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Abstract: Forensic medical thanatology is the branch of forensic medicine concerned with death,
dying, postmortem transformation of the human body, determination of the cause and circumstances
of death, and estimation of the postmortem interval. Its practical value lies in the fact that death
initiates a sequence of physical, biochemical, cellular, and microbiological changes whose
interpretation can provide important medicolegal information. The aim of this article was to synthesize
the principal concepts of forensic thanatology and to evaluate the diagnostic value and limitations of
early and late postmortem changes in contemporary forensic practice. A narrative integrative review
was conducted using 15 national and international sources, including Uzbek forensic-medicine
textbooks and major works in forensic pathology and postmortem science. The analysis showed that
algor mortis, livor mortis, rigor mortis, ocular and drying changes, supravital reactions, autolysis,
putrefaction, adipocere formation, mummification, and skeletal transformation must be interpreted as
interdependent phenomena rather than isolated clocks. The reliability of postmortem interval
estimation improves when scene information, body examination, temperature data, environmental
conditions, autopsy findings, and laboratory methods are combined. Forensic thanatology also
contributes to distinguishing natural from violent death, recognizing postmortem artifacts, evaluating
body movement, selecting biological specimens, and reconstructing circumstances relevant to
investigation. Modern imaging, biochemical assays, molecular techniques, and microbiome-based
approaches broaden the field but do not eliminate the need for conventional morphological assessment.
A standardized, multidisciplinary and cautious approach remains essential for scientifically defensible
conclusions.
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INTRODUCTION
Forensic medical thanatology is one of the fundamental sections of forensic medicine. It studies

the biological and medicolegal aspects of death, the sequence of changes occurring in the body after
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cessation of life, and the methods used to interpret these changes for legal and investigative purposes.
Although death is an inevitable biological event, its forensic evaluation is complex because the human
organism does not pass instantaneously from life to complete structural inactivity. Circulatory and
respiratory arrest is followed by progressive loss of cellular function, redistribution of blood,
biochemical exhaustion of energy reserves, changes in muscle tone, tissue dehydration, autolysis,
microbial decomposition, and finally destruction or preservation of tissues depending on
environmental conditions. Each stage may contain information useful to the forensic physician, but
none should be interpreted outside the context in which the body was found.

The central medicolegal questions of thanatology include confirmation of death, determination
of the cause and mechanism of death, estimation of the time elapsed since death, differentiation of
injuries produced before death from changes occurring after death, assessment of whether a body has
been moved, interpretation of postmortem artifacts, and selection of appropriate material for
toxicological, histological, biochemical, microbiological, genetic, and other examinations. These
questions are important in cases of violent death, sudden unexpected death, suspected poisoning,
unidentified bodies, delayed discovery, exhumation, mass fatality events, and disputed medical
circumstances. The quality of the answers depends on the integration of scene investigation, external
examination, autopsy findings, laboratory studies, and knowledge of the person’s medical history.

Traditional forensic thanatology has relied on visible and palpable signs such as cooling,
hypostasis, rigor, drying, corneal changes, and decomposition. These signs remain indispensable
because they can be assessed rapidly and at relatively low cost. However, their expression is strongly
influenced by ambient temperature, clothing, body size, age, disease, blood loss, physical activity
before death, humidity, airflow, immersion, burial, insect access, and many other variables. Therefore,
modern forensic practice increasingly emphasizes a multimodal approach. Classical observations are
combined with validated temperature models, chemistry of body fluids, histology, imaging,
entomology, microbiology, and molecular analysis when appropriate.

The relevance of thanatology is especially high in healthcare systems because reliable
determination and documentation of death support both justice and public health. An incorrect
interpretation of postmortem change may lead to an erroneous conclusion about trauma, time of death,
poisoning, neglect, or medical intervention. Conversely, a careful forensic examination can clarify
whether an apparent lesion is a true injury or a postmortem artifact, whether lividity is compatible with
the position in which the body was found, whether decomposition has obscured disease, and whether
available evidence supports a narrow or broad estimate of the postmortem interval. The aim of this
article was to summarize the contemporary principles of forensic medical thanatology, analyze the
evidential value of major postmortem changes, and discuss their practical limitations and future
directions.

MATERIALS AND METHODS
The study was designed as a narrative integrative review. Fifteen sources were selected to

represent the principal areas of forensic thanatology: national forensic-medicine education in
Uzbekistan, general forensic pathology, postmortem interval estimation, decomposition science, and
environmental modification of postmortem processes. The national component included Uzbek-
language forensic-medicine textbooks used in medical education. International sources included major



Vol 12.No 9. September 2026Page 67

forensic pathology textbooks, monographs on human decomposition, and peer-reviewed publications
addressing time since death and postmortem change.

