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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Aim of Study: This review aimed to elucidate the critical role 

of fracture hematoma in forensic medicine, with a specific focus 
on its utility in differentiating antemortem from postmortem 
fractures. The study seeks to provide a comprehensive synthesis 
of current knowledge on the subject, highlighting the biological 
and medico-legal implications of fracture hematoma analysis in 
forensic investigations.

Material and Methods: A systematic review of literature 
was conducted, encompassing various scientific databases 
including PubMed, Scopus, and Web of Science, focusing on 
studies published from 2000 to 2024. The search employed 
keywords such as "fracture hematoma," "antemortem fractures," 
„perimortem fractures” and "postmortem fractures," among others, 
to explore relevant data. Selected studies were scrutinized based 
on their relevance, the presence of substantial data on fracture 
hematoma, and their contribution to forensic analysis.

Results: The review underscores the significance of fracture 
hematoma as an indicator of antemortem injuries, revealing that 
active blood circulation at the time of injury facilitates hematoma 
formation. Detailed analyses within the selected studies illustrate 
the interplay of cellular and molecular dynamics within fracture 
hematomas, emphasizing the roles of cytokines, particularly IL-
6, and cellular constituents in the healing process.

Conclusions: Fracture hematoma analysis emerges as a vital 
forensic tool in establishing the vitality of bone fractures, 
enhancing the accuracy of forensic assessments. However, the 
review also acknowledges the challenges posed by individual 
healing variability and postmortem changes, suggesting a need 
for further research to refine the interpretative frameworks used 
in forensic hematoma analysis.

Key words. Fracture hematoma, inflammation, antemortem 
fractures, postmortem fractures, forensic medicine, cytokines, 
bone healing, fracture forensic analysis.
Introduction.

The significance of differentiating antemortem from post-
mortem fractures is paramount in forensic medical and 
anthropological studies, especially when analyzing bone 
system trauma for determining the age of antemortem fractures. 
This differentiation is crucial for forensic experts to provide 
scientifically grounded answers to investigative bodies, aiding 
in the determination of whether physical violence was a factor 
in a victim's death. Such insights are instrumental in analyzing 
causes of violent death [1].

Fracture hematoma, the localized collection of blood that forms 
around a bone fracture soon after the injury, plays a significant 
role in this differentiation process. The presence of a fracture 
hematoma is indicative of an antemortem injury, as it suggests 
that the fracture occurred while the circulatory system was still 

active, allowing blood to accumulate in the area of the break. 
In contrast, the absence of such a hematoma could suggest a 
post-mortem fracture, where no blood flow would be present to 
create a hematoma [1].

This distinction becomes particularly relevant in cases 
involving rib fractures, where it is essential to determine whether 
the injury resulted from resuscitation efforts or from intentional, 
non-accidental harm, such as physical violence against 
children. In forensic anthropology, differentiating antemortem 
from post-mortem fractures is also crucial when examining 
exhumed human remains. Taphonomic processes can alter bone 
condition post-mortem, presenting challenges in identifying 
intravital reactions in what is termed the "dry form" of bone, 
where organic structures are not preserved. Thus, the analysis 
of fracture hematoma contributes significantly to the forensic 
assessment, offering insights into the timing and circumstances 
of injuries, and aiding in the investigation of violent deaths [2].

This review acknowledges potential limitations, including 
publication bias and the variability in study designs and 
methodologies, which might affect the generalizability of the 
findings.
Methods.
Literature Search Strategy:

To compile a comprehensive review, a systematic search 
was conducted across various scientific databases, including 
PubMed, Scopus, and Web of Science. Keywords such as 
"fracture hematoma," "antemortem fractures," "postmortem 
fractures," "forensic anthropology," and "bone trauma" were 
used in various combinations to ensure a thorough search. The 
search was limited to studies published in English from 2000 to 
2024 to capture the most recent and relevant findings.
Inclusion and Exclusion Criteria:

