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ABSTRACT 
Introduction: Given the heterogeneous nature and inherent complexity of forensic medical expertise, the expert 

(medical professional or related areas) must make the best use of the technical and technological tools at his disposal. 
Imaging, referring to the set of techniques that allow obtaining images of the human body for clinical or scientific purposes, 
in any of its techniques, is a powerful support tool for establishing facts or technical evidence in the legal field. Objective: 
To analyze the use of magnetic resonance and computed tomography in postmortem diagnosis. Methodology: infor-
mation was searched in the databases PubMed, Science Direct, Springer Journal and in the search engine Google Scholar, 
using the terms “X-Ray Computed Tomography”, “Magnetic Resonance Spectroscopy”, “Autopsy” and “Forensic Medi-
cine” published in the period 2008–2015. Results: MRI is useful for the detailed study of soft tissues and organs, while 
computed tomography allows the identification of fractures, calcifications, implants and trauma. Conclusions: In the 
reports found in the literature search, regarding the use of nuclear magnetic resonance and computed tomography in 
postmortem cases, named by the genesis of the trauma, correlation was found between the use of imaging and the correct 
expert diagnosis at autopsy. 
Keywords: Diagnostic Imaging; X-Ray Computed Tomography; Magnetic Resonance Spectroscopy; Autopsy; Forensic 
Medicine 
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1. Introduction 
Forensic medicine or forensic medicine comprises the application 

of medical science to technically and scientifically support the admin-
istration of justice. As an institute, its governing body in the Colombian 
case is the Colombian Institute of Forensic Medicine, a state agency com-
posed of professionals in the medical and related areas, in order to issue 
expert opinions that serve as technical evidence in the clarification of the 
facts[1]. 

Forensic medicine is mainly recognized for its work in the field of 
the practical application of forensic medical expertise, which covers a 
wide range of expertise from psychiatric or psychological, to postmortem 
applications, in determining the manner of death (suicide, homicide or 
accidental). 

It is worth noting that 2.5% of mortality in the world is a conse-
quence of violence, in its different expressions. In 2012, worldwide, 
there was a rate of 6.7 homicides per 100,000 inhabitants. However, the 
highest homicide rate occurs in the Americas region, with 28.5 per 
100,000 inhabitants[2]. In Colombia, the FORENSIS 2015 report men-
tions that, for the year 2017, 24,681 violent deaths were reported,  
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within which suicides together with traffic accidents 
constitute the first causes. Likewise, 273,511 foren-
sic medical examinations were performed, where in-
terpersonal and intrafamily violence accounted 
for 73.5% of the cases[3]. 

In this wide range, given the heterogeneous and 
casuistic nature of the activity, in order to carry out 
the expertise (1) in question, the expert must make 
the best use of the technical and technological tools 
at his disposal; for example, in the practice of autop-
sies, supporting his expert conclusions on the infor-
mation given by the diagnostic images of the body 
under study[4–6]. 

Now, it is good to mention that the use of tech-
nological tools in clinical diagnosis is not confusing; 
on the contrary, each technological advance 
has brought with it the need for native developments 
in the field of medicine. For the particular case of 
imaging, since 1895 the study and use of radiology 
as a support to forensic medicine is documented; 
where, as expected, to the extent of emerging tech-
nologies, these have been studied, tested and incor-
porated in the field[7,8]. 

In this regard, the studies and clinical use of the 
images produced are not exclusive to any single. 

This fact is reaffirmed with the medical appli-
cations of magnetic resonance imaging (MRI) in 
1980, a period in which numerous studies and inves-
tigations were developed, of which the recognition 
of cells with abnormal growth (tumors), carried out 
exclusively with the use of MRI, stands out[7–9]. 

Of course, these tools are so powerful that they 
transcend the equipment for medical jurisprudence, 
and it is a reality that advances in imaging, especially 
in MRI, have led to its use in all types of activities 
and its postmortem use has been increasing; being a 
support in those autopsies where (by religion or oth-
ers) the practice of invasive examinations is not al-
lowed, capturing images of different organs of 
the body, illustrating its usefulness to issue a correct 
expert diagnosis of the cause of death[9–12]. 