The material was analyzed thematically rather than statistically. The review focused on six
domains: the biological concept of death; early postmortem changes; supravital and biochemical
phenomena; late postmortem transformation; estimation of the postmortem interval; and the
medicolegal interpretation of thanatological findings. Priority was given to features that have direct
practical relevance during scene examination, external examination, autopsy, exhumation, and
laboratory assessment. Particular attention was paid to sources of error and to conditions that may
accelerate, delay, imitate, or obscure postmortem processes.

Because the available literature includes different study designs and environmental settings, the
analysis did not attempt to assign a universal numerical value to any single postmortem sign. Instead,
findings were synthesized into a practical framework emphasizing combined interpretation. No
experimental procedures were performed on human participants, no identifiable clinical data were
used, and no new biological specimens were collected. The article therefore represents a literature-
based scientific synthesis rather than an original autopsy or laboratory cohort study.

RESULTS
The review confirmed that forensic thanatology begins with a distinction between the event of

death and the gradual postmortem extinction of cellular processes. Clinical observation may identify
irreversible cessation of circulation and respiration, while specialized criteria are required in
circumstances involving artificial support of vital functions. From a forensic perspective, the essential
point is that after systemic death some tissues retain limited excitability for a period of time. This
transient persistence explains supravital reactions and contributes to the development of rigor. It also
means that the postmortem body is biologically dynamic: it continues to undergo predictable but
highly variable physical and chemical changes after the loss of integrated organismal function.

Cooling of the body is one of the most familiar early postmortem phenomena. After heat
production ceases, body temperature tends to approach environmental temperature through radiation,
conduction, convection, and evaporation. The rate is not linear throughout the entire postmortem
period. It is modified by ambient temperature, contact surface, air movement, clothing, blankets, body
habitus, fever or hypothermia before death, immersion, and other circumstances. Rectal or deep body
temperature can be useful when measured correctly and interpreted with a validated model, but a
single temperature value cannot reliably define the time of death without scene information. Cooling is
most useful when the environmental history is reasonably known and when measurements are
obtained before substantial equilibration with the surroundings.

Livor mortis develops when circulation stops and blood settles under the influence of gravity in
dependent vessels. It usually appears as patchy discoloration that becomes more extensive and
eventually more fixed. Distribution of lividity may provide information about body position after
death. Areas exposed to firm pressure may remain pale because vessels are compressed, creating
contact pallor. If the body is moved before lividity becomes fixed, redistribution can occur; after
fixation, the original pattern may persist and may coexist with a secondary pattern. This feature can
support reconstruction of postmortem movement, although interpretation must consider blood loss,
anemia, temperature, decomposition, pressure, and skin pigmentation. Color differences may raise
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suspicion of particular toxic or environmental conditions, but color alone is insufficient for a definitive
etiological diagnosis.

Rigor mortis reflects postmortem biochemical changes within skeletal muscle. Loss of adenosine
triphosphate prevents dissociation of actin and myosin, resulting in progressive stiffening until
proteolysis and decomposition later cause relaxation. The onset, intensity, distribution, and duration of
rigor are influenced by temperature, muscle mass, premortem physical activity, convulsions, age,
cachexia, and metabolic state. Because rigor can be broken mechanically and because decomposition
can abolish it, its diagnostic value lies in the total pattern rather than in a rigid timetable. The
coexistence of rigor with other early changes can help determine whether observations are consistent
with the estimated interval, but isolated statements based solely on the presence or absence of rigidity
are scientifically weak.

Postmortem drying and ocular changes form another group of early findings. Evaporation causes
drying of exposed mucosa, the lips, areas of damaged epidermis, and the sclera when the eyelids
remain partly open. Corneal clouding, loss of ocular tension, and other eye changes progress with time
but depend strongly on exposure and humidity. Drying may darken abrasions and make them appear
more prominent, creating a risk of confusing postmortem parchment-like change with true antemortem
trauma. Recognition of these effects is important during external examination, especially in bodies
discovered in dry, warm, or ventilated environments.

Supravital reactions represent residual tissue responsiveness after somatic death. Mechanical or
electrical stimulation of muscle, pupillary responses to pharmacological agents, and localized
contraction may persist for a limited period. Historically, such responses were used as auxiliary
indicators of early postmortem interval. Their practical use is restricted by methodological variability
and by the need for standardized stimulation and interpretation. Nevertheless, the underlying principle
remains important: death of the organism does not imply simultaneous death of every cell.
Biochemical changes in blood, vitreous humor, cerebrospinal fluid, muscle, and other tissues reflect
this progressive loss of homeostasis and continue to be investigated as potential time-dependent
markers.

