gas in the visceral organs. Low 
attenuation liquefaction is present in the subcutaneous fat (arrows). (e) Sagittal MDCT shows a large amount of gas in the peritoneal 
cavity, bowel distension, and gaseous distension of the soft tissue of the face, anterior body wall, and scrotum. Ingested sand is in the 
stomach. Pleural effusions, intraperitoneal fluid, and subcutaneous liquefaction are also present.
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of exposure to insects and carnivores. In criminal 
investigations, recognition and evaluation of the type 
of insect and carnivorous activity may aid in a death 
investigation. Insect and animal predation should not 
be mistaken for antemortem injury (Figure 3.16 through 
Figure 3.18). Ligaments, cartilage, and skeletal tags are 
usually the last remaining soft tissue structures, and they 
may remain intact for a long time. Eventually, complete 
skeletalization will occur in the majority of bodies. The 
time to skeletalization is quite variable and dependent 
on the factors outlined above. In general, in a hot, dry 
climate, a body will mummify rather than skeletonize, 
whereas complete skeletalization may occur in as little 
as a week in very hot, humid climates (Di Maio and Di 
Maio 2001).

In specific environmental conditions, bodies will undergo 
transformation to adipocere or mummify rather than 
decompose and skeletonize. Adipocere is an important 

postmortem change that results from the hydrolysis and 
hydrogenation of adipose tissue. Anaerobic bacteria such 
as Clostridium perfringens facilitate the chemical pro-
cess that results in the formation of a waxy substance 
composed of palmitic, oleic, and stearic fatty acids 
(Knight and Saukko 2004). Adipocere formation tends 
to occur in bodies that are in moist graves, vaults, or 
crypts. In general, adipocere formation mainly occurs 
in the subcutaneous fat, but it may also occur in intra-
abdominal mesenteric and retroperitoneal fat. Adipocere 
formation may coexist with putrefactive decomposition 
(Figure  3.19). Mummification occurs in dry environ-
ments where bacterial growth is inhibited. It may occur 
in dry or cold environments because the most important 
factor is the presence of currents of dry air. From a foren-
sic standpoint, mummification and adipocere formation 
may preserve injuries such as bullet holes on the surface 
of the body.

(a)

 

(b)

(c)

 

(d)

FIGURE 3.6  Moderate decomposition 5 days after death. (a, b, c, d) Anterior-posterior radiographs of the chest, abdomen, pelvis, 
and lower extremities show symmetrically distributed gas throughout the soft tissue planes and body cavities.
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Decomposition poses many challenges for forensic 
pathologists, because findings that may have been diag-
nostic of the cause of death at the time of death may be 
more difficult to recognize or disappear completely with 
decomposition. Injury to soft tissue may not be apparent 

at dissection because of soft tissue collapse and liquefac-
tion. Presumptive identification is also more challenging, 
particularly in skeletalized remains. Skeletonized remains 
are also often scattered by animal predation, making full 
recovery difficult, if not impossible, in some cases.

(a)

 

(b)

(c)

 

(d)

FIGURE 3.7  Asymmetric decomposition of the pancreas 3 days postmortem. (a, b) Coronal MDCT shows early to moderate 
decomposition in the abdomen and pelvis. There is gaseous distension of the bowel and intravascular gas. The pancreas (asterisk) 
contains more decompositional gas compared to adjacent visceral organs. (c, d) Axial MDCT shows similar visceral and pancreatic 
(asterisk) findings as well as fluid around the liver.
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RADIOLOGIC PRINCIPLES
Postmortem change and decomposition are always pres-
ent at autopsy and on postmortem MDCT because they 
begin to occur immediately upon death. Consequently, 
the appearance of postmortem change and decomposi-
tion on postmortem MDCT can be considered normal 
and should not be mistaken for a pathologic process 
or injury. Postmortem change and decomposition are 
important findings on MDCT because they may obscure 

soft tissue injury or pathology, thereby limiting the 
MDCT assessment of soft tissue for hemorrhage, lacera-
tion, and wound tracks in cases with suspected trauma. 
Putrefactive gas should not be mistaken for pathologic gas 
collections that may have contributed to death or causes 
of death such as air embolism, pneumothorax, pneumo-
peritoneum, or gas-forming infections. Gas in anatomic 
spaces and in blood vessels can generally be considered 
putrefactive when it is present symmetrically throughout 

(a)

 

(b)

FIGURE 3.8  Moderate to advanced decompositional changes in the chest and abdomen 5 days postmortem. (a, b) Axial MDCT 
shows partial collapse of the lungs and small bilateral pleural fluid collections secondary to decomposition. Gas is present in the 
pleural, pericardial, peritoneal, and retroperitoneal spaces, as well as within the heart, blood vessels, connective tissues of the medi-
astinum, and subcutaneous tissue. Round lucencies of decompositional gas in the spleen and liver and linear collections of gas in the 
pancreas are typical features of moderate to advanced decomposition.

(a)

 

(b)

FIGURE 3.9  Advanced decomposition of the chest and abdomen 12 days postmortem. (a) Axial MDCT shows gas throughout all 
tissue planes. The lungs have collapsed, and there are small effusions and a gas-filled pleural cavity. (b) Intraperitoneal gas is present in 
the abdomen along with marked intestinal distension and gas in all peritoneal and retroperitoneal tissues and organs. There is a small 
amount of fluid in the dependent recesses of the peritoneum (arrows in b).
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(a)

 

(b)

(c)

FIGURE 3.10  Early decompositional changes in the brain 48 hours postmortem. (a) Autopsy photograph of the brain shows pres-
ervation of gyri and coloration. (b) Axial MDCT shows effaced sulci and ventricles and complete loss of gray-white differentiation 
in the cerebral hemispheres. There is increased attenuation from livor mortis in the posterior sagittal sinus (arrow). (c) Axial MDCT 
at the level of the mesencephalon shows increased attenuation in middle and anterior cerebral arteries. Note that the tentorium and 
anterior portion of the falx are also high attenuation areas.
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the entire body. However, asymmetric or focal gas col-
lections should be viewed as suspicious and related to an 
underlying pathologic process or injury unless there is an 
explanation for focal or asymmetric decomposition.

Imaging Findings
Livor Mortis — Hemoconcentration from postmor-
tem livor mortis results in increased attenuation of the 
affected organs, vasculature, and tissues on MDCT 
(Shiotani et al. 2002). This finding is easily observed in 
large-caliber arteries and veins as well as the cardiac 
chambers. In these structures, blood separates into 
serum and erythrocytic components due to the effect of 
gravity. This produces a fluid level on MDCT (Figures 3.1 
and 3.2). High-attenuation erythrocytes layer dependent 
to plasma in the cardiac chambers and, when supine, in 
the posterior aspects of the great vessels (Figures 3.1 and 
3.2). In the largest published study of the CT appear-
ance of livor mortis, the gravity-dependent distribution 

of intravascular erythrocytes was observed in half of the 
subjects imaged within 2 hours after death (Shiotani et 
al. 2002). This time period correlates with our knowl-
edge of the timing of the appearance of livor mortis on 
gross examination of a body. The vessel wall on the non-
dependent side appears relatively dense because of the 
attenuation difference between the vessel wall and serum 
component of the blood (Figures  3.1 and 3.2). This is 
most noticeable in the aorta. Smaller-caliber blood ves-
sels such as the cerebral arteries may also have higher 
attenuation (Figure 3.10c).

In our experience with postmortem MDCT, intravascular 
high attenuation from postmortem livor mortis is also fre-
quently observed in the posterior dural sinuses of the cra-
nial fossa (Figures 3.10 and 3.11). In a body that has been 
in the supine position after death, we commonly observe 
a high-attenuation posterior sagittal sinus, straight sinus, 
and transverse sinus. In some cases, a hematocrit effect or 
fluid level may be seen.

(a)

 

(b)

FIGURE 3.11  Early decomposition and livor mortis in the brain 2 days postmortem. (a, b) Axial MDCT of the brain shows loss of 
differentiation between the gray and white matter and compression of the ventricular system. There is high-attenuation livor mortis 
in the sagittal sinus.



Postmortem Change and Decomposition    43

© 2011 by Taylor & Francis Group, LLC

(a)

 

(b)

(c)

FIGURE 3.12  Moderate decompositional changes in the brain 72 hours postmortem. (a) Autopsy photograph of the brain shows 
softening and pinkish gray discoloration. (b) Lateral radiograph of the skull shows gas in the nondependent portion of the skull and 
posterior dependent settling of the brain. (c) Axial MDCT shows partial settling of the brain in the posterior, dependent portion of 
the calvarium with putrefactive gas filling the anterior calvarium, vasculature, and soft tissues of the scalp.
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(a)

 

(b)

(c)

 

(d)

FIGURE 3.13   Advanced decompositional changes in the brain 14 days postmortem in a drowning victim. (a, b) Autopsy photo-
graph shows liquefied brain held together by an intact dura mater in (a). When the dura is opened in (b), the liquefied brain spills out. 
(c, d) Axial MDCT shows liquefaction of the brain with a fluid level. Putrefactive gas is present in the calvarium and soft tissues. The 
scalp has peeled away from the calvarium. High attenuation sand is found in the paranasal sinuses in (c).
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(a)

 

(b)

(c)

FIGURE 3.14  Asymmetric decomposition in a person who was wearing protective clothing around the chest. (a) Autopsy pho-
tograph shows asymmetric green discoloration of the chest and lower neck compared to the abdomen and arms. (b, c) Coronal and 
sagittal MDCT show decompositional gas distributed primarily in the soft tissues of the chest. Gas is present within the blood vessels 
as well. In (c) there is variation of decompositional gas in the vertebral bodies with increased gas in a fractured thoracic and lumbar 
vertebra (arrows).
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(a)

 

(b)

(c)

FIGURE 3.15  Asymmetric gas from a gunshot wound to the right chest with accompanying decomposition. (a, b, c) Coronal 
MDCT images of the chest show a focal gas collection in the right axilla and chest wall. There are right rib fractures, bilateral hemo-
pneumothorax, and thoracic spine fractures from the bullet that passed from right to left through the chest and spine.

(a)

 

(b)

FIGURE 3.16  Advanced decomposition with partial skeletalization and maggot infestation. (a) Autopsy photograph shows mag-
gots (arrows) and a decomposed anterior chest wall. (b) Axial MDCT shows extensive, asymmetric decomposition from blunt trauma 
to the thorax. All intrathoracic organs have decomposed, and there is a large cluster of maggots in the substernal region (arrows).
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(a)

 

(b)

(c)

FIGURE 3.17  Animal predation on found skeletal remains. (a) Autopsy photograph shows a moth-eaten appearance to the spine, 
and most of the ribs have been removed. (b, c) Sagittal images of the spine show scalloping of the vertebral bodies consistent with 
mammalian predation.
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The finding of intravascular hyperattenuation within 
the dural sinuses, cardiac chambers, and great vessels on 
postmortem MDCT should not be mistaken for thrombosis 
unless there are additional supportive findings. For exam-
ple, cerebral or pulmonary venous thrombosis will typically 
have round or oval contours, may expand the involved ves-
sels, and may be located within the nondependent portions 

of the vessels. In addition, there may be features of venous 
infarction within the brain. In pulmonary embolic disease, 
there may be associated enlargement of the pulmonary 
arteries and evidence of pulmonary infarction.

Visceral livor mortis is most commonly identified in the 
lung parenchyma on postmortem MDCT because of the 

(a)

 

(b)

(c)

 

(d)

FIGURE 3.18  Animal predation on found skeletal remains. (a) Autopsy photograph of long bones shows bite marks at the ends of 
the bones. (b, c, d) Radiograph, coronal MDCT, and three-dimensional MDCT show scalloping of the ends of the bones consistent 
with mammalian bite marks.
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inherent attenuation differences between aerated lung and 
the pulmonary vasculature. It causes an increased attenu-
ation in the dependent lung (Figure 3.3) (Shiotani et al. 
2004). There may be a vertical gradient with increasing 
attenuation from the nondependent to the dependent por-
tions of the lung parenchyma with increasing degrees of 
livor mortis. Dependent settling of pathologic pulmonary 
venous congestion and edema also occurs in individuals 
who die from conditions that result in increased pulmo-
nary venous pressures, such as cardiac failure, myocardial 
infarction, or drowning, and should not be mistaken for 
livor mortis. The extent and severity of the pulmonary 
parenchymal density are greater in pulmonary venous 
congestion and edema compared to normal postmortem 
livor mortis. Furthermore, pulmonary venous conges-
tion and alveolar ground glass related to pulmonary 

edema generally have a predominant central distribution 
of ground glass opacity and pulmonary venous engorge-
ment (Levy et al. 2007). Livor mortis within the lungs may 
also mimic pulmonary consolidation from an infectious 
or neoplastic process. Careful evaluation of the distribu-
tion, contours, and presence of associated abnormalities 
can be helpful to differentiate livor mortis from a patho-
logic process.

The cutaneous and subcutaneous manifestations of livor 
mortis are much less profound on MDCT when compared 
to gross examination of the body. There is increased attenu-
ation of the dependent subcutaneous fat and dermis. Livor 
mortis also causes the dermal tissues along the dependent 
surface of the body to be thicker when compared to the 
nondependent dermis (Figure 3.1).

(a)

 

(b)

(c)

 

(d)

FIGURE 3.19  Adipocere formation in an adult man who was found buried in a shallow grave approximately 3 years after death. (a, 
b): Autopsy photograph of the unopened torso in (a) and opened chest in (b) shows brownish tan coloration of adipocere. (c, d) Axial 
MDCT through the upper chest and pelvis show low attenuation adipocerous subcutaneous fat (arrows), a small amount of putrefac-
tive fluid within the chest, and the absence of lungs and mediastinal structures. The ribs are intact and slightly displaced. In the pelvis, 
partially decomposed organs are mixed soft tissue (arrowheads) and gas attenuation. Subcutaneous low-attenuation adipocerous fat 
is present.
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Rigor Mortis and Algor Mortis
Postmortem MDCT shows no specific findings for rigor 
mortis or algor mortis. Rigor mortis does not affect 
the CT attenuation, size, or shape of skeletal muscles. 
In our practice, rigor mortis is most important in posi-
tioning the body on the CT scanner table and, in some 
cases, may be an obstacle to positioning and passage of 
the body through the CT gantry. We found that using 
a CT scanner that has a large gantry and a large scan 
field of view will accommodate the majority of bodies 
with rigor mortis. It is possible to physically overcome 
or break rigor. This can be considered in some cases in 
order to permit MDCT to be accomplished; however, 
this must be done in conjunction with or by the forensic 
pathologist because rigor status is a forensic finding and 
iatrogenic injury can be produced if the procedure is not 
done properly.

Decomposition
We found it helpful to classify the spectrum of decomposi-
tion observed on MDCT as early, moderate, and advanced 
(Table 3.1) (Levy et al. 2010). Even though decomposition is 
clearly evident at autopsy, we routinely report the degree of 
decomposition in our radiologic reports. This is specifically 
helpful when there are suspected injuries or pathologic pro-
cesses that might be associated with the findings of gas in 
internal organs or vasculature.

One of the earliest signs of decomposition on MDCT is 
cerebral autolysis. There is usually some evidence of cere-
bral autolysis by MDCT in the majority of bodies that are 

scanned and autopsied more than 24 to 48 hours after death, 
even if a body has been stored in the mortuary cooling cham-
bers. The MDCT features of cerebral autolysis include blur-
ring and loss of definition of the gray-white matter junction, 
decrease in cerebral attenuation, and effacement of the sulci 
and ventricles (Figure 3.10). During this period, the brain 
may exhibit mild softening at gross inspection but is other-
wise macroscopically normal in appearance. Within 2 to 3 
days, there is progression of autolysis and complete loss of 
gray-white matter differentiation on MDCT, and the cere-
bral ventricles and sulci become effaced (Figure 3.11). As the 
brain softens, it settles in the gravity-dependent portion of 
the calvarium, and gas fills the nondependent portion of the 
calvarium (Figure 3.12). At this stage, putrefactive gas may 
be present within the vascular structures and intracranial 
spaces. However, putrefactive gas may also be seen within 
the vasculature before brain settling is evident on MDCT. 
Finally, with complete cerebral liquefaction, the brain is 
water attenuation on MDCT, and there is a fluid level within 
the calvarium (Figure 3.13).

The intestinal wall and mesenteric and portal venous sys-
tems are generally the first sites of putrefactive gas on MDCT 
in addition to the small and large intestine, which may be 
distended with gas from proliferation of intestinal bacteria 
(Figure 3.4). Body cavities such as the pleural and peritoneal 
spaces may contain a small amount of fluid. The fluid may 
be putrefactive fluid (purge fluid) or liquefied fat. The latter is 
more common in the abdominal cavity from liquefied omen-
tal, mesenteric, and retroperitoneal fat. Small volumes (10 to 
20 mL) of pleural fluid are considered normal at autopsy and 
are typically easily differentiated from pathologic collections 
of fluid in the pleural cavity. As putrefactive decomposition 
progresses, gas enters all vascular structures and potential 
anatomic spaces (Figure 3.5 through Figure 3.7). Putrefactive 
gas is normally symmetrically distributed throughout the 
body unless there is focal or asymmetric decomposition 
from an underlying injury or a focal cause of warming or 
cooling of the body (Figure 3.7) (Levy et al. 2010).

Although the pancreas and adrenal glands are among the 
earliest internal organs to undergo autolysis, they generally 
have a normal appearance on postmortem MDCT until 
putrefactive gas is present. The lack of early MDCT attenua-
tion change in the pancreas and adrenal glands is likely due 
to the noncontrast techniques used in postmortem scan-
ning. With moderate putrefactive decomposition, the pan-
creas may be observed to have a disproportionate amount of 

TABLE 3.1  Multidetector Computed Tomography (MDCT) 
Classification of Decomposition

Early Moderate Advanced
Cerebral autolysis Cerebral settling Cerebral 

liquefaction
Intestinal distension Cavity fluid Diffuse 

subcutaneous gas
Intestinal mural gas Cavity gas Diffuse visceral 

organ gas and 
organ collapse

Intravascular gas Small amounts of 
subcutaneous gas

Evidence of insects 
or animal 
predation

Small amounts of 
visceral gas

Skeletalization

Adipocere 
formation 
Mummification
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gas compared to other abdominal organs (Figure 3.7). Gas 
appears within the vasculature of the visceral organs in the 
early postmortem period at the same time that gas appears 
in other vessels throughout the body. The CT attenuation of 
the solid visceral organs such as the liver, spleen, and kidneys 
does not change until the advanced stages of decomposition 
when the organs begin to fragment, degenerate, and liquefy. 
Rounded lucencies filled with putrefactive gas will eventu-
ally appear within the organs surrounded by intact connec-
tive tissues (Figure 3.5 and Figure 3.8). Therefore, even in 
moderate stages of decomposition, visceral organs are still 
normal in shape and contour. Eventually, the connective 
tissues collapses, and the organs are not recognizable in 
shape and appearance (Figure 3.9). Gas fills the abdominal 
and chest cavities as the organs collapse and liquefy (Knight 
and Saukko 2004).

Insect activity and animal predation are important diag-
nostic features of decomposition because they provide 
clues as to the location of a body at the time of death and 
information that may assist in determining if a body has 
been moved after death. The features are usually easily rec-
ognizable on gross examination, and postmortem imaging 
does not assist the forensic pathologist with these findings. 
Most importantly, the appearance of insect activity and 
animal predation should not be mistaken for pathologic 
processes or injury when interpreting postmortem MDCT. 
Larvae are attracted to moist areas of the body, such as 
the mucous membranes of the nasal and oral cavities or 
sites of external injury. Consequently, they are commonly 
observed in the facial and head regions as well as at sites of 
injury. Larvae appear as linear and curvilinear soft tissue 
or surface irregularities on MDCT (Figure 3.16). Animal 
predation is characterized by one or more bite marks in 
soft tissues and bones. Often there are innumerable marks 
from small mammals such as rodents or dogs gnawing on 
the corpse (Figures 3.17 and 3.18).

The formation of adipocere in severely decomposed bodies 
preserves the subcutaneous tissues and portions of internal 

organs. It has a characteristic low-attenuation appearance 
on MDCT. Because adipocere formation frequently coex-
ists with putrefactive decomposition, both processes may 
be present on MDCT, revealing a body that has absent or 
partially decomposed internal organs and intact skeletal 
structures surrounded by adipocerous subcutaneous fat 
(Figure 3.19).

CONCLUSIONS
Postmortem change and decomposition should be consid-
ered normal findings on postmortem MDCT. Thorough 
knowledge of the MDCT findings of postmortem change 
and the stages of decomposition are important when 
interpreting postmortem MDCT, because these processes 
may be mistaken for pathologic processes or injury. They 
may also make interpretation of pathologic processes that 
are relevant to the cause of death more difficult.
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FORENSIC PRINCIPLES
Deaths from gunshot wounds are an all too common part 
of daily life in the United States. Annually, 30,000 per-
sons per year, approximately 80 persons per day, die from 
gunshot wounds inflicted as a result of homicide, suicide, 
and accident (Centers for Disease Control and Prevention 
2008). Medical examiners in many states are legally man-
dated to investigate gunshot wound deaths and commonly 
use radiologic methods to aid forensic autopsy of gunshot 
wound victims.

Radiography was first applied to the investigation of gun-
shot wounds almost immediately after the discovery of 
X-rays in 1895 (Brogdon 1998). It is used to locate the 
bullet, identify the class of ammunition and possibly the 
weapon used, assist in the documentation of the path of 
the bullet, and assist in the retrieval of the bullet (Di Maio 
1999). The National Association of Medical Examiners 
recommends that radiographs be obtained as part of 
the investigation of any gunshot wound fatality and that 
recovery and documentation of foreign bodies be made for 
evidentiary purposes (Peterson and Clark 2006).

Ballistics
Ballistics is the study of projectile motion. Internal bal-
listics is the study of the bullet within the firearm, external 
ballistics examines the motion of the bullet in flight, and 
terminal ballistics evaluates the bullet in the target. The 
latter includes wound ballistics, which is the interaction of 
bullets within the human body (Wilson 1999).

Three types of guns are used in the civilian population: 
handguns, rifles, and shotguns. Handguns and rifles are 
categorized by the size of the ammunition fired (caliber 
or millimeters), operating characteristics (lever, pump, or 
bolt action), and firing rate (single shot, semiautomatic, 
or automatic). They both fire ammunition similar in con-
struction, with a cartridge element that consists of a case, 
primer, and propellant capped by a bullet. Bullets are sized 
by diameter, which is expressed as a decimal fraction of 
an inch or in millimeters. The term caliber refers to the 
internal diameter of the gun barrel or the diameter of the 

bullet. Bullets are usually made of lead. They may contain 
a core element and a covering element. The covering ele-
ment is commonly referred to as the jacket. The jacket is 
usually a different metal than the bullet. It is most com-
monly copper or a copper alloy that partially or fully cov-
ers the lead bullet (Figures 4.1 and 4.2). This is important 
to recognize, because the jacket and bullet may separate 
and appear quite different on radiography and multidetec-
tor computed tomography (MDCT) imaging (Figure 4.2). 
Both can deform and fragment depending on their com-
position and construction, the intermediate targets they 
pass through or strike, and their interactions with specific 
types of body tissues (Figures 4.2 and 4.3).

Shotguns differ from rifles and handguns because they 
have smooth bores, whereas the other two have grooves in 
their barrels. Grooves impart a rotational spin to the bullet 
that increases stability during flight and therefore improves 
accuracy. Rather than a bullet, a shotgun uses a cartridge, 
which is a paper or plastic tube with a metal base, primer, 
and propellant. Metal spheres, called pellets or shot, are con-
tained within most cartridges, but there are solid projectiles, 
called slugs, in some types of shotgun ammunition. The 
pellets vary in size and number with the type of cartridge 
(Figure 4.4). Shotgun bore diameters are usually referred to 
by gauge instead of caliber. The gauge of a shotgun (except 
for .410) equals the number of solid spheres of lead that each 
has the same diameter as the inside of the gun barrel which 
would weigh 1 pound. Therefore, a small-gauge shotgun 
has a larger barrel diameter than a large gauge shotgun. For 
example, a 20-gauge shotgun has a smaller diameter than a 
12-gauge shotgun. When a shotgun is fired, the pellet dis-
tribution generally spreads outward at a distance, which is 
controlled by the construction of the end of the barrel, called 
the choke. The shot distribution pattern is also influenced by 
collisions of pellets within the tissue. Consequently, systems 
for determining range in shotgun wound cases may be rela-
tively inaccurate (Brogdon 1998).

Tissue damage is determined by the amount of kinetic 
energy imparted to surrounding tissue by the bullet. Bullet 
mass and velocity determine the kinetic energy at the time 
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of impact. Of these two factors, velocity is usually the most 
important. Bullet mass varies by ammunition construction, 
and velocity varies by weapon type. The longer the weapon 
barrel, usually the higher the bullet velocity, which is mea-
sured in feet or meters per second. Most rifles have a higher 
muzzle velocity than handguns and shotguns. As a general 
rule, high-velocity weapons will cause more tissue damage 

than low-velocity weapons. Other factors that contribute to 
the degree of tissue damage include kinetic energy loss as a 
function of bullet shape, tumbling (yaw), and the density of 
the interacting tissue.

There are three mechanisms of tissue damage from bul-
lets: laceration (or crushing), shock wave, and cavitation. 

(a)

 

(b)

(c)

FIGURE 4.1  Gunshot wound to the thigh. (a) 7.62 mm bullet recovered at autopsy. (b) Frontal digital radiograph of the thigh 
shows the bullet in the soft tissue of the lateral left upper thigh. The shape and configuration of the bullet on the radiograph are iden-
tical to the recovered bullet. (c) Sagittal oblique MDCT in the plane of the long axis of the bullet shows metallic streak artifact and 
blurred edges.
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(a)

 

(b)

(c)

FIGURE 4.2  Penetrating gunshot wound to the head that traveled from anterior to posterior, left to right, and upward. (a) Axial 
MDCT shows the bullet entered the left orbit (arrow). There are multiple orbital and nasal fractures, pneumocephalus, and calvarial 
fractures. Three bullet components are lodged in the right posterior brain. The bullet jacket (white arrowhead) and a tiny lead frag-
ment are separate from the penetrator (black arrowhead). (b) Copper jacket recovered at autopsy. (c) Penetrator recovered at autopsy.
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Initially, as a bullet passes through tissue, it creates an 
expanded void region or temporary cavity. This tempo-
rary cavity collapses in a few milliseconds, leaving a sec-
ond type of cavity—a smaller permanent cavity or wound 
track. When a bullet has an unusual entrance wound pat-
tern, different tissue effect, or course from its predicted bal-
listics, one should consider that the bullet passed through 
an intermediary target. If the intermediary target is of 
sufficient mass and resistance, the bullet can destabilize 

or break up and more readily lose kinetic energy when it 
strikes the victim. This may increase wound severity and 
alter the pattern of bullet fragmentation as the projectile 
expends more kinetic energy within the tissue rather than 
passing through the tissue (Di Maio 1999).

Autopsy Findings
Autopsy of gunshot wound victims begins with the identi-
fication of all wounds on the external surface of the body 

(a)

 

(b)

(c)

 

(d)

FIGURE 4.3  Gunshot wound to the head and neck. (a) Lateral digital radiograph of the skull shows the penetrator (arrow) and 
bullet fragments. (b) Sagittal MDCT shows the penetrator and bullet fragments with metal streak artifact and blurred edge detail. 
(c) Penetrator and (d) jacket fragment recovered at autopsy.
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to determine if they are entry or exit wounds. Attempts are 
made to estimate the distance between the weapon muzzle 
and the body and the angle at which the bullet entered the 
body. Medical examiners use a well-defined taxonomy for 
gunshot wounds that should also be applied to radiologic 
findings. However, some of the taxonomy cannot be applied 
to radiologic studies because some features of gunshot 
wounds can only be identified by direct observation. For 

example, skin surface features such as wound shape, pig-
mentation, discoloration, and soot deposition are findings 
that can only be made on external examination of the body.

The distance, or range, between the weapon muzzle and 
the body surface is judged to be contact, near contact, 
intermediate, or distant (or indeterminate) when exam-
ining the entrance wound at autopsy. Contact gunshot 

(a)

  

(b)

(c)

 

FIGURE 4.4  Shotgun wound of the abdomen. (a) Digital abdominal radiograph shows nine ovoid metal pellets, one smaller irreg-
ular pellet, and tiny metallic fragments. The pellets are grouped together, indicating the shotgun was positioned at close range but did 
not have contact with the skin. (b, c) Autopsy photographs of the anterior abdominal wall show a single large entrance wound that 
measures 3.5 cm by 2.5 cm. The wound does not have soot or stippling on the skin. The green discoloration along the medial aspect of 
the wound is from early decomposition.
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wounds are classified as hard contact or loose contact 
wounds. Hard contact and loose contact wounds are 
differentiated by the pattern of tissue searing from the 
hot gasses and soot emitted from the muzzle of the gun 
(Figure 4.5a). The appearance of the wound margin allows 

the further determination of contact angle or incomplete 
contact for close-range wounds. Searing and soot patterns 
on the skin surface may rarely suggest a specific weapon. 
Intermediate-range wounds show tiny, punctate dermal 
abrasions produced by unburned particles of gunpowder 

(d)

 

(e)

(f )

 

(g)

FIGURE 4.4  (Continued) Shotgun wound of the abdomen. (d, e, f) Coronal and sagittal maximum intensity projection MDCT 
shows that two of the pellets are embedded in the lumbar spine and one is in the spinal canal. (g) Recovered pellets are approxi-
mately 9 mm in diameter (.32 caliber), consistent with double-O buckshot. A shotgun shell containing double-O buckshot typically 
contains nine pellets. The single fragmented pellet accounts for the irregular pellet and tiny metallic fragments identified on the 
radiograph.
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(a)

 

(b)

(c)

 

(d)

FIGURE 4.5  Hard-contact, perforating gunshot wound of the head that entered the skull from an anterior to posterior, right to 
left, and upward direction. (a) Autopsy photograph shows the entrance wound with marginal abrasion and soot. Note that the out-
line of the gun muzzle, a 9mm pistol, has seared the skin, and there is an oval mark below the entry wound from the operating rod. 
(b) Autopsy photograph of the exit wound shows a stellate pattern. (c, d) Three-dimensional MDCT reconstructions using surface 
algorithm.
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striking the skin. This is often referred to as stippling and 
indicates that the weapon was close but not in contact with 
the body (Denton et al. 2006). Stippling can also be seen 
on adjacent body parts, such as the hand in self-inflicted 
gunshot wounds if the hand is near the weapon muzzle 
and there is loose skin contact (Figure 4.6). Unlike soot, 
stippling cannot be washed away. Soot and burn patterns 

are also indicative of the weapon type and muzzle adap-
tation. These patterns are related to diversion of hot gas-
ses from ports, vents, and compensators at the muzzle. 
Distance gunshot wounds occur far enough from the 
body that neither soot nor stippling occur. The distance at 
which this occurs depends on the gun type. In general, no 
soot or stippling occurs with a handgun fired at a distance 

(e)

 

(f )

(g)

 

FIGURE 4.5  (Continued) Hard-contact, perforating gunshot wound of the head that entered the skull from an anterior to poste-
rior, right to left, and upward direction. (e) Three-dimensional MDCT of the skull shows the right entry wound and calvarial fractures. 
(f) Three-dimensional MDCT of the skull on the left shows the exit wound and associated fractures. (g) Axial MDCT in bone window 
setting shows a right temporal fracture defect with inward beveling (arrow) indicating the entry of the bullet and a larger left temporal 
defect that has an external bevel (arrowhead) indicating the bullet’s exit.
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(h)

 

(i)

(j)

 

(k)

FIGURE 4.5  (Continued) Hard-contact, perforating gunshot wound of the head that entered the skull from an anterior to posterior, 
right to left, and upward direction. (h, i) Axial and coronal MDCT with soft tissue window setting shows hemorrhage in the wound 
as high attenuation. The bone and tiny metal fragments in the brain indicate a right-to-left direction of the bullet path. Postmortem-
dependent settling of the brain moves the wound track posterior. The entry and exit points in the bone determine the true linear align-
ment. (j, k) Autopsy photographs show internal beveling of the skull at the entry site (arrow in j) and external beveling at the exit site 
(arrows in k).



62    Essentials of Forensic Imaging: A Text-Atlas﻿

© 2011 by Taylor & Francis Group, LLC

(a)

 

(b)

(c)

 

(d)

FIGURE 4.6  Stippling on the hands (a, b, c) and face (d) in cases of self-inflicted gunshot wounds. Gunpowder stippling on the 
hand indicates that the body part was near the muzzle, and the muzzle was in loose contact.
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of 2 feet and a rifle fired at a distance of 3 feet. Beyond 
this critical distance, it is not possible to judge the range at 
which firing occurred (Di Maio 1999).

An abrasion ring, which can be concentric or eccentric, 
characterizes most entrance wounds. Bullets that enter the 
body perpendicular create a concentric entry wound; those 
that enter at an angle create an eccentric entry wound. 
Bullet characteristics and the area of the body that is struck 
also influence abrasion ring configurations. Entrance gun-
shot wounds over bony surfaces such as the skull may have 
a stellate pattern rather than an abrasion ring. In shotgun 
wounds, the muzzle-to-body distance affects the number 
and size of wounds. At close range, the shotgun pellets are 
closely grouped and produce a single large entry wound 
(Figure 4.4b). The size of the entrance wound cannot be 
used to determine bullet caliber, because skin elasticity, 
folds, and stretching affect the size of the wound. Multiple 
small wounds from the spray of individual shotgun pel-
lets characterize a distant shotgun wound. The appearance 
of entrance wounds over bone will not exactly match the 
bullet caliber because the size of the hole is determined by 
bullet construction, ballistic properties, and bullet diam-
eter (Di Maio 1999).

Exit wounds are typically larger and more irregular than 
entrance wounds (Figures 4.7a,b). This is attributed to loss 
of bullet spin stability (yaw) or the deformity of the bullet 
as it passes through body tissue (Di Maio 1999). The exit 
wound can have shoring, which is a broad, irregular mar-
gin caused by reinforcement of the skin by contact with a 
firm surface or tight clothing. The anatomic area of exit 
also affects the size and configuration of the exit wound. If 
the bullet exits in an area of lax skin, the wound is usually 
small or slit like. In contrast, if the bullet exits through 
tightly stretched skin, the exit wound it is likely to be more 
round or stellate.

Gunshot wounds are further classified as penetrating or 
perforating. Bullets that enter the body but do not exit are 
penetrating gunshot wounds. The bullet remains in the 
body as a single fragment or multiple fragments, depend-
ing on the bullet material and the interaction of the bul-
let with intermediate targets such as bone (Figure  4.2). 
Bullets that enter and then exit the body are perforating 
gunshot wounds. If the bullet remains intact, there will 
be no residual metallic fragments in the body (Figures 4.8 
and 4.9). If the bullet fragments along its course, metallic 

fragments will be deposited within the tissue along the 
course of the gunshot wound track (Figure 4.5h). Gunshot 
wounds can be a combination of penetrating and perforat-
ing. For example, a gunshot wound to the chest where the 
bullet passes through the heart and lodges in the left lung 
is a perforating wound of the heart and penetrating wound 
of the chest. A bullet may also fragment with portions 
remaining in the body and others exiting the body. A gun-
shot wound track or path is determined from the location 
of the entrance and exit wound and the direction taken by 
the bullet. The bullet path is customarily described in three 
directions that define the orientation or vector of travel. 
The description is made in relation to the standard ana-
tomic position and may not represent the actual pathway 
vectors at the time of the gunshot wounds. The description 
indicates whether the bullet passes through the body from 
anterior to posterior or posterior to anterior, left to right or 
right to left, and upward or downward.

The determination of the direction for perforating gun-
shot wounds relies on several other features in addition to 
the characterization of entry and exit wounds. One of the 
most helpful features is the passage of the bullet through 
bone. When a bullet enters and exits bone, marginal frac-
turing creates beveling, with the bevel occurring outward 
in the direction of travel (Figure  4.5g and Figure  4.10a). 
In addition, the bone fragments created by the perforating 
bullet are propelled laterally and forward in the direction 
of the bullet. There are instances of exception to virtually 
every dictum, however, because bone varies in thickness, 
contour, and composition (Figure  4.11). Very thin bones 
may not show directional beveling, and the flat bones 
of the skull show variations in beveling at the inner and 
outer tables depending on angle of incidence and range 
(Coe 1982, Di Maio 1999). Metallic fragments in the tis-
sues of the wound track are also an indicator of direction-
ality, because they are usually carried forward along the 
direction of projectile travel. If a bullet fragments, pieces 
of metal will be distributed along the bullet track and may 
commingle with bone fragments that are also deposited 
along the bullet track (Figure 4.10a) (Harcke et al. 2008).

