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Abstract:The study of altered bone and muscle tissue plays an essential role in forensic
medicine, particularly in the determination of trauma mechanisms, postmortem interval, and
causes of death. This article reviews the forensic significance of pathological and traumatic
changes in skeletal and muscular structures. Special emphasis is placed on morphological
alterations, histological findings, and their diagnostic value in forensic investigations. The
analysis demonstrates that bone and muscle tissue alterations serve as critical evidence for
reconstructing the circumstances of injury and evaluating the vitality of lesions.
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Introduction

Forensic medicine frequently encounters cases involving injuries to bone and muscle tissue.
These tissues, being fundamental structural components of the human body, provide significant
information regarding both antemortem trauma and postmortem changes. Alterations may result
from mechanical forces, thermal exposure, pathological conditions, or degenerative processes.
In forensic practice, the recognition and evaluation of such changes are crucial for determining
the mechanism of injury, the vitality of trauma, and the time elapsed since death.

Bones are resilient and can preserve evidence of trauma even after soft tissues decompose.
Fracture patterns, bone remodeling, and histological changes can reveal whether injuries
occurred during life or after death. Similarly, muscle tissue provides valuable indicators of
acute trauma, ischemia, or postmortem autolysis. The forensic investigation of these alterations
requires a multidisciplinary approach, combining gross examination, histology, radiology, and
biochemical analyses.

The purpose of this article is to analyze the forensic aspects of altered bone and muscle tissue,
focusing on their morphological and histopathological changes, diagnostic relevance, and
contribution to medico-legal investigations.

Methods
This study was designed as a comprehensive review and analytical synthesis of existing
forensic literature, case reports, and experimental research related to altered bone and muscle
tissue. A multi-layered methodology was applied to ensure scientific reliability and breadth of
coverage.

Literature Search Strategy
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A systematic search was conducted in PubMed, Scopus, Web of Science, and Google Scholar
databases. Publications between January 2010 and March 2025 were reviewed. Search terms
included: “forensic bone trauma,” “muscle tissue histology in forensic medicine,” “postmortem
bone alterations,” “traumatic skeletal injuries,” “muscle necrosis forensic significance,” and
“postmortem interval tissue analysis.” Boolean operators (AND/OR) were applied to broaden
and refine results. Reference lists of selected papers were also screened for additional sources.
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Inclusion and Exclusion Criteria
Included studies were:

1. Peer-reviewed articles, textbooks, and forensic case series.
Studies focused on morphological, histological, radiological, or biochemical evaluation
of bone and muscle tissue in medico-legal contexts.

3. Autopsy-based investigations that analyzed trauma, postmortem interval, or pathological
bone/muscle changes.

Excluded were:

1. Case reports without histological or morphological analysis.
2. Purely veterinary or non-human studies unless directly relevant to forensic methodology.
3. Publications not in English or Russian.

Data Extraction and Evaluation
Two independent reviewers extracted data regarding:

e Study design and objectives.

e Type of bone or muscle alteration (traumatic, pathological, thermal, or postmortem).

e Diagnostic tools used (gross examination, histology, radiology, immunohistochemistry,
biochemical assays).

e Reported accuracy in determining trauma vitality, mechanism, or postmortem interval.

o Limitations and challenges in interpretation.

Disagreements in data interpretation were resolved by consensus.

Analytical Framework

The extracted data were grouped into four categories:

Traumatic alterations (fractures, hemorrhage, periosteal reactions, necrosis).
Pathological alterations (osteomyelitis, myositis, degenerative changes).

Postmortem alterations (autolysis, putrefaction, protein degradation, mineralization).
Thermal alterations (charring, calcination, heat fractures).
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Within each category, morphological and microscopic changes were compared to identify
diagnostic criteria useful in forensic evaluation.

Quality Assessment

The quality of studies was appraised using standardized tools. The Newcastle-Ottawa Scale
was used for observational studies, while case-control and cohort studies were evaluated using
STROBE guidelines. For experimental studies, reproducibility and methodological
transparency were key criteria.

Integration of Guidelines and Casework

Alongside published data, forensic protocols from international organizations such as
INTERPOL, the European Network of Forensic Science Institutes (ENFSI), and the American
Academy of Forensic Sciences (AAFS) were reviewed to contextualize findings within
practical medico-legal standards. Furthermore, illustrative autopsy cases reported in forensic
textbooks were used to provide practical insight into the application of bone and muscle tissue
analysis.

Ethical Considerations

As this study was based on previously published data and case reports, no direct human or
animal experiments were conducted. Ethical considerations focused on accurate citation,
respect for medico-legal confidentiality, and adherence to research integrity standards.

By employing this multi-step methodological framework, the study ensured a balanced
synthesis of theoretical knowledge, practical forensic applications, and future perspectives in
the analysis of altered bone and muscle tissues.

Results

The analysis revealed several key findings. First, traumatic bone alterations, such as fractures,
comminution, and periosteal reactions, provide reliable information about the mechanism and
timing of injury. Histological examinations of bone can differentiate between vital and
postmortem fractures by demonstrating osteoclastic activity or hemorrhagic infiltration.

Second, muscle tissue changes such as hemorrhage, edema, necrosis, and inflammatory
infiltration are valuable indicators of antemortem trauma. Postmortem alterations including
autolysis and putrefaction complicate interpretation, but histological features such as the
presence of leukocytic infiltration can help distinguish vital lesions.

Third, thermal injuries to bone and muscle (burns, charring, calcination) exhibit characteristic
morphological patterns that can be used to identify exposure to fire or high temperatures. In
cases of advanced decomposition, molecular and biochemical methods—such as protein
degradation analysis—have proven useful in estimating the postmortem interval.
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Discussion

The forensic analysis of altered bone and muscle tissue is indispensable in medico-legal
investigations. The differentiation between vital and postmortem changes is often the most
critical task, as it directly impacts the reconstruction of events surrounding death. Bone analysis
provides robust evidence due to its resistance to environmental factors, while muscle tissue
offers more immediate information about soft tissue trauma and vitality.

Challenges remain in distinguishing postmortem autolytic changes from antemortem
pathological processes, particularly in advanced decomposition. Emerging technologies,
including advanced imaging techniques, immunohistochemistry, and proteomic analyses, are
improving diagnostic accuracy. Interdisciplinary collaboration among pathologists,
anthropologists, and toxicologists further strengthens forensic conclusions.

Conclusion

Altered bone and muscle tissues represent vital evidence in forensic medicine, offering insights
into the mechanism, timing, and vitality of trauma. While traditional gross and histological
methods remain the cornerstone of analysis, new biochemical and imaging techniques are
expanding diagnostic possibilities. Continued research and methodological innovation will
enhance the accuracy and reliability of forensic evaluations, thereby contributing to the
effective administration of justice.
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