In this dynamic of incorporating technological 
advances in the practice of autopsies, the Virtopsy® 
project was created[11,13], whose proposal offers a 
non-invasive way of examining cadavers, making 
use of imaging studies, including computed 

tomography (CT). This latest technology, capable of 
performing various image analysis processes, such 
as volume reconstructions or morphometric meas-
urements, has been widely accepted by specialized 
institutions, due to its speed of diagnosis and the easy 
filing and recording system, allowing the transport of 
data collected from remote specialists, without ma-
nipulation of the samples. These same utilities have 
led to the popularization of the use of MRI/CT, be-
coming the main methodologies for the performance 
of postmortem examinations[14]. 

On the other hand, for Colombia during 2017 
there was no research or documentation on the appli-
cation of these imaging techniques in postmortem 
studies, a logical consequence, since these technolo-
gies entail high implementation costs, so much so 
that, even in the so-called “first world”, not all large 
hospitals have their own CT, let alone an MRI unit[15]. 
Under this reality, priority is given to allocating both 
economic and operational resources, mainly to the 
health care of surviving citizens, and not for eventual 
use in the administration of justice. 

Facing this reality, the country cannot be left be-
hind in the technological advances that are taking 
place and leave aside the principles of justice, pro-
moting impunity in cases that, due to their particular-
ity, require the use of efficient techniques to clarify 
their motives. Hence the need to document cases in 
which such techniques were applied in postmortem 
studies, so that based on these records, their subse-
quent application can be achieved. With this inten-
tion, the present review work aims to analyze the use 
of MRI and CT in postmortem diagnosis, seeking to 
generate concern in professionals in the company of 
students of health sciences, and inciting an investi-
gative awareness that is expected to promote further 
research for a future application of the techniques 
and their associated technologies in the Colombian 
territory. 

2. Postmortem imaging 
Postmortem studies are all those internal and 

external studies performed on a corpse to determine 
the cause of death[16]. Among them is the necropsy, 
which is the procedure that studies the morphologi-
cal alterations of organs and tissues as a consequence 
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of disease or any cause of death[17,18]. 
Under the definition of necropsy, MRI and CT, 

together with conventional autopsy, are tools whose 
function is to clarify the diagnosis, making possible 
the study of trauma or pathological findings, and 
even of vital ante-mortem reactions, being particu-
larly useful in those cases of doubtful criminality; the 
images show with clarity and appropriate size 
any body structure, which means less invasion to 
the body under study[8,13,17]. 

The main importance of the use of any of these 
techniques for postmortem studies are the facilities 
that both provide, delivering reliable and three-di-
mensional data of body structures[17,19], guiding the 
collection of biological samples, also offering the 
possibility of creating a database for future research 
among other specialists, given the storage capacity 
of the information[12]. 

As a complement, imaging techniques can 
avoid unnecessary procedures, as well as reduce the 
number of autopsies (invasive procedures), which al-
ter the body and make subsequent inspections more 
difficult[17,20]. In medical sciences, it is not to forget 
the human sense, so that relatives can see the corpse 
even after autopsy, the face is not subjected to dis-
section. With forensic imaging, the soft tissues and 
skeleton of the face can be examined nondestruc-
tively. If there is a need to take samples or fluids from 
the cadaver, these could be done in a guided manner 
with the above imaging techniques, thus offering less 
manipulation of the body by pathologists and techni-
cians, and reducing the risk of infection for these per-
sonnel. 

Another usefulness of these techniques is when, 
for cultural, religious or personal reasons, relatives 
do not allow an autopsy, but such an examination 
can be key to discovering the causes of death and, if 
necessary, to impart justice. Another utility of post-
mortem imaging is the possibility of reevaluating a 
case by an expert of a specific subspecialty anywhere, 
anytime. 

3. Magnetic resonance imaging 
Magnetic resonance imaging (MRI) 

works based on the mechanical-quantum properties 
of atomic nuclei[21]. To carry out its function, it 

makes use of a set of powerful electromagnets, cre-
ating magnetic fields when current circulates 
through their coils; these fields stimulate the hydro-
gen atoms, which, once excited, return to their equi-
librium position, producing a signal that is re-
ceived by the transducers, then transformed into an 
electrical signal and subsequently converted into the 
physical image of the structure to be studied[22,23]. 