Studies were selected based on their relevance to the topic, 
focusing on those that provided significant insights into the 
differentiation of fractures and the specific role of fracture 
hematoma in forensic analysis. Exclusion criteria included 
studies that did not directly address fracture differentiation 
in a forensic context or lacked substantial data on fracture 
hematoma. Reviews, case reports, and original research articles 
were included, while non-peer-reviewed articles and abstracts 
were excluded.
Data Extraction and Analysis:

Relevant data extracted from the selected articles included 
study design, sample size, methods of fracture analysis, findings 
related to fracture hematoma, and implications for forensic 
practice. This information was categorized and tabulated to 
facilitate a comparative analysis, identifying trends, consensus, 
and gaps in the current knowledge.
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Synthesis of Findings:
The extracted data were synthesized to highlight the key 

findings related to fracture hematoma's role in differentiating 
antemortem from postmortem fractures. The synthesis 
also aimed to draw correlations between study findings, 
theoretical implications, and practical applications in forensic 
investigations.
Results and Discussion.
Bone Blood Supply:

The vascular system within bones is indispensable for their 
growth, repair, and the maintenance of homeostasis. The 
disruption of blood supply due to a fracture triggers a series 
of pathological events leading to ischemia and subsequent 
necrosis of bone tissue. Understanding the dynamics of bone 
blood supply, particularly during the fracture healing process, 
is crucial for developing therapeutic strategies and enhancing 
recovery outcomes.

Bones receive blood through two primary flow mechanisms: 
centripetal and centrifugal. The centripetal flow is tasked with 
delivering essential nutrients and oxygen to the bone cells, 
supporting their metabolic functions. The centrifugal flow, 
conversely, is crucial for the elimination of metabolic waste 
from these cells. The differentiation between these flows 
highlights the sophisticated vascular architecture within bones, 
crucial for maintaining cellular health and facilitating repair 
processes [3,4].
Changing Blood Supply During Fracture:

Fractures compromise the integrity of this vascular network, 
leading to diminished blood supply and potential tissue death. 
Experimental insights, such as those from Johnson et al. (2004), 
have shown that injuries to the main vascular channels prompt 
compensatory mechanisms that enhance periosteal blood flow 
and stimulate localized centripetal circulation, underpinning the 
bone's intrinsic healing capabilities [5].

The bone's vasculature is composed of specialized endothelial 
cells lining H-type and L-type blood vessels, each serving 
distinct roles in bone biology. H-type vessels, associated 
with osteoprogenitor cell nourishment, are integral to the 
repair and regeneration processes post-injury. L-type vessels, 
predominantly located in the diaphyseal regions, facilitate 
metabolic waste removal and are less involved in direct 
osteogenic activities [6].

The interplay between vascular and neural elements is pivotal 
during bone repair, especially in the acute phase post-fracture. 
Neurotrophic factors like NGF (Nerve Growth Factor) and 
their high-affinity receptors (TrkA) are abundantly expressed in 
periosteal tissues, modulating vascular responses and osteogenic 
processes. The upregulation of NGF post-fracture underscores 
its role in coordinating vascular and bone cell responses to 
injury, essential for effective healing [7].

The intricate network of blood vessels in bones not only 
sustains cellular functions under physiological conditions but 
also plays a critical role during the healing process of fractures. 
Understanding the nuances of bone blood supply, particularly 
the specialized roles of different vascular components and their 
interaction with neural signals, can provide deeper insights into 

fracture healing mechanisms and potentially inform therapeutic 
approaches.
Characteristics of Acute Fracture Hematoma:

The hematoma formation phase is pivotal in the bone 
fracture healing continuum. Following fracture onset, there 
is an immediate induction of bleeding, leading to hematoma 
development, which is more than a mere aggregation of 
blood components. This hematoma exhibits a multifaceted 
structural organization crucial for healing processes. It serves 
as a foundational anchoring matrix at the fracture margins, 
facilitating the migration of critical cellular entities such as 
inflammatory cells, mesenchymal stem cells (MSCs), and 
osteoblasts, which are instrumental in the reparative cascade 
[8,9].