In general, a bullet entering and passing through the body 
maintains trajectory without deviation unless it strikes 
bone and loses velocity. When this occurs, the bullet’s 
path may deviate or change direction. Bullets may also 
fragment, with the fragmented portions deviating from 
the primary wound track (Figure  4.12). Furthermore, 
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(a)

 

(b)

(c)

 

(d)

FIGURE 4.7  Perforating gunshot wound of the left buttock that traveled from posterior to anterior, left to right, and downward to 
lacerate the left femoral artery. (a) Autopsy photograph shows the entrance wound on the left buttock. (b) Autopsy photograph shows 
the exit wound on the anterior left thigh. (c) Axial MDCT shows soft tissue air in the left leg. (d) Axial MDCT at entrance level shows 
the wound obscured but tiny air collections in the track.
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(e)
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(g)

 

(h)

FIGURE 4.7  (Continued) Perforating gunshot wound of the left buttock that traveled from posterior to anterior, left to right, and 
downward to lacerate the left femoral artery. (e) Axial MDCT at the level of the exit wound shows a linear air collection in the soft tissue 
consistent with the wound track (arrow). (f) Oblique sagittal MDCT in track, entrance obscured, exit visible. (g) Three-dimensional 
MDCT angiography shows the common femoral, proximal superficial femoral, and profunda femoris arteries. Intravenous contrast 
extravasates (arrow) from laceration of the proximal superficial femoral artery. (h) Axial MDCT at the level of extravasation during 
the angiogram shows the superficial femoral artery laceration and contrast leakage. The exit wound is also visible on the anterior 
thigh.
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analysis of ballistic injury should always consider the 
position of the body at the time of injury, especially when 
entry and exit wounds do not match other points on the 
track, such as fractures. This should raise suspicion that 
postmortem position is significantly different from the 

position of the body at the time of injury (Figure  4.8 
and Figure 4.13). Another occurrence that can confound 
determination of a wound track is migration of the bullet 
within the body which then becomes an embolus. This 
is of particular concern when the bullet settles in a body 

(a)

 

(b)

(c)

 

(d)

FIGURE 4.8  Perforating gunshot wound of the chest that traveled from anterior to posterior, left to right, and downward to cause 
a bilateral pneumohemothoraxes. (a) Autopsy photograph shows the entrance wound above the left nipple. (b) Axial MDCT at the 
level of the entrance wound shows a gas collection in the pectoral muscle at the site of the entrance wound (arrow) as well as gas 
dissecting through the left chest wall. There is mediastinal hemorrhage and bilateral pneumohemothoraxes. Note that the mediasti-
num is shifted to the left from the tension pneumohemothorax on the right. (c, d, e) Sagittal MDCT images show skeletal fractures 
reflecting the path of the bullet—anterior fourth left rib, seventh and eighth vertebral bodies, fifth and sixth right posterior ribs, and 
the right scapula.
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(h)

FIGURE 4.8  (Continued) Perforating gunshot wound of the chest that traveled from anterior to posterior, left to right, and 
downward to cause a bilateral pneumohemothoraxes. (c, d, e) Sagittal MDCT images show skeletal fractures reflecting the path of 
the bullet—anterior fourth left rib, seventh and eighth vertebral bodies, fifth and sixth right posterior ribs, and the right scapula. (f) 
Autopsy photograph shows the exit wound in upper right back adjacent to a skin abrasion. (g) Axial MDCT at the level of the exit 
wound shows a marginal fracture of the medial border of the right scapula (arrow). Bone fragments from the scapula are directed 
posterior. No rib fracture is at this level. (h) Axial MDCT shows posterior right rib fracture (arrow) inferior to the level of the scapula 
fracture. 
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cavity or tubular structure within the body, such as the 
vasculature, trachea and bronchi, neural canal, and uri-
nary and gastrointestinal tract. Bullets may travel to a 
location far from the wound path after entering a lumen 
or cavity. A variety of mechanisms, such as vascular 
flow, peristalsis, or simply gravity, may affect migration 
(Figure 4.12) (Brogdon 1998).

RADIOLOGIC PRINCIPLES
Full-body radiography is used with forensic autopsy in 
most gunshot wound victims to document and locate 
all of the bullet fragments. If only frontal radiographic 
views are obtained, precise localization of metallic bul-
let fragments is limited to two planes. Orthogonal radio-
graphic projections (frontal and lateral views) are the 

(i)

 

(j)

(k)

 

(l)

FIGURE 4.8  (Continued) Perforating gunshot wound of the chest that traveled from anterior to posterior, left to right, and down-
ward to cause a bilateral pneumohemothoraxes. (i, j, k) Three-dimensional MDCT shows that the left rib fracture, spine, and right rib 
fractures follow a linear path. However, the scapula fractures are not in alignment. (l) Autopsy photograph with rod approximating 
alignment of the rib and spine fractures. The fractured vertebral elements have been resected.
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most optimal method of precise localization if radiog-
raphy alone is being used. C-arm fluoroscopy may aug-
ment localization if a lateral view is not obtained. The 
application of MDCT to postmortem imaging has made 
it possible to obtain precise three-dimensional localiza-
tion of bullet fragments. It has been shown that this tech-
nique is an effective method not only for localization of 
bullet fragments but also for documenting the gunshot 
wound track and evaluating internal organ injury prior 
to autopsy (Harcke et al. 2007, Levy et al. 2006, Thali 
et al. 2003).

The presence of a bullet is easily determined on radiog-
raphy and MDCT by its characteristic shape and high 
radiographic attenuation. Measurement of its dimen-
sions on radiography and MDCT may be limited by 
inherent inaccuracies caused by geometric and physi-
cal factors. Radiographs show the borders of a metal-
lic object very clearly, but magnification always occurs 
because of the distance between the X-ray source and the 
body and the bullet and the X-ray detector. The shape 
and length of the object can be distorted when the object 

(m)

FIGURE 4.8  (Continued) Perforating gunshot wound of 
the chest that traveled from anterior to posterior, left to right, 
and downward to cause a bilateral pneumohemothoraxes. (m) 
Autopsy photograph with right arm raised (causing rotation 
of the scapula) shows critical points of the wound track can be 
brought into alignment. This reflects the position of the body at 
the time of shooting.

(a)

(b)

FIGURE 4.9  Perforating gunshot wound of the abdomen 
that traveled from anterior to posterior, left to right. The victim 
was standing upright at the time of the shooting, and the bullet 
was shot level with respect to the ground. The apparent nonlin-
ear tract, which appears to be diverted laterally upward after 
exiting the pelvis on MDCT, is the result of the supine position 
of the body during the scan. (a) Axial MDCT shows a fracture 
defect in the right sacroiliac joint (black arrow) with bone frag-
ments distributed posterior, indicating a posterior exit. The 
entry wound (white arrow) is a skin defect with a high-attenua-
tion focus on the anterior abdominal wall. Free intraperitoneal 
air is also present. (b) Oblique sagittal MDCT shows the plane 
of the wound track.
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(a)

 

(b)

(c)

FIGURE 4.10  Perforating gunshot wound of the head that traveled from anterior to posterior, left to right, and downward. (a, b)
Axial and oblique sagittal MDCT show complex calvarial fractures with internal beveling at the frontal entrance wound (arrow) and 
outward beveling at the occipital exit wound (arrowhead). (c) Three-dimensional MDCT shows entry and exit wounds with associated 
fractures.
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(a)

 

(b)

(c)

 

(d)

FIGURE 4.11  Suicide by intraoral gunshot. (a) Axial MDCT shows multiple maxillary fractures (arrow) and a fracture defect in 
the clivus. (b) Axial MDCT at the exit wound shows a fracture defect in the occiput with small bone fragments in the adjacent brain. 
This demonstrates an exception to the principle that fragments show the direction of the bullet. (c, d) Coronal MDCT shows the 
nasopharyngeal soft tissue and bone destruction and the track through the sphenoid and clivus.
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(e)

 

(f )

(g)

FIGURE 4.11  (Continued) Suicide by intraoral gunshot. (e) Oblique sagittal MDCT in the plane of the wound track. (f, g) Three-
dimensional MDCT bone (f) and soft tissue (g) reconstructions clarify maxilla and mandible fractures and the exit wound.
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(a)

 

(b)

(c)

 

(d)

FIGURE 4.12  Penetrating gunshot of the face with bullet fragmentation shows that bullet fragment location does not always 
predict the course of the wound track. The bullet entered through the right maxillary sinus and traveled from anterior to posterior, 
right to left, and downward through the neck. (a) Oblique coronal MDCT in the plane of the wound track shows metallic fragments 
in the wound track at the left lung apex with associated rib fractures. (b) Autopsy photograph shows a rod in the wound track. (c) 
Coronal MDCT of the chest at the level of the carina shows metallic fragments in the mediastinum. Ill-defined borders of the bronchi 
and vascular structures suggest the presence of hemorrhage, but no specific injury is identified. Hemorrhage and metallic fragments 
are present in the left main stem bronchus and mediastinum. A focal hematoma is also present in the left lung apex adjacent to bullet 
fragments. (d) Autopsy photograph shows laceration of the descending aorta. 
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(h)

FIGURE 4.12  (Continued) Penetrating gunshot of the face with bullet fragmentation shows that bullet fragment location does 
not always predict the course of the wound track. The bullet entered through the right maxillary sinus and traveled from anterior to 
posterior, right to left, and downward through the neck. (e) Coronal MDCT of the chest shows a poorly defined descending aorta with 
adjacent hemorrhage and shows a bullet fragment in the shape of a penetrator in the lateral margin of the left lung. Again noted is a 
laceration of the left lung with associated hemorrhage and bullet fragments. (f) Autopsy photograph of left lung shows the penetrator 
located on the pleural surface. (g) Coronal MDCT of the pelvis shows a bullet fragment anterior to L-4 vertebral body. (h) Autopsy 
photograph shows that the fragment anterior to the L-4 vertebral body is located in the left iliac artery having traveled through the aorta 
to this location.
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is not positioned perpendicular to the X-ray beam. CT 
imaging affords the opportunity to study both shape and 
measurement in three dimensions and overcomes some 
of the limitations of two-dimensional radiographs. It 
is possible to ascertain the shape and size of a bullet in 
multiplanar and three-dimensional MDCT reconstruc-
tions with more accuracy. However, metallic artifact on 
MDCT may degrade edge detail and limit the assess-
ment of shape and dimension (Figure 4.1 and Figure 4.3). 
Suffice it to say, without presenting the physics of MDCT, 
the X-ray tube and detector rotation about a metal object 
creates streak artifact that blurs the margin of metal 
objects on MDCT images. Consequently, a bullet can 
exhibit slight variations in shape and measurement on 
MDCT. Recognizing that both radiography and MDCT 
have advantages and limitations, we obtain both types 

of images when evaluating gunshot wound injury in our 
practice (Figure 4.1 and Figure 4.3).

Bullets are composed of metals that have different composi-
tion and atomic number. Different metals may have unique 
visual and textural or tactile characteristics, but they are 
often indistinguishable in radiographic attention. Bullets are 
often encased in a copper or copper alloy jacket. They may 
also contain a steel penetrator at the tip that is designed to 
enhance the bullet’s ability to penetrate its target. The softer 
copper deforms more readily than the steel penetrator, and 
even though they have the same radiographic attenuation, 
the shape may be a clue to the type of material (Figure 4.3). 
In cases where metal fragments exhibit a visible difference 
in attenuation, such as aluminum versus copper or steel, it is 
possible to see a difference on radiographs.

(a)

 

(b)

(c)

 

(d)

FIGURE 4.13  Penetrating gunshot wound of the torso traveling right to left, anterior to posterior, and downward. (a) Autopsy pho-
tograph shows entry wound at right shoulder. (b) Axial MDCT of the chest shows large, bilateral hemothoraxes, left pneumothorax, 
lung hemorrhages, and posterior mediastinal air collections in the location of the aorta (arrow). These findings suggest major vascular 
laceration but are not specific. (c, d) Axial images of the abdomen show pneumoperitoneum, extraluminal air collections at the gastric 
margin, and fractures of the 11th left right rib (arrow in d).
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Entry and Exit Wounds
The key to radiographic location of entry and exit wounds 
is the presence of gas in soft tissue and the disruption of 
tissue surfaces. Relying on MDCT to locate and classify 
surface entry and exit wounds can be problematic. Direct 
visualization of the skin surfaces at autopsy or even by 

photograph is more accurate. The collapse of the tempo-
rary cavities and compression of soft tissue defects pro-
duced by the bullet and the position of the body on the 
CT table limit the detection of entry and exit wounds on 
MDCT. For example, an exit wound on the back can be 
compressed and hidden when the body is imaged in the 

(e)

 

(f )

(g)

 

(h)

FIGURE 4.13  (Continued) Penetrating gunshot wound of the torso traveling right to left, anterior to posterior, and downward. 
(e, f) Axial and coronal maximum intensity projection images show the rib fracture and projectile posterior to the left iliac bone. (g) 
Autopsy photograph shows aortic laceration. (h) Photograph of the recovered bullet.
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supine position, whereas it may spread open and be iden-
tifiable if it is on the anterior chest and not compressed 
(Figure 4.8).

In visceral organs, entry and exit wounds appear identical. 
The direction of the bullet path can only be ascertained by 
analysis of the surrounding bone and soft tissue structures 
or if metallic bullet fragments or bone fragments have been 
deposited along the direction of the bullet. The appearance 
of entry and exit wounds in bone depends on the type of 
bone and the angle of interaction between the bone and 
the bullet. Flat bones such as the bones of the skull and 
pelvis, and bones with high medullary content, such as the 
vertebral bodies and long bone metaphyses, can retain a 
“hole-like” fracture defect from a bullet. In contrast, bones 
with more dense cortical composition, such as the long 
bone diaphyses, tend to fracture and shatter on impact 
with a bullet. Consequently, the direction of the bullet 
may not be as clear when it passes through the diaphyseal 
regions of long bone (Belkin 1979). If the bone structure is 
maintained, the surface of the bone where the bullet exited 
typically shows adjacent bone fragments that have been 
carried along the direction of travel (Figure 4.14).

Wound Tracks
The radiographic wound track is the visible remnant of the 
laceration, shock wave, and cavitation created by passage 
of the projectile. Gas and hemorrhage are the principal 
features of gunshot wound tracks in soft tissue. Fractures 
are the manifestations of gunshot wound tracks in bone. 
There is a high degree of variability in the appearance of 
gunshot wound tracks depending on the type of tissue the 
bullet passes through. The gunshot wound track should 
be determined whenever possible, and a designated direc-
tion should be established by identifying the entry wound, 
bullet pathway, and exit wound (for perforating wounds) 
(Figure 4.11 and Figure 4.15). Bone findings are the most 
helpful in determining bullet direction. It is always neces-
sary to account for postmortem changes in organ volume 
and position which may be secondary to the injury and 
decomposition because the postmortem location of the 
gunshot wound track may be shifted. This is most com-
monly observed in gunshot wounds to the head, where the 
brain softens and settles dependently from decomposition 
(Figure  4.5h,i and Figure  4.10a), and in the chest where 
lung collapse occurs as a result of the gunshot wound or 
decomposition (Figure 4.16f).

Penetrating Gunshot Wounds
The analysis of penetrating gunshot wounds usually begins 
with the identification of the retained bullet or metallic frag-
ments. The orientation of the bullet does not always corre-
late with the direction of entry or the wound track, because 
bullets may rotate and change direction as they interact 
with tissue (Figures 4.12 and 4.13). However, the entrance 
wound may be apparent from disruption of the skin sur-
face, deposition of metal fragments, or subcutaneous gas, 
and this is helpful. As noted above, entry wounds may not 
be readily recognized on MDCT, and visual inspection of 
the body, discussion of the case with the medical examiner, 
or marking the wound with a radiopaque marker before 
MDCT may be necessary to establish the location. The next 
step is to search for a bone abnormality that will indicate a 
point or points along the bullet track. Positive bone find-
ings in the torso are more likely to be in line with the true 
track of the bullet than those in the extremities or in highly 
mobile bones, such as the scapula, which may have been in a 
different position at the time of injury. Axial MDCT images 
are useful for detecting sites of abnormality, but coronal, 
sagittal, and oblique MDCT reconstructions are helpful 
when matching positive findings to a track (Figure 4.17). 
To complete the determination of the wound track, the soft 
tissues should be carefully evaluated to ensure that there is 
consistency between the entry wound and bone findings. 
It may be necessary to consider the position of the body at 
the time of shooting in light of postmortem image findings, 
which encompass traumatic and decompositional changes 
(Figure 4.8m and Figures 4.12 and 4.13).

The two most common MDCT features of gunshot wounds 
are gas collections and hemorrhage. However, gas in blood 
vessels, organs, and body cavities is also a common feature 
of decomposition. Decompositional gas is usually sym-
metric in distribution and follows anatomic tissue planes, 
as opposed to traumatic gas, which is usually asymmet-
ric, linear, and crosses anatomic boundaries (Levy et al. in 
press). An additional clue to gunshot wound tracks in soft 
tissue is the deposition of tiny metal fragments along the 
course of the track. These metallic fragments are usually 
too small for evidence recovery but confirm that the bullet 
has passed through the area (Figure 4.18c).

The ability to identify organ injury varies by organ and 
degree of decomposition. Careful selection of the optimal 
CT window and level setting is necessary to observe all of 
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FIGURE 4.14  Multiple gunshot wounds to the leg show that the type of bone injury by a bullet varies by location. (a, b, c) Lateral 
digital radiograph, axial MDCT, and three-dimensional MDCT of the femoral diaphysis show a gunshot wound that results in a com-
minuted oblique fracture because the bone is predominantly cortical.
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FIGURE 4.14  (Continued) Multiple gunshot wounds to the leg show that the type of bone injury by a bullet varies by location. 
(d, e, f) Lateral digital radiograph, axial MDCT, and three-dimensional MDCT of the tibial metaphysis show a discrete track or hole 
in the bone because the metaphysis has relatively a thin cortex and more medullary space. 
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FIGURE 4.15  Perforating gunshot wound of the neck that traveled from anterior to posterior, left to right, and downward. (a) 
Autopsy photograph and (b) three-dimensional MDCT surface reconstruction show entry wound on the left cheek (arrow). (c, d) 
Axial and three-dimensional MDCT show fractures of the left mandible.
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FIGURE 4.15  (Continued) Perforating gunshot wound of the neck that traveled from anterior to posterior, left to right, and down-
ward. (e, f) More caudal axial image and three-dimensional reconstruction show cervical fractures (arrowhead). (g, h, i) Coronal 
MDCT images from anterior to posterior show the left mandible fracture, diagonal fractures through the C2 and C3 vertebral bodies, 
and a soft tissue wound in the right neck (arrow).



82    Essentials of Forensic Imaging: A Text-Atlas﻿

© 2011 by Taylor & Francis Group, LLC

(i)

 

(j)

’
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FIGURE 4.15  (Continued) Perforating gunshot wound of the neck that traveled from anterior to posterior, left to right, and down-
ward. (g, h, i) Coronal MDCT images from anterior to posterior show the left mandible fracture, diagonal fractures through the C2 
and C3 vertebral bodies, and a soft tissue wound in the right neck (arrow). (j) Coronal oblique MDCT shows the wound track (arrows 
are in the direction of the bullet). (k) Autopsy photograph shows the exit wound.
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these critical MDCT findings. In the brain, decomposition 
decreases the tissue attenuation and provides good contrast 
with adjacent hemorrhage, which has high attenuation. 
Therefore, a gunshot wound track that has significant hem-
orrhage will be easily recognizable (Figure 4.5h). Similarly, 
in the lung, hemorrhage along a gunshot wound track is 

higher in attenuation compared to the normal surrounding 
aerated lung. In some cases, a gunshot wound to the chest 
will cause a significant pneumothorax and accompanying 
volume loss in the lung such that it becomes difficult to 
establish the wound track. Hemorrhage may fill alveoli and 
the pleural space. This can limit volume loss. The resultant 

(a)

 

(b)

(c)

 

(d)

FIGURE 4.16  Perforating gunshot wound of the chest that traveled from posterior to anterior, right to left, and upward. (a) 
Autopsy photograph shows the entrance wound on the back of the right upper arm. (b) Axial MDCT near the entry wound shows 
subcutaneous gas, right rib fracture (arrow) with inwardly displaced fracture fragments, and bilateral hemothoraxes. (c) Axial 
MDCT at the pulmonary apex shows the exit wound on the anterior left shoulder (arrow). (d) Autopsy photograph shows the exit 
wound on the left shoulder. 
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hemothorax typically layers in the dependent portions of 
the affected pleural space (Figure 4.8b,g, and Figure 4.18e).

Organs such as the heart, liver, and spleen are most com-
monly isoattenuating with hemorrhage on postmortem 
MDCT. Linear collections of gas within an organ and the 
disruption of the outer contours of the organ are findings 
found in gunshot wound tracks through visceral organs. 
Blood will usually accumulate in the anatomic spaces 
adjacent to the visceral organs (e.g., pericardium for the 
heart and retroperitoneal spaces for the kidneys). Once 
hemorrhage is identified, all surrounding organs should 
be carefully inspected for more evidence of a wound 
track. The gastrointestinal tract is the most difficult area 
to assess for gunshot wound injury because the intestines 
are often collapsed and small entry and exit wounds may 
not be apparent. In addition, the presence of pneumato-
sis is an unreliable sign of injury because it almost always 
presents as the first stage of putrefactive decomposition. 
Furthermore, pneumoperitoneum may also be from 
decomposition. The presence of a pneumoperitoneum 
is most useful when there are no other decompositional 
changes present in the body and when there are other find-
ings in the adjacent soft tissues that are compatible with a 
gunshot wound track (Figure 4.9a and Figure 4.13).

Not all gunshot wound tracks in penetrating injury will 
be linear, because a bullet or bullet fragment may be 
diverted when passing through an intermediate target in 
the body. Bullets may also ricochet from a bone surface 

before coming to rest (Harcke et al. 2008). Furthermore, 
bullets may fragment as they pass through tissue, and sec-
ondary wound tracks may be created by the fragments. 
Although these are typically in the vicinity of the main 
track, they can become distracting when attempting to 
define a track.

Finally, there is a tendency to assume that gunshot wounds 
take place when the victim is upright and that the assail-
ant fires a gun from a horizontal or shallow oblique direc-
tion from above or below the victim. But, gunshot wounds 
can occur from any direction. Steep up and down gunshot 
wound tracks may pass from head to foot or vice versa if 
the victim is fired upon from directly above or below in a 
standing or recumbent position (Figures 4.12 and 4.13).

Perforating Gunshot Wounds
An approach to analysis of perforating gunshot wounds 
begins with the recognition of all positive findings on the 
MDCT. It is easiest to recognize metal bullet fragments 
and bone fractures. The distribution of bone fragments 
is a clue to the projectile direction of travel (Figure 4.16 
and Figure 4.19). Gas collections of significance must be 
sorted out from decompositional gas. One clue regard-
ing gas collections that we already discussed is asymme-
try, but this is not an absolute. Bullets passing through 
soft tissue do not usually leave a completely traceable 
gas-filled track. More often there are scattered gas col-
lections at the interfaces between anatomic structures 
(Figure 4.15). Gas will also dissect through tissue planes 

(e)

 

(f )

FIGURE 4.16  (Continued) Perforating gunshot wound of the chest that traveled from posterior to anterior, right to left, and 
upward. (e) Three-dimensional MDCT shows fractures of the right seventh (black arrow) and left third (white arrow) ribs which 
establish the wound track through the thorax. (f) Coronal oblique MDCT viewed in lung windows in the plane of the gunshot 
wound track shows bilateral pneumothoraxes and part of the wound track through the right lung (arrow) with laceration and sur-
rounding hemorrhage.
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(a)

 

(b)

(c)

FIGURE 4.17  Gunshot wounds of the neck and chest. (a) Digital radiograph of the head and neck shows four metallic densities to 
the right of the midline with a fragment below the fractured right clavicle (arrow) and a fragment over the first right rib (arrowhead). 
There is diffuse soft tissue emphysema. (b) Axial MDCT viewed in lung windows shows an anterior wound (white arrow) and gas 
in the soft tissues of the upper chest and right clavicular area. A bullet fragment is anterior to the right shoulder (black arrow). (c) 
Coronal oblique MDCT in plane of wound track viewed in lung windows shows the bullet transected the trachea (arrow). There is a 
right pneumohemothorax.
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and become more dispersed with time. Consequently, 
gas may not be indicative of the gunshot wound track 
(Figure 4.16c and Figure 4.17b). Recognition and deter-
mination of entrance and exit wounds on MDCT are 
far more challenging and problematic than at physical 
autopsy (although it is not a simple task here either). 
Physical evidence easily observed on external exami-
nation is often masked by tissue compression. A gap-
ing gunshot wound on the back closes when the body 

is placed supine for MDCT scanning, because the sur-
rounding tissues are pressed together.

Perforating gunshot wounds should have consistency 
in alignment of the bone and soft tissue abnormalities 
between the entrance and exit wounds. It may be necessary 
to imagine the position of the body and anatomic place-
ment of the organs in the body at the time of the shoot-
ing to align the soft tissue abnormalities and entrance and 

(a)

 

(b)

(c)

 

(d)

FIGURE 4.18  Penetrating gunshot wound of the right arm and chest that traveled from anterior to posterior, right to left, and 
upward resulting in a complex gunshot wound track that began in the right arm, crossed the right axilla, passed through the thorax, 
and fractured the left scapula before coming to rest in the soft tissues posterior to the left shoulder. (a, b) Autopsy photographs show the 
entry wound in the right upper arm. The bullet exited the arm and entered the chest through the right axilla (shown by arrows in b). 
At autopsy, flexion and internal rotation of the arm aligned the wound track. (c) Axial MDCT shows gas in the soft tissues of the right 
chest wall and right intrathoracic chest wall irregularity consistent with a gunshot wound track. The tiny metal fragment in the right 
lung and the posterior mediastinal air collections indicate the continuation of the track. There is widening of the posterior mediasti-
num with hemorrhage and the large bilateral hemothoraxes suggesting major vascular damage. (d) Coronal MDCT shows increased 
attenuation in both upper lungs consistent with hemorrhage, and there are abnormal gas collections in the mediastinum.
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exit wounds (Harcke et al. 2008). Consideration should be 
given to whether or not the victim was standing, sitting, 
or lying down and if the victim was in motion or at rest. 
Other considerations include whether or not the arms and 
legs were raised or holding something or whether or not 

the victim was looking straight ahead, left or right, or up 
or down. Assessment of internal organs may require con-
sideration of the degree of lung inflation, phase of respi-
ration, and shift of organ position with postural changes. 
Bones are usually the easiest to analyze because they have 

(e)

 

(f )

(g)

FIGURE 4.18  (Continued) Penetrating gunshot wound of the right arm and chest that traveled from anterior to posterior, right to 
left, and upward resulting in a complex gunshot wound track that began in the right arm, crossed the right axilla, passed through the 
thorax, and fractured the left scapula before coming to rest in the soft tissues posterior to the left shoulder. (e) Axial MDCT shows the 
bullet lodged in the subcutaneous soft tissue behind the left scapula, which is fractured. An endotracheal tube is present, and there is 
bilateral hemopneumothorax. (f) Autopsy photograph shows posterior left shoulder bruising. A hard object was palpable under the 
skin at autopsy. (g) Photograph of the recovered bullet.
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(a)

 

(b)

(c)

 

(d)

FIGURE 4.19  Multiple gunshot wounds that entered through the back. (a) Digital radiograph of the abdomen and upper pelvis 
shows multiple metallic fragments in the upper abdomen and an intact bullet over the right iliac bone. (b) Axial MDCT of the pelvis 
shows the bullet lies outside the body posterior. (c) Axial MDCT at the level of T10 vertebral body shows a bullet track lined by metallic 
fragments leading through the spinal column. Note the presence of pneumoperitoneum. (d) Sagittal maximum intensity projection 
shows two wound tracks lined by metallic fragments entering from the back.
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the added advantage of suggesting the direction the bul-
let was traveling. In cases of a single gunshot wound with 
three skeletal points to align the wound track, it is usu-
ally not difficult to establish the exact wound track and 
verify this at autopsy. Three-dimensional MDCT recon-
struction of the skeletal structures can provide assistance 
in visualizing how a positional change affects alignment 
(Figure 4.8 and Figure 4.15).

The use of coronal, sagittal, and oblique two-dimen-
sional multiplanar MDCT reconstructions to augment 
axial scans is usually done simultaneously at an imaging 
workstation. Findings identified on axial images can and 
should be confirmed in multiple imaging planes. This is 
particularly useful for identifying gunshot wound tracks. 
We found that three-dimensional reconstructions do not 
add additional diagnostic information but are helpful 
for understanding and explaining spatial anatomic rela-
tionships to nonradiologists. Three-dimensional images 
may be crucial to the understanding of the case for those 
who are not accustomed to an axial display of anatomy 
(Figures 4.5, 4.8, 4.10, 4.14, and 4.16).

Vascular lacerations and disruptions cannot be directly 
observed on noncontrast MDCT. However, when a 
wound track passes through the location of a vascular 
structure and there is evidence of surrounding hemor-
rhage, it is reasonable to suggest vascular damage. We 
use the phrase “findings suggestive of (or consistent with) 
vascular injury” when reporting such cases (Figure 4.20). 
Postmortem angiography is a technique that can be per-
formed with conventional radiography or MDCT to doc-
ument vascular injury (Figure 4.7 and Figure 4.21). We 
incorporate postmortem angiography with the autopsy 
to facilitate vascular access leading directly to or from 
the area of interest. Postmortem angiography may be 
performed with an antegrade or retrograde injection 
of diluted radiographic contrast material. Other pub-
lished postmortem angiographic methods use different 
radiographic contrast agents and infusion techniques 
(Grabherr et al. 2007).

Special Cases
There are a number of variations of basic penetrating and 
perforating gunshot wounds that produce special char-
acteristics. Gunshot wounds of the skull and facial bones 
typically produce extensive fractures that extend well 

beyond the points of entry and exit. High-velocity bul-
lets passing into or through the skull result in complex, 
comminuted fractures that often interconnect because 
gunshot wounds to the skull create high intracranial pres-
sures (Brogdon 1998). Smith et al. assert that radiating 
linear skull fractures and concentric heaving skull frac-
tures can be used to determine the direction of a gunshot 
track. Gunshot entrance wounds may create long linear 
skull fractures that are not arrested by preexisting frac-
tures or concentric heaving skull fractures that are more 
fragmented and have elongated radial fractures emanat-
ing from them. In contrast, fractures associated with 
exit wounds have radial and heaving fractures of lesser 
magnitude that may be arrested by preexisting fractures 
(Smith et al. 1987).

The inner and outer tables of the skull may show dif-
ferent characteristics when a bullet strikes tangentially 
as opposed to perpendicular bullet entrance. The per-
pendicular entrance fracture should show a punched-
out hole on the outer table and internal beveling on the 
inner table. Similarly, at the exit fracture, the inner table 
is punched out and the beveling occurs on the outer 
table (Spitz et al. 2006). Tangential or keyhole and graz-
ing gunshot wounds that interact with the curvature of 
the skull can have entry and exit wounds close together 
and overlapping (Figure  4.22). In the overlapping key-
hole fracture, one end will show characteristics of an 
entrance defect, and the other end will show a bevel pat-
tern consistent with an exit defect (Coe 1982, Harcke 
et al. 2007).

Perhaps the most challenging gunshot wound cases are 
those with multiple gunshot wounds. The possibilities 
include varying number and complexity as well as mix-
tures of penetrating and perforating wounds. Wound 
tracks may cross or commingle, and they may originate 
from more than one weapon. The wound entry can be 
from a different direction for each shot if the victim’s 
body is in motion during the shooting. Other, more com-
plicated possibilities include that the shots may have been 
fired at different times or that there may be a mixture 
of both antemortem and postmortem gunshot wounds. 
Radiographic and MDCT analysis of these complex cases 
is best done in conjunction with the medical examiner’s 
external examination. Knowledge of number and nature 
of the wounds provides the radiologist a framework to 
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(a)

 

(b)

(c)

 

(d)

FIGURE 4.20  Perforating gunshot wound of the chest and abdomen that traveled from anterior to posterior, left to right, and 
downward. (a, b) Axial and sagittal MDCT show a fracture of the L1 vertebral body and retroperitoneal hemorrhage, which suggests 
major vascular injury. (c) Autopsy photograph shows aortic laceration and surrounding hemorrhage. (d) Autopsy photograph shows 
fracture and hemorrhage of the L1 vertebral body.
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use when studying the images. When the number of entry 
wounds exceeds the number of exit wounds, the implica-
tion is that both penetrating and perforating wounds are 
present and bullets should be present. However, it is also 
possible in rare cases that more than one bullet exited 
through the same wound. If the number of exit wounds 

exceeds the number of entry wounds, it may be due to 
fragmentation of a bullet or more than one bullet enter-
ing through the same entrance wound. The medical exam-
iner will be much more accurate in estimating number of 
shots fired and associating wounds from the same bullet. 
Grazing wounds and wounds passing through an arm or 

(a)

 

(b)

(c)

 

(d)

FIGURE 4.21  Perforating gunshot wound of the abdomen that traveled from anterior to posterior, left to right, and slightly 
downward. (a, b): Autopsy photographs of the entry wound show bowel herniation (arrow in a). A thoracotomy incision made 
during the resuscitation attempt is also present in (a). (c, d, e) Axial and sagittal oblique (in the plane of the wound track) MDCT 
show the anterior entry wound and a fracture defect in L5. Note the bone fragments are posterior. 
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(e)

 

(f )

(g)

 

(h)

FIGURE 4.21  (Continued) Perforating gunshot wound of the abdomen that traveled from anterior to posterior, left to right, 
and slightly downward. (c, d, e) Axial and sagittal oblique (in the plane of the wound track) MDCT show the anterior entry 
wound and a fracture defect in L5. Note the bone fragments are posterior. (f, g) Three-dimensional MDCT shows the entry 
defect at the L5 body (arrow) and the exit at the left inferior L5 facet. (h) Autopsy photograph shows exit wound on right lower 
back (arrow).
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leg and reentering the torso (or vice versa) are confound-
ing for the radiologist (Harcke et al. 2007, Levy et al. 2006). 
Both the radiologist and medical examiner will have dif-
ficulty when more than one shot has the same point of 
entry or exit. As the medical examiner attempts to match 
entry and exit for perforating wounds, MDCT data can be 
very helpful. MDCT is also very helpful because anatomic 
regions that are not routinely seen during initial autopsy 
dissection, such as the paraspinal regions, can easily be 
evaluated, and observation of abnormalities in these areas 
will often help confirm or reject suspected gunshot wound 
paths (Figure 4.20).

CONCLUSIONS
The application of MDCT to the postmortem examina-
tion of gunshot wounds provides the medical examiner 
with information that saves time and increases the accu-
racy of the autopsy. It is still recommended that conven-
tional radiographs be obtained in order to characterize 
bullet and fragment detail. Using MDCT images to guide 
the recovery of bullets and ballistic fragments at autopsy 
enhances the efficiency of the autopsy process and obvi-
ates the need for a C-arm to localize bullets. Identification 
of entry and exit wounds is best done in conjunction 

with the external examination of the medical examiner. 
Multiplanar two- and three-dimensional MDCT images 
are used to determine gunshot wound tracks that can 
be correlated with anatomic findings at autopsy. Skeletal 
pathology is exquisitely detailed on MDCT, which per-
mits the visualization of structures that are not routinely 
examined at autopsy because of inaccessibility. There are 
limitations in the evaluation of vascular and solid organ 
injury; however, angiography can be used to define dam-
age and limit dissection. An additional benefit of MDCT 
is that the scans can be used as evidence in court and in 
most cases will be more readily admitted into evidence 
over a bloody or otherwise inflammatory and possibly 
prejudicial photograph.
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at exit shows external bevel. (d) Autopsy photograph shows the keyhole defect and multiple skull fractures.
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FORENSIC PRINCIPLES
Blunt force injury occurs when a blunt object strikes the 
body or the body impacts against a blunt object or sur-
face. It is the most common form of lethal and nonlethal 
trauma. Motor vehicle accidents, motor vehicle and pedes-
trian accidents, falls, aviation crashes, and homicide are 
common causes of blunt force injury. Because the force 
and mechanism of blunt force injury are highly variable, 
there is a broad spectrum of blunt force wounds. Blunt 
force wounds are classified into four major categories: 
abrasions, contusions, lacerations, and skeletal fractures. 
The severity of these injuries depends on the amount of 
force inflicted on the body, the amount of surface area 
over which the force is delivered, the portion of the body 
affected, the type of weapon or object and its impact on 
the body, and the time over which the force is delivered 
(Davis 1998).