Autolysis is driven primarily by endogenous enzymes and begins soon after cellular energy
failure. It is particularly evident in organs rich in hydrolytic enzymes, including the pancreas and
gastrointestinal tract, but it eventually affects all tissues. Autolytic changes can mimic disease and can
complicate histological interpretation. Knowledge of expected postmortem morphology is therefore
essential to avoid overdiagnosing inflammation, necrosis, or epithelial injury. Autolysis interacts with
putrefaction, which is largely driven by microorganisms. After death, barriers that normally restrict
microbial spread fail, allowing bacteria to proliferate and invade tissues. Gas production, discoloration,
marbling of superficial vessels, skin slippage, bloating, purge fluid, and tissue liquefaction may follow
in a sequence modified by the environment and the condition of the body.

Late postmortem change is particularly dependent on local conditions. Putrefaction generally
progresses faster in warm and humid settings and slower under cold conditions. Access by insects and
scavengers can markedly accelerate soft-tissue destruction. Burial limits some forms of access but
introduces soil, moisture, depth, wrapping, and coffin characteristics as additional variables.
Immersion changes heat loss, insect exposure, skin appearance, and microbial conditions. Extensive
trauma may open new routes for microbial and insect activity. Obesity may promote heat retention and
decomposition, whereas severe dehydration may favor preservation. Consequently, decomposition
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stage can provide a broad indication of elapsed time but cannot be converted into a universal calendar
interval without environmental reconstruction.

Two important preservative transformations are mummification and adipocere formation.
Mummification results from rapid and substantial dehydration of tissues, producing dry, shrunken,
leathery structures that may persist for long periods. It is favored by dry conditions, heat, low humidity,
and air circulation, although combinations vary. Adipocere is a waxy alteration of body fat associated
with hydrolysis and hydrogenation under moist conditions, often in water or damp burial
environments. Both processes can preserve injuries, identity-related features, and other evidence that
would otherwise be lost during ordinary putrefaction. Their presence is therefore not merely
descriptive; it can substantially affect the strategy of examination and sampling.

Skeletonization represents an advanced endpoint of soft-tissue loss but may occur at highly
variable rates. Once skeletal elements are exposed, forensic evaluation shifts toward the combined
fields of forensic pathology, anthropology, odontology, and archaeology. Bones may retain evidence
of perimortem trauma, disease, surgical intervention, age-related features, and identity. However,
environmental damage, animal activity, root etching, weathering, burning, and postmortem breakage
may imitate or obscure trauma. Thanatological interpretation remains relevant because the examiner
must determine which changes belong to the period around death and which were created during the
postmortem history of the remains.

The reviewed literature consistently supports a combined strategy for estimating the postmortem
interval. In the early period, deep body temperature, lividity, rigor, ocular findings, and supravital
reactions can be assessed together. As the interval increases, decomposition stage, insect development,
environmental data, soil characteristics, body-fluid chemistry, microbial succession, and other
methods become more important. Accuracy usually decreases as the interval widens because
cumulative environmental variation becomes greater. The most defensible conclusion is often an
interval or range accompanied by explicit conditions and limitations rather than a single precise time
point.

Thanatology also plays a major role in determining cause, mechanism, and circumstances of
death. The pattern of postmortem changes may help explain whether apparent hemorrhage is true
blood extravasation or hypostasis, whether skin discoloration reflects injury or decomposition,
whether fractures occurred around the time of death or later, and whether a body remained in one
position. Autopsy adds internal evidence regarding disease, trauma, aspiration, blood loss, thrombosis,
embolism, intoxication, and other causes. When decomposition is advanced, ancillary methods
become increasingly important, but even extensively altered bodies may yield useful information
through radiology, toxicology, histology, genetics, and careful anatomical dissection.

The overall result of the review is that no postmortem sign functions as an independent clock.
Thanatological evidence is strongest when multiple findings are mutually consistent and when the
examiner documents environmental conditions before interpreting them. A discrepancy between signs
should not automatically be treated as error; it may indicate body movement, unusual premortem
physiology, artificial heating or cooling, immersion, wrapping, medical intervention, or another
modifying circumstance. The forensic value of postmortem change lies therefore not only in
estimating time since death but also in revealing the postmortem history of the body.

DISCUSSION
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The principal challenge in forensic medical thanatology is variability. Many classical
descriptions were developed from repeated observations and remain clinically useful, but the
biological processes themselves are continuous rather than divided into fixed time blocks. This
distinction is important because legal questions often encourage requests for exactness that the science
cannot always provide. A careful expert should distinguish direct observations from interpretation and
should communicate uncertainty in a way that is understandable to investigators and courts. When
environmental information is incomplete or contradictory, the width of the estimated postmortem
interval should increase rather than being artificially narrowed.

Temperature-based estimation illustrates the importance of standardization. A useful
measurement requires appropriate equipment, documentation of the measurement site and time, and a
credible estimate of environmental conditions. Even then, factors such as clothing, body size, air
movement, fever, hypothermia, and contact with heated or cooled surfaces can change heat transfer.
Similar limitations apply to rigor and lividity. Their traditional time courses provide orientation, but
they are not interchangeable with an objective clock. The best practice is to use these signs as
components of a converging evidential framework.