In the context of fracture healing, the hematoma not only 
provides a structural scaffold but also engages in biochemical 
signalling, essential for recruiting and directing the cellular 
constituents pivotal to tissue regeneration. Inflammatory cells, 
upon reaching the hematoma site, release cytokines and growth 
factors that mediate the initial inflammatory phase, subsequently 
attracting MSCs (Mesenchymal Stem Cells). These stem cells, 
under the influence of the hematoma's microenvironment, 
differentiate into osteoblasts and chondrocytes, propelling the 
bone healing process forward [10,11]. Osteoblasts, derived from 
MSCs within the hematoma, commence the bone remodelling 
phase by synthesizing new bone matrix and facilitating mineral 
deposition. The phase of hematoma formation plays a crucial 
role in the healing process of bone fractures. Immediately 
after the development of a fracture, bleeding and hematoma 
formation occurs. It is not only a pile of blood elements, but 
it is characterized by a complex structural composition. One 
function of the hematoma is to create a temporary anchoring 
system around the fracture edges, where various cells involved 
in the healing process, such as inflammatory cells, mesenchymal 
stem cells, and osteoblasts, will migrate [8].

In their seminal 1993 study, Grundnes and Reikeras explored 
the critical role of hematoma in rat fracture healing, revealing 
that hematoma's composition varies significantly across different 
healing stages. Initially, in the acute phase, the hematoma 
displays a lack of organization and differentiation. However, this 
structure starts to organize partially by the second- and fourth-
days post-injury. The research underscores the osteogenic 
potential inherent in fracture hematomas, highlighting that 
hematoma removal can severely disrupt and complicate bone 
regeneration [12]. Schmidt-Bleek et al. delved into the cellular 
makeup of acute fracture hematoma during the inflammatory 
healing phase, contrasting it with soft tissue hematomas. 
They observed a lower granulocyte and higher T-helper cell 
presence in fracture hematomas, suggesting a more orchestrated 
inflammatory response, which may influence healing outcomes. 
Their findings prompt further investigation into the signalling 
molecules within hematoma that contribute to this process [13]. 
A 2017 study by Wang et al. examined the impact of pore sizes 
and thrombin concentrations in fibrin-filled hematomas using 
a rat model, emphasizing the dynamic nature of early fracture 
hematoma composition [14]. This early hematoma, forming 
minutes post-fracture, comprises various cellular and molecular 
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Composition of Fracture Hematoma:
The detailed analysis by Shiu et al. delves into the intricate 

composition of fracture hematoma, elucidating its role as 
a complex amalgam of cellular and structural components 
essential for the healing process. This complexity is highlighted 
through the identification and functional characterization of 
various hematoma constituents:

• Platelets: Originating from megakaryocytes in the bone 
marrow, platelets are pivotal in thrombus formation at the injury 
site. Upon activation, they secrete a multitude of growth factors, 
cytokines, and enzymes, fostering the healing process and tissue 
regeneration.

• Leukocytes: The dynamic presence of leukocytes within 
the fracture hematoma plays a vital role in coagulation and 
immune response initiation. Notably, distinct macrophage 
populations, classified as inflammatory (M1 and M2) and 
resident (osteomacrophages/osteomacs), are identified within 
the hematoma, each contributing differently to the healing 
phases.

• Cytokines: The interplay between the immune system 
and bone, termed "osteoimmunology," is crucial for healing. 
Specific cytokines such as interleukin-1 (IL-1) and interleukin-6 
(IL-6) are instrumental during the initial inflammatory phase, 
modulating various aspects of bone repair and regeneration.

• Erythrocytes: While typically known for their role in 
oxygen transport, erythrocytes within the hematoma are under 
investigation for their potential impact on the healing process, 
indicating a multifaceted role beyond oxygen delivery.

• Fibrin Network: This structural component provides 
the essential scaffold for the hematoma, facilitating cellular 
migration and localization, which are critical for the subsequent 
healing stages.

• Growth Factors: Various growth factors, including 
fibroblast growth factor (FGF), epidermal growth factor (EGF), 
and vascular endothelial growth factor (VEGF), are present 
within the hematoma, each playing significant roles in cellular 
proliferation, differentiation, and angiogenesis.