Wound Classification
Abrasions are wounds produced by scraping or removing 
the epidermis when there is friction or movement of the 
skin against a rough surface. Abrasions may be superfi-
cial or deep and may be subclassified as scrapes, impact 
abrasions, or patterned abrasions. Impact abrasions occur 
when force is directed perpendicular to the body. They 
are usually focal and located over bony prominences. 
Patterned abrasions are characterized by a specific pattern 
from a material or object that marks the skin. At autopsy, 
it is important to differentiate wounds that were inflicted 
on the victim antemortem, perimortem, or postmortem. 
Antemortem abrasions are typically reddish brown. In 
contrast, postmortem abrasions lack coloration because of 
the absence of vascular perfusion (Di Maio and Di Maio 
2001). Those that occur near the time of death may have 
subtle changes.

Contusions, or bruises, are hemorrhages in the skin, soft 
tissue, or internal organs. They are initially dark red, red-
dish blue, or purple and change color over time, progressing 
to brownish yellow and then light yellow as the hemoglo-
bin within the contusion breaks down. Postmortem con-
tusions occur when a large force is delivered to the body 

within a few hours after death. These can be differentiated 
from antemortem contusions by the lack of microscopic 
evidence of vital reaction (Davis 1998). Timing of inflic-
tion of a contusion is very difficult to determine due to the 
variable timing of wound healing.

Lacerations are tears in tissue. Similar to contusions, 
they may occur in the skin, soft tissue, or internal organs. 
Lacerations occur when tissues are stretched from a shear-
ing or crushing force (Di Maio and Di Maio 2001). They 
commonly have irregular, contused, and abraded mar-
gins. Bridging tissue is the incomplete tearing of the con-
nective tissue and vascular structures within a laceration. 
The finding of bridging tissue within a wound is helpful to 
distinguish a laceration from a knife wound or a wound 
from another sharp object, which typically contains bridg-
ing tissue because knives and sharp objects cut rather 
than tear tissue. It is not unusual to find foreign material 
embedded in lacerations and deep abrasions when the 
injury is from severe trauma, such as a motor vehicle acci-
dent. Amputations are severe forms of lacerations. Skeletal 
fractures are lacerations of bone.

AUTOPSY FINDINGS
The autopsy and forensic investigation of death from blunt 
force injury requires an accurate account of the fatal inci-
dent, data from the scene investigation, and careful analy-
sis and dissection of all wounds. Blunt force injuries are 
commonly divided into two categories: impact injuries and 
acceleration-deceleration injuries. Both types of injuries 
may coexist, especially in motor vehicle and aviation acci-
dents. Head injuries are the most common cause for fatal 
injury in motor vehicle accidents, followed by thoracic inju-
ries (Swierzewski et al. 1994, Wiegmann and Taneja 2003). 
Other injuries such as burns, drowning, asphyxiation, and 
blast may be superimposed on blunt force injury, making 
the cause of death difficult to determine in some cases. In 
homicides involving blunt trauma, wound and injury pat-
tern analysis may help to estimate or determine the type of 
weapon used to inflict trauma. Autopsy may reveal addi-
tional wounds such as defensive wounds that may be help-
ful in determining the circumstances of death.

 Chapter 5 

Blunt Force Injury
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There are several considerations that should be kept in 
mind when examining a victim of blunt trauma. The 
presence or absence of external signs of blunt trauma 
does not indicate the extent or severity of internal 
injury (Davis 1998). It is possible to have significant 
internal injury with no evidence of abrasions, bruising, 
contusions, or lacerations on external examination. 
Consideration should also be given to preexisting or 
newly discovered natural diseases that may have con-
tributed to death when there has been mild or moderate 
trauma that may not have caused death in the absence 
of underlying natural disease.

Craniocerebral Injuries
Blunt force trauma to the head may occur from the impact 
of an object striking the head or from sudden movement 
of the head during the trauma. The impact of an object 
on the head may produce soft tissue injury, fractures, con-
tusions, or intracranial hemorrhage (Figures 5.1 and 5.2). 
Sudden movement of the head results in acceleration or 
deceleration injuries, namely hemorrhage in the form of 
subdural hematomas or diffuse axonal injury (Di Maio 
and Di Maio 2001).

Linear fractures are the simplest form of skull fracture 
(Figure 5.2). With increasing force or velocity of impact, 
skull fractures become more complex: circular, stellate, 
comminuted, or depressed (Figure  5.3). Basilar skull 
fractures are commonly present in fatal head, neck, and 
facial trauma. They are associated with hemorrhage along 
the petrous ridges and clivus. Cortical contusions begin 
as areas of petechial hemorrhage that may coalesce into 
larger collections. Contusions lead to necrosis within 
the brain parenchyma. At autopsy, contusions appear as 
focal areas of hemorrhage or necrosis. They may occur 
with or without an associated skull fracture. Contusions 
are usually located at or near the crest of a gyrus and are 
most commonly found in the frontal and temporal lobes 
(Graham et al. 1995). Cortical contusions may also occur 
in a coup-contracoup pattern (Figure 5.2). The coup con-
tusion is at the site of the impact, and the associated con-
tracoup contusion is directly opposite the point of impact. 
A line drawn from the center of the coup lesion to the cen-
ter of the contracoup lesions corresponds to the direction 
of impact (Morrison et al. 1998). Contusions on the supe-
rior margin of the cerebral hemispheres in the parasagittal 
white matter, orbital surfaces of the inferior frontal lobe, 

and basal surface of the temporal lobe are often referred 
to as gliding contusions (Morrison et al. 1998). They occur 
from rotational acceleration of the head, which is com-
mon in motor vehicle accidents. Cerebral lacerations and 
intraparenchymal hematomas may also occur at the site of 
impact in very severe trauma.

Subdural hematomas and diffuse axonal injury are classic 
acceleration-deceleration injuries. Subdural hematomas 
arise from tearing of the bridging veins that cross the sub-
dural space. The blood that collects in the subdural space 
may also contain cerebrospinal fluid if the arachnoid mem-
brane tears with the bridging veins. At autopsy, subdural 
hematomas may be seen in the acute, subacute, or chronic 
stages. Often there is an associated brain injury, which is 
ultimately the significant contributor to the mechanism of 
death in many cases (Figures 5.4 and 5.5).

Diffuse axonal injury (also called shearing injury) is caused 
by rotational forces on the brain or acceleration-decelera-
tion injury. At autopsy, the brain may appear grossly nor-
mal or show signs of edema (Figure 5.4). Diffuse axonal 
injury is identified microscopically when there is evidence 
of diffuse axonal swelling. The cerebral hemispheres, cor-
pus callosum, brain stem, and less commonly, the cerebel-
lum, are typical locations of injury. In severe cases, there 
is disruption of the axons with grossly visible hemorrhage 
(Adams et al. 1989).

Focal or diffuse subarachnoid hemorrhage is pres-
ent in most cases of moderate to severe head trauma 
(Figure 5.6). The hemorrhage is the result of tearing of 
blood vessels on the surface of the central nervous sys-
tem. Subarachnoid hemorrhage may originate at the 
point of injury or diffuse over the surface of the brain, 
brain stem, and spinal cord due to gravity and the posi-
tion of the body after death. The diagnosis of subarach-
noid hemorrhage at autopsy is often difficult because 
blood may enter the subarachnoid space by the removal 
of the top of the calvarium or may accumulate from 
decomposition (Di Maio and Di Maio 2001).

Thoracoabdominal Injuries
Thoracic injuries account for 25% of trauma-related deaths 
in the United States and are an important component of 
multisystem blunt trauma (Kaewlai et al. 2008). A spec-
trum of injuries in the soft tissues and bones of the chest 
wall, heart and major blood vessels, lungs, and diaphragm 
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(a)

 

(b)

(c)

 

(d)

FIGURE 5.1  A 22-year-old man died from multisystem blunt trauma in a motor vehicle accident. (a, b, c) Axial MDCT of the 
brain shows left parietal-temporal and right occipital region subgaleal hematomas (arrows). No fractures or brain abnormalities were 
identified. The brain and skull were normal at autopsy. (d) Autopsy photograph shows abrasions and contusions of the posterior and 
temporal regions of the scalp and abrasions of the face and ear.
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(a)

 

(b)

(c)

 

(d)

FIGURE 5.2  A 44-year-old man died from blunt trauma to the head that he sustained during an altercation. He was struck in the 
face and fell to the floor, hitting his head on the floor. (a, b, c) Three-dimensional and sagittal MDCT show a nondisplaced linear skull 
fracture (arrows) in the left temporal-occipital skull. (d) Axial MDCT of the brain shown in a subdural window shows a right frontal 
contracoup contusion (arrow) and diffuse subarachnoid hemorrhage.
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may occur. During autopsy, it is important to distinguish 
cardiopulmonary resuscitation (CPR) injuries from blunt 
traumatic injuries when evaluating the chest wall. CPR-
associated rib fractures are most commonly identified on 
the anterior portion of the ribs (anterior buckle fractures) 
and typically do not have associated hemorrhage. Sternal 
fractures from resuscitation are most common in the lower 
portion of the sternum (Lederer et al. 2004). In contrast, 
traumatic rib fractures usually have associated hemor-
rhage and may cause contusion or laceration of the under-
lying pleura or lung (Figure 5.7). Blunt traumatic fractures 
of the sternum, particularly in motor vehicle accidents, 
are typically transverse fractures at the third intercostal 
space. Pneumothorax, hemothorax, and pulmonary lac-
eration and contusion may occur as a consequence of rib 
fracture. Other associated injuries include airway injuries 
when there is upper chest trauma, and liver, spleen, and 
diaphragm injury when the lower ribs are fractured.

Blunt force injury to the chest and upper abdomen are 
common in motor vehicle accidents because compressive 
forces impact the chest when the driver hits the steering 
wheel or when passengers impact the dashboard, wind-
shield, or seats. Seatbelts also cause injuries with a pattern 
that corresponds to the position of the belt. The sudden 
deceleration of the body at impact with a static struc-
ture causes the heart and great vessels to be forcefully 
pulled away from the posterior chest where the aorta is 
anchored by the ligamentum arteriosum. Consequently, 
laceration of the aorta just distal to the origin of the left 
subclavian artery at the ligamentum arteriosum is the 
most common site for aortic laceration. Aortic laceration 
accounts for 10% to 15% of motor vehicle accident deaths 
in the United States (Kaewlai et al. 2008). At autopsy, 
there is periaortic and mediastinal hemorrhage and focal 
laceration on the intimal surface of the aorta or complete 
transection of the aorta.

(e)

FIGURE 5.2  (Continued) A 44-year-old man died from blunt trauma to the head that he sustained during an altercation. He was 
struck in the face and fell to the floor, hitting his head on the floor. (e) Axial MDCT of the brain shown in a soft tissue window shows 
diffuse subarachnoid hemorrhage (arrowhead) and a coup contusion in the posterior left temporal lobe (arrow). At autopsy, there was 
a small left temporal epidural hematoma that is not identified on the MDCT.
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(a)

 

(b)

(c)

FIGURE 5.3  A 61-year-old man died from head trauma in a motor vehicle accident. (a, b) Axial and coronal MDCT shows a 
depressed skull fracture of the right parietal temporal region (arrow) and fracture of the left frontal sinus (arrowhead) with over-
lying soft tissue defect. The brain has retracted from decomposition, and there is decompositional gas within the cranium. (c) 
Three-dimensional MDCT shows the right-sided depressed skull fracture (arrow) and a left frontal fracture that extends to the orbit 
(arrowhead). There is streak artifact from dental restoration. 
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In motor vehicle accidents, cardiac injuries are less com-
mon than aortic. Myocardial contusions and lacerations 
as well as lacerations of the pericardium may occur. 
Contusions may simulate myocardial infarction clini-
cally, causing arrhythmias or minor changes in the elec-
trocardiogram. Grossly, contusions are focal hemorrhagic 
areas in the myocardium. Lacerations may involve any 
portion of the heart and the pericardium. They tend to be 
linear in configuration and may be superficial or extend 
through the myocardium. Depending upon the severity 
of the laceration, there may be an accompanying medi-
astinal hematoma, hemothorax, or hemopericardium 
(Figure 5.7). Cardiac tamponade may cause death with as 
little as 150 cc of blood in the pericardium (Di Maio and 
Di Maio 2001).

Traumatic rupture of the diaphragm is usually associ-
ated with multiorgan injury. It occurs when blunt force 
is applied to the lower chest or upper abdomen. The left 

hemidiaphragm is more frequently ruptured than the 
right. Abdominal viscera usually protrude through the 
laceration into the thorax (Figure 5.8).

Injury to abdominal organs is also common. Although 
abdominal organ injury is generally not the cause of death, 
it may contribute to an individual’s morbidity and mortal-
ity in multisystem trauma. Hemorrhage from laceration or 
rupture of the liver, spleen, kidneys, or major vascular struc-
tures in the abdomen may be the cause of death when there is 
significant force applied to the abdomen resulting in massive 
intraperitoneal or retroperitoneal hemorrhage. Anatomically, 
the spleen is protected in the posterior left upper abdomen, 
whereas the liver is partially protected by the ribs. Laceration 
or rupture of the spleen is frequently associated with rib frac-
tures and significant force to the left upper abdomen. In con-
trast, liver lacerations may occur with or without rib fracture. 
Spleen and liver lacerations may involve tearing of the capsule 
and parenchyma or may be intraparenchymal with an intact 

(d)

 

(e)

FIGURE 5.3  (Continued) A 61-year-old man died from head trauma in a motor vehicle accident. (d) Autopsy photograph of the 
head shows multiple abrasions and lacerations with exposure of the skull in the right parietal vertex region. (e) Autopsy photograph 
of the opened skull shows comminuted fractures of the anterior cranial fossa, left middle cranial fossa (arrow), and a linear fracture 
extending through the right middle cranial fossa to the right temporal region. The autopsy photograph orientation for (d) and (e) is 
reversed to match the orientation of the computed tomography.
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(a)

 

(b)

(c)

 

(d)

FIGURE 5.4  Unidentified man died from closed head trauma. He was reportedly involved in a struggle and fell to the ground, hit-
ting his head. (a, b) Axial MDCT of the brain shows extra-axial hemorrhage in the right frontotemporal and occipital regions (arrows). 
At autopsy, both hemorrhages were subdural in location. MDCT also shows subarachnoid hemorrhage (arrowhead) and swelling of 
the brain, which is more severe in the right hemisphere than the left. There is midline shift toward the left, subfalcine herniation, and 
enlargement of the left lateral ventricle. (c, d) Autopsy photographs of a coronal section of the brain show diffuse cerebral edema that 
is more severe on the right. There is leftward midline shift, compression of the right lateral ventricle, and enlargement of the left lateral 
ventricle. Histology revealed diffuse axonal injury. The autopsy photograph orientation is reversed to match the orientation of the 
computed tomography.
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(a)

 

(b)

(c)

 

(d)

FIGURE 5.5  Motor vehicle accident victim who died from multisystem blunt trauma. (a, b, c, d) Axial MDCT of the brain shows 
a hyperattenuating acute right subdural hematoma (arrow). The subdural hematoma is heterogeneous in some areas that likely reflect 
mild decompositional change. There is diffuse edema of the right cerebral hemisphere, compression of the ventricular system, and 
subfalcine herniation.
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(a)

 

(b)

(c)

 

(d)

FIGURE 5.6  A 22-year-old man died in a motor vehicle accident from multisystem blunt trauma. (a, b) Axial MDCT images of the 
brain show diffuse subarachnoid hemorrhage (arrow in a) and focal subarachnoid hemorrhage adjacent to the left cerebellum. A small 
amount of intraventricular hemorrhage is also present (arrow in b). The intracranial gas and loss of gray and white matter differentia-
tion is due to decomposition. (c, d) Autopsy photographs of the brain show diffuse subarachnoid hemorrhage and a focal subarachnoid 
collection of blood adjacent to the left cerebellum. The orientation of the autopsy photograph (c) is reversed to match the orientation 
of the computed tomography.
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(a)

 

(b)

(c)

 

(d)

FIGURE 5.7  A 39-year-old male pedestrian was struck by a motor vehicle and died of fatal head and chest injuries. (a, b) Autopsy 
photographs of the back and chest show patterned abrasions of a fabric imprint on the midsection and upper right back (arrows) and 
contusions. The contusions on the chest have a crisscross pattern. (c, d) Three-dimensional and coronal maximum intensity projection 
images show multiple anterior left rib fractures (arrows), dislocation of the left sternoclavicular joint, and a left scapular fracture.
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capsule. Renal contusions and lacerations occur when blunt 
force is applied to the flanks (Figure 5.9).

Spine, Pelvic, and Extremity Injuries
Blunt force injury to the spine, pelvis, and extremities 
consists of abrasions, lacerations, contusions in the skin 
and soft tissues, fractures, avulsions, and amputations. 
Accidents that have excessive impact and force result in 
the most severe of these injuries. Motor vehicle accidents 

with pedestrians and aviation accidents are often char-
acterized by the most severe injuries, such as soft tissue 
avulsion and amputation. Death may occur at the time of 
injury from fatal hemorrhage from vascular laceration, or 
cord compression or transection from vertebral fractures. 
Delayed deaths may be the result of complications such as 
pulmonary embolism, fat embolism, or infection.

Direct or indirect force may fracture bones. Fractures 
from direct forces are those that occur when traumatic 

(e)

 

(f )

(g)

 

(h)

FIGURE 5.7  (Continued) A 39-year-old male pedestrian was struck by a motor vehicle and died of fatal head and chest injuries. 
(e, f) Autopsy photographs of the chest wall and removed anterior ribs show hemorrhage at the left sternoclavicular joint (arrowhead in 
e) and in the soft tissues and musculature of the left chest wall (arrows in e). Hemorrhage is present at the site of the rib fractures (arrows 
in f). (g) Axial MDCT shows hemorrhage in the soft tissue adjacent to the left rib fractures (arrows), mediastinal and pericardial hema-
tomas, and bilateral hemothoraxes. (h) Axial MDCT in lung window settings shows large bilateral hemothoraxes and cystic change in 
the left lung from lung contusions and lacerations.
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forces are directly applied to a specific anatomic area. 
Indirect forces fracture bones that are located at an ana-
tomic site remote from the site of applied force (Di Maio 
and Di Maio 2001). Indirect forces are usually the cause 
of vertebral fractures. At autopsy, the type of vertebral 
fracture can help establish the direction of force and 
mechanism of injury. The presence or absence of associ-
ated injury to the spinal cord is important in establishing 
the fracture as the lethal injury.

Pelvic fractures are an important component of blunt 
trauma because they indicate that a substantial amount 
of force has been applied to the body. Furthermore, pel-
vic fractures may cause death when there is arterial and 
venous injury. In such cases, massive pelvic and retroperi-
toneal hemorrhage may be the only finding at autopsy.

Nonfatal blunt force injuries to the extremities are often 
helpful in determining the mechanism of death or the 
circumstances of death. Defense wounds in a homicide 
victim are an example of the latter. Abrasions, contusions, 
and lacerations on the ulnar aspect of the forearms, backs 
of the hands and wrists, and over the knuckles are clas-
sic defensive wounds. In some cases, it may be possible to 

match the weapon with the wound pattern (Di Maio and 
Di Maio 2001, Murphy 1991).

RADIOLOGIC PRINCIPLES
Goals of Imaging
Postmortem multidetector computed tomography 
(MDCT) is useful to visualize and reconstruct blunt injury 
patterns prior to autopsy (Donchin et al. 1994, Jacobsen et 
al. 2008). In some cases, multiplanar and volumetric refor-
matted MDCT images may provide better visualization of 
blunt traumatic injuries than autopsy. Three-dimensional 
display of head, spine, and pelvic injuries may facilitate the 
understanding of the mechanism of injury.

Imaging Findings
Craniocerebral Injuries — Scalp lacerations and sub-
galeal hematomas cause focal soft tissue swelling on 
MDCT (Figure  5.1). The specific site of scalp laceration 
may be difficult to initially identify on MDCT. However, 
the asymmetry and increase in soft tissue attenuation of 
the scalp which result from the associated contusion and 
hemorrhage may allow the site of injury to be identified 

(i)

   

(j)

FIGURE 5.7  (Continued) A 39-year-old male pedestrian was struck by a motor vehicle and died of fatal head and chest injuries. 
(i) Coronal MDCT of the thorax and upper abdomen show mediastinal hemorrhage (arrows), hemorrhage in the right hilum, peri-
cardial hemorrhage (white arrowheads), and gas in the left ventricular myocardium suggestive of a laceration (black arrowhead). (j) 
Autopsy photograph of the heart and mediastinum show mediastinal hemorrhage (asterisk) and transection of heart through both 
ventricles and intraventricular septum (arrows). Lacerations of the ascending aorta and pulmonary artery were also found.
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on MDCT if the edges of the laceration are open. Closed 
lacerations or those located on the dependent surfaces 
of the body are usually not visible on MDCT. Three-
dimensional surface-rendering algorithms may be help-
ful in some cases. 

Nondisplaced linear skull fractures appear as linear lucen-
cies in the skull and usually involve both the inner and 
outer tables of the skull (Figure 5.2). The margins of linear 
skull fractures are well defined, lack sclerosis, and may cross 
sutures and vascular impressions. Depressed skull fractures 

(a)

 

(b)

FIGURE 5.8  Motor vehicle accident victim. (a, b) Coronal and sagittal MDCT of the torso shown in lung window shows a trau-
matic diaphragmatic hernia on the left (arrow) and bilateral pulmonary opacities that were shown to be pulmonary contusions at 
autopsy. The sagittal image also shows a left hemothorax.

(a)

 

(b)

FIGURE 5.9  A 35-year-old man sustained blunt trauma to the flank in a motor vehicle accident. (a, b) Axial and coronal MDCT 
shows high-attenuation perinephric hemorrhage (arrows). At autopsy, the right renal vein was lacerated.
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have fragments that are displaced inward toward the brain 
(Figure 5.3). Three-dimensional volume-rendered MDCT 
images are very helpful to display the skull fracture pat-
tern, which is often more difficult to appreciate at autopsy 
because the fracture fragments tend to fall apart when the 
scalp is peeled away from the calvarium. In catastrophic 
calvarial fractures in which the skull is crushed, a repeat 
MDCT after the medical examiner partially or completely 
reassembles the skull may be useful for analyzing the char-
acteristics of the force that was applied to the skull.

Epidural hematomas are located between the skull and 
dura. A skull fracture with tear of the middle meningeal 
artery or dural venous sinus is present in 85% to 95% 
of epidural hematomas (Osborn 1994). Epidural hema-
tomas are typically biconvex in shape and have mass 
effect on the adjacent brain. They may cause death by 
producing mass and cerebral herniation. Acute epidural 
hematomas are classically hyperattenuating on MDCT. 
However, they may be more heterogeneous when mul-
tiple bleeding episodes occurred prior to death or if 
there is decomposition. Putrefactive gas may be present 
within the hematoma.

Cerebral contusions occur with or without an associ-
ated skull fracture. In closed head trauma, contusions are 
more common on the gyral crests adjacent to bony pro-
tuberances in the skull. On MDCT, they appear as focal 
punctate or linear areas of hyperattenuating hemorrhage 
(Figure 5.2). The temporal tips, the cortex around the syl-
vian fissure, the inferior surface of the frontal lobes, and 
the parasagittal regions of the convexities are the most 
common locations. In our experience, small cerebral con-
tusions are very subtle and difficult to identify on post-
mortem MDCT. Surrounding low-attenuation edema may 
be present if the decedent survived for a period of time 
after trauma.

Subdural hematomas are located between the dura and the 
arachnoid membrane. They are crescent shaped and do 
not cross dural attachments (Figure 5.5). Acutely, they are 
hyperattenuating on MDCT but may also be mixed atten-
uation. Chronic subdurals are typically fluid attenuation 
on MDCT, because they are composed of serosanguinous 
fluid. Decomposition may alter their appearance. We have 
found it difficult to detect small subdural hematomas that 
are thinly layered beneath the dura because on postmor-
tem MDCT, the dura appears denser than the adjacent 

brain, and the relative density of adjacent blood is similar 
to that of the dura.

Diffuse axonal injury classically occurs in the corticomedul-
lary junction of the lobar white matter, corpus callosum, and 
dorsolateral aspect of the brain stem. MDCT may be normal 
or show petechial hemorrhages in the corpus callosum and 
at the gray–white junction. Postmortem magnetic resonance 
imaging (MRI) may be more effective at demonstrating dif-
fuse axonal injury than MDCT; however, the findings of dif-
fuse axonal injury on MRI have not been reported to date.

Subarachnoid hemorrhage is present in most cases of mod-
erate to severe head trauma (Osborn 1994). It is a thin layer 
of high attenuation in the cerebrospinal fluid spaces, cis-
terns, and sulci on MDCT (Figure 5.6). In our experience, it 
is often difficult to correlate subtle areas of hemorrhage that 
are suspected on MDCT with autopsy because blood enters 
the subarachnoid space during removal of the calvarium. 
Decomposition makes the diagnosis of subarachnoid hemor-
rhage more challenging because the dura adjacent to the brain 
appears relatively dense as decomposition begins to occur. In 
addition, blood decreases in attenuation as it decomposes.

Vascular injuries to the carotid and vertebral arteries 
are difficult to diagnose on routine postmortem MDCT. 
Hemorrhage in the adjacent tissues is suggestive of an 
underlying laceration, but the location and extent of lacer-
ation are not detectable on cross-sectional imaging unless 
intravascular contrast is administered. Similarly, intra-
vascular contrast is necessary to diagnose dissections on 
MDCT. There is great potential for MDCT angiography 
to augment autopsy in these cases, because dissection and 
evaluation of the carotid and vertebral basilar systems can 
be time consuming and difficult.

Thoracoabdominal Injuries
Preautopsy imaging in blunt chest trauma is useful to show 
pneumothorax, tension pneumothorax, and the placement 
of tubes and lines if resuscitation was attempted. Clinically 
significant pneumothorax can usually be distinguished 
from early decompositional gas in the pleural space. Early 
decompositional gas in the pleural space is usually small in 
volume and accompanied by decompositional gas in other 
locations, such as in the visceral vessels of the abdomen, 
great vessels, and heart. Furthermore, decompositional 
gas usually has a symmetric distribution in the body. The 
presence of an associated rib fracture, hemothorax, and 
pulmonary contusion supports the diagnosis of traumatic 
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pneumothorax. A small occult traumatic pneumothorax 
without an associated injury may be difficult to distin-
guish from early decompositional gas.

Pulmonary contusions most often occur at the site of impact. 
Airspace consolidation and opacification in a nonseg-
mental distribution is a characteristic finding (Figure 5.8) 
(Aghayev et al. 2008). Consolidation in the contralateral 
portion of the chest is indicative of a contracoup contusion. 
Lucency between the consolidation and pleural surface of 
the lung may be observed (Kaewlai et al. 2008). Pulmonary 
lacerations may appear as focal consolidations or cavities 
on MDCT (Figure 5.7). They may have surrounding opacity 
from contusion. Linear tracks of gas through the lung may 
also indicate communication with a bronchus and an asso-
ciated tracheal or bronchial laceration. Tracheal or bron-
chial lacerations may also produce pneumomediastinum.

Hemorrhage in the mediastinum is indicative of a major 
vascular injury. Aortic lacerations are one of the most com-
mon major vascular injuries in blunt trauma. Radiography 
may show widening of the mediastinum from a periaortic 
hematoma, blurring of the aortic contour, or thickening of 
the paratracheal stripe. In some cases, radiography is nor-
mal. On MDCT, mediastinal hematoma is the most indic-
ative finding of aortic laceration (Figure 5.7). The position 
and contour of the aorta may be altered, but this is difficult 
to appreciate on postmortem imaging because the aorta 
is frequently collapsed because of intravascular volume 
loss and loss of systemic blood pressure. MDCT angiog-
raphy is potentially useful to identify the site of rupture. 
Injuries to the aortic arch branches, pulmonary artery, 
and vena cava may also produce mediastinal hematomas. 
Pericardial and cardiac lacerations usually result in peri-
cardial hematomas, which may cause cardiac tamponade. 
Cardiac contusions and lacerations are usually not evi-
dent on postmortem MDCT (Aghayev et al. 2008). In the 
absence of decomposition, gas collections in the myocar-
dium should raise suspicion for laceration (Figure 5.7i).

Diaphragm elevation should raise concern for diaphragm 
laceration or rupture. Intra-abdominal organs may pro-
trude into the thorax when there is laceration or rupture of 
the hemidiaphragm (Figure 5.8). Laceration or rupture of 
the liver, spleen, and other visceral organs may be difficult 
to identify on routine postmortem MDCT because of the 
noncontrast technique. Furthermore, when a trauma vic-
tim dies of multisystem injury, the amount of hemorrhage 

in the abdomen may be less than expected if the victim 
has had massive hemorrhage from great vessel or head 
injury. Hemoperitoneum usually has a higher attenuation 
than simple ascites, which is water attenuation. However, 
if there is decomposition, the attenuation of intraperito-
neal or retroperitoneal blood may be lower than expected. 
Focal collections of blood adjacent to an organ or major 
vascular structure are indicative of injury (Figure  5.9). 
The site of injury may not specifically be identifiable on 
MDCT. Extraluminal gas within the abdomen is very 
commonly observed on postmortem MDCT because the 
earliest signs of decomposition are observed in the abdo-
men. Therefore, the presence of pneumatosis, intravascu-
lar gas, pneumoperitoneum, and pneumoretroperitoneum 
should be interpreted with caution. Asymmetric or focal 
collections of gas should be viewed with suspicion, and the 
surrounding organs should be carefully evaluated to try 
to determine if the etiology of the gas can be explained by 
organ injury rather than decomposition.

Spine, Pelvic, and Extremity Injuries
Direct trauma to the spine, pelvis, and extremities is usually 
accompanied by soft tissue trauma, which is better identi-
fied and evaluated with physical examination than imag-
ing. Abrasions, contusions, and minor hemorrhages into 
the soft tissues may not be evident on postmortem MDCT. 
Significant hemorrhage into the soft tissues increases the 
attenuation and thickness of the involved soft tissue. With 
increasing hemorrhage into the soft tissues, the fat planes 
become distorted, and focal asymmetry develops.

Diagnosis and interpretation of fractures are generally 
straightforward on radiography. Fractures are linear, angu-
lated, or displaced lucencies within bone. Vertebral body 
compression fractures can be identified when there is loss of 
vertebral body height or increased density within the bone 
from the compressive forces. Vertebral body compression 
fractures and abnormalities in alignment are best viewed 
on sagittal MDCT images (Figure 5.10). Axial images are 
useful to view the pedicles and posterior elements of the 
vertebral bodies. Intervertebral disc injuries and spinal 
cord contusion or hematoma cannot be reliably assessed on 
MDCT. We have found MDCT to be very useful to screen 
the bony structures of the spine, particularly the cervical 
spine, because this region is difficult to dissect at autopsy. 
Three-dimensional images provide an excellent depiction of 
the anatomic distribution of spine fractures, which can be 
difficult to appreciate at autopsy (Figures 5.10 and 5.11).
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(a)

 

(b)

(c)

 

(d)

FIGURE 5.10  An 18-year-old man died in a motor vehicle rollover due to an explosion. (a) Autopsy photograph of the torso shows 
contusions and abrasions on the lower chest and upper abdomen. (b, c) Sagittal and three-dimensional MDCT images of the torso 
show fracture dislocation of the spine at the T12-L1 level (arrows) and multiple transverse process fractures (arrowheads in c). (d) 
Autopsy photograph of the dissected spine shows transection of the spinal cord.
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(a)

 

(b)

(c)

FIGURE 5.11  A 25-year-old man died from multisystem trauma in a motor vehicle rollover. (a, b) Axial and oblique coronal MDCT show 
a displaced fracture of the left iliac crest. (c) Three-dimensional MDCT shows the displaced left iliac fracture, multiple bilateral transverse 
process fractures, and a left acetabular fracture. A Foley catheter and a right femoral catheter are  in place from the resuscitation attempt.



Blunt Force Injury    115

© 2011 by Taylor & Francis Group, LLC

(a)

 

(b)

(c)

 

(d)

FIGURE 5.12  Extensive blunt traumatic and thermal injury to the entire body in an adult male victim of a helicopter crash. (a, b) 
Axial MDCT of the chest shows crush injury to the chest that deforms the thoracic cavity from fractures of the ribs and spine. There is 
disruption of the mediastinal and cardiac structures and herniation of the right kidney (arrow) into the chest through a diaphragmatic 
laceration. Thermal tissue loss (arrowheads) is also present. (c) Three-dimensional MDCT of the torso shows innumerable skeletal 
fractures, spinal fracture dislocation, crush injury of the pelvis, and amputation. (d) Autopsy photograph shows external thermal 
injury and amputations of the cranial vault and extremities.
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Complex, comminuted, and open fractures of the extrem-
ities are generally simple to diagnose. Fractures of the 
extremities, hands, and feet are best evaluated with con-
ventional radiography. However, MDCT has the added 
benefit of providing soft tissue information that may be 
valuable in the assessment of the extent and volume of an 
associated hematoma, particularly when there is trauma 
in the proximal extremities such as the thigh and injury to 
the femoral vessels is suspected. As previously discussed, 
the precise location and extent of vascular laceration are 
not detectable on MDCT unless intravascular contrast 
is administered. Three-dimensional MDCT is very help-
ful to visualize the entire injury pattern if analysis of the 
injury mechanism is necessary.

Blunt force injuries may also coexist with other injury 
mechanisms. For example, explosions may occur when 
combustible fuel is ignited in aviation and motor vehi-
cle accidents. The victims of these accidents may have a 
combination of blunt force, blast, and thermal injury 
(Figure 5.12). The features of blast and thermal injuries are 
discussed in later chapters.

CONCLUSIONS
Postmortem MDCT in blunt trauma provides the medical 
examiner with information that saves time and increases 
the accuracy of the autopsy. In some cases, it may enable 
the medical examiner to focus the autopsy dissection on a 
particular anatomic region that is likely the site of major 
injury that caused death. Multiplanar two- and three-
dimensional MDCT images are very useful to depict 
complex skull and skeletal trauma that may be difficult to 
appreciate at autopsy. The fracture patterns may be indica-
tive of the position of the victim at the time of death and 
may aid in interpretation of the direction of the blunt force. 
MDCT provides a very limited assessment of vascular and 
solid organ injury; however, MDCT angiography may be 

helpful to elucidate vascular injury if a limited autopsy is 
desired.
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FORENSIC PRINCIPLES
In the United States, more than 3400 civilians die as a 
result of fire each year (Administration 2007). More people 
die in fires than all natural disasters. Fire death investiga-
tion is challenging because antemortem and postmortem 
burns are indistinguishable at autopsy and not all victims 
recovered from a fire have died from the effects of fire. 
Death may have occurred from natural disease or injury 
before the fire or as a result of the fire. Most deaths associ-
ated with fires are accidental; however, suicide or homicide 
before the fire, and homicide by the fire should always be 
considered when investigating fire deaths.

Classification and Prognosis of Burns
Burns are tissue injuries caused by extreme heat, flame, 
contact with heated objects, or chemicals. The extent and 
severity of a burn are dependent on the temperature of the 
heat, time of exposure, and presence of clothing or cover-
ing on the skin. The most commonly used classification for 
burns reflects the depth of skin affected: partial-thickness 
or full-thickness burns. Partial-thickness burns, formerly 
called superficial, first-degree, and second-degree burns, are 
limited to the epidermis and do not extend into dermal tis-
sues. In contrast, full-thickness burns, formerly called deep, 
third-degree, and fourth-degree burns, destroy both the 
epidermis and dermis (Kane and Kumar 2005). Charring of 
fat, muscle, and bone may occur in full-thickness burns.