Decomposition introduces even greater complexity because it results from interaction among
endogenous autolysis, microorganisms, insects, scavengers, temperature, moisture, oxygen availability,
burial conditions, and body-specific factors. Modern decomposition research has improved
understanding of these processes and has encouraged quantitative methods such as accumulated
thermal energy, entomological development models, chemical profiling, and microbial succession.
These approaches are promising, but they require local validation. A model developed in one climate
or burial environment may perform poorly in another. This is particularly relevant for countries with
marked seasonal variation and diverse geographical conditions.

Laboratory approaches offer opportunities to complement gross examination. Biochemical
investigation of vitreous humor and other fluids, postmortem changes in proteins and nucleic acids,
metabolomic patterns, and microbial community shifts are active areas of research. Postmortem
computed tomography and other imaging methods can document fractures, gas distribution, foreign
bodies, and some internal pathology before dissection. These methods improve documentation and
may reveal features that are difficult to appreciate macroscopically. However, advanced technology
should be viewed as an extension of forensic reasoning rather than a replacement for it. Without
accurate scene data and a complete morphological examination, highly technical results may still be
misinterpreted.

A second major issue is the differentiation of true injury from postmortem artifact. Hypostasis
can resemble bruising; skin slippage may resemble blistering; drying can emphasize abrasions; insect
activity may create defects similar to wounds; postmortem fractures may be mistaken for perimortem
trauma; and decomposition gas may distort tissues or produce unexpected radiological findings.
Avoiding these errors requires knowledge of both injury biology and postmortem processes. When
available, histology and targeted laboratory examination may assist, but the macroscopic distribution,
anatomical relationships, hemorrhagic response, wound margins, and surrounding tissue changes
remain central.

Forensic thanatology also has direct implications for specimen collection. The choice of samples
depends on the stage of postmortem change and the investigative question. Peripheral blood may be
preferable to central blood for some toxicological analyses because redistribution after death can alter
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drug concentrations. Vitreous humor is relatively protected and may remain useful when blood is
altered. Urine, bile, liver, muscle, hair, bone marrow, and other materials may become important in
decomposed bodies. Samples for histology should include both lesions and appropriate comparison
tissue. Genetic material can often be recovered long after soft-tissue decomposition. A thanatological
assessment therefore guides not only interpretation but also the practical design of the laboratory
investigation.

The educational importance of the field should be emphasized. Students and physicians need to
understand that postmortem examination is not simply a list of signs to memorize. It is a structured
reasoning process that begins at the scene and continues through external examination, autopsy,
sampling, laboratory testing, synthesis, and reporting. Uzbek forensic-medicine literature provides a
valuable national framework for teaching these fundamentals, while international research introduces
evolving methods and broader comparative evidence. Combining both is important for training
specialists who can work within national procedural requirements while applying contemporary
scientific principles.

In practical forensic services, standardized documentation can substantially improve reliability.
Body temperature, ambient temperature, clothing, coverings, position, degree of contact with surfaces,
lividity distribution, rigor in different muscle groups, ocular state, drying, visible decomposition,
insect activity, and other observations should be recorded systematically. Photographs and, where
indicated, imaging provide a permanent record. The time at which each observation or specimen
collection occurs should also be documented because postmortem changes continue during transport
and examination. This is especially important when the initial scene is distant from the autopsy facility.

The narrative design of the present article is a limitation because it does not provide a pooled
quantitative estimate of diagnostic accuracy for individual methods. In addition, environmental
research from one region cannot be transferred directly to all other climates. Nevertheless, the
consistency of the major principles across national textbooks, forensic pathology references, and
decomposition research supports a clear practical conclusion: postmortem findings are most reliable
when interpreted together, within their environmental and investigative context, and with explicit
recognition of uncertainty.

CONCLUSION
Forensic medical thanatology provides the scientific framework for understanding death and the

postmortem transformation of the human body. Early changes such as cooling, lividity, rigor, drying,
ocular alterations, and supravital reactions are useful when assessed systematically, while autolysis,
putrefaction, mummification, adipocere formation, and skeletonization become increasingly important
as the postmortem interval lengthens. No single sign can determine time since death with universal
precision. The most reliable medicolegal interpretation combines scene information, environmental
conditions, external examination, autopsy, appropriate sampling, and laboratory methods. Modern
imaging, biochemical, molecular, entomological, and microbiological techniques expand the
possibilities of the discipline but should be integrated with classical morphological assessment. A
standardized and cautious approach to thanatology strengthens cause-of-death investigation, reduces
misinterpretation of postmortem artifacts, improves reconstruction of the postmortem history of the
body, and supports scientifically defensible forensic conclusions.
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