Multiple editing possibilities arise from the re-
sulting image, and sequences can be used to remove, 
crop, enhance or highlight images. For example, us-
ing contrasts to remove (from the image) the fatty 
tissue and increase the intensity of the connective tis-
sue to observe in a specialized sequence the knee 
joint, or suppress the water signal to increase the tis-
sue signal and observe the brain parenchyma; the 
great advantage of MRI is that each sequence has a 
determined purpose as well as a structure, in order to 
observe the structure from different views of the 
scheme, concluding in the most accurate diagno-
sis[22–24]. 

This technique has the advantage of being able 
to clearly represent soft tissue lesions and patholo-
gies. On the other hand, its use is not limited, it 
can be used to examine living victims of violent acts, 
since it is a non-ionizing method[11]. However, 
its benefits are not widespread, mainly due to its high 
costs, the need for high-field scanners for perinatal 
autopsy, the long time between examinations, the im-
possibility of directly showing calcium in bone tissue, 
as well as a very high risk of incidents or accidents if 
the safety standards in the imaging area are not met 
(example: missile effect, inadvertent introduction of 
patients with contraindications, burns)[8,25]. 

4. Computed tomography 
CT is a technique that uses a combination of X-

rays and computer systems to obtain a series of trans-
versal images of a structure, which offer anatomical 
information in three dimensions. Thanks to this it is 
possible to study with precision, details of vis-
cera, bones, muscle tissue, fat, among other struc-
tures[26,27]. 

The computed tomography equipment consists 
of a gantry or vertical body, which has a central hole, 
which contains an X-ray tube that rotates around the 
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patient, a table or examination table, where the struc-
ture to be studied is placed, the gantry emits radiation 
that passes through the body or object, which are 
modified according to the absorption coefficient of 
the different tissues. These modified radiations are 
captured on the opposite side by solid or gaseous 
state detectors. The ionization produced by the X-
rays in the detector molecules is converted into elec-
trical signals that are transmitted to a computer, 
where they are transformed into digitized images at 
the operator’s interface[28]. 

As advantages we can mention that the tech-
nique can detect and represent foreign bodies, frac-
tures, gas, fluid accumulations and calcifications in 
large vessels. Likewise, its use through postmortem 
angiography allows the detection of ruptures or oc-
clusions of blood vessels with smaller caliber[29]. Ad-
ditionally, CT requires only a few minutes for its per-
formance and this characteristic will allow a large 
number of cadavers to be analyzed[30]. However, it 
has limitations with respect to the evaluation of soft 
tissues and internal organs, since the densities of the 
tissues in the face of damage or pathology may pre-
sent changes so small that they cannot be detected by 
the technique (for example: in the case of a subarach-
noid hemorrhage, it would not be possible to know if 
the cause was due to aneurysm or arteriovenous mal-
formation). 

5. Methodology 
A search for information was performed in the 

databases PubMed, Science Direct, Springer Journal 
and in the search engine Google Scholar, using the 
terms MESH: “Computed Tomography”, “Magnetic 
Resonance”, “Autopsy”, “Postmortem” and “Foren-
sic Medicine”, published in the period 2008/01/01–
2015/12/31, filtering the information by type of arti-
cle where case reports, original research articles and 
reviews, published in English, were selected. After-
wards, an analysis of the titles, abstracts and reading 
of the articles available in their full version was car-
ried out, to subsequently select 50. Additionally, 
other documents were added to expand the infor-
mation for some topics, based on REFERENCES or 
PubMed search. 

The case study, as a research methodology, is 

the study of the particularity and complexity of a sin-
gular case. This method is used when there is a spe-
cial interest in the case itself, in order to understand 
its activity in important circumstances, always seek-
ing in detail the interaction with its contexts[31]. 
Within this methodological framework, the follow-
ing cases are derived: 

5.1 Fracture of the cranial vault 
MRI, by its own merit, is the best technique to 

observe the central nervous system. It offers unique 
images of the whole brain contour; and in turn, mak-
ing use of multiple contrast sequences, it allows the 
enhancement of the pons, cerebrospinal fluid and the 
whole brain morpho-physiology[32-34]. 