The prognosis of burn victims is related to the age, amount 
of body surface area burned, and inhalation injury (Ryan 
et al. 1998). Victims who are over the age of 60, have more 
than 40% of the body-surface area burned, or have smoke 
inhalation injury are more likely to die from their burns. 
Immediate death from a fire is due to direct thermal 
injury or smoke inhalation. In contrast, delayed deaths 
occur within the first three days after injury and are due 
to shock, fluid loss, or respiratory failure from inhalation 
injury (Di Maio and Di Maio 2001).

Autopsy Findings
Determining the cause and manner of death for a victim 
found dead at the scene of a fire may be difficult and require 

careful consideration of data obtained from the scene of the 
fire, historical information, and circumstantial evidence 
with the autopsy findings. A body found at the scene of 
a fire may appear normal without any evidence of injury; 
show evidence of prolonged exposure to heat with darken-
ing and stiffening of the skin; have blisters and hyperemia 
from partial-thickness burns (Figures 6.1 and 6.2); or have 
full-thickness burns with a variable degree of tissue loss, 
destruction, and charring (Figure 6.3).

Partial-thickness burns produce moist blisters with sur-
rounding hyperemia. The finding of hyperemia surround-
ing a burn is a useful finding that suggests the injury 
occurred during life, unless death occurred very shortly 
after the injury and vital reaction did not have time to 
develop. Skin slippage may also be apparent in partial-
thickness burns (Figure  6.1). Full-thickness burns show 
tissue coagulation and may be brown or black from char-
ring (Figures 6.2 and 6.3).

Fire victims who have no evidence of burns or have mini-
mal thermal injury may have died before the fire or dur-
ing the fire. In the latter circumstance, death may occur 
from heat, inhalation of toxic gases, or physical trauma 
sustained trying to escape the fire or from structural col-
lapse. Death from the effects of heat (circulatory collapse) 
can occur without thermal damage to the skin or signifi-
cant elevation of serum carboxyhemoglobin (COHb) or 
cyanide (Hill 1989, Lawler 1993).

The composition and volume of toxic gases in a fire depend 
on the nature of material burning and temperature of the 
fire. Although there are numerous highly toxic gases gen-
erated by combustion, carbon monoxide and hydrogen 
cyanide are the most commonly analyzed in death inves-
tigation. The presence of soot in the pharynx and lower 
airways along with cherry red coloration of livor mor-
tis, muscles, blood, and organs is suggestive of the dece-
dent being alive and breathing during the fire. Many will 
have elevated carbon monoxide saturation (Figure  6.4). 
Elevation of the percentage of serum COHb on toxicologi-
cal examination supports these findings. Serum COHb 
provides an assessment of whether or not there was active 
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respiration during the fire and, thereby, aids in the deter-
mination of whether death occurred before or during the 
fire. Active respiration does not always correlate with the 
level of consciousness during the fire. COHb exceeding 
3% in nonsmokers and 10% in cigarette smokers is con-
sidered abnormal (Ernst and Zibrak 1998). Over half of all 
deaths that occur during fire have a COHb exceeding 50% 
(Lawler 1993). However, lesser levels are often encountered 
(20% to 40%) because there may be contributory factors 
such as underlying cardiac or pulmonary disease, drug or 
alcohol intoxication, insufficient oxygen, and other toxic 
gases that may cause a person to die from lower COHb lev-
els. Deaths associated with exhaust of an automobile may 
have little or no elevation of carbon monoxide saturation 
due to the conversion to carbon dioxide by modern cata-
lytic converters.

In severely burned bodies with extensive charring, the 
physical autopsy may be limited. An understanding of the 

changes that occur in a body as a result of fire is useful 
because postmortem thermal changes may mimic ante-
mortem injury. When the body is exposed to high tem-
peratures, skin and soft tissues rapidly contract and split 
(Figure  6.3b). This phenomenon produces heat ruptures, 
which appear as linear lacerations of the skin and underly-
ing soft tissue (Lawler 1993). Characteristically, heat rup-
tures can be distinguished from antemortem lacerations 
because they do not show surrounding edema, erythema, 
or bruising. Continued exposure to fire results in ther-
mal destruction of skin and subcutaneous tissue which 
exposes skeletal muscle, bone, and internal organs. The 
craniofacial region and the anatomic region most directly 
exposed to the fire often have the most pronounced soft 
tissue changes.

Skeletal muscles contract and shrink from the heat, 
resulting in f lexion deformities in the extremities 
(Figure  6.5). When the upper extremities are f lexed 

(a)

 

 
(b)

FIGURE 6.1  Partial- and full-thickness burns with some charring on a man who died in an explosion with fire. Autopsy photo-
graphs show multiple partial-thickness burns on the back (a) and chest (b). A right chest tube and left subclavian central line are in 
place from an attempt at resuscitation.
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from thermal muscle contraction, the term pugilistic 
attitude is applied because the upper body position 
is that of a boxer holding his hands in front of him 
(Figure 6.6) (Di Maio and Di Maio 2001). Fine, linear, 
superficial fractures of the cortical surface of bone are 
characteristic of heat-induced fractures (Bohnert et al. 
1998) (Figure  6.7). Thermal amputations occur as the 
fire consumes the distal extremities. Thermal ampu-
tations may be difficult to distinguish from traumatic 
amputations (Figure 6.8). The findings of rounded, bur-
nished edges of the bone generally indicate a thermal 
amputation, whereas sharp, well-demarcated edges usu-
ally indicate a traumatic amputation.

In the skull, thermal changes advance from fine, cortical 
fractures in the outer table, to loss of the outer table and 

development of a thermal epidural hematoma, to eventual 
progressive destruction of the cranium from the vertex to 
the skull base (Figure 6.9 through Figure 6.12) (Bohnert et 
al. 1997, Bohnert et al. 1998, Di Maio and Di Maio 2001). 
Thermal epidural hematomas are common findings and 
represent the accumulation of blood in the epidural space 
as the brain dehydrates and shrinks from heat. The blood 
in the hematoma is typically soft and friable, light brown 
or reddish, and has a honeycomb appearance (Figure 6.13). 
Although the blood is thought to originate from the dural 
venous sinuses and emissary veins, the exact mechanism 
of formation is unknown (Lawler 1993). Thermal epidural 
hematomas may look similar to traumatic epidural hema-
tomas but are not associated with traumatic skull fractures 
or other cranial injuries (Figure 6.14).

(a)

  

(b)

(c)

  

(d)

FIGURE 6.2  Partial- and full-thickness burns on a man who died in an explosion with fire. (a) Autopsy photograph shows multiple 
partial-thickness burns on the left upper thigh and full-thickness burns with charring and muscle exposure on the right lateral thigh. 
A left femoral catheter is in place from an attempt at resuscitation. (b, c, d) Axial MDCT images show absent dermis and subcutaneous 
fat on the right pelvis and anterior right thigh (arrows) corresponding to the full-thickness burns. The exposed muscle has an irregular 
surface contour. There are multiple metallic fragments within the posterior thigh and lateral to the right hip from projectiles related to 
the explosion and the left femoral catheter is seen in (c). Scattered collections of decompositional gas are present.
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(a)

 

(b)

(c)

   

(d)

FIGURE 6.3  Full-thickness burns and charring from a vehicle crash with subsequent fire. (a) Autopsy photograph of a fire victim’s 
back shows brown and black charring with tissue coagulation. (b) Autopsy photograph of the anterior abdomen, pelvis, and thighs 
shows heat rupture of the anterior abdominal wall with evisceration. Full-thickness burns on the thighs expose skeletal muscles. (c) 
Axial MDCT image of the chest shows thermal tissue loss with full-thickness burns of the chest wall and increased attenuation within 
the lungs. A small right hemothorax is present and was secondary to antemortem traumatic rib fractures and blunt chest trauma. (d) 
Axial MDCT of the upper pelvis shows near complete thermal tissue loss of the anterior abdominal wall and evisceration. There is 
diastasis of the right sacroiliac joint from blunt trauma sustained prior to the fire.
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(a)

 

  (b)

FIGURE 6.4  Autopsy findings of smoke inhalation in fire victims. (a) Autopsy photograph of the tongue and airways shows cherry 
red coloration of the soft tissues from carbon monoxide intoxication, searing of the tongue, and soot in the trachea. (b) Autopsy pho-
tograph from a different person than in (a) shows brown soot (arrow) in the subglottic trachea.

(a)

    (b)

FIGURE 6.5  Flexion deformities and amputations in severe burns. (a) Autopsy photograph shows charred lower extremities and dor-
siflexion of the ankles. (b) Three-dimensional volume rendering of the computed tomography data shows dorsiflexion of the ankles and 
plantarflexion deformities of the left toes. There is bilateral ankle disarticulation that is likely secondary to muscle retraction and flexion.
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(a)

  
(b)

(c)

  
(d)

FIGURE 6.6  Pugilistic attitude. (a, b) Autopsy photograph shows severe charring and pugilistic flexion deformities of the upper 
extremities and lower legs. (c, d) Three-dimensional MDCT shows the flexion deformities of the upper extremities and lower extremi-
ties with associated fracture and amputation of the digits. The scan also reveals skull fractures that were sustained prior to the fire. The 
cause of death was blunt force injury to the head.
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(a)

 

  (b)

(c)

  

(d)

FIGURE 6.7  Spectrum of findings in thermal fracture and amputation. (a, b): Autopsy photographs show calcined bone and linear 
thermal fractures (arrow). The knee is absent in (a) from thermal destruction, and the distal femur and proximal tibia have the char-
acteristic burnished margins of thermal amputations. (c, d) Coronal MDCT of the tibia and femur in a different person than in (a) and 
(b) show fine, linear thermal fractures (arrow in c), heat-related changes in the marrow spaces, and skeletal muscle contracture with 
thermal amputation of the distal femur in (d).
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(a)

  

(b)

(c)

  

(d)

FIGURE 6.8  Thermal amputation and fractures in a charred body. (a) Autopsy photograph shows charring of both lower extremi-
ties with distal amputations. (b) Axial MDCT shows full-thickness burns of both lower extremities (arrows). (c, d): Bilateral thermal 
amputations of the tibia in a charred fire victim show mottled lucency and uncovered amputation margins on the coronal MDCT 
shown in (c). The maximum intensity projection image shown in (d) obscures the finding of mottled lucency but shows the smooth 
margin of the thermal amputations.

FIGURE 6.9  Thermal epidural hematoma on a lateral radiograph of the skull. The thermal epidural hematoma (arrow) is separate 
from the retracted brain parenchyma (asterisk).
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(a)

 

  (b)

(c)

 

 

(d)

FIGURE 6.10  Thermal cranial findings in a fire victim who sustained antemortem traumatic facial fractures. (a, b) Autopsy 
photograph of the skull shows loss of the outer table (arrows) adjacent to the thermal cranial defect. The opened skull in (b) shows 
retracted brain and reddish brown thermal epidural hematoma. Note the autopsy photographs are reversed to correspond with the 
anatomic orientation of the MDCT images. (c) Axial MDCT image of the skull shows the classic honeycomb pattern of a thermal epi-
dural hematoma (arrows), thermal loss of the skull and outer table, and mottled lucency in the marrow spaces. (d) Three-dimensional 
volume-rendered MDCT shows the traumatic mandibular fractures and thermal loss of the outer table of the skull (arrow) adjacent 
to a thermal cranial defect.
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(a)

 

  (b)

(c)

FIGURE 6.11  Thermal epidural hematoma. (a) Autopsy photograph shows a thermal defect in the calvarium, retracted brain, and 
thermal epidural hematoma (arrow). (b) Coronal MDCT shows retraction and loss of the scalp, a thermal defect in the calvarium, and 
retraction of the brain parenchyma. Small thermal epidural hematomas are present (arrowheads). (c) Axial MDCT through the poste-
rior fossa shows a retracted cerebellum with adjacent thermal epidural hematoma. Note thermal tissue loss of the left face and scalp.
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(a)

 

 

(b)

FIGURE 6.12  Severe craniofacial thermal destruction in a fire victim who had an elevated carboxyhemoglobin and autopsy evi-
dence of inhalation injury. (a) Autopsy photograph of the posterior aspect of the head and neck shows near complete thermal destruc-
tion of the skull. There is a small amount of residual shrunken brain (arrows). (b) Sagittal MDCT image shows thermal calvarial and 
facial bone and soft tissue destruction with residual brain tissue in the posterior fossa as shown in the autopsy photograph. There is a 
focus of high attenuation in the oropharnyx that may represent debris (arrow).

(a)

 

 

(b)

FIGURE 6.13  Thermal epidural hematoma without desiccation. (a, b) Autopsy photographs show a right-sided thermal epidural 
hematoma (arrows). Note that the autopsy photographs have been reversed to correspond with the anatomic orientation of the MDCT 
images.
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(c)

  

(d)

FIGURE 6.13  (Continued) Thermal epidural hematoma without desiccation. (c, d) Axial MDCT images show mixed high- and 
low-attenuation blood in the epidural space (arrows in c) corresponding to the autopsy findings. The same image viewed with a bone 
window setting (d) shows no evidence of a skull fracture. There is thermal loss of the outer table of the skull on the right.

(a)

  

(b)

FIGURE 6.14  Antemortem traumatic epidural hematoma in a fire victim who died prior to the fire from severe head trauma. (a, b) 
Autopsy photographs of the opened skull show a right-sided epidural hematoma overlying the intact dura mater (arrows). Note that 
the autopsy photographs have been reversed to correspond with the anatomic orientation of the MDCT images.
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RADIOLOGIC PRINCIPLES
Goals of Imaging
The primary goal of imaging a burned body prior to 
autopsy is to assist the medical examiner in excluding 
other causes of death. Multidetector computed tomog-
raphy (MDCT) is particularly useful in severely burned 
and charred bodies that are difficult to examine. The more 
severely burned an individual becomes, the more prob-
lematic it is to establish the exact cause of death, because 
thermal changes may obscure the detection of antemor-
tem injury or disease. MDCT accurately localizes and 
documents traumatic fractures and injuries that may 
have occurred before or during the fire (Levy et al. 2009). 
When the possibility of death before the fire is being con-
sidered, MDCT is very useful to localize bullet fragments 
or bone injury that may have been inflicted before the fire. 
MDCT may also aid in the identification of charred and 
fragmented remains through finding distinctive anatomic 
features and surgical hardware that can be compared to 
antemortem radiographs and computed tomography (CT) 

scans. Furthermore, MDCT may identify tissue suitable 
for DNA analysis (Harcke et al. 2009).

Imaging Findings
The physical findings of smoke inhalation are easily iden-
tified at autopsy and confirmed with serum COHb analy-
sis. MDCT does not contribute to the diagnosis of smoke 
inhalation and COHb intoxication. Soot is not visualized 
on MDCT. However, particulate material and debris may 
occasionally be identified within the air passages as foci 
of high-attenuation particulate material in the airways 
(Figure 6.12b).

Partial-thickness burns may produce no significant 
changes in the dermis or mild irregularity of the dermis on 
MDCT. Full-thickness burns show loss of the dermal layer 
with exposure of the underlying fat or skeletal muscle. The 
outer margins of the exposed fat and muscle are typically 
irregular and jagged (Figures 6.2 and 6.3). The degree and 
extent of fat and muscle exposure varies with the severity 
of the burns. In severely charred victims, skeletal muscle is 

(c)

  

(d)

FIGURE 6.14  (Continued) Antemortem traumatic epidural hematoma in a fire victim who died prior to the fire from severe head 
trauma. (c, d) Axial MDCT shows a high-attenuation epidural hematoma (arrows in c) and associated traumatic skull fractures (arrows 
in d). A small amount of intraventricular blood is in the occipital horns of the lateral ventricles (seen in c) from the associated paren-
chymal brain injury.
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exposed and retracted. Retraction of skeletal muscle is due 
to shortening (or “cooking”) of the muscle fibers from the 
heat of the fire. As the muscles shorten, adjacent joints flex, 
creating characteristic flexion deformities in the upper 
and lower extremities (Figures  6.5 and 6.6). Shortening 
and thermal destruction of muscle also causes the muscle 
to pull away from the distal ends of the bone such that soft 
tissue does not cover the distal ends of bone. This may be 
observed in the extremities as well as the torso (Figure 6.8 
and Figure 6.15).

On MDCT, flexion deformities are most evident on three-
dimensional volume-rendered images (Figures 6.5 and 6.6). 
Thermal flexion deformities are associated with fractures 
and dislocations from the mechanical forces associated with 
muscular contraction and shrinkage which create unbal-
anced forces on the joints. The sequence of flexion contrac-
ture and fracture/dislocation likely precedes the thermal 
destruction of bone that results in thermal amputations. 
The combination of retraction, flexion, dislocation, and 
fracture should facilitate the recognition that the findings 
are due to thermal injury rather than injury that occurred 
prior to death or before the fire (Levy et al. 2009).

Traumatic fractures and amputations in severely burned 
remains may cause interpretive difficulties, because heat-
related cortical fractures and amputations are common 
in severely charred remains. Thermal fractures are linear 
cortical fractures in bone uncovered by soft tissue or bone 
(Figure  6.7). They are typically found in areas of severe 
charring and exposure to heat. In contrast, traumatic 
fractures are found in unexposed bone and are typical of 
mechanical injury such as a spinal compression fracture, 
complex pelvic fracture with involvement of the sacroiliac 
joints and symphysis pubis, and oblique or comminuted 
fractures of the distal extremities and ribs (Figure 6.16). 
Thermal amputations have smooth transverse or angulated 
margins that are not covered by skeletal muscle because of 
thermal-related skeletal muscle shrinkage and retraction. 
In contrast, traumatic amputations have sharp, angulated 
margins or evidence of comminution. Maximum intensity 
projection images and three-dimensional images are use-
ful in the evaluation of amputations because they replicate 
the appearance of the bones at autopsy by showing the 
margins and contours of the ends of the bones (Figure 6.8). 
Also indicative of heat-related bone injury is the finding 
of mottled lucency in the marrow space on multiplanar 
two-dimensional images (Figures 6.7 and 6.8) (Levy et al. 

2009). The lucencies represent thermal loss of the normal 
marrow elements and thin trabecula with preservation of 
the thicker bony trabecula.

The craniofacial region often shows the most dramatic 
findings in severely burned remains. Facial soft tissue loss 
and facial bone destruction may be extensive in charred 
remains. Progressive exposure to fire and heat causes the 
scalp to separate from the calvarium and eventually dis-
integrate, followed by destruction of the calvarium that 
begins with the outer table of the skull and ends with 
the skull base (Figures  6.11 and 6.12). Therefore, even 
in severely charred remains with substantial thermal 
destruction of the face and skull, traumatic fractures of 
the skull base and upper cervical spine may still be evi-
dent on postmortem MDCT. Knowledge of this sequence 
is useful, particularly when cranial or upper cervical 
trauma is suspected to have occurred prior to death. 
Traumatic fractures of the skull base and upper cervi-
cal spine may be evident on MDCT even when there has 
been significant thermal destruction of the face and cal-
varium (Figure 6.16) (Iwase et al. 1998).

The brain as well as all other internal organs shrinks from 
the heat of a fire. Thermal epidural hematomas are typi-
cally biconvex or lentiform in shape. They are character-
ized by a honeycomb appearance of soft tissue attenuation 
in the epidural space (Figure  6.9 through Figure  6.11). 
They extend across a dural sinus, which signifies their 
location in the epidural space. The honeycomb appear-
ance of a thermal epidural hematoma is due to heat des-
iccation of the blood. If the epidural is from heat alone, 
there should be no evidence of traumatic skull fracture. 
We observed thermal epidural hematomas that contain 
high-attenuation hemorrhage and are not desiccated on 
MDCT (Figure 6.13). In these cases, there is no evidence 
of cerebral trauma on MDCT or autopsy to suggest that 
the origin of the blood was traumatic. We suspect that the 
intensity and duration of the fire was such that the epidu-
ral hematoma did not desiccate. True traumatic epidural 
hematomas may have a similar appearance. The distinc-
tion can be made when there is evidence of a traumatic 
skull fracture (Figure 6.14).

Shrinkage and contraction can be observed in all vis-
ceral organs exposed to high temperatures. The lungs 
may show an increase in CT attenuation in addition 
to a decrease in size (Figure  6.15). The attenuation 
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(a)

  

(b)

(c)

  

(d)

FIGURE 6.15  Torso findings in charred remains. (a) Autopsy photograph shows a severely charred body. (b) Axial MDCT image 
of the upper chest shows extensive soft tissue loss, thermal loss of the left ribs, and a large defect in the anterior left chest wall. There 
is thermal shrinkage and increased attenuation of the left lung (asterisk), which is greater than that present in the right lung. A small 
right hemothorax is present. (c, d) In the upper abdomen and pelvis, there is extensive thermal tissue loss with exposure of the left-
sided abdominal contents. Note extensive skin loss throughout.

(a)

  (b)

FIGURE 6.16  Antemortem traumatic findings that were the cause of death from blunt trauma before the fire in a victim of an avia-
tion accident. (a) Axial MDCT image of the lower face and neck show a complex cervical spine fracture with transection of the cervical 
cord. Mandibular fractures are also present. Note the presence of full-thickness burns by the irregular contour of the subcutaneous 
fat and focal areas of thermal tissue loss (arrows). (b, c) Axial MDCT of the chest shows partial- and full-thickness burns anteriorly 
and numerous traumatic rib fractures.
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(c)

  

(d)

FIGURE 6.16  (Continued) Antemortem traumatic findings that were the cause of death from blunt trauma before the fire in a 
victim of an aviation accident. (b, c) Axial MDCT of the chest shows partial- and full-thickness burns anteriorly and numerous trau-
matic rib fractures. (d) Coronal MDCT maximal intensity projection image shows a complex fracture of the sacrum, pelvis, and right 
femur.

(a)

   

(b)

FIGURE 6.17  Asymmetric burns resulting in extensive tissue loss on the left side of the body. (a) Axial MDCT of the upper abdo-
men shows thermal destruction of the left anterior and lateral body wall with exposure of the visceral organs. Only minimal irregular-
ity is present along the anterior surface of the left lobe of the liver. (b) Autopsy photograph shows charring and blistering of the liver 
surface (arrow).
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change in the lung should not be mistaken for under-
lying pathologic processes such as pulmonary edema 
or pneumonia if there is also contraction of the lung 
parenchyma and other soft tissue findings suggest-
ing thermal injury. Abdominal visceral organs may 
decrease in size. Surface burns to visceral organs may 
not be evident on MDCT (Figure 6.17). Although ther-
mal changes in the visceral organs limit the detection 
of injury and underlying disease, the finding of unsus-
pected traumatic injury or metallic fragments from a 
ballistic injury that may have caused or contributed 

to death facilitates the autopsy of severely burned and 
charred remains (Figure 6.18).

Uncommonly, MDCT may aid in the identification of charred 
and fragmented remains through finding distinctive ana-
tomic features, surgical hardware, and localization of tissue 
suitable for DNA analysis (Harcke et al. 2009). Identification 
by fingerprinting or dental examination is not possible when 
charred remains are fragmented and the skull and extremi-
ties are no longer present. Deep pelvic structures may be 
the only remaining recognizable organs (Figure 6.19).

(a)

   

(b)

(c)

   

(d)

FIGURE 6.18  Severely charred remains of a victim of explosion and fire. (a) Autopsy photograph of the victim shows extensive 
charring and a pugilistic position of the remaining upper extremity. (b) Anterior-posterior radiograph of the chest shows extensive 
tissue loss in the left lower chest and upper abdomen and a metallic fragment overlying the medial left lower chest. (c, d): Axial and 
coronal MDCT show extensive fire-related injury to the thorax and thermal damage to the lungs. An unsuspected metallic fragment 
from a projectile is present in the medial left lung.
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(a)

 

(b)

(c)

 

(d)

FIGURE 6.19  Victim of a car crash and subsequent fire. (a, b) Three-dimensional MDCT images of a torso show amputation of all 
extremities and the head with extensive traumatic and thermal destruction to the remaining torso. (c, d) Axial and sagittal MDCT of 
the lower torso show the uterus is intact (arrows), indicating that this torso is the female passenger of the car. The bladder is marked 
by an asterisk.
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CONCLUSIONS
MDCT can identify the features of postmortem ther-
mal injury in the majority of fire victims. It facilitates 
autopsy in severely burned and charred remains by accu-
rately displaying traumatic fracture patterns and ballis-
tic fragments that may have occurred antemortem and 
caused or contributed to death. Postmortem MDCT may 
serve as a useful preautopsy triage tool in fire-related 
mass casualty disasters or provide additional anatomic 
information when the cause of death is rendered by a 
limited autopsy.
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FORENSIC PRINCIPLES
Deaths from blast injury most often occur in industrial 
and domestic explosions. In spite of this, the published lit-
erature on blast injury is based on experiences from armed 
conflict. In recent years, acts of terrorism have renewed 
public, government, and medical interest in blast injury 
(Langworthy et al. 2004).

Explosion
Explosions are caused by the rapid chemical conversion 
of solids or liquids into gases, which have a greater vol-
ume. The gas generated in an explosion is under high tem-
perature and pressure. The pressure is propagated radially 
as a mechanical wave into the surrounding area. Kinetic 
energy is also released from the explosion. The combined 
effect is termed brisance, which is the shattering or crush-
ing effect of the explosion. High kinetic energy or high-
velocity explosions generate instantaneous blast waves 
because they occur in a very condensed time frame that 
can be measured in milliseconds. High kinetic energy 
materials often referred to as high explosive, generate 
these types of explosions. They usually require a detona-
tor to start the reaction. A blasting cap is an example of a 
detonator. Low kinetic energy or low-velocity explosions 
release their energy slowly by a process called deflagra-
tion, which has a pushing rather than a shattering blast 
wave. Gunpowder is an example of a low-velocity explo-
sion (Schwartz et al. 2008).

The blast wave created by an explosion has a pressure front 
that moves away from the point of the explosion. An initial 
positive high-pressure peak that immediately decreases 
and is followed by negative pressure characterizes the 
pressure front. The negative pressure phase lasts several 
times longer than the positive pressure phase. In an explo-
sion, the lower-intensity negative pressure can be strong 
enough to pull in debris from the surrounding area. The 
negative pressure phase is also known as the suction phase 
(Tsokos 2008).

When the blast front reaches an object, the ambient pres-
sure rises instantly. The highest positive pressure that is 

reached is called the peak overpressure. The peak overpres-
sure and peak velocity decrease with increasing distance 
from the center of the explosion. Propagation of over-
pressure waves is not a simple phenomenon because the 
surrounding environment affects pressure. A reflected 
pressure front is created when the pressure wave strikes a 
solid object and an additive effect can result in a reflected 
pressure front that is much greater than the incident pres-
sure. The convergence of pressure waves, termed coupling, 
is additive in its destructive power. Reflected pressure 
fronts and coupling can occur together in closed spaces 
such as buildings and vehicles as well as in open spaces 
between buildings such as streets or alleyways. The result-
ing cumulative overpressure can increase the risk of blast 
injury. Overpressures of significant magnitude create cra-
ters in the ground and nonsurvivable disruption of the 
body (Sattin et al. 2008).

Underwater explosions produce a shock wave that travels 
farther than a comparable explosion in air because water 
is not compressible. The gas created from an underwater 
explosion forms an expanding bubble that generates a 
shock wave as the bubble breaks up and rises to the water 
surface. The blast waves are reflected from the surface 
of the water and from the bottom of the body of water. 
Consequently, the blast waves in an underwater explo-
sion are more complex with regard to pressure changes 
(Bellamy et al. 1991).

Blast Injury Mechanisms
Blast injuries are typically classified as primary, secondary, 
tertiary, and quaternary. Primary blast injury is secondary 
to barotrauma; secondary blast injury occurs from pen-
etrating trauma; and tertiary blast injury occurs when the 
body is propelled through the air and collides with a sec-
ondary object, resulting in blunt force injury. Historically, 
quaternary blast injury included all other blast effects 
such as thermal, crush, and inhalation injury as well as 
contamination from chemical, biological, or radiological 
hazardous materials. More recently, it has been suggested 
that radiological and biological contamination be consid-
ered quintary blast injury (Sattin et al. 2008).

 Chapter 7 

Blast Injury
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Primary blast injury results from direct exposure of the 
body to the blast wave. The magnitude of the blast and 
the distance of the body from the epicenter of the blast 
determine the amount of peak pressure to which the 
body is exposed. In addition to distance, the location 
of the body in a closed or open structure with respect 
to the blast affects the strength and configuration of 
the effect of the blast waves on the body. Gas- or air-
containing structures within the body are most affected 
by primary blast injury, because a pressure differential 
develops between the body surface and internal organs. 
Pressure within f luid-containing structures remains 
equal, but air- or gas-containing structures compress 
and undergo rebound expansion as the blast wave 
passes. Pressure differentials between blood vessels and 
air spaces drive f luid into the air spaces. The boundar-
ies of solid soft tissue structures and organs of different 
density that are adjacent to one another are injured by 
sheer stresses.

Penetrating trauma characterizes secondary blast injury. 
It occurs when objects that are accelerated by the energy 
of the explosion become projectiles and strike the blast 
victim. Any object can become a projectile in a blast. 
Commonly, components of the explosive device (e.g., 
shrapnel intentionally placed in a homemade bomb) and 
flying debris from the surrounding environment (e.g., col-
lapsed building materials, shattered vehicles, rocks, and 
vegetation) become injurious projectiles. Penetrating glass 
fragments are another important component of second-
ary blast injury, particularly when the explosion occurs in 
homes or urban environments (Bellamy et al. 1991). The 
kinetic energy of the projectile, which determines if the 
victim’s skin will be penetrated and the depth of penetra-
tion, affects the degree of injury.

The victim’s body becomes a projectile in tertiary blast 
injury. The blast wave pressure differential may throw the 
body against the ground, equipment, structures, trees, or 
other stationary objects. Therefore, the location of the vic-
tim in the blasts determines the susceptibility to tertiary 
blast injury. For example, if a person is standing in a door-
way or in front of a window where explosive gases vent, 
that person is vulnerable to tertiary blast injury even if he 
or she is relatively far from the point of detonation.

Quaternary blast injury includes all other explosion-
related injuries, illness, and diseases that are not due to 

primary, secondary, or tertiary mechanisms. Fire-related 
injury is one of the most common quaternary injuries. 
Fires do not originate from the explosion, but from the 
surrounding environment. Ruptured gas lines, fuel tanks, 
and damaged electrical circuits are common sources of 
fire. Fire-related injuries including burns and smoke-re-
lated injuries may occur. Other quaternary blast injuries 
include wound infections from projectile injuries related 
to embedded glass or debris and bronchospasm or asthma 
triggered by dust from the explosion. Crush injury and 
mechanical asphyxiation occurring in structural collapse 
are also quaternary blast injuries (Kauvar et al. 2008). 
Mutilating blast injury is defined as traumatic amputation 
or dissociation of the body from a combination of blast 
effects.

The probability of blast injury decreases as distance from 
the epicenter increases. All types of blast injury are usually 
evident if an individual is very close to the epicenter of the 
explosion. At distances farther away from the blast, ther-
mal injury becomes less likely. Projectile injuries continue 
to occur and account for the majority of injuries.

AUTOPSY FINDINGS
The autopsy findings of blast injury include the spectrum 
of injuries related to the four mechanisms of blast injury. 
Victims of blast injury may be intact and show no or minor 
findings on the skin surface, have one or more amputa-
tions, or have total body disruption. In the latter instance, 
dissociated body parts are received. These are usually 
mixed with debris and may contain parts from several dif-
ferent individuals. Amputation results in a lesser degree of 
body disruption and fragmentation. Amputations include 
loss of digits, extremities, and the head (Figure 7.1). Fully 
intact remains may show evidence of fatal injury or injury 
that was initially survivable. In all cases, the remains may 
show evidence of projectile injury, blunt force injury, or 
burns (Figure 7.2). The task of the forensic pathologist is to 
examine the component injuries with regard to lethality, 
types of injury, and recovery of evidence to assist in the 
investigation.

Primary blast injury affects the auditory, respiratory, 
and circulatory systems, and hollow viscera. The organs 
become distorted from pressure, which creates tissue 
stress. When tissue stress exceeds tissue strength, injury 
occurs. Air-containing organs rely on natural pressure-
equilibrating mechanisms to maintain structure and 
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(a)

 

(b)

(c)

 

(d)

FIGURE 7.1  Blast injury with traumatic amputation. (a, b) Autopsy photograph and three-dimensional MDCT show bilateral 
above-the-knee amputations with associated fractures of the pelvis and left arm. (c, d) Axial and sagittal MDCT of the thorax show 
bilateral pneumothorax and hemothorax. There is a laceration of the anterior wall of the heart (arrows) and fracture of the sternum. 
The metal tip of an intraosseous intravenous apparatus is seen in the manubrium of the sternum (arrowhead). Intravascular air is 
secondary to decomposition.
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functionality. These are overcome by the rapid change in 
external pressure in an explosion (Bellamy et al. 1991).

In the auditory system, the tympanic membrane is the 
most susceptible to blast injury. It may rupture at rela-
tively low pressures. Consequently, a tympanic membrane 
rupture is almost always found at pressure levels that are 
high enough to injure the lungs and hollow gastrointesti-
nal viscera. Ossicular fracture and cochlear damage may 
also occur. The ear closest to the blast usually has the most 
severe damage (Tsokos 2008).

Pulmonary edema, contusion, laceration, and hemorrhage 
occur in blast injury to the respiratory system. The lungs 
are especially vulnerable to blast injury because of their 
structure and location. The relatively rigid rib cage can be 
displaced into the lung during the blast causing brief com-
pression of the lungs. Contusions may result. These are 
located on the pleural surface and may show distinctive 
impressions that are often referred to as rib markings. The 
source of the markings is actually the intercostal muscle. 
Pale bands represent tissue and vascular structures com-
pressed by the ribs (Figure 7.3). The term intercostal mark-
ings is more appropriate for this finding (Bellamy et al. 
1991).

Pulmonary parenchymal hemorrhage is related to rup-
ture of alveoli septae and tearing of alveolar capillaries 
with subsequent bleeding into the alveoli. Histologically, 
pulmonary hemorrhage is characterized by blood-filled 
alveoli. Alveolar septal tears are often difficult to identify. 
At autopsy, pulmonary hemorrhage is manifest as oozing 

of blood from the cut surface of the lung as it is sectioned 
(Figure  7.3) (Bellamy et al. 1991). Alveolovenous fistulas 
may occur when alveolar wall tears involve an intralobular 
venule. Direct communication between air-filled alveoli 
and the circulatory system may result in air emboli. It has 
been stated that air emboli may be the primary cause of 
immediate death in blast victims and the cause of most 
primary blast injury deaths rather than alveolar hemor-
rhage (Bellamy et al. 1991). Pulmonary emphysema may 
occur when alveolar septa tears coalesce and create larger 
air collections. Pneumothorax and hemothorax occur 
from pleural rupture (Figure 7.1). Primary blast injury may 
also cause ulceration and submucosal hemorrhage in the 
larger bronchi and upper airways when their epithelium 
is stripped from the underlying basal lamina (Bellamy et 
al. 1991).

The circulatory system is affected directly by blunt 
force injury or indirectly by air emboli originating in 
the lung. Air emboli can occlude coronary blood arter-
ies and cause cardiac arrest or travel to the cerebral 
arteries to produce neurological injury. Most investiga-
tors believe that clinically significant air emboli occur 
within the first 10 minutes of the blast (Bellamy et al. 
1991). Pathologic confirmation of air emboli is difficult. 
The diagnosis should be considered prior to autopsy. The 
finding of air isolated to the heart or cerebral vascula-
ture on radiographs or multidetector computed tomog-
raphy (MDCT) suggests the diagnosis. Air emboli are 
difficult to document at autopsy because they require 
special techniques of submerging the heart in water or 

(e)

FIGURE 7.1  (Continued) Blast injury with traumatic amputation. (e) Axial MDCT of the pelvis shows fractures of the sacroiliac 
joints and the left iliac bone.
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(a)

 

(b)

(c)

 

(d)

FIGURE 7.2  Secondary, tertiary, and quaternary blast injury. (a, b): Autopsy photograph and three-dimensional MDCT show soft 
tissue disruption of the lower extremities with multiple comminuted fractures. The left arm is fractured. (c) Autopsy photograph of 
the left side of the torso shows partial- and full-thickness burns over the lower abdomen, pelvis, thighs, and back. (d, e) Coronal and 
sagittal MDCT of the thorax show multiple thoracic vertebral fractures and fracture of the sternum. There is a left pneumothorax.
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(e)

 

(f )

(g)

 

(h)

FIGURE 7.2  (Continued) Secondary, tertiary, and quaternary blast injury. (d, e) Coronal and sagittal MDCT of the thorax show 
multiple thoracic vertebral fractures and fracture of the sternum. There is a left pneumothorax. (f) Digital radiograph of the feet 
shows complex hindfoot, midfoot, and ankle fractures bilaterally. (g, h, i, j) Three-dimensional MDCT and autopsy photographs 
show cranial displacement of the foot and “spearing” of the foot by the tibia, indicating that the blast came from underneath 
the feet.
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an aspirometer. Even with these techniques, postmor-
tem gas production as part of the decomposition process 
may make these findings difficult to interpret. Cardiac 
hemorrhage from primary blast injury may occur when 
displacement of the mediastinum causes cardiac lac-
eration or contusion. Cardiac hemorrhage is rarely 
seen without accompanying pulmonary hemorrhage 
(Figure 7.1) (Bellamy et al. 1991).