Thanks to MRI, effluvium and bleeding in cen-
tralized regions such as the hippocampus, corpus cal-
losum and choroid plexus can be observed in detail; 
it is also useful in the identification of traumas to-
gether with subdural and subarachnoid hemorrhages, 
as well as in probable damage to the ventricular sys-
tem[35]. Therefore, it is the ideal tool to use in patients 
who have died from poly-trauma in traffic accidents, 
from blows with blunt objects or falls from great 
heights, also, of course, to observe the complexity of 
the damage and the factors that caused their 
death[36](Figure 1). 

It should be emphasized that this technique does 
not completely replace the conventional autopsy 
(Figure 1a), but it is a powerful tool to visualize el-
ements omitted by the human study; allowing three-
dimensional reconstructions or axial slices, where 
the position and size of the lesion is easily observable 
(Figures 1b and 1d); It also improves the under-
standing of masses circumscribed from the cavity 
that normally contains it, by a natural or accidental 
orifice (yellow arrows in Figure 1c), which is equiv-
alent to determine physical magnitudes, such as dis-
tances, type of objects, among others. 

5.2 Stab wound in the thoracic region 
Wounds caused by firearms, sharp weapons and 

trauma due to accidents constitute a great challenge 
for the pathologist in charge of the necropsy, since 
they cause lesions in various tissues and organs, 
which cloud the diagnosis. 
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Figure 1. Fracture of the cranial vault in a 27-year-old patient 
due to a fall from a tree. (a): Autopsy image; (b): three-dimen-
sional reconstruction of the bone table; (c): axial autopsy slice; 
(d): axial T2 MRI image. 
Source: Taken from Thali et al.[13] 

For Jackowski et al.[37], a critical case for the di-
agnosis makes its appearance in those wounds pre-
sent in the thoracic region, given that in this region 
different structures essential for human life are lo-
cated, any omission can lead to the undesired misdi-
agnosis, or no less serious, to establish idiopathic 
causes of death[38]. 

This situation contradicts the conventional au-
topsy, making it necessary to look for alternatives; 
with MRI it is possible to appreciate complex cardi-
opathies (for example: heart failure, endocarditis, 
perforations, mediastinal and cardiac contu-
sions)[39,40]; and at the respiratory level, any type of 
traumatic lesion that causes pulmonary collapse, 
such as crushing, mechanical asphyxia, closed chest 
trauma, among others[40,41]. Likewise, it is possible to 
diagnose thromboembolism, pleural effusions, infec-
tious processes (pneumonia, tuberculosis), trauma 
pathologies, neoplasms, hemothorax, pneumothorax 
and chylothorax[42], chronic diseases such as pleural 
and pulmonary mediastinal tumors and emphysema 

with pulmonary consolidations. Contrasting the res-
onance images, it is possible to appreciate the pul-
monary parenchyma in every context and thus find 
the correct diagnosis[43,44]. 

The detailed image obtained by MRI, facilitates 
to observe the complete lesion trajectory and the ad-
jacent damage in its path (Figure 2c), in which the 
lesion is shown in the cutaneous tissue, supported to 
a CT to perform the subsequent lesion route[44,45]. As 
mentioned, the contrast is an advantage of MRI (Fig-
ure 2b) affirming the myocardial tissue lesion of the 
autopsy (Figure 2a) with the appearance of intracar-
dial clot; and at the same time lesion at vascular level 
is observed (Figure 2d). 

 
Figure 2. Patient who died from a stab wound located in the tho-
racic region. (a) Autopsy image; (b) MRI coronal section; (c) 
computed tomography and magnetic resonance imaging; (d) 
MRI axial section. 
Source: Taken from Thali et al.[13] 

5.3 Trauma caused by traffic accidents 
The musculoskeletal system (basically com-

posed of bones, tendons and muscle tissue), be-
sides being responsible for adequate locomotion, 
serves as a framework and mechanical support for 
each of the internal structures. The application of 
MRI in the evaluation of this system helps to clearly 
identify any type of injury, thus knowing the type and 
magnitude of the damage caused[21]. Its importance 
is such that the mere observation of the articulations 
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provides relevant information on the life span of 
the bodies under study, as well as on the pathologies 
and related medications that could produce defor-
mations or articular changes. At the same time, de-
tailing tendons, given their propensity to suffer rup-
ture due to any type of blunt trauma, can be reflected 
in MRI. In turn, the muscle tissue, once affected, 
shows hematomas, lacerations and other damages in 
the MRI (Figure 3) which, when the autopsy is per-
formed, reaffirm the results given by the image[46,47]. 