Injuries to the gastrointestinal tract are more likely to 
occur when blast waves are propagated through water 
than through air (Bellamy et al. 1991). Gastrointestinal 
injuries include intramural hemorrhage, laceration, and 
rupture. The distal small intestine and large intestine, 
particularly the cecum, are most vulnerable because they 
commonly contain the most gas. Bowel perforation may 
occur immediately or be delayed many days after blast 
exposure due to injury and subsequent necrosis of the 
bowel wall.

Blast-related neurotrauma is currently receiving intense 
investigation because the effects on survivors are poorly 
understood. Emerging evidence suggests that blast 
pressure transmitted transcalvarially may affect brain 
function. Overpressure, however, is only one potential 
etiology for traumatic brain injury. Electromagnetic 
energy, acoustics, and other etiologies have been impli-
cated (Ling et al. 2008).

Projectiles and debris that cause secondary blast injury 
may inflict blunt and penetrating trauma on blast victims 

depending on the size, configuration, and velocity of 
the projectile. A classic triad of contusions, abrasions, 
and lacerations characterizes secondary blast injury. 
Internally, projectile fragments follow ballistic prin-
ciples, and the degree of tissue damage is dependent on 
the kinetic energy released and the path of the projectile 
(Figure 7.4).

The injuries from tertiary blast trauma depend on the 
velocity imparted to the body by the blast wave. Survivable 
injury occurs when the body impacts an object at less than 
10 feet per second. Velocities over 20 feet per second are the 
thresholds for lethal injury when body impact is against a 
hard, flat surface. Body impacts caused by velocities over 
30 feet per second are reported to be 100% lethal (Schwartz 
et al. 2008). The skull and brain are more vulnerable to 
injury and, consequently, have lower lethality thresholds. 
At autopsy, it may not be possible to determine if contu-
sions and abrasions on the external surface are from sec-
ondary or tertiary blast injury. Internally, fractures and 
organ damage may occur as a result of projectile injury or 
blunt force injury (Figure 7.5). Accordingly, most forensic 
pathologists usually describe these findings as blunt force 
injury, and the exact mechanism in many cases can be dif-
ficult to determine (Figure 7.6).

Quaternary blast injury should be assessed in conjunc-
tion with other injuries to establish its role in the cause of 
death. The findings of burns related to a blast are the same 
as burns from other causes of fire, which are discussed in 
Chapter 6.

(i)

   

(j)

FIGURE 7.2  (Continued) Secondary, tertiary, and quaternary blast injury. (g, h, i, j) Three-dimensional MDCT and autopsy pho-
tographs show cranial displacement of the foot and “spearing” of the foot by the tibia, indicating that the blast came from underneath 
the feet.
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RADIOLOGIC PRINCIPLES
Goals of Imaging

Whole-body imaging is especially well suited for victims 
of blast injury. The spectrum of blast injury includes effects 

that have the potential to focally or diffusely damage tissue 
from head to toe (Figures 7.1 and 7.2). Radiography is useful 
to obtain a quick overview of the extent of gross disruption, 
such as amputation, as well as the distribution of metallic 
fragments that may be present. In catastrophic blast injury, 

(a)

  

(b)

  

(c)

 

(d)

FIGURE 7.3  Blast lung. (a) Postmortem chest radiograph shows fractures of the right scapula and first rib and a right pneumotho-
rax with shift of the cardiac and mediastinal structures to the left. There is a focal lucent air collection in the right lower lung (arrows). 
(b, c) Coronal and sagittal MDCT images show that the right lower lung lucency observed on the chest radiograph represents an air-
filled cavity from lung laceration. There is increased attenuation surrounding the cavity which represents hemorrhage. (d) Photograph 
of the lungs and mediastinum removed at autopsy shows striped contusions (arrows) on the surface of the right middle lobe secondary 
to intercostal impressions at the time of the blast.
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lethal injuries are easily evident. Cross-sectional imaging 
with MDCT is most useful as an adjunct to autopsy when 
the cause of death is less obvious, particularly if there is 
minimal evidence of external injury (Figure 7.7).

Imaging Findings
The extent and severity of blast injury depend on the vic-
tim’s proximity to the blast and whether or not the victim 
was sheltered in a building or vehicle, in the open, or in 
water. Radiographs frequently show natural and man-
made debris on the skin surface or embedded within the 
body of a blast victim. The forms, shapes, and radiographic 
densities of debris are variable. MDCT affords three-
dimensional imaging, which is helpful in differentiating 
superficial and external debris from material within the 
body (Figure 7.8). As mentioned in other chapters, radi-
ography is better than MDCT for recognizing the shape 
of metallic objects and fragments (Figure  7.7). Natural 
material fragments, such as rocks, will often penetrate 
the body if they have sufficient velocity. On MDCT, rocks 

are typically homogeneous in attenuation and may be less 
dense than bone.

Primary blast injury occurs most commonly in the lungs 
and abdomen where gas- and air-containing organs are 
found. In principle, primary and tertiary blast inju-
ries are separate, but it is neither possible nor practical 
to differentiate them on imaging studies. Pulmonary 
laceration and hemorrhage may occur in both pri-
mary and tertiary blast injury. Pulmonary hemorrhage 
causes increased attenuation in the lung parenchyma on 
MDCT. Hemorrhage may be focal or diffuse. Pulmonary 
lacerations typically cause a more focal or linear area of 
increased attenuation within the lung which represents 
a focal hematoma. Occasionally, air may be visualized 
within a laceration (Figure  7.3). Adjacent soft tissue 
structures and organs may also lacerate and hemor-
rhage as a result of barotrauma in primary blast injury or 
from blunt trauma in tertiary blast injury. Rib fractures 
are common in blast injury and almost always indicate 
blunt force injury. In our experience, rib fractures are 

(e)

FIGURE 7.3  (Continued) Blast lung. (e) Photograph of the cut surface of the right lung shows the lung cavity (arrow) and surround-
ing hemorrhage.
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(a)

 

(b)

(c)

 

(d)

FIGURE 7.4  Secondary blast injury, a penetrating metal fragment. (a) Autopsy photograph shows left temporal entry wound 
(arrow). (b) Oblique axial MDCT in plane of the wound track shows internal beveling and bone fragments at skull entry. The metal 
fragment is in the right posterior temporal brain. (c, d) Oblique axial and coronal MDCT in plane of wound track show hemorrhage 
that documents the course of the projectile: left to right, anterior to posterior, and downward.
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invariably present in conjunction with pulmonary hem-
orrhage and are also often associated with laceration of 
the pulmonary parenchyma. Therefore, the findings of 
pure primary blast lung injury are rare in our experi-
ence. Even when there is no evidence of rib fracture, the 
occurrence of blunt force injury elsewhere may suggest 

that pulmonary findings may be related to tertiary blast 
injury (Figure 7.1 and Figure 7.7).

MDCT imaging of the brain after blast injury readily shows 
penetrating head trauma involving fracture and disruption 
of the calvarium and extra-axial hemorrhage from dural 

(e)

   

(f )

(g)

FIGURE 7.4  (Continued) Secondary blast injury, a penetrating metal fragment. (e) Three-dimensional MDCT with removal of a 
calvarial flap to expose the fragment location (fragment shown in red) within the cranial cavity. The entry site is in the left temporal 
bone. (f) Autopsy photograph of the cut surface of the brain displayed to match computed tomography. Orientation shows final tem-
poral path. (g) Recovered fragment.
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(a)

 

(b)

(c)

 

(d)

FIGURE 7.5  Tertiary blast injury to the cervical spine. (a) Autopsy photograph shows contusions of the cervical region and contu-
sions and lacerations on the mandible and below the left ear. (b) Axial MDCT shows fractures of the right and left lamina of C2. (c) 
Sagittal maximum intensity projection shows anterior subluxation of C2 on C3. (d) Three-dimensional MDCT with computer sub-
traction of the skull and posterior arch of C1 to show the posterior C2 fractures (arrows).
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(a)

 

(b)

(c)

 

(d)

FIGURE 7.6  Tertiary blast injury. (a, b) Autopsy photographs of the anterior and posterior torso show linear contusions consistent 
with blunt force injury. (c, d) Coronal and sagittal MDCT show retrolisthesis of T12 on L1 (arrow in d).
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(e)

 

(f )

(g)

   

(h)

FIGURE 7.6  (Continued) Tertiary blast injury. (e) Three-dimensional MDCT shows fractures of the left 12th rib and the transverse 
processes of L1 through L3. The dislocation of the T12/L1 disk level is also evident on this image. (f) Autopsy photograph shows sepa-
ration of the spine at T12/L1 disk space (arrows). (g, h, i) Axial, coronal, and sagittal MDCT of the chest and upper abdomen show 
traumatic herniation of the stomach (arrows) into the lower chest from laceration of the left hemidiaphragm. Patchy, multifocal areas 
of increased attenuation are present in both lungs from pulmonary hemorrhage. There is a small right and left pneumothorax present 
and bilateral hemothoraxes.
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(i)

FIGURE 7.6  (Continued) Tertiary blast injury. (g, h, i) Axial, coronal, and sagittal MDCT of the chest and upper abdomen show 
traumatic herniation of the stomach (arrows) into the lower chest from laceration of the left hemidiaphragm. Patchy, multifocal areas 
of increased attenuation are present in both lungs from pulmonary hemorrhage. There is a small right and left pneumothorax present 
and bilateral hemothoraxes.

(a)

   

(b)

FIGURE 7.7  Primary, secondary, and tertiary blast injury. (a) Autopsy photograph of the torso shows no significant external bruis-
ing or laceration. Both elbows are bandaged. (b) Chest radiograph shows mild generalized increased density overlying the left lung and 
shift of the mediastinal and cardiac structures to the right. The heart is enlarged.
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(c)

   

(d)

(e)

 

(f )

FIGURE 7.7  (Continued) Primary, secondary, and tertiary blast injury. (c, d) Axial and coronal MDCT images of the chest 
show a hemopericardium (arrows in c) and a large left hemothorax (asterisk in c). Lung windows (image d) show multiple areas 
of hemorrhage in both lungs and focal left lower lobe hematomas from laceration (arrows in d). (e) Radiograph of the left arm 
shows embedded metallic objects. (f) Photograph of the recovered metallic objects shows the objects are a valve handle and 
wire.
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(g)

 

(h)

FIGURE 7.7  (Continued) Primary, secondary, and tertiary blast injury. (g, h) Three-dimensional and coronal MDCT show the 
head and neck findings of a linear right temporal skull fracture (arrow in g) and fracture of C2 at the base of the odontoid process 
(arrow in h).

(a)

   

(b)

FIGURE 7.8  Tertiary and quaternary blast injury. (a) Frontal radiograph of the pelvis shows complex, comminuted fractures of the 
pelvis and proximal femurs. There are a variety of high densities overlying the right hemipelvis and soft tissues. (b) Axial MDCT shows 
that the high density identified on the radiograph represents superficial metallic spalling, which is associated with the blast and fire. 
Thermal tissue loss is present in the posterior soft tissues of the right pelvis. Bilateral acetabular fractures are also present.
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(a)

 

(b)

(c)

 

(d)

FIGURE 7.9  Closed head injury from blast. (a, b): Axial and coronal MDCT show a focal contusion in the right frontal lobe (arrow). 
(c, d) Axial and coronal MDCT show subarachnoid hemorrhage in the right interpeduncular cistern (arrow).
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(e)

 

(f )

(g)

FIGURE 7.9  (Continued) Closed head injury from blast. (e, f) Axial and sagittal MDCT show blood in the fourth ventricle and 
cerebellomedullary cistern. (g) Autopsy photograph shows occipital and cerebellar subarachnoid hemorrhage.
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(a)

 

(b)

(c)

FIGURE 7.10  Secondary blast injury with embedded glass. (a) Autopsy photograph of the torso shows multiple lacerations and 
abrasions. (b) Axial MDCT shows medium attenuation fragments (arrows) in the anterior chest wall. There is air space consolidation 
within the right lung and bilateral posterior congestion consistent with decomposition or blast. (c) Photograph of the glass shards 
recovered from the anterior chest wall.
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(a)

   

(b)

FIGURE 7.11  Secondary blast injury with various metallic projectiles. (a) Axial and (b) coronal MDCT of the chest show multiple 
large metallic fragments. Some show very high attenuation and streak artifact (left shoulder) (arrow), and others have high attenuation 
without significant streak artifact (chest wall) (arrowhead). Metallurgic evaluation showed that the former were composed of steel, and 
the latter were an alloy of aluminum. The image also shows disruption of the chest with rib fractures, hemothoraxes, and mediastinal 
soft tissue disruption.

(a)

 

(b)

FIGURE 7.12  Secondary blast injuries in a suicide-bombing victim. Steel ball bearings incorporated into the explosive device 
caused projectile injury. (a) Autopsy photograph shows a projectile entry wound in the nose. (b) Axial MDCT shows a rounded metal-
lic projectile in the posterior brain against the inner table of the occiput.
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tears. Closed head injury with parenchymal hemorrhage, 
increased intracranial pressure, and contusion can be rec-
ognized in the early postmortem period before decompo-
sition obscures the findings (Figure 7.9). Blast overpressure 
neurotrauma has not been characterized on postmortem 
MDCT. Even when subtle areas of hemorrhage are found 

in the absence of fracture, it is generally impossible to sep-
arate primary from tertiary mechanisms of injury.

Evaluation of secondary blast injury from projectiles can 
be approached in the same manner that gunshot injuries 
are studied, because they both represent ballistic injury 

(c)

 

(d)

(e)

   

(f )

FIGURE 7.12  (Continued) Secondary blast injuries in a suicide-bombing victim. Steel ball bearings incorporated into the explo-
sive device caused projectile injury. (c, d) Sagittal MDCT images in the wound path show the nasal entry wound (arrow in c) and that 
the projectile passed into the posterior fossa through the inferior portion of the petrous ridge. The fractures of the petrous ridge iden-
tify it as an intermediate target. The final location of the projectile is superior to the wound path, indicating that its path was altered 
by the impact on the occipital bone (arrows indicate probable projectile course). (e, f) Autopsy photograph of the right anterior chest 
and axial MDCT of the chest show that another projectile entered the right chest anterior to the axilla (arrow in e). It passed through 
the right hemithorax creating a hemopneumothorax (asterisk in f) and rib fractures (not shown in this image) before coming to rest 
medial to the right scapula (arrow in f). 
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(Figure  7.4). Both penetrating and perforating wounds 
occur in blasts, and they will often be present concur-
rently. All sizes, shapes, and types of materials can be 
found as projectiles. The composition of some materials 
can be more easily recognized on radiographs compared 
to MDCT, because radiographs have superior edge detail 

(Figure 7.7). On MDCT, the attenuation of projectile frag-
ments is also variable because both natural and man-made 
materials can be projectiles. As discussed earlier, glass is 
a common secondary projectile. It can be identified on 
MDCT because it has an attenuation that is similar to 
cortical bone but lacks streak artifact that is commonly 

(g)

   

(h)

(i)

   

(j)

FIGURE 7.12  (Continued) Secondary blast injuries in a suicide-bombing victim. Steel ball bearings incorporated into the explo-
sive device caused projectile injury. (g) Autopsy photograph shows wound is on the right thigh and above the left knee. (h, i, j) Axial 
and oblique sagittal MDCT of the right thigh show the anterior entry wound (arrow) and ball bearing at the posterior skin surface. 
Some scattered air collections in the soft tissue reflect the wound track that missed the femur. 
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observed in metallic fragments (Figure 7.10). It is not pos-
sible to be specific as to the composition of metal frag-
ments or glass. For example, steel and copper have similar 
attenuation values and cannot be differentiated readily on 
MDCT. Furthermore, many materials are metallic alloys. 
We found that it is useful to comment on the relative dif-
ferences in fragment attenuation on MDCT when present 
so that the medical examiner can be sure to retrieve two 
different types of fragments from the body (Figure 7.11). 
Projectiles may be intentionally incorporated into 

explosive devices that are military ordinance, terrorist 
bombs, or homemade bombs. Suicide bombs used in ter-
rorist activity often contain multiple metallic fragments 
such as ball bearings or nails because they increase the 
lethality of the blast (Figure 7.12) (Aharonson-Daniel et 
al. 2008). It may be possible to estimate the location and 
direction of the blast by studying the pattern of projectile 
distribution and wound tracks in the victim. This infor-
mation can prove helpful to forensic investigators and law 
enforcement.

(k)

   

(l)

(m)

FIGURE 7.12  (Continued) Secondary blast injuries in a suicide-bombing victim. Steel ball bearings incorporated into the explo-
sive device caused projectile injury. (k, l, m) Axial and oblique sagittal MDCT of the left knee show a ball bearing passed through the 
distal femur (anterior to posterior, right to left, and downward) and is lodged in the posterior lateral soft tissue.
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Tertiary blast injury is essentially blunt force injury. 
MDCT is most useful for detecting traumatic injuries 
in areas that are not readily accessed in the autopsy. 
Fractures of the spine and pelvis are of foremost interest 
because of their association with lethal injury (Figure 7.3 
through Figure 7.6). Analysis of fracture patterns may also 
allow the direction of the blast to be determined in many 
cases. For example, lower extremity fractures caused by 
explosive forces from below show features of axial load 
injuries of the ankle and foot, such as the long bones of 
the lower extremity forced through the mid- and hindfoot 
(Figure 7.2).

Quaternary blast injury is found in conjunction with 
injuries from the other mechanisms. Burns are one of the 
most common quaternary injuries in blast victims. The 
severity of primary, secondary, and tertiary blast injury 
should always be carefully considered when determin-
ing the cause of death in a blast victim who has signifi-
cant burns, because fire-related injury may have occurred 
after death (Figure 7.2). Furthermore, it is not uncommon 
to observe partial burns in blast victims or spalling of 
metallic particles that coat the surface of the burned area 
(Figure 7.8).

The destructive nature of explosions often results in mass 
casualty events where there are numerous victims of 
blast injury. The finding of fragmented and commingled 
remains at the scene makes victim identification more 
difficult.

CONCLUSIONS
The application of MDCT to the postmortem examination 
of blast injury provides medical examiners with informa-
tion about bone and soft tissue damage in areas that are dif-
ficult to visualize at the standard forensic autopsy. Primary, 
secondary, tertiary, and quaternary blast injuries frequently 
occur at the same time. Consequently, the forensic and 
imaging principles applied to the assessment of ballistic, 
blunt force, and thermal injury are utilized in blast cases. 
MDCT greatly enhances the accuracy and speed of docu-
menting the details of fractures resulting from secondary 
and tertiary blast injury of the spine and pelvis. Postmortem 

MDCT provides accurate assessment of blast injury in air-
containing organs such as the lungs. However, the assess-
ment of solid visceral organs such as the liver, spleen, and 
kidneys is limited. Major laceration and pulpification are 
readily identified, but assessment of minor lacerations and 
vascular damage is limited. Total-body imaging with MDCT 
provides an excellent overview of the extent and severity of 
blast injury and quickly provides a guide to injuries that are 
most likely to be lethal. MDCT is potentially very useful in 
the management of explosions that create mass casualties. 
There is great potential for the use of MDCT in mass casu-
alty incidents from explosions.
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FORENSIC PRINCIPLES
Sharp-edged or pointed objects that cut or pierce the skin 
produce sharp force injuries. Even though man-made 
bladed instruments such as knives, axes, or machetes 
are the most common sharp-edged weapons, ordinary 
household utensils such as ice picks, forks, industrial tools 
such as screwdrivers and box cutters, or edged or pointed 
objects of materials such as glass or wood may be used to 
create these wounds. Deaths from sharp force injury are 
the second largest group of homicidal deaths in the United 
States following gunshot wounds (Davis 1998). Wounds 
from sharp objects are customarily divided into four cate-
gories: stab wounds, incised wounds or cuts, chop or slash 
wounds, and therapeutic or diagnostic wounds (Di Maio 
and Di Maio 2001). The mechanism of death from sharp 
force injury is almost always hemorrhaging from massive 
blood loss, cardiac tamponade, or hemopneumothorax. 
Less commonly, air embolism or asphyxia from blood in 
airways may cause death. Delayed death as a consequence 
of sharp force injury may result from infection or sepsis 
(Webb et al. 1999).

Wound Classification
Stab and puncture wounds are deeper than their width 
at the skin surface and are produced by sharp or pointed 
instruments that have been forced into the body. The 
amount of force necessary to inflict a stab wound is related 
to the shape and sharpness of the weapon. Skin is the most 
resistant soft tissue in the body to stab wounds. Once the 
resistance of the skin is overcome, very little force is neces-
sary for further penetration of the weapon (Davis 1998). The 
majority of stab wound fatalities are homicides. Suicides 
and accidents account for a small number of cases (Karger 
et al. 2000). In homicides, stab wounds are generally widely 
scattered over the body, with the life-threatening wounds 
in the chest or abdomen. Death is usually rapid and due 
to exsanguination (Di Maio and Di Maio 2001). Multiple 
grouped wounds may be indicative of rage. Defensive stab 
wounds are typically located on the hands and arms but 
may also be found on the legs if the victim is supine and 
flexes the legs into a defensive posture. Suicidal stabbing 

often involves the mid or left chest. Commonly, there are 
multiple wounds, most of which are minimally penetrat-
ing (often called hesitation wounds), and only one or two 
deeply penetrating wounds. Accidental stab wounds are 
uncommon and occur from an impaling injury caused by 
a fall or traffic accident. Any pointed object such as a pipe 
or rod may be the penetrating object.

Incised wounds or cuts are wider on the skin surface than 
they are deep (Figure 8.1). They occur when a sharp edge 
is drawn over the skin. Incised wounds are lethal when 
they are multiple or involve a major vessel. Incised wounds 
and stab wounds are often found together. Homicidal 
incisional wounds are characterized by short slashes and 
swipes of varying depths. When a victim is attacked from 
the front, the wounds are seen on the anterior surface of 
the body. If the victim is attacked from behind, incisional 
wounds will often be seen on the anterior neck. Typically, 
they begin under the ear and extend downward and then 
upward, ending lower on the opposite side from where the 
wound began (Davis 1998). In suicide or attempted suicide, 
the individual will typically have incised wounds on the 
arms, neck, or both. Right-handed individuals usually cut 
the left wrist or forearm and vice versa, but this is highly 
variable. Self-inflicted incised wounds often have hesita-
tion marks, which are superficial incised wounds adjacent 
to, overlying, or in continuation with the fatal wound (Di 
Maio and Di Maio 2001).

Heavy weapons that have a cutting edge, such as axes, 
hatchets, meat cleavers, and machetes, produce chop 
wounds. Chop wounds have a pattern of sharp force injury 
with blunt force components. Therefore, a combination of 
an incised wound with surrounding marginal abrasion 
and associated fractures or deep grooves in the underlying 
bone is characteristic of a chop injury (Davis 1998).

Medical personnel produce therapeutic and diagnostic 
wounds during treatment of a patient. Common examples 
are thoracotomy and laparotomy incisions, surgical stab 
wounds for the insertion of laparoscopic or thoracoscopic 
instruments, drainage tubes and catheters, tracheosto-
mies, and cut downs for vascular access. Occasionally, 

 Chapter 8
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(a)

 

(b)

(c)

 

(d)

FIGURE 8.1  Stab and incised wounds of the head. (a) Autopsy photograph shows a stab wound to the right frontal temporal region 
(orange marker) and an incised wound of the right frontoparietal scalp (white arrow). The length of the stab wound is greater than 
the width of the knife blade because of blade movement at the time of injury. In contrast, the length of the incised wound exceeds its 
depth. The margins of the wound are sharp, and the wound lacks bridging tissue, which distinguishes it from a laceration. (b) Three-
dimensional MDCT shows the wounds using a surface-rendering algorithm. The image is limited in defining wound characteristics 
and lacks the detail provided by photography. (c, d) Axial and coronal MDCT show that the stab wound track is directed anterior and 
downward. The axial image shows that the knife entered and fractured the lateral wall of the right orbit (arrow in c). The coronal image 
shows the downward direction of the wound track, which enters the right maxillary sinus (arrow in d).
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(e)

 

(f )

(g)

 

(h)

FIGURE 8.1  (Continued) Stab and incised wounds of the head. (e, f) Axial and coronal MDCT show that the incised wound is 
through the scalp but is not penetrating bone. (g, h, i) Axial, sagittal, and three-dimensional surface MDCT of an incised wound on 
the nose show the wound has penetrated the nasal bone.



166    Essentials of Forensic Imaging: A Text-Atlas﻿

© 2011 by Taylor & Francis Group, LLC

inflicted wounds can be confused with therapeutic 
wounds. This may occur when an inflicted wound is 
converted to therapeutic use. For example, a chest tube 
may be placed through a stab wound of the chest during 
resuscitation, or a stab wound of the abdomen may be 
incorporated into a laparotomy incision. To avoid misin-
terpretation, therapeutic tubing should not be removed 
prior to sending a body to the medical examiner, and 
medical and surgical records should be reviewed prior to 
autopsy (Di Maio and Di Maio 2001).

Autopsy Findings
Wounds from sharp-edged objects may initially appear to 
be similar to lacerations. Sharp force wounds have well-
defined edges and often lack bruising and abrasion and 
typically do not have foreign material in or around the 
wound (Figure 8.1). In contrast, lacerations have irregular 
or ragged edges and may have associated abrasion, bruis-
ing, and foreign material. An important distinguishing 

characteristic of sharp force wounds is the absence of 
bridging tissue in the depth of the wound because a sharp 
force object cut tissue. Bridging tissue is the result of tissue 
tearing. Therefore, if connective tissue bridges are present 
in the depth of the wound, it is more likely a laceration 
associated with a blunt force injury.

At autopsy, the medical examiner measures and diagrams 
the location of each wound. Wounds are measured before 
and after reapproximating the edges of the wound. The 
size, shape, anatomic location, and orientation of the 
wound are described as well as the appearance of the edges 
(blunt or sharp). The presence of associated marks is noted 
because they may reflect the physical characteristics of the 
weapon. For example, the guard or hilt of a knife or tool 
may leave an impression adjacent to the wound. Following 
external examination, visceral and vascular injuries are 
identified during dissection, and a determination of lethal 
injury is made (Figure 8.2).

(i)

FIGURE 8.1  (Continued) Stab and incised wounds of the head. (g, h, i) Axial, sagittal, and three-dimensional surface MDCT of an 
incised wound on the nose show the wound has penetrated the nasal bone.
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(a)

 

(b)

(c)

 

(d)

FIGURE 8.2  Multiple stab wounds of the back that penetrate the spinal column. (a) Autopsy photograph shows four stab wounds. 
Two are located in the midline (white and black arrows). (b, c, d, e, f, g) Sagittal, axial, and coronal MDCT show the superior midline 
wound track (arrow). The wound track has a vertical orientation and penetrates the second thoracic vertebral body passing through 
the right lamina, spinal canal, and body. The spinal cord is intact. Three-dimensional reconstructions illustrate the bone defects 
(arrows).
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(e)

 

(f )

(g)

 

FIGURE 8.2  (Continued) Multiple stab wounds of the back that penetrate the spinal column. (b, c, d, e, f, g) Sagittal, axial, and 
coronal MDCT show the superior midline wound track (arrow). The wound track has a vertical orientation and penetrates the second 
thoracic vertebral body passing through the right lamina, spinal canal, and body. The spinal cord is intact. Three-dimensional recon-
structions illustrate the bone defects (arrows).
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The edges of stab wounds are typically sharp (Figure 8.1 
through Figure 8.3). The configuration of stab wounds is 
variable. The force and movement of the weapon, angle 
of thrust, elasticity of the skin, and degree of tissue com-
pression affect wound configuration. The natural pattern 
of collagen and dermal elastic fibers in the dermal layer of 
the skin (Langer’s lines) affects the separation of the edges 
of a stab wound. If the wound is parallel to Langer’s lines, 
it will be slit-like; if it is perpendicular, it will gape. The 
movement of the weapon within the wound at the time of 
injury will affect the appearance of the wound. For exam-
ple, if a knife is twisted within the wound, the wound will 
be changed from slit-like to a nonlinear irregular defect 
(Davis 1998). The length of a stab wound will be equal 
to, less than, or greater than the width of the knife, and 
the depth of the wound may also be equal to, less than, 
or greater than the length of the knife (Bauer and Patzelt 
2002). Consequently, medical examiners do not try to 

give an estimate of the width or length of the offending 
blade based upon their determination of the depth of the 
wound in the body (Davis 1998, Di Maio and Di Maio 
2001).

The classic incised wound is clean-cut and free of abra-
sion or contusion. A dull, irregular, or nicked cutting 
edge may produce a wound that has irregular, contused, 
or abraded margins. However, there will be no bridg-
ing tissue in the depth of the wound. Incised wounds, 
like stab wounds, will tend to separate with a degree of 
separation that is related to the orientation of the wound 
along Langer’s lines. Incised wounds often begin superfi-
cially, increase in depth, and end superficially. A wrinkle 
wound is a variation of an incised wound that is char-
acterized by a string of cuts with gaps of normal tissue 
between the cuts. This is produced when a cutting edge 
is drawn over skin with folds and the cuts are made in a 

(h)

 

(i)

FIGURE 8.2  (Continued) Multiple stab wounds of the back that penetrate the spinal column. (h, i) Sagittal and coronal MDCT of 
the inferior midline stab wound show that the wound has a horizontal orientation and passes between the posterior vertebral elements 
and into the spinal canal, severing the spinal cord. The ends of the cord are retracted (arrows). There is no break in the skin surface, 
which is likely due to closure of the wound from the supine positioning of the body. On the coronal image, there is a small, linear col-
lection of air located to the inferior right of the midline wound. This is an adjacent stab wound.
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skip-like manner on the crests of the skin folds (Di Maio 
and Di Maio 2001).

Although most chop wounds appear incised, the com-
bination of cutting and crushing produced by a heavy 
weapon results in an injury that has characteristics of 
both incised wounds and lacerations. Fractures may 
accompany chop wounds. The type and severity of an 
associated fracture vary with the type of weapon, ana-
tomic location, and manner in which the blow was 
delivered to the body. For example, tangential chopping 
wounds of the skull may excise disc-shaped fragments of 
bone. Chopping weapons produce striations in the bone, 
which are unique to a specific weapon (Humphrey and 
Hutchinson 2001, Thali et al. 2003). Cleavers, machetes, 
and axes will each produce different patterns when they 
impact on bone.

Therapeutic wounds are usually easily differentiated from 
inflicted wounds by their appearance, anatomic loca-
tion, and medical history. They are most often the result 

of emergency treatment. In the chest, emergency thora-
cotomy incisions are usually long, deep incisions in an 
intercostal space. In the abdomen, laparotomy incisions 
are most common in midline of the anterior abdominal 
wall. Stab-like therapeutic wounds are used for placement 
of chest tubes and drainage catheters and may be found in 
the chest or abdomen.

RADIOLOGIC PRINCIPLES
Goals of Imaging
Traditionally, conventional radiography was considered 
an important component in the forensic assessment of 
sharp force injury. Radiography was used to help identify 
and aid recovery of broken knife blades and to help dif-
ferentiate small round stab wounds (e.g., ice pick wounds) 
from small-caliber ballistic wounds (Davis 1998). More 
recently, the availability of cross-sectional imaging has 
expanded the role of imaging in the assessment of these 
wounds. Stab wound tracks and tissue and organ injury 
can be assessed with multidetector computed tomography 

(a)

 

(b)

FIGURE 8.3  Stab wound of the neck. (a) Autopsy photograph shows a horizontal stab wound on the left posterior neck below the 
hairline. (b) Axial MDCT shows entry wound (arrow) and soft tissue air in the track. An endotracheal tube is in place.
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(c)

 

(d)

(e)

FIGURE 8.3  (Continued) Stab wound of the neck. (c) Oblique coronal MDCT shows track coursing medial and upward. (d) 
Oblique sagittal MDCT shows air collections in the track to include a collection above the posterior arch of C1 (arrow). (e) Autopsy 
photograph with a rod in the wound track shows the spinal canal was entered. This case also shows intracranial and paraspinal air 
secondary to decomposition, which can be difficult to distinguish from pathologic air collections.
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(MDCT) prior to dissection. This is particularly useful in 
wounds that are located in anatomic areas that are more 
difficult to dissect, such as those located in and around the 
spine (Figures 8.2 and 8.3).

Imaging Findings
The majority of weapons used to produce sharp force 
injury are metallic and unlikely to break apart in soft tis-
sue. However, the tip of a knife blade may break if it is 
embedded in bone. When this occurs, identification and 
recovery of the fragment is forensically important. The 
recovered fragment can aid in more precise identification 
of the weapon, and if a weapon is recovered, a physical 
match can be made (Di Maio and Di Maio 2001). Knife 
blade fragments are metallic attenuation on radiographs 
and MDCT. On radiography, the location of the fragment 
should correlate with the expected location of the wound 
path based on the skin entry site. On MDCT, the wound 
track may be visualized and lead to the metallic fragment. 
On rare occasions, a knife is found embedded in the body. 
In these instances, orthogonal radiographs can be used 
to estimate the depth of the knife in the body. Although 
MDCT images may be degraded by streak artifact from a 
large metallic object, they may still provide useful three-
dimensional reconstructions that may be of benefit later in 
legal presentations (Bauer and Patzelt 2002, Karlins et al. 
1992, Thali et al. 2002).

Skin surface mapping and characterization of wounds 
is a major focus of the forensic autopsy in sharp force 
injury. When there are multiple stab wounds, it may be 
helpful to place a metallic marker on the skin entry site 
after the pathologist has completed the external examina-
tion, and then repeat MDCT imaging so direct correlation 
is facilitated. The shape and edge patterns of the wound 
that are studied visually by the forensic pathologist have 
a variable appearance on MDCT. Because currently avail-
able software does not provide the skin detail necessary 
for accurate characterization of the wound surface, it is 
not recommended that MDCT be used to make deter-
minations of blade type, such as estimating whether or 
not a knife was single edged, double edged, or serrated 
(Figure 8.1). The visibility of a wound on MDCT is depen-
dent on the orientation and position of the body. A gap in 
the skin surface from an open wound can close when the 
wound is dependent.

Air is the key finding to identify a wound track from 
a sharp-edged object. This is the same principle used to 
identify gunshot and projectile wound tracks. On the skin 
surface, a break in the continuity of the skin is outlined by 
air, and the track in the body is visible if air is carried into 
soft tissue or released from a gas-containing organ such 
as lung or bowel (Figure 8.2 through Figure 8.5). Air from 
venous air embolism may be seen in the right heart and 
venous structures following stab wounds to the neck or 
wounding of any major vein that permits air to enter the 
venous system (Dirnhofer et al. 2006).

Although hemorrhage is the most common cause of death 
in sharp force injury, bleeding may be primarily external 
and consequently not visible on MDCT. Internal hemor-
rhage is visible in the spaces where blood accumulates in 
sufficient volume. Hemopneumothorax, hemoperitoneum, 
perinephric hematoma, and subcapsular hemorrhage in 
intra-abdominal organs are usually readily identified on 
MDCT (Figures  8.6 and 8.7). Injuries to the heart are 
likely to cause hemopericardium with cardiac tamponade 
(Dirnhofer et al. 2006).

Stab wounds are recognized on axial images by breaks 
in skin surface contour and the presence of subcutane-
ous air (Figures 8.2, 8.3, and 8.5). By viewing sequential 
images on a workstation or using multiplanar reconstruc-
tions, it may possible to determine the orientation and 
approximate length of the wound at the skin surface. It 
may also be possible to estimate the depth of the wound if 
the wound track contains gas or if there is adjacent bone 
injury (Figures  8.3, 8.6, and 8.7). These measurements 
must be done in the plane of the wound track. However, 
it is not recommended to correlate these measurements 
with the physical measurements or the measurements of 
a suspected weapon. All of the skin variables that create 
the lack of correlation between weapon dimensions and 
physical wound measurements on the body apply when 
images are analyzed. Consequently, the radiologist 
should not state that a particular weapon is the type used 
in the case.

Wound tracks in stab injury become visible on MDCT 
when air enters the wound track, bone is damaged, or the 
track fills with blood. There is generally less air in stab 
wounds than in gunshot wounds, particularly as depth 
increases, because the wound does not experience cavita-
tion. The tissue surrounding the wound may quickly close 
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(a)

 

(b)

(c)

FIGURE 8.4  Stab wound of the abdomen. (a, b) Axial and coronal MDCT show air in the stab wound track in the abdominal wall 
(arrows). There is no evidence on the image that the stab wound penetrates the liver. (c) Autopsy photograph shows the wound track 
penetrated the right lobe of the liver (arrow). The wound is not evident on MDCT because the wound edges are closed and no air 
entered the liver parenchyma.
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(a)

(b)

FIGURE 8.5  Stab wound of the abdomen. (a) Axial MDCT shows the wound penetrates the abdominal wall (arrow). There is 
a second air collection in the abdominal wall posterior to the stab wound which represents a second stab wound, which is less apparent 
because margins of the wound are closed at the skin surface. (b) Coronal MDCT clarifies the depth of the stab wound and damage to 
tissue by revealing that the wound penetrated the hepatic flexure of the colon (arrow).
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(a)

 

(b)

(c)

FIGURE 8.6  Stab wound of the left flank showing that the wound track can be determined from the combination of bone and soft 
tissue findings. (a) Three-dimensional MDCT of the left rib cage shows a linear fragment of bone cut from the lower margin of the 
posterior 12th rib (arrow). (b, c) Axial and sagittal MDCT show a rim of high-attenuation fluid around the left kidney which repre-
sents perinephric hemorrhage (arrows). This is evidence that the stab wound entered the left kidney. The intrarenal wound track is not 
apparent because the edges are closed and no air has entered the kidney. There is a defect on the skin surface (arrowheads), air collec-
tion around the left 12th rib, and the bone fragment below the rib; these findings indicate the knife had a downward direction.
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(a)

 

(b)

(c)

 

(d)

(e)

FIGURE 8.7  Stab wound of the chest. (a) Autopsy photograph shows a horizontal right parasternal stab wound (arrow). There is 
another wound in the midline of the neck. (b) Three-dimensional MDCT of the thorax reveals a defect in the second right rib adjacent 
to the costochondral junction (arrow). (c, d) Axial and sagittal images of the thorax show the wound track in the right anterior chest 
wall (arrows). There is bilateral pneumothorax and hemothorax. (e) Autopsy photograph of the chest plate shows the stab wound 
through the costal cartilage and second interspace on the right (arrow).
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(a)

 

(b)

(c)

 

(d)

FIGURE 8.8  Surgical wounds of the chest and neck from a thoracotomy with superficial closure and an attempted tracheotomy. 
(a) Autopsy photograph shows a sutured left thoracotomy (arrow), right chest tube, sternal abrasion, and transverse neck wound. (b, c) 
Sagittal and axial images of the neck reveal a superficial anterior wound (arrows) but no wound track in the underlying soft tissues. 
Incidentally, there is a cervical vertebral fusion anomaly of C4-C5. (d) Autopsy photograph of the trachea from posterior reveals a 
horizontal wound entering the trachea (arrow) not seen on MDCT.
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(e)

 

(f )

(g)

FIGURE 8.8  (Continued) Surgical wounds of the chest and neck from a thoracotomy with superficial closure and an attempted 
tracheotomy. (e) Axial image of the left hemithorax shows wound tracks extending through the anterior chest wall into the pleural 
space. The pericardium is open; there is a hemopneumothorax; and there is a wavy skin surface contour, which is from the skin sutures 
of the thoracotomy incision. (f, g) Oblique maximal intensity projection and sagittal MDCT show that the surgical incision follows 
an intercostal space.
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(a)

 

(b)

(c)

 

(d)

(e)

FIGURE 8.9  Surgical fasciotomies performed for treatment of severe burns. (a, b) Axial MDCT of the abdomen and pelvis 
shows bilateral anterior and lateral fasciotomy defects in the skin (arrows). (c) Axial MDCT of the thigh at the mid-femur level 
shows bilateral medial and lateral fasciotomy defects (arrows). (d, e) Autopsy photographs show the linear fasciotomy incisions on the 
torso and legs.
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when the blade is withdrawn, making the wound invis-
ible on MDCT (Figure 8.4). The interaction of a sharp edge 
weapon with bone can produce a cut defect, chip fragment 
(Figure 8.7), hole, or fracture (Figure 8.2). The type of bone 
injury depends on the knife blade shape and type of the 
bone stabbed. The presence of bone–blade interaction is a 
good indicator of the wound track direction and aids in the 
approximation of wound depth (Bauer and Patzelt 2002) 
(Figure 8.6). MDCT is valued for its ability to show wound 
changes in areas that are difficult for the medical examiner 
to access at autopsy (Figure 8.1 through Figure 8.3).

The shift of organs from position at time of attack to 
position on the postmortem MDCT is a critical fac-
tor in determining wound track. For example, normally 
expanded lungs place the heart in a different anatomic 
position than it is on a supine postmortem image with 
bilateral pneumothorax (Figure  8.7). The wound track 
and organ position in stab wounds of the abdomen will be 
affected by whether the victim was sitting or standing at 
the time of injury (Figure 8.4).

Incised wounds can be recognized because their length 
exceeds their depth. This can be readily appreciated when 
viewing MDCT images on a workstation. Using the mul-
tiplanar capability of MDCT, the imaging plane can be 
aligned perpendicular to the long axis of the wound to 
show that the wound is free of bridging tissue in the depth 
of the wound. The lack of bridging tissue distinguishes a 
knife wound from a laceration. Incised wounds, like stab 
wounds, will exhibit varying degrees of separation related 
to the orientation of the wound and the position of the 
body at the time of the scan. For example, wounds on the 
back will often be closed when the body is scanned supine. 
We have found that incised wounds on the face and scalp 
are easier to visualize than those on the body.

Because chop wounds are the combination of cutting and 
crushing by a heavy weapon, the MDCT findings of chop 
wounds have soft tissue characteristics of both incised 
wounds and lacerations. Chop wounds frequently have 
associated fractures. Chop wound fractures vary with the 
type of weapon, location on the body, and way in which 
the blow was delivered. For example, tangential chopping 
wounds of the skull may cut off discs of bone. Chopping 
weapons that pass through bone can impart striations on 
the bone that are unique to the type of weapon: cleaver, 

machete, or axe (Humphrey and Hutchinson 2001, Thali 
et al. 2003).

Surgical wounds are evident when tubes or drains remain 
in place, metallic staples are used, devices are present, or 
sponges remain in the body. A clue to surgical wounds 
is their location and direction (Figures  8.8 and 8.9). For 
example, thoracotomies typically follow an intercostal 
space, and chest tube wounds are usually placed in the 
anterior axillary line. When death occurs after a surgical 
procedure and the wounds have been closed, it is easy to 
fail to identify the incisions on MDCT if there has been 
standard layer-by-layer closure. There are occasions when 
tubes or drains have been removed before (or after) death 
and also times when a stab wound has been incorporated 
into a surgical incision. When death occurs during resus-
citative surgery, surface suturing may be used to close the 
incisions, and the deeper layers are left unopposed. We 
observed this in thoracotomies (Figure 8.8) and laparoto-
mies. The radiologist will experience the same difficulties 
as the pathologist in distinguishing therapeutic wounds 
from inflicted wounds when the medical records are 
absent or incomplete.

CONCLUSIONS
Wounds caused by sharp-edged objects are to be char-
acterized by MDCT using body surface renderings in 
combination with multiplanar reconstructions displayed 
to show the wound track. Damage to bone and soft tissue 
structures allow estimation of wound depth and direc-
tion. MDCT is also useful to detect wound penetration 
into areas of the body that are difficult to reach during 
routine autopsy. It should be emphasized that no conclu-
sion should be offered regarding a specific type of weapon 
based on MDCT wound characteristics.
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FORENSIC PRINCIPLES
The forensic investigation of a body recovered from water 
begins with the consideration that death may have occurred 
as a result of drowning, natural disease, or injury before 
falling or being placed in the water, or from natural disease 
or injury while in the water. The differentiation between 
these causes of death may be difficult because almost all 
bodies recovered from water will have cutaneous signs of 
immersion and may have fluid within the tracheobronchial 
tree or stomach. Consequently, drowning is one of the most 
difficult causes of death for a forensic pathologist to render. 
The longer a body is in the water, the more indeterminate 
the diagnosis will become. The presence of decomposition 
or marine animal predation may make determination of 
the cause of death more complex or impossible in some 
cases. Of greatest importance, the diagnosis of drowning 
is a diagnosis of exclusion, because there is no specific or 
conclusive test to diagnose drowning. The most reliable 
method to determine that a death was due to drowning is 
to compare the anatomic findings at autopsy with the scene 
investigation and exclude other causes of death.

Physiology of Drowning
Drowning was defined by the World Congress on Drowning 
as a process that results in primary respiratory impairment 
from submersion or immersion in a liquid medium (Idris 
et al. 2003). When a drowning victim’s airway lies beneath 
the surface of the liquid, the victim voluntarily holds his or 
her breath. Liquid in the pharynx or larynx causes invol-
untary laryngospasm, which results in hypoxemia and a 
hypercarbic metabolic acidosis. As the victim’s hypoxemia 
worsens, laryngospasm abates, which causes the victim to 
actively breathe in liquid. However, the amount of inhaled 
liquid is variable from person to person, and the changes 
that occur in the lungs, body fluids, blood gases, and elec-
trolytes are also variable, depending on the duration, vol-
ume, and composition of inhaled liquid (Idris et al. 2003). 

Consciousness is usually lost within 3 minutes of sub-
mersion (Pearn 1985). Death occurs from tissue hypoxia. 
The terminal event is circulatory collapse from cardiac 
arrhythmia with or without a terminal seizure.

The physiologic basis of hypoxemia and the formation of 
pulmonary edema in drowning are dependent on the type 
of water inhaled. In saltwater drowning, fluid is drawn 
into the alveoli from plasma, because there is hypertonic 
saltwater in the alveoli (Modell et al. 1967). In contrast, 
freshwater alters the surface tension properties of surfac-
tant, which causes some alveoli to become unstable or col-
lapse, altering the ventilation–perfusion ratio and forming 
intrapulmonary shunts (Modell 1993). Large amounts of 
freshwater pass through the alveolar capillary bed causing 
hypervolemia and electrolyte dilution with rapid redistri-
bution of fluid and formation of pulmonary edema (Modell 
et al. 1966). Other contributing factors to the formation of 
pulmonary edema in all types of drowning include pulmo-
nary hypertension and cerebral hypoxia (Modell 1978). If 
particulate matter is present in the water, it may mechani-
cally obstruct small bronchi and bronchioles.

The term dry drowning has been used in the past to dis-
tinguish between victims who aspirate fluid into the lungs 
during drowning and those who do not. Drowning victims 
with significant fluid aspiration (wet drowning) have heavy, 
edematous lungs at autopsy. In contrast, dry drowning vic-
tims have no significant signs of fluid penetration into the 
lower airways and normal or low-weight lungs with hyperin-
flation at autopsy. It has been hypothesized that dry drown-
ing victims have little or no penetration of liquid below the 
larynx because of profound laryngospasm. The existence 
of dry drowning has been disputed by some and remains a 
controversial topic. Some authors suggest that making the 
diagnosis of drowning without evidence of aspirated water 
is risky, because some causes of sudden death such as car-
diac arrhythmia cannot be confirmed postmortem (Modell 
et al. 1999). In addition, recent literature suggests that lung 

Chapter 9
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weights are not reliable criteria for the distinction between 
types of drowning and that the incidence of low lung weight 
in drowning is much less (approximately 2% of drowning 
cases) than previously suggested (Lunetta et al. 2004).

Autopsy Findings
The autopsy diagnosis of drowning is based on scene inves-
tigation, circumstances of death, and anatomic findings at 
autopsy that are supportive of drowning. Drowning is a 
diagnosis of exclusion and can only be made after complete 
autopsy with toxicology, because the anatomic findings 
of drowning may overlap those of other causes of death. 
For example, death in water may be due to any number of 
natural causes, such as sudden cardiac death, preexisting 
cardiac disease, pulmonary embolism, stroke, or subarach-
noid hemorrhage. Hypothermia or exhaustion may also 
play a role in drowning deaths. On the other hand, victims 
of natural death, impaired judgment from alcohol or drug 
use, drug overdose, or homicide may fall or be thrown into 
water. In all of these scenarios, fluid may be present in the 
airways and lungs from pulmonary edema of various eti-
ologies or from agonal respirations underwater.

Bodies recovered from water often display signs of 
immersion on external examination. Signs of immersion 

indicate that the body has been in water, but they are not 
specific for the cause of death. The degree and extent of 
cutaneous changes of immersion depend on the tempera-
ture of the water and the length of time a body was in 
the water. There is often maceration of the skin where 
the skin surface becomes wrinkled, pale, and sodden. 
This is usually most pronounced on the portions of the 
body not protected by clothes, such as the hands and feet 
(Figure 9.1). Cutis anserine, also called goose flesh, is the 
appearance of dimpling of the skin from contraction of 
erector pilae muscles of each hair follicle and may be 
seen in bodies retrieved from cold water. Mud, silt, or 
sand may be present on the skin, clothing, and oral and 
nasal cavities from victims recovered from water heavily 
laden with particulate matter. One of the most important 
components of the external examination is evaluating 
the body for evidence of antemortem blunt or penetrat-
ing trauma. Intentional trauma, suicide, homicide, child 
abuse, and impairment from alcohol or drug use must 
always be considered at autopsy. Antemortem traumatic 
injuries may be difficult to distinguish from postmor-
tem injuries because the wounds may appear bloodless 
following prolonged immersion (Di Maio and Di Maio 
2001).

(a)

 

(b)

FIGURE 9.1  External autopsy findings in drowning. (a) Pale, wrinkled palm (often called washerwoman’s skin) caused by pro-
longed immersion in water. (b) Froth exuding from the mouth and nostrils in a person who drowned. There is also sand on the chin 
and a laceration of the upper right lip that was likely from antemortem blunt trauma.
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Anatomic findings at autopsy to support the diagnosis of 
drowning include the presence of frothy fluid in the air-
ways or lungs, hyperinflated and congested lungs, fluid 
in the paranasal sinuses, watery fluid in the stomach, and 
dilated and engorged right-sided cardiac chambers and 
great vessels. The frothy fluid in the airways and lungs 
is a proteinaceous exudate of intra-alveolar edema and 

surfactant mixed with water of the drowning medium 
(Gordon 1972). In bodies freshly recovered from water, 
froth may exude from the mouth (Figure 9.1). It is typi-
cally white but may be pink or red-tinged from pulmo-
nary hemorrhage secondary to pressure gradient changes 
when the body is submersed. Froth may fill portions of the 
tracheobronchial tree (Figures 9.2 and 9.3) or exude from 

(a)

 

(b)

(c)

FIGURE 9.2  Airway froth. (a) White, foamy froth (arrow) in the larynx. (b, c) Oblique and axial MDCT shows laryngeal froth as 
the low-attenuation material admixed with rounded foci of gas (arrow) within the trachea.
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the cut surface of the lung. Hyperinflated lungs at autopsy 
are defined as lungs that are expanded with air such that 
they fill the pleural cavity and encroach upon the medi-
astinum or cross the midline and touch one another when 
the thoracic cavity is opened and the sternum is removed. 
The term kissing lungs was applied to the appearance of 
hyperinflated lungs at autopsy (Figure 9.4). In some cases, 
the lungs are so distended that the ribs leave an impres-
sion on the surface of the lungs. Congested or edematous 
lungs are also characteristic and typically result in com-
bined lung weights of greater than 1000 grams (Figure 9.5 
through Figure  9.8) (Kringsholm et al. 1991). Petechial 
hemorrhages may be present in the lungs and on the 
pleura. Because inhaled and aspirated fluid enters the 
paranasal sinuses as it passes through the nasal cavity, the 
finding of sphenoid and ethmoid sinus fluid is supportive 
of the diagnosis of drowning. Sphenoid sinus fluid may be 
sampled by aspiration or unroofing of the sphenoid sinus 
at autopsy (Figure  9.9 through Figure  9.11). The finding 

of sand or sediment in the paranasal sinuses and airways 
is an important marker of inhalation and aspiration of 
sediment-laden water (Figure  9.11 through Figure  9.13). 
Although many consider the findings of pleural effusion, 
watery fluid in the stomach, and dilated, engorged right-
sided cardiac chambers and great vessels as nonspecific, 
they are helpful, supportive findings when other anatomic 
findings of drowning are present (Figures 9.14 and 9.15). 
Many authors have sought to find more specific findings 
to diagnose drowning, such as the detection of diatoms, 
serum biochemical analysis, and comparison of organ 
weights, but these have not been shown to be consistently 
reliable (Azparren et al. 2003, Azparren et al. 1998, Hadley 
and Fowler 2003, Hurlimann et al. 2000).

RADIOLOGIC PRINCIPLES
Goals of Imaging
The primary goal of imaging a body recovered from water 
is to exclude other causes of death. Full-body multidetector 

(a)

 

(b)

FIGURE 9.3  Airway froth. (a) Coronal MDCT shows frothy fluid filling the posterior nasal cavity (white arrow), nasopharynx, and 
oropharynx (black arrow). Fluid is also in the frontal and sphenoid sinuses. (b) Coronal minimum intensity projection MDCT image 
of the chest shows froth in the right (arrow) and left main bronchi. The trachea, bronchus intermedius, left upper lobe bronchus, and 
left lower lobe bronchus are well aerated, but there is no air in the more distal bronchi bilaterally.
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computed tomography (MDCT) is the most appropriate 
cross-sectional imaging technique to rapidly anatomically 
survey a body recovered from water for evidence of skel-
etal trauma, metallic fragments from projectile or gunshot 
injury, or gunshot wound tracks. MDCT is superior to 

radiography for the detection and assessment of gunshot 
wound injury (Harcke et al. 2007). After images have been 
evaluated for evidence of antemortem trauma and disease, 
the images should be meticulously evaluated for anatomic 
findings supportive of the diagnosis of drowning.

(a)

 

(b)

(c)

FIGURE 9.4  Hyperinflated, congested lungs in drowning. (a) Autopsy photograph of the lungs in situ shows hyperinflation. The 
lungs completely fill the pleural cavities and touch at midline, obscuring the anterior mediastinum. (b) Coronal MDCT of the lungs 
shows diffuse ground glass opacity and the thick septal lines (arrows) of pulmonary edema. (c) Three-dimensional volume-rendered 
image shows that the pulmonary edema produces a diffuse increase in lung opacity with more severe opacity in the apexes.
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(a)

 

(b)

(c)

 

(d)

 

(e)

FIGURE 9.5  Congested, edematous lungs in drowning. (a) Autopsy photograph shows a mosaic pattern of pale hyperinflated areas 
of the lung mixed with areas that are deeper red in color. Focal areas of hypoxic vasoconstriction or bronchoconstriction cause the pale 
appearance. (b) Digital radiography shows fine, fluffy, alveolar pulmonary edema and the indistinctness of the hilar vasculature. The 
distal trachea is fluid filled. (c) Axial MDCT of the lung bases shows a mosaic pattern of severe ground glass opacity, and septal lines. 
(d) Coronal MDCT of the lungs shows moderate pulmonary edema evenly distributed throughout the lungs. Prominent septal lines are 
present in the bases and apexes. Incidentally, granulomatous calcification is in the right hilar and subcarinal lymph nodes. (e) Three-
dimensional volume-rendered image of the lungs shows that the pulmonary edema produces a diffuse increase in lung opacity.
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(a)

 

(b)

 

(c)

 

(d)

(e)

FIGURE 9.6  Pulmonary edema in drowning. (a, b, c) Coronal MDCT of the lungs shows mild pulmonary edema characterized by 
interlobular septal thickening and scattered, mild ground glass opacities. Froth is present in the right and left mainstem bronchi in (b). 
(d, e) Three-dimensional volume-rendered images show mild diffuse, symmetric pulmonary edema.
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(a)

 

(b)

(c)

 

(d)

(e)

 

(f )

FIGURE 9.7  Freshwater drowning. (a, b) Axial MDCT images of the chest show fluid in the trachea (arrow in a) and at the carina 
(arrow in b). There are small, bilateral pleural effusions (white arrowheads). (c) Coronal minimum intensity projection image shows 
diffuse pulmonary edema and fluid opacification of the distal trachea and main stem bronchi. Note that the smaller, distal bronchi 
are not visualized because they are fluid filled. (d, e) Axial MDCT images show moderate diffuse ground glass opacity of pulmonary 
edema and bilateral effusions. (f) Three-dimensional volume-rendered image shows a diffuse edema.
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Imaging Findings
Pulmonary edema is the most prominent finding of drown-
ing on plain film radiography. A variety of patterns may 
be seen that represent a continuum from mild to severe 
pulmonary edema. In mild pulmonary edema, there are 
interstitial and septal lines. With more severe edema, 
alveolar edema is present (Figure 9.4 through Figure 9.7). 
In reports of drowning and near drowning, pulmonary 
edema is usually perihilar and central in distribution. 
Apical and dependent patterns have also been observed in 
postmortem imaging. Because postmortem radiography is 
most often performed with the body in supine position, 

fluid within the tracheobronchial tree may be difficult 
to observe. However, close inspection of the radiograph 
will often reveal the absence of the normal air-filled 
distal trachea and bronchi because they are fluid filled 
(Figure 9.5b). Radiographs should be closely inspected for 
high-density material in the airways and stomach which 
may represent inhaled or swallowed sand or silt. However, 
high-density sand in the airway and stomach are usually 
only visible on radiography when present in large amounts 
(Figure 9.12a,b).

MDCT closely parallels autopsy for the depiction of the 
anatomic findings that are supportive for the diagnosis of 

(a)

 

(b)

(c)

 

(d)

FIGURE 9.8  Freshwater drowning. (a, b) Coronal MDCT images show moderate to severe ground glass opacity heterogeneously 
distributed throughout the lungs. Septal lines are most prominently in the lung bases. The trachea is fluid filled. (c) Coronal minimum 
intensity projection shows fluid filling the trachea, main stem bronchi, and all visible airways in the right lung. A few air-filled bronchi 
are present on the left. The distal esophagus is distended with air, and there is air in the gastric fundus. (d) Autopsy photographs of the 
lungs show heavy, edematous lungs that have a dark red boggy appearance in some areas.



192    Essentials of Forensic Imaging: A Text-Atlas﻿

© 2011 by Taylor & Francis Group, LLC

drowning. Sinus fluid, mastoid fluid, subglottic tracheal 
and bronchial fluid, and pulmonary ground glass opac-
ity are consistently present on MDCT (Levy et al. 2007). 
The amount of fluid within the sinuses and airways is vari-
able. Sinuses may be completely filled with fluid, contain 
air fluid levels, or contain high-attenuation sand, which 
layers dependently in the sinus (Figures  9.9 and 9.10). 
Similarly, fluid or sand may be present within the trachea 
and bronchi (Figures  9.11 and 9.12). Minimum intensity 
projection images are useful to evaluate the extent of fluid-
filled bronchi, because the attenuation difference between 
two low-attenuation structures (air in the lung and air in 
the bronchi) is maximized (Figures  9.3b, 9.7c, and 9.8c). 
Fluid is a very nonspecific finding because it may be pres-
ent within the sinuses, trachea, and bronchi in other forms 
of death or from decomposition. However, the presence of 
airway froth and sand may be helpful indicators of drown-
ing (Levy et al. 2007). Airway froth is characterized by het-
erogeneous low-attenuation fluid admixed with rounded 
foci of air (Figure 9.2b and Figure 9.3a,b). Sand, silt, or mud 

appears as high-attenuation material within the sinuses 
or airways on MDCT (Figure 9.10 through Figure 9.12). It 
may also be present on the surface of the body (Figure 9.9b 
and Figure 9.12c,d).

Hyperinflation of the lungs is an autopsy finding indicative 
of drowning on opening the chest at autopsy, but there are 
no criteria for postmortem pulmonary hyperinflation on 
MDCT. However, MDCT clearly defines the severity and 
distribution of pulmonary edema. Several different patterns 
of pulmonary edema, representing a continuum of severity, 
may be seen in drowning deaths. Moderate ground glass 
opacity with septal lines and occasionally spared second-
ary pulmonary lobules (with a predominantly apical and 
perihilar distribution) is the most common pattern reported 
(Figure 9.4 through Figure 9.6) (Christe et al. 2008, Levy et al. 
2007). Diffuse alveolar consolidation may be present in more 
severe pulmonary edema. Occasionally, a geographic pattern 
of lung attenuation characterized by areas of ground glass 
opacity and areas of lucency may be seen. This pattern has 
been called mosaic perfusion and may be secondary to focal 

(a)

 

(b)

FIGURE 9.9  Sinus and mastoid fluid in drowning. (a) Autopsy photograph shows the technique of aspiration of the sphenoid 
sinus through the sphenoid bone. (b) Axial MDCT image shows fluid levels in both maxillary sinuses and the sphenoid sinus. A small 
amount of high-density sand is present on the skin of the face and in the nasal cavity.
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(a)

 

(b)

(c)

FIGURE 9.10  (a) An autopsy photograph of an unroofed sphenoid sinus shows particulate matter within the sinus. (b) An axial 
MDCT image shows fluid levels within both maxillary sinuses and the sphenoid sinus. There is high-density sand (arrows) in the 
dependent portions of each sinus. (c) Axial MDCT image shows fluid in mastoid air cells bilaterally (arrows).
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(a)

 

(b)

(c)

FIGURE 9.11  Sand aspiration in drowning. (a, b) Autopsy photograph of the larynx shows sand in the larynx and on the vocal 
cords. The opened airway in (b) shows sand below the vocal cords in the trachea. (c) Corresponding sagittal MDCT shows high-
density sand throughout the pharynx (arrows) and proximal esophagus (arrowheads).
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(a)

 

(b)

(c)

 

(d)

(e)

 

(f )

FIGURE 9.12  (a, b) Digital radiography shows high-density sand filling the tracheobronchial tree (arrows in a) and within the 
stomach (arrow in b). (c, d) Axial MDCT images show fluid filling the trachea (arrows) with a small amount of sand in the distal tra-
chea (seen in d) and sand in the distal bronchi of lung apexes bilaterally (arrowheads). (e, f) Coronal MDCT images of the chest show 
severe pulmonary edema with diffuse alveolar opacity throughout the lungs and high-density sand filling the majority of the visual-
ized trachea and bronchi. Ingested sand is present in the stomach (arrow in f).
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alveolar hypoxic vasoconstriction or bronchospasm adjacent 
to areas of alveolar edema (Figures 9.4 and 9.5) (Christe et al. 
2008). Moderate and severe pulmonary edema patterns may 
be accompanied by pleural effusions (Figure  9.7). Dilated 

and engorged right-sided cardiac chambers and great vessels 
are nonspecific findings indicative of hypervolemia and are 
helpful supportive findings when other anatomic findings of 
drowning are present (Figures 9.14 and 9.15).

(a)

 

(b)

(c)

 

(d)

FIGURE 9.13  Sand aspiration and inhalation from drowning in a body found 2 weeks after drowning. (a, b) Coronal MDCT of 
the lungs shown in soft tissue (a) and lung (b) windows shows high-attenuation sand in the trachea and right main stem bronchus 
(arrow in a). Punctate foci of sand are present in the distal bronchi bilaterally (best shown in b). The cystic lucencies in the lung are 
from decomposition. Note extensive decompositional gas throughout the soft tissues. (c, d) Axial MDCT of the head shows high-
attenuation sand in the ethmoid, maxillary, and sphenoid sinuses. The brain is liquefied from decomposition.
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Watery fluid similar to that of the drowning medium may 
be found in the stomach at autopsy. Sand, silt, or other 
debris from the drowning fluid may be present as well. The 
amount of fluid is variable. Consequently, the degree of fluid 
distension of the stomach on MDCT is not a reliable indi-
cator that drowning fluid has been ingested at the time of 
death. Gaseous distension of the stomach and intestines has 
also been observed on MDCT and may be related to resusci-
tation attempts or decompositional gas (Figure 9.15).

Differential Diagnosis
Other diseases and causes of death that result in pul-
monary edema and airway fluid are the principal dif-
ferential diagnostic considerations from an imaging 
standpoint. The presence of frothy airway fluid or high-
attenuation sand in the airways may be helpful findings 

to suggest drowning over other causes of pulmonary 
edema such as cardiogenic pulmonary edema (Levy et 
al. 2007). Lung congestion and pleural fluid may also be 
seen in infectious processes or may be normal postmor-
tem findings, especially in nontraumatic deaths. Normal 
postmortem lungs rarely have combined lung weights 
exceeding 500 to 600 grams at autopsy, and pleural effu-
sions are usually quite small in volume, 10 to 20 mL, in 
normal lungs.

CONCLUSIONS
Although the diagnosis of drowning is a diagnosis of exclu-
sion, MDCT is a helpful addition to the forensic investiga-
tion of bodies recovered from water, because the anatomic 
findings sought at autopsy are equally shown by MDCT. 
In the appropriate scenario, such as witnessed drowning, 

(a)

 

(b)

(c)

 

(d)

FIGURE 9.14  Right atrial enlargement in drowning. (a, b) Axial MDCT shows marked enlargement of the inferior vena cava 
(arrow in a) and right atrium (asterisk in b). (c, d) Color-rendered coronal maximum intensity projection right atrial enlargement 
(asterisks) and engorgement of the pulmonary vasculature.
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(a)

 

(b)

(c)

 

(d)

(e)

FIGURE 9.15  Gastric findings in drowning. (a) Autopsy photograph of the stomach shows fluid of the drowning medium within 
the stomach. (b) Anterior-posterior radiograph of the upper abdomen shows an air-distended stomach. (c, d, e) Coronal and axial 
MDCT images show the stomach (asterisk in c and d) and duodenum (arrow in e) distended with air and fluid. Small bowel distension 
is also present. Right atrial enlargement is also present on (c).
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the MDCT findings of pan sinus fluid, mastoid fluid, sub-
glottic tracheal and bronchial fluid, frothy fluid, sinus or 
airway sand, and pulmonary edema on MDCT are sup-
portive of drowning. The main limitation of MDCT is the 
evaluation of vasculature. Therefore, MDCT is not help-
ful in excluding natural causes of death such as myocar-
dial infarction, stroke, or pulmonary embolism. However, 
MDCT is a very useful adjunct to autopsy because it adds 
anatomic information to a cause of death rendered by 
external examination or limited autopsy.
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FORENSIC PRINCIPLES
The manner of death is deemed suicide when a person 
intentionally kills himself or herself. Suicide is receiving 
increased attention worldwide because many countries are 
developing and instituting national strategies for preven-
tion (Mann et al. 2005). Suicide rates vary from country 
to country and by age, gender, ethnic origin, employment 
status, and occupation. In general, suicide is more com-
mon in men than women. Most experts believe that sui-
cide is multifactorial and not likely the consequence of a 
single cause or stressor. Psychosocial and psychiatric fac-
tors are classified as proximal factors or triggers to suicide. 
Familial or genetic tendencies, childhood experiences, and 
underlying metabolic conditions are classified as distal or 
predisposing factors (Hawton and van Heeringen 2009). 
The psychological autopsy is the traditional method of 
studying the characteristics of individuals who die by sui-
cide. This approach supports a strong link between suicide 
and psychiatric conditions such as affective disorders, sub-
stance abuse, and schizophrenia (Cavanagh et al. 2003). In 
2006, suicide was the eleventh leading cause of death for all 
ages in the United States. Males accounted for 79% of the 
cases, four times the rate of female suicide. Suicide was the 
second leading cause of death among 25- to 34-year-olds 
and the third leading cause of death among 15- to 24-year-
olds (Centers for Disease Control and Prevention 2008).

When a person is contemplating suicide, access to spe-
cific methods may be a factor that leads that person from 
suicidal thoughts to suicidal action (Ajdacic-Gross et al. 
2008). Suicidal methods vary in the likelihood that an 
attempt will be fatal (Hawton and van Heeringen 2009). 
Rich divides methods of suicide into two major groups: 
those that are immediately fatal (firearms, explosive 
devices, hanging, jumping, self-immolation, electrocu-
tion) and those that are less likely to be immediately fatal 
(overdose, poisoning, drowning, cutting, and stabbing) 
(Rich et al. 1998). In the United States, firearms, drug 
overdose, and hanging are the most common methods 
used. Self-inflicted sharp force injury, jumping, and inten-
tionally crashing a vehicle, while not common methods of 
suicide, are known to occur. In other parts of the world, 

self-immolation and suicide bombing are seen more com-
monly. The victim in 10% to 50% of cases, depending on 
the study cited, leaves a suicide note. For general reference, 
a note is left in 25% to 30% of cases (Dolinak et al. 2005, 
Koehler 2007, Spitz et al. 2006).

Firearms are used in approximately 60% of all suicide 
deaths in the United States. The use of firearms in suicide 
varies among localities within the United States because 
of regional differences in firearm availability and law 
enforcement (Brent 2001). Di Maio and Di Maio note that 
even though firearms are traditionally a preferred method 
for men to commit suicide, their experience shows that 
firearms are becoming a method of suicide preferred by 
women as well (Di Maio and Di Maio 2001). Handguns are 
used more commonly than rifles or shotguns, especially 
with female deaths. In firearms deaths, there may be an 
attempt to make the suicide seem accidental, and in homi-
cides, an attempt may be made to make the death appear 
suicidal. The circumstances of death, findings at the scene 
of death, weapon characteristics, toxicology, and autopsy 
findings are used in cases to make the final determination 
of the cause and manner of death.

Hanging is one of the most commonly used methods of 
suicide worldwide (Gunnell et al. 2005). It has been the 
second or third most popular method in the United States 
depending on area of the country and gender of the vic-
tim. In hanging, death occurs from asphyxia because the 
ligature or noose that surrounds the neck compresses the 
carotid arteries, reducing cerebral blood flow (Spitz et al. 
2006). The victim’s body may be partially or completely 
suspended in suicidal hanging. Victims can hang them-
selves in the sitting, kneeling, or lying down positions. In 
the majority of cases, the noose is constructed of a single 
loop of any material that is handy. Ropes, electric cords, 
and belts are commonly used. In jails and prisons, sheets 
can be torn into strips and items of clothing can be fash-
ioned into a noose (Di Maio and Di Maio 2001).

Toxicology plays an important role in the conduct and 
investigation of suicide. Drug overdose vies with hanging 
as the second or third most common method of suicide in 

Chapter 10
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the United States. The drug of choice changed over the past 
two decades from barbiturates to tricyclic antidepressants 
(Di Maio and Di Maio 2001). The importance of toxicol-
ogy results is obvious in establishing overdose as the cause 
of death, but psychoactive substances are also recognized 
as suicide-generating stimuli, so the presence of nonlethal 
amounts of drugs is important. Alcohol is known to pro-
duce disinhibition and increased self-confidence. Drugs 
that cause central nervous system stimulation can create 
a degree of enhanced aggression (Coklo et al. 2009). The 
presence of these substances can contribute to suicidal 
tendencies. Even though pesticides are commonly used for 
suicide in some parts of the world such as Asia and Latin 
America, they are usually not used in the United States 
and Europe (Ajdacic-Gross et al. 2008).

Death in jumping and vehicular suicide is from blunt force 
injury. History, circumstances of death, witnesses, scene 
investigation, and toxicology are important to establish 
the manner of death in these cases. It is also possible for 
more than one method to be involved in a suicide. For 
example, if drug ingestion does not work fast enough, it 
could be followed by gunshot or hanging. Suicidal fire 
deaths are rare. Self-immolation is a suicidal method in 
some cultures and may be performed during an acute 
emotional reaction, by a person with a fire fetish, or for 
idealistic purposes (Dolinak et al. 2005).