In another study, the results of the conventional 
autopsy were compared with those obtained using 
CT and MRI, in order to identify and evaluate 
the biomechanics of the trauma in the causes of 
death[48]. In one of the individuals under study, the 
3D reconstruction by CT showed the fracture of the 
odontoid process (Figure 4a), while MRI showed 
the displacement of the spinal cord caused by the 
fracture (Figure 4b). In similar studies, the effective-
ness of the diagnosis using postmortem CT was in-
vestigated with victims of traffic accidents, which 
presented injuries in the head, neck, thorax, abdomen 
and pelvis, finding that postmortem CT can detect or 
presume a diagnosis of fatal trauma at the time of de-
termining the cause of death[49,50]. 

 
Figure 3. Patient deceased due to trauma caused by vehicular 
collision. (a) Coronal MRI slice, (b) autopsy image. 
Source: Taken from Thali et al.[13] 

5.4 Drowning 
The gastrointestinal system is surrounded by 

solid organs, liver and pancreas, and hollow organs 
such as the stomach and intestines; irrigated by ves-
sels ranging from the largest: aorta artery, vena cava 
crossing the entire digestive system, to the small-
est, but no less complex blood vessels[46,51,52]. 
 

 
Figure 4. Deceased patient due to trauma caused by vehicular 
collision. (a) Computed tomography; (b) magnetic resonance 
imaging. 
Source: Modified from Yen et al.[48] 

The MR images of this system provide data for 
the finding of traumatic pathologies (lacerations, fis-
sures and ruptures of hollow organs), caused ei-
ther by gunshot wounds, stab wounds or blunt 
trauma (falls from great heights and blows)[53,54], as 
well as accidental ones such as drowning (Figure 5); 
where, making use of the enhancers, the abundant 
amount of liquid with solid parts in the stomach and 
duodenum is shown (Figure 5b) to then perform the 
autopsy (Figure 5a) where the first portion of the du-
odenum is seen to be clamped (arrows). 

5.5 Intrahepatic gas 
The presence of intrahepatic gas (GIH) is a fre-

quent finding in postmortem CT in cases of non-trau-
matic death[55–57]. For this reason, investigations 
have been carried out on its detection by CT, to later 
confirm it by conventional autopsy. In one report, the 
location and occurrence of GIH was evaluated by 
multislice CT (MSCT) imaging in 208 non-traumat-
ically deceased persons[56]. The location of GIH was 
rated on a scale of 0 to 3, with 0 being no gas occur-
rence at all; (1) gas only in the left lobe (Figure 6a); 
(2) gas in the left lobe and the anterior segment of the 
right lobe (Figure 6b); and (3) gas in the left lobe 
with the anterior and posterior segments of the right 
lobe (Figure 6c), finding that most cases had this 
finding in type 3 of the scale and that this correlated 
with the appearance of intestinal distension, and the 
period between cardiorespiratory arrest and the sub-
sequent examination and autopsy. 
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Figure 5. MRI and autopsy of individual deceased by drowning. 
(a) Coronal MRI slice; (b) autopsy image. 
Source: Taken from Dirnhofer et al. 

 
Figure 6. Multislice computed tomography of the abdomen, in-
trahepatic gas in the left lobe. a) type 1, (b) type 2, (c) type 3. 
Source: Taken from Takahashi et al.[56] 

5.6 Death due to pre-existing pathology 
In the case of pre-existing pathologies, we stud-

ied the case of a 77-year-old woman who died sud-
denly after undergoing brain aneurysm surgery. The 
postmortem cranial CT scan showed that the hemor-
rhage due to the surgery disappeared without any 
complications, but the chest CT scan showed multi-
ple metastatic lung tumors with abnormal masses in 
the bronchi (Figure 7a) and pleural effusion (Fig-
ure 7b), given these findings it is estimated that 
death occurred due to asphyxia caused by pulmonary 
metastasis and endobronchial tumors. Although a 
traditional autopsy was not performed, postmortem 
CT provided strong evidence for the detection of the 
cause of death, avoiding a judicial risk in the man-
agement of the hospital involved[58]. 