The forensic pathologist must distinguish suicide from 
other manners of death. In some instances, it may be dif-
ficult. Spitz discusses example cases of asphyxia where the 
victim was found with extremities bound and connected 
in some manner to a noose around the neck. These cases 
aroused suspicion of homicide or suicide but were often 
associated with sexual acts and ultimately concluded to be 
accidental (Spitz et al. 2006).

Autopsy Findings
In suicide by gunshot wound, the location of self-inflicted 
wounds depends on weapon used, gender of the victim, and 
to some extent, right- or left-handedness. Individuals who 
shoot themselves with handguns choose the head (81%), 
chest (17%), and abdomen (2%) as anatomic locations to 
kill themselves. The same pattern holds for suicides with 
rifles and shotguns: head (69%), chest (28%), and abdomen 
(3%) (Di Maio 1999). Most suicidal gunshot wounds are 
hard or loose contact wounds; however, a small number 
are intermediate range wounds (Di Maio 1999). Contact 

wounds can show muzzle imprint and soot deposit on the 
skin (see Chapter 4, Figure 4.5). The weapon may be held 
and fired in an atypical position. For instance, the butt of 
the weapon can be held in the hand with the thumb on the 
trigger. Often the barrel of the gun will be held in the non-
firing hand, which can produce powder tattooing from 
blowback of powder exiting the muzzle (see Chapter 4, 
Figure 4.6). Multiple self-inflicted gunshot wounds may be 
found if the wounds are not immediately incapacitating. 
Gunshot wounds entering the brain and cervical spinal 
cord are immediately incapacitating, whereas gunshots to 
the heart and aorta may not be immediately fatal. Death 
may take 10 to 15 seconds, which is enough time for the 
victim to be capable of potential movement (Dolinak et al. 
2005). In addition, multiple gunshots can be self-inflicted 
if an automatic weapon is used (Figure 10.1).

Suicidal hanging may occur with or without marks on the 
neck. The presence of a groove or furrow on the neck can 
suggest the type of noose or loop used. Horizontal skin 
folds and creases on the neck of obese persons or infants 
may resemble a noose mark. Genuine noose marks remain 
after the bloating and skin slippage of decomposition. 
Over 50% of suicidal hangings show petechial congestion 
hemorrhages on the face and neck above the level of the 
noose. These may also be present in the mouth and con-
junctiva (see Chapter 12, Figure 12.1). Injury to the strap 
muscles is rare in hanging, and fracture of the thyroid 
cartilage or hyoid bone is the exception rather than the 
rule. The victim may have nail marks and bruises on the 
neck and fingers secondary to a reflex action to preserve 
life (Spitz et al. 2006).

It is unusual for the body to drop a long distance in sui-
cidal hangings. If it does drop a long distance before being 
caught by a taut rope, the classic cervical vertebral injury of 
judicial hanging may occur, and in extreme cases, decapi-
tation is possible. In these hangings, fracture of the neural 
arch of the C2 vertebrae with fracture-dislocation of C2 
from C3 occurs with stretching or tearing of the cervical 
spinal cord (Figure 10.2) (Dolinak et al. 2005).

People who commit suicide by sharp force injury often 
have multiple incised wounds of variable depths on the 
neck, antecubital fossa, or flexor aspects of the forearms 
and wrists (Dolinak et al. 2005). Self-inflicted stab or 
incised wounds are analyzed in context with historical 
information, terminal events, and the scene findings.
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(a)

 

(b)

(c)

 

(d)

FIGURE 10.1  Suicide with multiple semiautomatic gunshot wounds to the head. (a) Autopsy photograph of the forehead shows a stel-
late entrance wound with soot in the pattern produced by the flash suppressor on the muzzle of a rifle. (b) Autopsy photograph of a second 
contact wound at the margin of the mouth also shows soot. Two wound tracks can be identified on MDCT. (c, d) Axial oblique and sagittal 
oblique images show a wound track entering the frontal bone passing through the brain and exiting in the occiput (arrow in d). 
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(e)

 

(f )

(g)

FIGURE 10.1  (Continued) Suicide with multiple semiautomatic gunshot wounds to the head. (e, f) Axial oblique and sagittal oblique 
images show a second track passing through the oral cavity and upper cervical spine and exiting below the occiput (arrow in f). Small 
metal fragments are in the track. (g) Autopsy photograph shows two exit wounds on the back of the head, an upper stellate wound, and 
a lower elongated wound (arrow). Based on autopsy and scene investigation, the forensic pathologist concluded that the head wound 
occurred first and the facial wound second as the semiautomatic weapon shifted position.
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(a)

 

(b)

(c)

 

(d)

FIGURE 10.2  Suicide by hanging. The victim’s body dropped a long distance before being caught by a taut rope, resulting in a 
judicial-type hanging with disruption of the upper cervical spine. (a) Autopsy photograph shows a broad, reddish brown furrow on 
the victim’s neck matching the adjacent rope. (b, c) Coronal and three-dimensional MDCT show occipito-atlanto and atlanto-axial 
(C1-C2) dissociation (arrow). (d, e) Three-dimensional computed tomography following digital subtraction of bone shows details of 
the C1-C2 dissociation (arrow in d). 
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(e)

 

(f )

(g)

FIGURE 10.2  (Continued) Suicide by hanging. The victim’s body dropped a long distance before being caught by a taut rope, 
resulting in a judicial-type hanging with disruption of the upper cervical spine. (d, e) Three-dimensional computed tomography fol-
lowing digital subtraction of bone shows details of the C1-C2 dissociation (arrow in d). (f) Sagittal MDCT shown in soft tissue window 
shows a focus of high-attenuation hemorrhage and cord discontinuity behind the body of C2 (arrow). (g) Autopsy photograph shows 
spinal cord transection with a focal hemorrhage at the site of transection (arrow).
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Establishing poisoning and drug overdose as a cause of death 
relies on toxicology. The autopsy is necessary to exclude 
other causes of death and to look for contributory factors. 
Anatomic findings such as scars on the wrist may indicate 
that there were previous suicide attempts, or in the case of 
carbon monoxide toxicity, the finding of cherry red color-
ation in soft tissues supports carbon monoxide inhalation.

In assessing suicide death by blunt force injury, the pattern 
of injury is assessed in context with the details from the 
scene of death. Falling bodies can strike protruding struc-
tures or bounce on impact, producing additional injury. 
Circumstances at the scene of a vehicular crash suicide 
must fit the injuries documented at autopsy.

RADIOLOGIC PRINCIPLES
Goals of Imaging
The goals of imaging in cases of suicide depend on the 
method of suicide. For example, in gunshot wound 
deaths, imaging seeks to determine entry and exit 
wounds, bullet trajectory, tissue damage, and to assist 
with recovery of ballistic material and evidence. In con-
trast, the goal of imaging in drug overdose is to reveal 
unsuspected findings that might indicate a different 
cause of death. Determination of manner of death is 
the task of the forensic pathologist, but the radiologist 
should seek clues that suggest one manner of death may 
be more likely than another.

Imaging Findings
In suicide by firearm, the imaging findings parallel those 
of gunshot wounds in general, but there are patterns that 
are more consistent with suicide. There is usually a single 
gunshot wound in suicides, but more than one wound does 
not exclude suicide. Multiple gunshot wounds may involve 
more than one area of the body and are possible when indi-
vidual shots are not lethal. Multiple wounds can also be 
present when a semiautomatic or automatic weapon is used 
(Figure 10.1).

Contact gunshot wounds to the head predominantly involve 
five entry sites: frontal or glabella, right temporal (see 
Chapter 4, Figure 4.5), left temporal, intraoral (Figure 10.3), 
and submental or submandibular (Figure 10.4). If the bul-
let perforates the skull, the exit wound is on the opposite 
side of the skull for temporal gunshots and generally in 
the posterior or occipital region for frontal and intraoral 

gunshots. The exit site for submental gunshots varies with 
the angle of the gun. Some exit in the high frontal area 
and others in the vertex or high occiput. The cavitation 
produced by contact gunshot wounds may produce an 
entrance wound that is larger than the exit wound. This 
is commonly observed in intraoral and submental tissues. 
We studied three-dimensional surface-rendered MDCT 
and found that the image detail of the wound on MDCT 
lacks the clarity needed for forensic conclusions. Another 
limitation of MDCT is its inability to show skin coloration, 
soot, and powder tattooing from muzzle blowback.

MDCT is very accurate in documenting entry and exit 
wounds as well as the wound track in gunshot wounds to 
the head (Levy et al. 2006). Beveling of the skull wound 
margin is used to determine direction of the bullet. Internal 
beveling is present at the entry wound and external bevel-
ing at the exit wound (Harcke et al. 2008). Bone fragments 
travel in the direction of the projectile. Multiplanar and 
three-dimensional MDCT should be used to assess bone 
and soft tissue findings that determine the wound track 
(Figure  10.1 through Figure  10.3). Because of the differ-
ences between the body position at the time of shooting 
and the position of the body when the postmortem MDCT 
is acquired, bone and soft tissue findings will usually be 
nonlinear with respect to the expected path of the bullet. 
The position of organs may also change from the time of 
death to postmortem examination. For example, gunshot 
wounds to the chest may collapse the lung and cause posi-
tional shifts of the diaphragm and heart, which make the 
gunshot wound track appear nonlinear on MDCT images 
(Figure 10.5).

The furrow or ligature mark seen in some cases of suicide by 
hanging may be difficult to establish on MDCT. It must be 
differentiated from skin folds and creases. This can be espe-
cially difficult in obese victims. Similarly, surface marks 
made by a knot at the point of suspension may be obscure. 
Skin surface impressions from a noose are best depicted by 
three-dimensional surface-rendered MDCT (see Chapter 
12, Figure 12.2). We must note, however, that the furrow 
mark is not always visible by MDCT, and the coloration 
typical of furrow marks cannot be evaluated on MDCT 
(see Chapter 12, Figure 12.1). In the uncommon situation 
where a long drop occurs in hanging, MDCT is very use-
ful to evaluate high cervical fractures and dislocations and 
thyroid cartilage and hyoid fractures. In Figure 10.2, a sui-
cide with long drop hanging, the cervical spine is separated 
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(a)

 

(b)

(c)

 

(d)

FIGURE 10.3  Suicide by intraoral gunshot. (a) Autopsy photograph of the mouth shows stellate perioral laceration with intraoral 
soot deposition in the entry wound. (b) Three-dimensional MDCT shows complex fractures of the mandible, maxilla, and calvarium. 
(c, d) Axial and sagittal oblique MDCT in the plane of the wound track (arrow in d) show that the bullet passed through the base of 
the skull and exited through the occiput. 
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(e)

 

(f )

(g)

FIGURE 10.3  (Continued) Suicide by intraoral gunshot. (e, f, g) Digital dissection using three-dimensional MDCT processing shows 
removal of facial structures and occiput to display fracture defects in the skull base as viewed from anterior (f) and posterior (g). 
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(h)

 

(i)

(j)

FIGURE 10.3  (Continued) Suicide by intraoral gunshot. (h) Autopsy photograph of the skull base correlates with (f) and (g) 
and shows hemorrhage and comminuted fractures throughout the entire skull base. (i) Three-dimensional MDCT of the posterior 
skull shows the occipital exit defect with associated fractures. (j) Autopsy photograph of the back of the head shows the occipital exit 
wound.
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(a)

 

(b)

(c)

 

(d)

FIGURE 10.4  Suicide by submandibular gunshot. (a) Autopsy photograph of the entry wound shows marginal abrasion and soot 
deposition. The tracheostomy tube is from attempted resuscitation. (b) Autopsy photograph shows that the bullet passed through the 
hard palate, fracturing the maxilla. (c, d) Coronal and sagittal oblique MDCT show the wound track (arrow shows bullet path) passed 
through the nasal cavity and exited in the frontal calvarium. 
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(e)

 

(f )

(g)

FIGURE 10.4  (Continued) Suicide by submandibular gunshot. (e, f) Axial and sagittal MDCT show the frontal bone fracture and 
a bullet fragment in the left frontal region of the brain. (g) Autopsy photograph shows the frontal exit wound.
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(a)

 

(b)

(c)

 

(d)

FIGURE 10.5  Suicide by gunshot to the chest. (a, b): Autopsy photographs of the chest show the entrance wound has soot and a 
distinctive contact pattern typical of the flash suppressor on the muzzle of a rifle. (c, d, e, f) Serial coronal MDCT images reflecting the 
wound track: (c) anterior left chest wall, (d) upper heart, (e) ninth posterior left rib, and (f) exit on the back. 
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(e)

 

(f )

(g)

 

(h)

FIGURE 10.5  (Continued) Suicide by gunshot to the chest. (c, d, e, f) Serial coronal MDCT images reflecting the wound track: (c) 
anterior left chest wall, (d) upper heart, (e) ninth posterior left rib, and (f) exit on the back. (g, h) Sagittal oblique MDCT in the plane 
of the wound track shows the entry and exit wounds in (g) and the heart defect and ninth posterior left rib fracture in (f). The bullet 
track is nonlinear because the lung collapsed and the victim is in the supine position for the computed tomography scan. 
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(i)

 

(j)

(k)

FIGURE 10.5  (Continued) Suicide by gunshot to the chest. (i, j) Three-dimensional MDCT shows fractures of the anterior third 
left rib and ninth posterior left rib. (k) Autopsy photograph of the left back shows the exit wound below the left scapula.
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at both the occipito-atlanto and atlanto-axial (C1-C2) lev-
els with spinal cord transection. In some suicide hanging 
cases, postmortem MDCT revealed pneumomediastinum 
and subcutaneous emphysema of the neck below the level 
of the strangulation mark. This was described as a sign of 
vitality at the time of hanging (Aghayev et al. 2005). Care 
must be taken to differentiate this finding from decompo-
sitional gas.

The mechanism of death in drug overdose is cardiorespi-
ratory death, and as such, the findings on MDCT are non-
specific. Gastric contents are evaluated in every autopsy 
and should also be checked on MDCT. Round or oval 
high-attenuation dense material may reflect ingestion of 
pills. Interpretation of gastric contents should be made 
with caution, because it is well known that digestion con-
tinues in the stomach for a considerable amount of time 
after death (Spitz et al. 2006). Suicide by jumping or vehicle 
crash is studied as blunt force injury. Careful documenta-
tion of injury pattern may help the forensic pathologist 
reconstruct the details of the incident.

CONCLUSIONS
Determination of suicide as the manner of death is made 
by the forensic pathologist using data collected by autopsy, 
toxicology, scene investigation, history, and witnesses. 
MDCT adds supporting data and is most useful in fire-
arm deaths, where it can provide specific information. In 
contrast, MDCT is complementary and helps to exclude 
unsuspected pathology or injury in hanging and drug-
related deaths.
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FORENSIC PRINCIPLES
Natural death is death from a naturally occurring disease 
process. The most common cause of natural death in the 
United States is heart disease. Cancer, cerebrovascular dis-
ease, and respiratory diseases are other leading causes of 
natural death (Centers for Disease Control and Prevention 
2008). Sudden death is a subset of natural death that is 
usually described as natural unexpected death occur-
ring within an hour after the onset of symptoms. The 
most common cause of sudden death is cardiovascular 
disease, namely atherosclerotic coronary artery disease. 
Other forms of cardiovascular disease such as hypertro-
phic cardiomyopathy, right ventricular cardiomyopathy, 
myocarditis, coronary artery anomalies, coronary artery 
dissection, aortic dissection, and conductive system 
abnormalities may also cause sudden death. Noncardiac 
causes of sudden death include sudden unexplained death 
in epilepsy, cerebrovascular disease, asthma, pulmonary 
embolism, and intra-abdominal hemorrhage.

In many natural deaths, medical examiners do not inves-
tigate or perform autopsy because death is expected. This 
is especially true in elderly individuals or individuals with 
known diseases. Therefore, the majority of natural deaths 
investigated by medical examiners are those that occur 
suddenly or unexpectedly, especially in younger individu-
als. For most medical examiners, the term younger refers 
to individuals under the age of 50. In the course of the 
autopsy, unnatural causes such as violent and toxic causes 
of death should always be excluded. Medical examiners 
begin each autopsy with a level of suspicion that a homi-
cide has occurred and then develop the cause and manner 
of death from that perspective. The cause of death cannot 
be determined in 5% of cases after a complete postmor-
tem and forensic examination (de la Grandmaison and 
Durigon 2002).

AUTOPSY FINDINGS
The forensic autopsy of a victim of apparent natural or sud-
den death requires information from the scene investiga-
tion and interviews with family members, witnesses, and 

emergency responders when applicable. The victim’s past 
medical history and family history may provide valuable 
information about the victim’s current medical condition 
and risk factors for sudden death. In addition to a detailed 
external examination and autopsy dissection, serum bio-
chemical analysis, fluid analysis, microbiology cultures, 
and toxicology often provide useful clues as to the cause of 
death. Specifically, toxicology may establish that drugs or 
toxins are the cause of death or may help to determine if 
there are drugs present that may have contributed to sud-
den death or may be the cause of disorders such as drug-
related cardiomyopathies (de la Grandmaison 2006).

Traumatic injuries may be evident in natural deaths if the 
individual experienced a loss of consciousness that resulted 
in a more violent circumstance surrounding death, such as 
a fall with significant blunt traumatic injuries, an automo-
bile accident, or drowning. In some instances, it may be 
difficult to discern these injuries from inflicted trauma. 
The presence or absence of associated bruising and hem-
orrhage may help to determine if trauma occurred ante-
mortem or postmortem. Resuscitative injuries should be 
distinguished from traumatic injuries. Needle punctures, 
defibrillator marks, anterior rib and sternal fractures, and 
neck injuries are commonly present. Rib and sternal frac-
tures associated with resuscitation are typically seen in 
adults and generally have minimal associated hemorrhage. 
Occasionally, intubation injuries to the cricopharyn-
geal region, vallecula, and piriform sinuses may simulate 
strangulation injuries.

Specific anatomic areas are very carefully evaluated for 
abnormalities that commonly cause sudden or natural 
death. Atherosclerotic and thrombotic findings in coro-
nary, cerebral, and pulmonary vasculature can confirm 
cardiovascular disease as the cause of death. The left ven-
tricular papillary muscle, subendocardial myocardium 
and interventricular septum, cerebellum, and basal gan-
glia may show evidence of ischemia as the cause of death 
(Christiansen and Collins 2007). When necessary, the 
cardiac conduction system may be retained for later evalu-
ation if arrhythmias are of concern (Hutchins 2003). The 

Chapter 11
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lungs are sectioned for evidence of pulmonary disease, 
and the larynx is evaluated for evidence of edema that may 
have occurred in an anaphylactic reaction. The remainder 
of the visceral organs are examined and sectioned looking 
for evidence of malignancy and other natural diseases.

Cardiovascular Disease
Cardiovascular disease is the most common cause of natu-
ral sudden death. Decedents may or may not have experi-
enced the classic symptoms of myocardial infarction, such 
as angina or chest pain prior to death and may not have 
had a prior history of cardiac disease. The mechanism of 
death in atherosclerotic coronary artery disease is a fatal 
arrhythmia, such as a ventricular tachyarrhythmia or 
asystole. The most common finding at autopsy is eccentric 
atherosclerotic luminal narrowing of greater than 75% in 
one or more coronary arteries (Figures 11.1 and 11.2). Two-
vessel disease is usually found, but a single vessel, namely 
the proximal left anterior descending artery, with severe 
disease may also be fatal. Myocardial scarring is the second 
most common finding (Di Maio and Di Maio 2001). Acute 
infarction may have visible areas of edema, myocardial 
necrosis, or hemorrhage at autopsy (Figure  11.3). If dat-
ing of the infarction is necessary, histological evaluation 
of the heart is performed. Evidence of prior chronic car-
diac disease and intervention may be present. Pacemakers, 
coronary artery stents (Figure  11.4), and other devices 
should always be noted. Hypertensive cardiovascular dis-
ease is characterized by cardiomegaly and left ventricular 
hypertrophy. It is usually accompanied by atherosclerosis 
that produces concentric narrowing of the coronary arter-
ies. Other cardiac disorders associated with sudden death 
include bridging of the left anterior descending artery, car-
diomyopathies, myocarditis, and valvular diseases.

Aortic aneurysm and aortic dissection are natural diseases 
of the aorta that may also result in sudden death. Aortic 
dissection occurs when blood enters the wall of the aorta 
through a tear in the aortic intima and separates the lay-
ers of the media, creating a false channel (Figures 11.5 and 
11.6). The diagnosis of aortic dissection is based on finding 
an intimal tear, which usually runs transversely or longi-
tudinally with respect to the length of the aorta. The tear 
leads to an intramural hematoma. In fatal cases, aortic 
dissection extends into the coronary arteries or leads to a 
pericardial hematoma. Although the majority of decedents 
with aortic aneurysms and dissection have a history of 

hypertension and atherosclerotic vascular disease, under-
lying diseases and genetic disorders should be excluded, 
because diseases of the aorta may be secondary to Marfan 
syndrome, Ehlers-Danlos, cystic medial necrosis, or long-
term cocaine use (Di Maio and Di Maio 2001).

Intracranial and Cerebrovascular Disease
Epilepsy is the most common intracranial cause of sudden 
death. Spontaneous subarachnoid hemorrhage, intra
cerebral hemorrhage, tumors, and meningitis account for 
the remainder of intracranial causes. Sudden unexpected 
death in epilepsy is defined as sudden death in a person 
with epilepsy with or without seizure activity in whom 
there is no demonstrable cause of death after complete 
autopsy, toxicology, and scene investigation (Shields et al. 
2002). The mechanism of death is not fully understood, 
and the findings at autopsy are not consistent. The most 
common finding at autopsy is bite marks or contusions on 
the tongue from seizure activity. Pulmonary edema may 
be present. Atrophy from prior injury may be found in the 
cerebral cortex, hippocampus, or cerebellum. Although a 
history of seizure activity is not present in all cases, a well-
documented clinical history of epilepsy or seizure activity 
in the correct setting is helpful to establish the cause of 
death when no conclusive findings are present at autopsy.

Spontaneous, nontraumatic subarachnoid hemorrhage 
is the second most common cause of intracranial sud-
den death. Subarachnoid hemorrhage most commonly 
occurs from rupture of a cerebral aneurysm, which is often 
referred to as a berry aneurysm. Intracerebral hemorrhage, 
arteriovenous malformations, blood dyscrasias, antico-
agulation, tumors, mycotic aneurysms, and vasculitis are 
other causes of spontaneous subarachnoid hemorrhage. 
Subarachnoid hemorrhage from cerebral aneurysm rup-
ture may extend into the brain parenchyma or intraventric-
ular spaces. Rarely, hemorrhage from cerebral aneurysms 
will be isolated to the brain parenchyma or ventricles 
with no evidence of subarachnoid blood (Gonsoulin et al. 
2002). Although cerebral aneurysms may occur through-
out the cerebral vasculature, they tend to occur at branch 
points in the circle of Willis and most commonly involve 
the middle cerebral vasculature. Identifying the aneurysm 
upon initial removal and inspection of the brain may be 
difficult because of large amounts of formed blood clots 
(Figure 11.7). When an aneurysm or vascular malforma-
tion is suspected, the subarachnoid membrane is removed, 
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(a)

 

(b)

(c)

 

(d)

(e)

 

(f )

FIGURE 11.1  Acute myocardial infarction in a 53-year-old man. (a, b) Autopsy photograph of the heart shows sectioning of the 
left anterior descending artery to evaluate for atherosclerotic disease in (a). The left anterior descending coronary artery is opened in 
(b), showing occlusive thrombosis (arrows). Ninety percent narrowing was also present in the circumflex and right coronary arteries. 
(c, d, e, f) Axial and coronal MDCT image of the chest in lung window settings show diffuse, severe, pulmonary edema with septal 
lines, atherosclerotic calcification in the descending aorta, and no evidence of coronary artery calcification.
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the surface of the brain is washed, and the brain is fixed 
in formalin before dissection of the cerebral vasculature 
(Black and Graham 2002).

Cerebral infarction is an uncommon cause of sudden death. 
More commonly, death from cerebral infarction occurs 
within the hospital several days following infarction. 
Intracerebral hemorrhage accompanies up to 30% of infarc-
tions. The mortality rate from cerebral infarction increases 
when hemorrhage is present, particularly if there is a large 
amount of hemorrhage. The hemorrhage may extend into 
the ventricles, subdural, or subarachnoid spaces.

Respiratory Disease
Although respiratory diseases account for approximately 
10% of natural deaths, they are a very unusual cause of 
sudden death (Di Maio and Di Maio 2001). Pulmonary 
thromboemboli; acute airway obstruction from foreign 
bodies, epiglottitis, and asthma or other cases of broncho-
spasm; and massive hemoptysis from necrotizing pneu-
monias or tuberculosis can result in sudden death.

Pulmonary thromboembolism is a very common disease 
that is a major cause of morbidity and mortality in hos-
pitalized patients. It also occurs in healthy individuals 
who are at risk for developing deep venous thrombosis 

from immobilization, trauma, and hypercoaguable states. 
Death generally occurs when there is massive throm-
boembolism that occludes the main pulmonary arteries 
or central branches (Figure 11.8). Cardiovascular collapse 
and death in pulmonary embolism generally occur when 
more than 50% of the vasculature is occluded. At autopsy, 
emboli that occlude both pulmonary arteries are more 
frequently found than unilateral occlusion (Morgenthaler 
and Ryu 1995). If the embolus lodges at the bifurca-
tion of the main pulmonary artery such that it occludes 
both right and left branches, it is referred to as a saddle 
embolus. Emboli in the large-caliber pulmonary vessels 
may have visible lines of Zahn that are created by lamina-
tions from layers of platelets mixed with fibrin alternating 
with layers containing more red blood cells (Kumar and 
Robbins 2007). The lung parenchyma may show minimal 
changes or may have significant congestion and hemor-
rhage. Pulmonary infarction may occur, especially in the 
setting of small emboli and if there is underlying compro-
mise of the bronchial artery supply. Infarcts are classically 
hemorrhagic, raised, reddish blue areas that extend to the 
periphery of the lung and have an apex pointing toward 
the hilum. Fibrinous exudates may be found on the pleu-
ral surface. Acute dilatation of the right cardiac chambers 
(acute cor pulmonale) may also be found. In addition to 

FIGURE 11.2  Volume-rendered MDCT angiography in a victim of acute myocardial infarction shows occlusion of the left circum-
flex artery (arrow) with overlying calcified plaque (arrowheads). (Courtesy of Dr. Steffen Ross, Institute of Forensic Medicine, Bern, 
Switzerland.)
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(a)

(b)

   

(c)

(d)

   

(e)

FIGURE 11.3  Acute myocardial infarction from atherosclerotic cardiovascular disease in a 63-year-old man. (a, b) Autopsy pho-
tographs of the sectioned heart and coronary arteries show myocardial necrosis (arrows) in the anterior left ventricle consistent with 
acute infarction from occlusion of the left anterior descending artery. The occluded left anterior descending artery (arrow) is sectioned 
in (b). (c, d, e) Axial MDCT image of the chest shows extensive atherosclerotic calcification in the left anterior descending coronary 
artery (arrow in c) and in the left circumflex artery (arrow in d). The bilateral pulmonary opacities represent alveolar pulmonary 
edema, which is best shown in lung window settings in (e).
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thromboemboli, other forms of pulmonary emboli may 
also be lethal. These include traumatic or iatrogenic air 
emboli, bone marrow emboli in severe skeletal trauma and 
sickle cell anemia patients, fat emboli from trauma and 
surgery, amniotic fluid emboli, and foreign bodies.

Deaths from pneumonia are more commonly seen in the 
hospital setting rather than in the medical examiner’s 
office. However, on occasion, pneumonia is a cause of 

unexplained death, particularly if the causative organism 
is highly virulent or if the decedent did not have access to 
medical care. Severe alveolar consolidation in pneumonia 
causes the lungs to be heavy, boggy, red, firm, and airless 
on gross examination. The term hepatization is often used 
to characterize the gross appearance of the lungs in severe 
pneumonia, because they have a liver-like consistency. Gray 
hepatization refers to the grayish brown appearance of 

(a)

 

(b)

(c)

FIGURE 11.4  Acute myocardial infarction in a 55-year-old man with situs inversus totalis who had a prior history of coronary 
artery disease. (a, b) Coronal MDCT images of the chest and upper abdomen show situs inversus totalis. There are atherosclerotic 
calcifications in the “anatomic” left coronary artery (arrow in a) and two overlapping coronary artery stents (arrow in b) in the “ana-
tomic” right coronary artery. (c) Autopsy photograph of the opened chest cavity shows situs inversus.
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(a)

 

(b)

(c)

FIGURE 11.5  Acute aortic dissection in a 52-year-old man who was found unresponsive. (a, b, c) Autopsy photographs show a 
hemopericardium (arrow in a) and the opened aorta, which has a 5 cm V-shaped defect (arrow in b and c) in the aortic intima which 
leads to a false lumen.
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lungs that have a fibronosuppurative exudate (Figure 11.9) 
(Kumar and Robbins 2007). Microbiology and viral cul-
tures are necessary to establish the causative organisms.

Intra-Abdominal Hemorrhage
Unexpected death from intra-abdominal disease is 
uncommon. Massive gastrointestinal, intraperitoneal, 
and retroperitoneal hemorrhage may result in death. 
Exanguinating gastrointestinal hemorrhage from pep-
tic ulceration, neoplastic disease, or variceal bleeding is 
unusual. Intra-abdominal hemorrhage may be caused by 
rupture of an aneurysm; splenic or hepatic rupture in the 

setting of an underlying infection, tumor, or as a delayed 
manifestation of blunt trauma; and rupture of a tubal preg-
nancy in women of childbearing age. The finding of large 
amounts of blood in the peritoneal cavity (Figure 11.10) or 
retroperitoneum at autopsy should lead to careful evalu-
ation of the abdominal vasculature and sectioning of all 
visceral organs.

RADIOLOGIC PRINCIPLES
Goals of Imaging
The primary goal of postmortem imaging in a suspected 
natural death is to evaluate for occult trauma and to 

(d)

 

(e)

(f )

 

(g)

FIGURE 11.5  (Continued) Acute aortic dissection in a 52-year-old man who was found unresponsive. (d, e) Coronal MDCT images 
of the chest in soft tissue window show a large hemopericardium (arrows) and focal enlargement of the ascending aorta (arrowheads 
in e) with intramural high attenuation. An endotracheal tube is in the trachea. (f, g) Axial MDCT images show hemopericardium and 
bilateral alveolar densities from pulmonary edema.
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identify a potential cause of death. Postmortem multide-
tector computed tomography (MDCT) is the most appro-
priate initial cross-sectional imaging technique because it 
provides a rapid anatomic survey of the head and body. 
Other imaging techniques such as MDCT angiography 
and magnetic resonance imaging (MRI) may prove to be 
useful to clarify the imaging diagnosis or suspected diag-
nosis by autopsy if the autopsy findings are inconclusive.

Injuries from cardiopulmonary resuscitation should not be 
mistaken for traumatic injuries or disease. Resuscitation-
associated rib and sternal fractures are the most commonly 
identified on the anterior portion of the ribs and typically 
do not have associated hemorrhage. They are typically 
anterior buckle fractures involving the inner cortex of the 
rib. Sternal fractures from resuscitation are most common 
in the lower portion of the sternum (Lederer et al. 2004). 
Rib fractures in the cartilaginous portion of the rib or at 
the costochondral junction may be found at autopsy but are 
not evident on MDCT. Gastric distension, pneumothorax, 

pneumoperitoneum, and pneumoretroperitoneum may be 
caused by resuscitation. After excluding occult trauma, the 
MDCT images should be meticulously evaluated for ana-
tomic findings that may support a specific cause of death.

Imaging Findings
Cardiovascular Disease — Postmortem MDCT is 
an excellent imaging modality for the detection and 
quantification of coronary artery calcification, which 
indicates the presence of atherosclerotic vascular dis-
ease, and for the evaluation of secondary findings such 
as pulmonary edema. However, the degree of coronal 
artery luminal narrowing and presence of superim-
posed thrombosis cannot be assessed without intravas-
cular contrast material. The absence of coronary artery 
calcification does not exclude the presence of significant 
plaque or thrombotic occlusion of the coronary arteries 
(Figures  11.1 and 11.2). Furthermore, the tissue altera-
tions that occur within the myocardium from infarction 

(a)

 

(b)

FIGURE 11.6  Postmortem MDCT angiography of acute aortic dissection. (a) Axial MDCT shows contrast in the true and false 
lumen of a DeBakey Type I aortic dissection of the ascending and descending aorta. There is a hemopericardium and extravasation of 
intravascular contrast material into the pericardium (arrow). (b) Volume-rendered MDCT shows the distal extent of the aortic dissec-
tion in the descending aorta. (Courtesy of Dr. Steffen Ross, Institute of Forensic Medicine, Bern, Switzerland.)
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(a)

 

(b)

(c)

 

(d)

FIGURE 11.7  Ruptured berry aneurysm of the posterior cerebral artery in a 59-year-old man who was found unresponsive. (a, b, c) 
Autopsy photographs show diffuse subarachnoid hemorrhage and clotted hemorrhage surrounding the brain stem and cerebellum (arrow 
in c). (d) Photograph of the dissected circle of Willis shows an aneurysm of the posterior cerebral artery (arrow). 
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(e)

 

(f )

(g)

FIGURE 11.7  (Continued) Ruptured berry aneurysm of the posterior cerebral artery in a 59-year-old man who was found unrespon-
sive. (e, f, g) Axial MDCT images of the brain show diffuse high-attenuation subarachnoid hemorrhage with extension of hemorrhage 
into the third ventricle (arrowhead in f). More focal hemorrhage is present in the quadrageminal plate cistern and premedullary cerebro-
spinal fluid space.
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are not detectable on MDCT. Consequently, noncon-
trast postmortem MDCT is not diagnostic in the deter-
mination of atherosclerotic coronary artery disease as a 
cause of death but provides supportive information. In 
our experience, the most common MDCT findings in 
death from myocardial infarction from atherosclerotic 
coronary artery disease are coronary artery calcification 
and pulmonary edema (Figure 11.3). Occasionally, other 
findings may be present that indicate the decedent has 
underlying cardiovascular disease. Pacemakers, surgi-
cal clips, coronary artery stents, and evidence of periph-
eral or cerebrovascular atherosclerotic disease may be 
present. The appearance of coronary artery stents on 
MDCT varies by manufacturer and stent composition. 

Most stents have lines of parallel metallic attenuation 
on MDCT (Figure 11.4). Although routine postmortem 
MDCT may show fractures and malposition of coronary 
stents, the patency of stents cannot be assessed without 
intravascular contrast material.

Recent research has focused on MDCT angiography 
and MRI for postmortem cardiovascular evaluation. 
Postmortem angiographic techniques may be used for 
evaluation of the coronary arteries (Ross et al. 2008). Two- 
and three-dimensional MDCT images may be used to 
establish the degree of luminal narrowing or the presence 
of arterial occlusion when intravascular contrast material 
is injected into the arterial system during MDCT imaging 

(a)

   

(b)

(c)

FIGURE 11.8  Bilateral pulmonary thromboembolism in a man who suddenly collapsed, was found unresponsive, and failed 
attempted resuscitation. (a, b) Axial MDCT of the chest in soft tissue window shows enlargement of the main pulmonary artery (arrow 
in a) adjacent to a collapsed ascending aorta (arrowhead in a). A nasogastric tube is in the esophagus. (c) Axial MDCT of the chest in 
lung window shows bilateral alveolar opacification, which was demonstrated to represent hemorrhage at autopsy. A nasogastric tube 
is in the esophagus.
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(Figure 11.2). Arterial vessels with atherosclerotic disease 
have irregular luminal contours. Calcified and thrombotic 
plaque may have ulcerations, which appear as irregulari-
ties along the margins of the plaque.

On MRI, acute myocardial infarction shows central low 
signal intensity with surrounding hyperintensity on 
T2-weighted, short TI inversion recovery (STIR), and flu-
id-attenuated inversion recovery (FLAIR) sequences in 
the regions of the affected myocardium, whereas chronic 
myocardial ischemic change is typically low signal inten-
sity on all pulse-weighted sequences (Jackowski et al. 
2005, Jackowski et al. 2006). Hemorrhagic infarctions 
may also show increased signal intensity on T1-weighted 
images.

Deaths from aortic aneurysm rupture result from massive 
hemorrhage. Hemorrhage from intrathoracic aneurysm 
rupture may surround the aorta and extend into the medi-
astinum, pericardium, or pleural spaces. On MDCT, acute 

hemorrhage is higher in attenuation than intravascular 
blood. Aneurysmal dilatation of the aorta may or may not 
be apparent on MDCT, because if residual intravascular 
blood volume is low, the aorta may be collapsed on post-
mortem imaging. In some cases, it may be difficult to 
accurately identify the aorta because of collapse and adja-
cent hemorrhage.

Aortic dissection may occur with or without aneurysmal 
dilatation of the aorta. The postmortem MDCT findings 
in aortic dissection are deformity of the aortic contour, 
intramural hematoma, hemopericardium, and pulmonary 
edema (Figure 11.5). Hemopericardium, characterized by 
a hyperdense inner ring and hypodense outer ring or grav-
ity-dependent hyperdensity from postmortem lividity, is 
the most common MDCT finding in deaths from aortic 
dissection (Figure 11.5g). This finding has been called the 
hyperdense armored heart by some authors (Shiotani et al. 
2004). Angiography is required to confidently identify the 

(d)

 

(e)

FIGURE 11.8  (Continued) Bilateral pulmonary thromboembolism in a man who suddenly collapsed, was found unresponsive, 
and failed attempted resuscitation. (d, e) Autopsy photographs of the left lung show congestion, hemorrhage, and an occluding throm-
bus in the main pulmonary artery (arrow in d and e).
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intimal flap and false lumen of the dissection when estab-
lishing the diagnosis by imaging alone (Figure 11.6).

Intracranial and Cerebrovascular Disease
To our knowledge, there have been no reports in the 
medical literature that describe the postmortem MDCT 

findings in sudden unexpected death in epilepsy. The 
role of postmortem imaging in these deaths is to exclude 
intracranial pathology that may be a seizure focus, such 
as occult trauma, hemorrhage, or tumor, and to exclude 
other causes of death. Tumors and cerebral infarc-
tions are most often low attenuation on noncontrast 

(a)

 

(b)

(c)

 

(d)

FIGURE 11.9  Fatal Staphylococcus aureas pneumonia. (a, b, c) Coronal MDCT images of the chest show near-complete alveolar 
opacification of both lungs. There is a small area of patchy aerated lung in the right upper lobe. Bilateral pleural effusions are shown 
in (b) and (c), but they are difficult to distinguish from the adjacent opacified lung parenchyma. Similarly, the hemidiaphragms are 
not well seen on the coronal image because of pulmonary opacification and effusions. A nasogastric tube is present in (c). (d) Autopsy 
photograph of the lungs in situ shows grayish brown, boggy, firm lungs with fibrinosuppurative exudates.
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postmortem MDCT. They may exhibit mass effect from 
vasogenic edema, and evidence of cerebral herniation 
may be present. It is uncommon for tumors to cause sud-
den death—the estimated incidence is between 0.16% 
and 3.2% (Buttner et al. 1999).

Acute intracranial hemorrhage is high attenuation (80 
to 90 Hounsfield units) on MDCT because the protein 
in blood has a high-attenuation coefficient. During life, 
hemorrhage reaches its maximum attenuation in the first 
2 to 4 hours at which time clot formation and retraction 
occur. If a decedent survives beyond the acute phase, 
hemorrhage becomes progressively lower in attenuation. 
Intraparenchymal hemorrhage will be surrounded by 
vasogenic cerebral edema, which reaches its maximum at 
4 to 5 days. Over time, the margins of intraparenchymal 
hemorrhage become less distinct.

On MDCT, subarachnoid hemorrhage is high attenuation 
in the subarachnoid space. Diffuse subarachnoid hemor-
rhage is characterized by high attenuation throughout the 

subarachnoid spaces that interdigitates between the cere-
bral gyri and settles in the basilar cisterns (Figure 11.7). 
In the setting of sudden death, cerebral aneurysms are the 
most common cause of diffuse subarachnoid hemorrhage. 
Other etiologies include arteriovenous malformations, 
coagulopathies, hemorrhagic infarction, and hemorrhagic 
tumors. The predominant location of subarachnoid hem-
orrhage on MDCT may be a clue to the location of the 
aneurysm. For example, anterior communicating artery 
aneurysms may rupture into the cistern of the lamina ter-
minalis and interhemispheric fissure; posterior commu-
nicating artery aneurysms rupture into the supracellar 
cistern, and blood may enter the ipsilateral temporal horn 
of the lateral ventricle; basilar tip aneurysms may rupture 
into the suprasellar and quadrageminal plate cisterns, and 
blood may enter third ventricle; and middle cerebral artery 
aneurysms may rupture into the ipsilateral sylvian fissure. 
The aneurysm cannot be identified on routine postmor-
tem MDCT. Postmortem angiography has the potential of 
demonstrating the aneurysm and site of rupture.

(e)

FIGURE 11.9  (Continued) Fatal Staphylococcus aureas pneumonia. (e) Photograph of the cut surface of the removed left lung 
shows dense, red, firm congestion.
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Subacute subarachnoid hemorrhage may not be detectable 
because its attenuation may begin to approximate that of 
cerebrospinal fluid. Subacute intraparenchymal hemorrhage 
may be iso- or hypoattenuating with the adjacent brain paren-
chyma, and the surrounding edema is hypoattenuating. At 

this stage on routine noncontrast postmortem MDCT, it 
may be impossible to distinguish between subacute intra-
parenchymal hemorrhage with edema from tumor or 
infarction. Imaging techniques such as MRI are more suited 
to distinguish between these entities.

(a)

 

(b)

(c)

   

(d)

FIGURE 11.10  Fatal massive intraperitoneal hemorrhage from a ruptured ectopic pregnancy. (a, b, c) Coronal, sagittal, and axial 
MDCT show high-attenuation intraperitoneal hemorrhage with large amounts of clotted hemorrhage (asterisks in b and c) in the pel-
vis surrounding the bladder and uterus. (d) Autopsy photograph shows pelvic hemorrhage and a ruptured tubal pregnancy (arrow).
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Respiratory Disease
Postmortem MDCT has a small role in establishing the 
cause of death when it is respiratory in origin. Alveolar 
consolidation will be present in fatal pulmonary emboli 
and severe bronchopneumonia (Figures  11.8 and 11.9). 
Routine noncontrast postmortem MDCT is limited in 
the evaluation of pulmonary emboli, because intravas-
cular contrast is necessary to identify pulmonary emboli. 
The main, right, and left pulmonary arteries may appear 
enlarged. There may be alveolar opacities from hemorrhage 
and infarction and small pleural effusions (Figure  11.8). 
Severe bronchopneumonia that results in death may show 
complete or near-complete opacification of the lungs on 
radiography and MDCT with associated exudative pleural 
effusions or empyemas (Figure 11.9).

Intra-Abdominal Hemorrhage
Acute intra-abdominal hemorrhage is high attenuation 
on postmortem MDCT (Figure 11.10). When interpreting 
scans, visual comparison of the attenuation of intra-ab-
dominal fluid to the urine in the bladder may be an indi-
cation of the composition of the fluid collection. Blood is 
hyperattenuating compared to urine in the bladder, which 
is fluid attenuation. Intraperitoneal blood and fluid col-
lect in the dependent recesses of the peritoneum: pouch of 
Douglas in women, retrovesical space in men, lateral para-
vesical recesses, paracolic gutters, and Morrison’s pouch. 
The source of hemorrhage may not be detectable on unen-
hanced postmortem MDCT. In addition, the abdominal 
vasculature may be collapsed from severe hypovolemia. 
Consequently, detection of vascular abnormalities to 
include aneurysms is limited.

CONCLUSIONS
Postmortem MDCT in suspected natural deaths provides 
the medical examiner with information that can guide the 
autopsy and help evaluate for unsuspected injury or dis-
ease. Because routine postmortem MDCT is performed 
without intravenous contrast material, it provides a very 
limited assessment of cardiovascular disorders. However, 
the presence of focal or diffuse hemorrhage suggests the 
possibility of an underlying vascular etiology and may 
direct the autopsy if limited dissection is desired. Early 
research shows that postmortem MDCT angiography and 
MRI may improve the ability of postmortem imaging to 
noninvasively evaluate a suspected cardiovascular death.
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ASPHYXIA
Forensic Principles
Death from asphyxia is caused by cerebral hypoxia or 
anoxia. Asphyxial deaths are usually grouped into three 
broad categories: suffocation, strangulation, and chemi-
cal asphyxia. The autopsy findings of oxygen deprivation 
are nonspecific and include visceral congestion, petechiae, 
cyanosis, and fluidity of blood (Di Maio and Di Maio 
2001).

The goal of forensic autopsy in asphyxial deaths is to dis-
cover findings that help to establish a specific cause of oxy-
gen deprivation and to establish the manner of death as 
natural, accidental, suicide, or homicide.

Autopsy Findings
Suffocation — Suffocation may occur as a result of an 
environmental lack of oxygen, smothering from mechan-
ical obstruction of the nose and mouth, choking from 
blockage of internal airways, or mechanical or traumatic 
asphyxia from external pressure on the chest or abdomen 
that restricts the ability to inspire. An individual trapped 
in an abandoned refrigerator is a classic example of envi-
ronmental suffocation. There are no specific autopsy 
findings in these cases. The cause of death is generally 
established by excluding other causes of death and con-
sidering the circumstances surrounding the finding of 
the body in a locked chamber. Similarly, there are usually 
no specific autopsy findings in a victim of smothering. 
Petechiae may be present, but these are often considered 
nonspecific.

Mechanical airway obstruction is diagnosed at autopsy by 
finding an obstructing object such as food or a foreign body 
or in the case of acute epiglottitis, an enlarged and edematous 
epiglottis and inflammation of adjacent tissues. Mechanical 
asphyxia may be traumatic or positional. In traumatic causes, 
an accident has usually occurred that traps a person under 
the weight of an object that restricts breathing. Positional 

asphyxia occurs when a person is trapped in a position that 
prevents normal respiration. The autopsy in these cases may 
show visceral congestion, cyanosis, or petechiae. Nonlethal 
traumatic injuries may also be present.

Strangulation
Strangulation may occur from hanging, ligature com-
pression of the neck, or manual compression of the 
neck. Death is from cerebral hypoxia secondary to 
carotid artery occlusion. Occlusion of the carotid arter-
ies alone will cause death, because the vertebral arteries 
cannot provide enough blood flow to the brain (Di Maio 
and Di Maio 2001). The victim’s face will be congested 
and cyanotic with numerous petechiae (Figure  12.1) 
when there is preservation of vertebral flow and occlu-
sion of the carotid arteries and jugular veins, because 
the vertebral arteries continued to provide arterial flow 
to the brain without significant venous drainage. If all 
the major vessels are occluded such that no significant 
blood flow reaches the head, the victim’s face appears 
pale. In complete vascular occlusion, the victim’s tongue 
may protrude from the mouth and petechiae are gener-
ally absent.

Most hangings are suicides in which the body is partially 
or completely suspended by a noose around the neck. 
The noose produces a V-shaped furrow on the neck that 
is usually above the larynx (Figures 12.1 and 12.2). The 
markings and depth of the furrow depend upon the 
noose material. The knot of the noose represents the 
suspension point and produces a distinctive mark on 
the skin. Other autopsy findings include fractures of the 
hyoid bone, fractures of the thyroid or laryngeal car-
tilage, hemorrhage in the strap muscles, carotid artery 
injuries, pooling of blood and Tardieu spots in the lower 
extremities and forearms, and very rarely, cervical spine 
fractures (Di Maio and Di Maio 2001, Suarez-Penaranda 
et al. 2008). Cervical spine fractures are characteristic 
of judicial hangings in which the body drops from a 
height and is completely suspended by the noose. Death 

Chapter 12
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(a)

 

(b)

(c)

FIGURE 12.1  Suicide by hanging. (a) Autopsy photograph shows conjunctival petechiae. (b, c) Autopsy photographs show distinc-
tive furrow marks (arrows) produced by both sides of a wide belt.
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(d)

 

(e)

(f )

FIGURE 12.1  (Continued) Suicide by hanging. (d) Autopsy photograph of the dissected neck shows minimal hemorrhage in the 
neck muscles. (e, f) Surface-rendered three-dimensional MDCT images do not reliably reveal the furrow marks. The upper furrow is 
seen anteriorly beneath the chin (arrow) but is not visible laterally, and the lower furrow is not visible. On MDCT, skin folds beneath 
the chin can produce a crease that could be mistaken for a furrow mark.
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(a)

 

(b)

(c)

FIGURE 12.2  Suicide by hanging. (a) Autopsy photograph shows a deep V-shaped furrow (arrows). (b) Surface-rendered three-
dimensional MDCT shows the furrow mark (arrows). It closely resembles a skin fold. Without comparison to the external examina-
tion or knowledge of the circumstances of death, the MDCT finding would be difficult to identify. (c) Axial MDCT shows an angulated 
fracture in the right greater cornu of the hyoid bone (arrow).
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in judicial hangings is caused by fracture dislocation 
of the cervical spine and transection of the spinal cord 
(Wallace et al. 1994).

Deaths from ligature and manual strangulations are most 
often homicides. Occasionally, accidental ligature stran-
gulation occurs from neckties, scarves, or clothing around 
the neck that becomes entangled and tightened around 
the neck. The appearance and depth of ligature marks 
depends upon the type of ligature and the force applied. 
The victim’s head and face are generally congested. The 
ligature and furrow marks are initially yellow and turn 
brown as they dry. In general, the marks are horizontally 
oriented. Hemorrhage in the soft tissues and fractures 
of the hyoid and thyroid cartilages may occasionally be 
found at autopsy. Manual strangulation occurs when an 
individual exerts pressure on the neck with his or her 
hands or forearms. Facial congestion, petechiae, abra-
sions, hemorrhages into the neck muscles and soft tissues, 
and hyoid and thyroid cartilage fractures may be found 
at autopsy.

Chemical Asphyxia
Chemical asphyxia occurs from inhalation of toxic gases 
that prevent cellular utilization of oxygen. Carbon monox-
ide, hydrogen cyanide, and hydrogen sulfide are the most 

commonly encountered chemical asphyxiants. Toxicology 
establishes the cause of death.

RADIOLOGIC PRINCIPLES
In the majority of asphyxial deaths, there are few radio-
logic findings. The role of imaging is to evaluate the air-
ways, neck, and cervical spine for findings that help 
support the autopsy. Radiography and multidetector 
computed tomography (MDCT) are most useful in stran-
gulation from hanging to identify laryngeal, hyoid, and 
cervical spine fractures. Following evaluation of the site of 
injury, imaging studies should be meticulously evaluated 
for other injuries. Recent published literature suggests 
that magnetic resonance imaging (MRI) may be helpful 
to show hemorrhage and edema in the soft tissues and 
cartilaginous structures of the neck in the forensic assess-
ment of death by strangulation and in the clinical forensic 
assessment of victims that survive strangulation (Yen et al. 
2005, Yen et al. 2007).

Imaging Findings
Suffocation and Chemical Asphyxia
Radiography and MDCT are used as adjuncts to autopsy in 
asphyxial deaths to aid in the identification of the source 

(d)

 

(e)

FIGURE 12.2  (Continued) Suicide by hanging. (d) Autopsy photograph of the removed hyoid bone shows the angulation of the 
right greater cornu at the site of the fracture (arrow). (e) Three-dimensional MDCT of the removed hyoid bone shows the angulated 
fracture (arrow).



240    Essentials of Forensic Imaging: A Text-Atlas﻿

© 2011 by Taylor & Francis Group, LLC

of airway obstruction in suffocation from mechanical air-
way obstruction; identify associated traumatic injuries in 
mechanical or positional suffocation; and screen the body 
for unsuspected injury. There are no specific imaging fea-
tures to aid in the diagnosis of smothering from mechani-
cal obstruction of the nose and mouth and chemical 
asphyxia.

Strangulation
Hanging characteristically produces a V-shaped furrow 
around the neck because the body is suspended. The fur-
row coloration and associated abrasions or skin markings 
from the knot of the noose are findings that cannot be 
shown on MDCT. Furrow marks may be present on sur-
face-rendered three-dimensional MDCT if they deform 
the skin surface such that they create an indentation in 
the skin (Figure  12.2). If there is no depression of the 
skin, the furrow mark will not be appreciated on MDCT 
(Figure 12.1). The furrow marks of hanging may be dif-
ficult to assess on MDCT because they closely resemble 
a skin fold beneath the chin. In all cases, the circum-
stances of death should be known prior to MDCT inter-
pretation, and the findings should be correlated with 
physical examination. Similarly, the suspension point of 
the noose is difficult to identify on MDCT. It is usually 
a knot in the noose that creates a distinctive mark on 
the skin that is easily identified on external examination 
because its pattern is different than the remainder of the 
noose.

The value of MDCT in hanging deaths is to identify 
fractures of the hyoid, thyroid or laryngeal cartilage, 
and cervical spine. Hyoid fractures may be subtle and 
difficult to appreciate at autopsy when the entire hyoid 
is not removed. On MDCT, hyoid fractures appear as a 
discrete fracture line or as a focal deformity in the con-
tour of the bone (Figure  12.2). Thyroid and laryngeal 
cartilage fractures are usually very difficult to identify 
on MDCT because the cartilage is usually not calcified. 
Cartilaginous calcification may be present in older indi-
viduals. Close observation of the pattern of calcification 
may reveal a disruption of the calcification, indicating a 
fracture.

Hangman’s fracture of the C2 vertebral body is the clas-
sic fracture of judicial hangings. It is a fracture of both 
pedicles of C2 with anterior subluxation of C2. The 

posterior elements of C2 remain articulated with C3, 
and the anterior elements maintain their articulation 
with C1. Variations in C2 fractures may occur as well as 
fractures of the transverse processes, other upper cer-
vical vertebrae, occipital bones, hyoid, and styloid pro-
cesses. MDCT may also show disruption of the anterior 
and posterior longitudinal ligament with fracture dis-
locations, spinal cord transection, and in some cases, 
complete dissociation of the cervical spine (see Chapter 
10, Figure 10.2). Spinal cord and ligament injury is best 
imaged with MRI. Findings such as disruption of the 
anterior and posterior longitudinal ligaments with 
associated intervertebral disk herniations, spinal cord 
transection, and edema and hemorrhage in the soft tis-
sues of the neck have been reported on postmortem MRI 
of judicial hangings (Wallace et al. 1994).

ELECTROCUTION
The degree of injury from electrocution depends on 
the type of current, voltage, amperage, contact time, 
path of the current through the body, resistance of the 
body, and the presence or absence of moisture. Death 
may occur from high- or low-voltage circuits. High-
voltage circuits, usually defined as those carrying more 
than 1000 volts, cause death from respiratory arrest 
or electrothermal injury (Di Maio and Di Maio 2001). 
Distribution and transmission power lines and light-
ning are sources of high voltage. Victims of high-volt-
age electrocutions almost always have electrical burns, 
which may be large confluent areas of full-thickness 
burns with charring. Multiple small burns may occur if 
the current arcs over the body. Death from low-voltage 
electrocution, less than 1000 volts, is from ventricular 
fibrillation. Burns may occur, but they tend to be small 
(Figure 12.3). If present, they are at the entry site of the 
electricity, usually the on the fingertips or hands, and 
at the exit site on the soles of the feet. When there are 
no burns in low-voltage electrocution deaths, there will 
be no specific autopsy findings. Careful investigation of 
the scene of death is necessary, along with testing and 
examination of electrical equipment from the scene to 
render a diagnosis based on the circumstances of death 
(Wright 1983).

To our knowledge, there is no published litera-
ture describing specific MDCT or MRI findings of 
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electrocution. In our experience, there are no correla-
tive findings in electrocution when MDCT is compared 
to autopsy (Figure 12.3). MDCT is most useful in these 
cases to exclude occult trauma or disease that may be 
unsuspected. Although MRI may show soft tissue altera-
tions from electrothermal injury, these wounds are opti-
mally evaluated on direct examination at autopsy and 
microscopy.

CHILD ABUSE AND ELDER ABUSE
Child and elder abuse are important clinical and postmor-
tem forensic topics that have significant societal impact. 
Both child and elder abuse encompass a wide spectrum 
of injuries that include physical trauma, sexual abuse, 
neglect, and psychological abuse. The radiologic and foren-
sic findings in child abuse are well defined in the published 
medical literature since Caffey’s 1946 publication on the 
radiologic manifestations of nonaccidental trauma in chil-
dren (Caffey 1946, Dedouit et al. 2008, Kleinman 1998, 
Kleinman et al. 1989, Kleinman et al. 1995, Lonergan et al. 
2003). More recently, elder maltreatment and abuse have 

been recognized as a prevalent social problem (Collins 
2006, Collins and Presnell 2006, Collins and Presnell 
2007). The scope of these important causes of death is too 
large to cover in this text and has not been a part of our 
experience in postmortem MDCT. There is great potential 
for MDCT and MRI to make an impact in the clinical and 
postmortem assessment of abuse victims. Current pub-
lished literature suggests that these imaging modalities are 
complementary to autopsy (Hart et al. 1996, McGraw et al. 
2002, Thomsen et al. 1997).

CONCLUSIONS
MDCT is complementary in the forensic assessment of 
victims of strangulation. Important forensic findings 
such as subtle fractures of the hyoid and cervical spine are 
well assessed on computed tomography (CT). However, 
soft tissue findings such as furrow marks, abrasions, and 
bruising are not well evaluated. In electrocution, MDCT 
findings do not assist in determining electrocution as the 
cause of death but may be helpful in detecting occult or 
unsuspected injury.

(a)

 

(b)

FIGURE 12.3  Electrocution burns. (a, b) Autopsy photographs show multiple small burns on the dorsum of the right foot and left 
lateral chest wall.
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(c)

 

(d)

(e)

FIGURE 12.3  (Continued) Electrocution burns. (c, d, e) Sagittal MDCT of the right foot, coronal MDCT of the left chest, and 
surface-rendered three-dimensional MDCT of the left chest show no abnormalities.
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INTRODUCTION
Postmortem multidetector computed tomography (MDCT) 
affords an opportunity to address questions of medical and 
scientific interest apart from the primary role in supporting 
autopsy in determination of cause and manner of death. 
Radiology has traditionally played a role in identification 
of the dead by comparing antemortem and postmortem 
radiographs. The speed and ease of use of postmortem 
MDCT together with its three-dimensional capability 
makes it an even more valuable resource to answer specific 
questions of identification. Its exquisite spatial resolution 
makes it an ideal modality to apply to the study of human 
bones and decomposed remains. Anthropologists have 
already employed computed tomography (CT) in the study 
of ancient remains (Recheis et al. 1999). In our practice, 
MDCT has been used to evaluate specific questions about 
medical intervention and to assist forensic pathologists 
and anthropologists with the study of skeletal remains 
and exhumed bodies. In this chapter, we discuss the use of 
MDCT in the assessment of medical intervention, exhu-
mation and second autopsy, and anthropology.

ASSESSMENT OF MEDICAL 
INTERVENTION
Victims of traumatic or natural deaths may be resuscitated 
or have an attempted resuscitation at the scene of the event, 
during transport, or upon reaching a treatment facility. 
Cardiopulmonary resuscitation requires the placement 
of various tubes, lines, catheters, and assistive medical 
devices (Figure 13.1). The documentation of intravascular 
lines, chest tubes, endotracheal or nasotracheal tubes, air-
way devices, tracheostomies, and nasogastric tubes, as well 
as less common devices such as intraosseous infusion cath-
eters, is part of the autopsy external examination. MDCT 

adds to this assessment by providing multiplanar two- and 
three-dimensional images of the positions of these devices, 
because the internal positionings of most tubes and lines 
are easily established. The forensic pathologist can be 
alerted of malposition and may elect further assessment 
during dissection, if necessary. This is particularly help-
ful if first responders and other emergency personnel are 
using a new device or if there is a question regarding the 
position of a particular device. We emphasize that MDCT 
assesses device position at the time of the postmortem CT 
only because devices can shift position during transport 
and handling of the body. In addition, the clinical effec-
tiveness of a particular device cannot be assessed because 
there are complex physiologic factors involved in injury 
and resuscitation. However, by providing feedback with 
regard to the anatomic positioning and physical character-
istics, inferences can be made as to the effectiveness of a 
specific device or intervention (Harcke et al. 2007).

Intraosseous infusion catheters are well suited for 
MDCT assessment because the position of the tip of 
the intraosseous catheter cannot be assessed at routine 
autopsy. Intraosseous access is used in life-threatening 
emergencies when intravenous access using peripheral or 
central veins is unsuccessful (Luck et al. 2009). Cardiac 
arrest from hypovolemic shock, severe burn injury with 
shock, multiple traumas with shock, and status epilepticus 
are conditions that may require intraosseous access dur-
ing resuscitation. These catheters are most often placed in 
the medullary space of the tibia (Figure 13.2) or sternum 
(Figure 13.3).

Placement and position of intraosseous infusion cath-
eters is easily assessed with axial or three-dimensional 
MDCT. The catheter is correctly placed when its tip is in 
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the medullary cavity of the bone. Incorrect catheter place-
ment may occur if the tip remains in the cortical bone or 
is located adjacent to the bone, missing the bone com-
pletely (Figures  13.4 and 13.5). Various tubes, lines, and 
medical devices can be assessed on postmortem MDCT 
in this manner. There is tremendous potential for further 
study of the position of medical devices and possibly the 

effectiveness of medical intervention if anatomic data are 
combined with physiologic data.

EXHUMATION AND 
SECOND AUTOPSY
Second autopsy can be performed before burial or after 
exhumation. The success of an exhumation autopsy is 

(a)

 

(b)

(c)

 

(d)

FIGURE 13.1  Emergency resuscitation surgical placement of a Foley catheter balloon in the right atrium. A Foley catheter can be 
used to control bleeding when the repair of a lacerated cardiac chamber is undertaken. (a) Postmortem radiograph shows bilateral 
pneumothorax, soft tissue air associated with a left thoracotomy, air in the right heart, and a pneumoperitoneum. (b, c, d) Axial, 
coronal, and sagittal air show the fluid-filled balloon of the catheter in the upper right atrium (arrows). Air is present in other spaces 
and structures and as described in (a).
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(a)

 

(b)

(c)

 

(d)

FIGURE 13.2  Correct position of a tibial intraosseous infusion catheter. (a) Autopsy photograph shows the tibial intraosseous 
catheter is placed in the proximal tibia, just medial and distal to the tibial tuberosity. (b) Axial MDCT shows the tip of the catheter 
(arrow) is located in the medullary space of the tibia. (c, d): Three-dimensional MDCT confirms the location in the medullary space.
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(a)

 

(b)

(c)

FIGURE 13.3  Sternal intraosseous intravenous infusion catheters. (a) Autopsy photograph shows an indwelling catheter exiting 
from the anterior chest wall. The circle of tiny punctuate lacerations is created by the insertion template device. (b) Postmortem chest 
radiograph shows a small metal density in the midline over T4 (arrow). This is the metal tip of the infusion catheter. Note the endo-
tracheal tube, right chest tube, esophageal tube, and hemostat (outside the body). Air is present in the right heart. (c, d) Coronal and 
sagittal MDCT confirm the catheter tip is in the manubrium of the sternum. Distance from the superior margin of the manubrium 
is displayed.
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(d)

 

(e)

(f )

FIGURE 13.3  (Continued) Sternal intraosseous intravenous infusion catheters. (c, d) Coronal and sagittal MDCT confirm the 
catheter tip is in the manubrium of the sternum. Distance from the superior margin of the manubrium is displayed. (e, f) Autopsy 
photographs show placement of the metallic tip in a resected manubrium.
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(a)

 

(b)

FIGURE 13.4  Incorrect position of a tibial intraosseous infusion catheter. (a) Axial and (b) three-dimensional MDCT show that 
the catheter did not enter the bone. The tip lies along the lateral aspect of the proximal tibia.

(a)

 

(b)

FIGURE 13.5  Incorrect position of a sternal intraosseous infusion catheter. (a) Axial and (b) sagittal MDCT show the metal tip of 
a sternal infusion catheter to be outside bone in the soft tissue overlying the manubrium. An airway device with an inflated balloon 
and a nasogastric tube is partially visible.
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variable and related to the amount of decomposition. The 
success of a second autopsy is limited because the viscera 
have been previously dissected and examined. However, 
gross examination, microscopic tissue evaluation, and 
toxicology are possible many years after burial (Breitmeier 
et al. 2005, Grellner and Glenewinkel 1997). The amount 
of decay and decomposition in an exhumed body is most 
strongly associated with the length of time since death 
(Breitmeier et al. 2005). Other factors affecting the degree 
of decomposition and decay include environmental con-
ditions such as the burial site, soil conditions, integrity 
of the coffin, and season of death. Bones, connective tis-
sues, fat, and slowly decomposing organs such as the heart 
often retain evidence that may help ascertain the cause of 
death after exhumation (Figure  13.19). Mummification 
and adipocere formation (see Chapter 3, Figure 3.12) pre-
serve anatomic structures and pathologic findings. Skin 
and subcutaneous findings such as bullet holes may be 
preserved for long periods of time in adipocerous bodies 
(Knight 1996).

MDCT facilitates the anatomic evaluation of exhumed 
bodies by providing a noninvasive anatomic assessment. 
If no autopsy was performed prior to burial, MDCT assists 
in localization of key anatomic organs and skeletal struc-
tures that may have shifted position during the decay 

process. This can be particularly helpful in intermediate 
to advanced stages of decay. If the body has been previ-
ously autopsied, a plastic bag containing visceral organs is 
usually present in the body cavity. The bag can be radio-
graphed and scanned separately from the body to prevent 
confusion when interpreting the images (Figure 13.7). The 
organ bag contains all organs and structures that were 
removed during the original autopsy dissection. Metallic 
fragments and bones may be located within the organs 
and tissues contained in the bag. They may have findings 
that are important to determining the cause of death. For 
example, the hyoid bone is usually removed during dis-
section of the neck, trachea, and larynx. Occult hyoid 
fractures may indicate that the victim sustained trauma 
to the neck (Figure 13.7). This additional information may 
be very helpful to the final determination of the cause of 
death.

ANTHROPOLOGY
Anthropologists study found human remains for age, 
gender, stature, and ethnicity by analyzing anthropomor-
phic features and osteometric criteria, which may help to 
establish identity. Unless purposefully buried deeply and 
intact, skeletal remains are commonly found dissociated. 
They may be scattered over a broad area from wildlife 
predation or purposely separated to cover a crime. When 

(a)

 

(b)

FIGURE 13.6  Forensic investigation of exhumed human remains revealed evidence of multiple gunshot wounds and a retained 
bullet fragment. (a, b) Axial and sagittal MDCT show fractures of left clavicle and T1 and T2 vertebral elements. 
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individual bones are found, they are analyzed for evidence 
of traumatic injury prior to death. Expert forensic anthro-
pologists attempt to distinguish antemortem trauma from 
postmortem trauma and predation marks by character-
istic features and locations of fractures or marks on the 
bone.

Reassembly of skeletal remains helps to further identify 
and classify findings that may help indicate the cause of 
death. Radiography and MDCT scanning of the reassem-
bled remains is superior to imaging bones individually 
or collectively. Images of a partially or completely reas-
sembled skeleton better depict injury patterns and show 

(c)

 

(d)

(e)

 

(f )

FIGURE 13.6  (Continued) Forensic investigation of exhumed human remains revealed evidence of multiple gunshot wounds and 
a retained bullet fragment. (c, d) Coronal and sagittal MDCT show a recoverable metal fragment in the lower left hemothorax. Tiny 
metal fragments are also noted elsewhere but are not likely to be recoverable. (e, f) Sagittal and coronal maximum intensity projection 
MDCT show a fracture defect in the sternum and comminuted right posterior rib fracture defect typical of a gunshot wound.
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the relationship of wounds to one another (Figure 13.8). 
MDCT has also been used to aid in measurement of osteo-
metric criteria and anthropomorphic analysis (Dedouit 
et al. 2007, Recheis et al. 1999, Verhoff et al. 2008) and 
to study mummies (Cesarani et al. 2003, Hoffman et al. 
2002).

Human remains and dissociated body parts may be found 
during the investigation of catastrophic trauma or large-
scale disaster events such as hurricanes, floods, mass tran-
sit accidents, aircraft accidents, and explosions. Recovery 
and identification of all human remains is one of the most 
important objectives of these investigations. In addi-
tion, forensic pathologists may be asked to determine if 

cause of death was related to the event circumstances or 
was a homicide. MDCT has been proposed as a means of 
autopsy triage (Figure 13.9). Associating all remains from 
an individual is important not only for the investigation 
but also for family members. In most instances, DNA 
analysis and forensic dentistry are performed to confirm 
the identity of dissociated body parts. On occasion, body 
parts may be matched when specific bony landmarks or 
features are identified on MDCT (Figure 13.10). This tech-
nique requires careful observation of fracture fragment 
patterns to piece the fragments together. Once a possible 
match is identified on MDCT, the parts must be physi-
cally assessed to confirm the match. Although complex 
and time consuming, this manner of matching body parts 

(a)

 

(b)

(c)

FIGURE 13.7  Second autopsy performed for medicolegal reasons. (a) Radiograph of the organ bag adjacent to the leg shows non-
specific soft tissue and gas. No metallic fragments or definite bones are identified. (b) Axial MDCT of the organ bag shows that the 
hyoid bone (arrow) is located within the contents of the bag. (c) Magnification radiograph of the recovered hyoid bone shows a fracture 
of the right cornu (arrow), which was not found on the first autopsy.
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(a)

 

(b)

(c)

 

(d)

FIGURE 13.8  Forensic investigation of found skeletal remains shows findings of an execution type of gunshot wound to the head. 
(a) Photograph of the reassembled skull. (b) Three-dimensional MDCT of the front of the skull shows an exit defect with external 
beveling at the margin of a missing fragment (arrow). (c) Three-dimensional MDCT of the base of the skull shows an entrance defect 
at the margin of a missing fragment (arrow). (d) Sagittal oblique MDCT in the plane of the wound track (arrow) shows beveling of the 
entrance and exit wounds.
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(a)

 

(b)

(c)

FIGURE 13.9  Decomposed remains recovered from a collapsed building at a disaster location. (a) Prone autopsy photograph shows 
decomposition changes in coloration and bloating. Note traumatic amputation of the lower extremities. (b, c) Three-dimensional 
MDCT reconstructions of the skeleton show fractures of the right humerus, sternum, multiple right and left ribs, and distal femurs. 
The reconstruction algorithm does not detect thin areas of flat bone such as the scapulas and iliac crests. As a result, these areas appear 
as holes in the bone. 
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(d)

 

(e)

FIGURE 13.9  (Continued) Decomposed remains recovered from a collapsed building at a disaster location. (d, e) Axial and sagittal 
MDCT show the rib and sternal fractures consistent with blunt force injury. In the heart, calcification is present in the left coronary 
artery (arrow), and a stent is visible in the right coronary artery (arrowhead). The presence of the stent is notable because it could be 
used to help establish identification. Tissue and organ air distribution is typical of decomposition.

(a)

 

(b)

FIGURE 13.10  Forensic investigation of dissociated body parts using three-dimensional MDCT. (a, b) Coronal MDCT shows the 
dissociated parts each contain pelvic fragments; pubic symphysis (a) and acetabulum/hip joint. 
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(c)

 

(d)

(e)

 

(f )

FIGURE 13.10  (Continued) Forensic investigation of dissociated body parts using three-dimensional MDCT. (c, d, e, f) Three-
dimensional MDCT of pelvic fragments show each contain a matching bone feature (arrows) indicating that the two fragments belong 
together. Arrowheads in (c) and (d) and arrows in (e) and (f) point to complimentary bone features that indicate fragments belong 
together. MDCT reassociation obviated the need for DNA testing.
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may be helpful in assisting forensic anthropologists or 
when DNA testing is limited or not available.

CONCLUSIONS
Throughout this textbook, we discussed and illus-
trated the use of postmortem MDCT in routine foren-
sic autopsy. Postmortem MDCT may also be used to 
study specific anatomic areas, answer medical ques-
tions, evaluate medical intervention, complement non-
traditional autopsy scenarios such as exhumation and 
second autopsy, and assist with forensic anthropology 
and disaster recovery. Postmortem MDCT and other 
advanced cross-sectional imaging modalities have 
enormous potential to assist forensic autopsy by add-
ing objective anatomic data that can be reviewed before, 
during, and after autopsy.
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