 
Figure 7. Chest computed tomography, patient 77 died of pul-
monary metastasis. (a) Eidence of abnormal endobronchial mass; 
(b) vidence of bilateral pleural effusion. 
Source: Taken from Takahashi et al.[58] 

5.7 Identification of NN corpses (No Name) 
CT has also been used for the identification of 

subjects, since it can detect characteristics of 
the bodies, such as implants, surgeries or old frac-
tures[59]. It can be seen, for example, for the studies 
performed by Dedouit et al. on 35 bodies; of the 35 
scans, ten revealed skeletal malformations, old frac-
tures, or unconsolidated fractures in the neck of the 
right femur (Figure 8a); a fracture of the first cervi-
cal vertebra at the left pedicle level (Figure 8b); a 
lumbar spine with osteosynthesis material (Figure 
8c); a calcification in the left thyrohyoid ligament 
(Figure 8d), bilateral isthmic spondylolisthesis of 
the fifth lumbar vertebra, and a thoracic vertebral an-
gioma[60,61]. 

 
Figure 8. Computed tomography of possible skeletal malfor-
mations.(a) Uconsolidated fracture of the femoral neck; (b) frac-
ture of the first cervical vertebra; (c) lumbar spine with osteo-
synthesis material; (d) thoracic vertebral angioma. 
Source: Taken from Dedouit et al.[60] 

Some skeletal anomalies were confirmed by po-
lice investigations: the deceased who had the osteo-
synthesis material had a past history of spine fracture 
and surgery, the subject who presented with left cer-
vical pedicular vertebra fracture had a recent history 
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of cervical fracture. With the exception of the evi-
dence of the osteosynthesis material, none of the 
above findings are seen during conventional au-
topsy[60]. 

6. Conclusions 
Postmortem imaging is not intended to displace 

or be a substitute for conventional autopsy, in fact, 
these techniques can increase the number of autop-
sies or change their focus, both medical and le-
gal, broadening the spectrum of conventional au-
topsy, in turn enabling the collection of archival 
images for further forensic investigations. 

With the above in mind, it is good to highlight 
the benefits of MRI for research in forensic studies, 
including better image definition, the ability to re-
duce or intensify the signal of any type of tissue, the 
possibility of performing 3D reconstructions for 
complete outlines of any region of the body, among 
others. 

On the other hand, CT provides different de-
grees of freedom for the image, making it easier to 
establish a direct correlation with the radiological 
data already acquired, being useful when the individ-
ual under study presents artifacts in his body. Like 
MRI, the use of postmortem CT can detect or pre-
sume fatal trauma in the diagnosis of the cause of 
death after accidents or other fatal conclusions. So 
much so that, combined with angiography, peripheral 
vascular lesions in trauma, whether closed or open in 
nature, are more easily analyzed. 

Of course, and despite the good receipt of its 
outstanding advantages, postmortem imaging lacks 
other diagnostic features such as color, texture or 
odor, which may be relevant, and would not be pre-
sent in the images. 

Another aspect to consider is how the interpre-
tations of the findings found in the images will de-
pend on factors such as the cause of death, normal 
postmortem changes, effects of cardiopulmonary re-
suscitation, among others. Therefore, clinical radiol-
ogists may be confused or misinterpret findings from 
cadaveric radiology, and this forces us to note that 
forensic radiology is not the same as applied clinical 
radiology. 

Finally, there is another no less important 

dimension, referring to financial issues, since it is not 
recommended to generate synergies in hospital 
equipment, even though the same tomographs or res-
onators (which are used for patients in general) 
can be used in forensic work, as this could jeopardize 
the safety and health of people and facilities, leaving 
the need to set up forensic diagnostic imaging units 
under discussion. 
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