• Hypoxia: The localized hypoxic conditions induced by HIF 
within the fracture hematoma are pivotal in modulating the 
release of angiogenic factors like VEGF, thereby influencing 
vascularization and tissue repair processes.

Shiu et al. (2018) assert that understanding the multifaceted 
nature of fracture hematoma is imperative for comprehending 
its role in bone healing. The study underscores the necessity for 
further research to elucidate the specific contributions of each 
hematoma component to the overall process of bone repair and 
regeneration [19].
Hematoma and Periosteum:

Understanding the interaction between hematoma and 
periosteum is critical in the early stages of fracture healing, 
especially given the periosteum's significant role in 
chondrogenesis within the fracture hematoma. In a pivotal 
experimental study, researchers divided rats into three distinct 
groups to elucidate the contributions of the periosteum and 
hematoma to fracture healing: 1) rats with untreated fractures, 2) 
rats with removed bone marrow, and 3) rats with the periosteum 
removed. The study aimed to unravel the specific roles of the 

components like fibrin, platelets, erythrocytes, and leukocytes, 
all influenced by factors including fibrin polymerization and 
growth factor activity. These elements, along with cytokines 
and growth factors from surrounding tissues, are pivotal in bone 
healing, cell migration, proliferation, and differentiation [15]. 
Walters et al. highlighted the unique environment of fracture 
hematoma, characterized by specific conditions such as low 
oxygen levels, high acidity, and elevated calcium content, 
enriched with cytokines like IL-1β, IL-6, TNF, BMPs, TGF, 
PDGF, and VEGF. These components synergistically influence 
the bone healing process, underlining the complexity and critical 
nature of the hematoma environment in fracture repair [15,16].

Moreover, additional literature aligns with these observations, 
suggesting that the early fracture hematoma comprises a complex 
blend of blood, bone marrow, and other tissue components, 
forming a unique milieu that significantly influences bone 
repair. The hematoma's cellular content, predominantly 
leukocytes, evolves over time, reflecting the transient nature 
of cells like neutrophils. The role of cytokines and growth 
factors, particularly from immune cells during the inflammatory 
phase, is crucial for angiogenesis and bone regeneration, further 
supporting the intricate interplay of biological factors in bone 
healing [17,18]. 
Aging of Fracture Hematoma:

Research of Schmidt-Bleek et al. (2014) is a comparative 
analysis of the cellular composition of fractured bone hematoma 
and muscle soft tissue hematoma with different ages (4 h; 12 h; 
24 h and 48 h) on a sheep model. Hematomas formed during 
bone and muscle injuries have a different cellular composition. In 
particular, the expression of T helper cells and anti-inflammatory 
cytokines is strongly expressed in bone hematoma, which was 
not detected in the case of muscle hematoma [19].

Also, a sharp increase in bone angiogenic factors was observed 
in contrast to soft bone hematoma. According to the authors, 
such a different cellular composition is due to the different cell 
sources invading the hematoma, which determine the cytokine 
expression profile, and through them, the regenerative healing 
of bone or the formation of scar tissue during muscle damage 
is carried out.

The study tracked the cellular changes over time in the 
hematoma:

• At 4 hours post-injury, the hematoma is rich in platelets, 
neutrophils, monocytes, lymphocytes, and mesenchymal stem 
cells within a fibrin matrix, crucial for chemotactic signalling 
and the recruitment of peripheral cells.

• By 12 hours, there is a notable reduction in nucleated cells, 
although the study does not specify the composition further.

• At 24 hours, there is a marked increase in anti-inflammatory 
cytokines, particularly IL-10 and TGF-β, alongside hypoxia-
induced factors like HIF1a and pro-angiogenic proteins, 
indicating a shift towards healing and angiogenesis.

• By 48 hours, fibroblasts appear, suggesting the initiation 
of tissue remodelling and further angiogenesis marked by 
increased HIF1a and VEGF expression.

Despite the rather extensive analysis of hematoma composition, 
the mentioned work does not reflect the exact composition of 
the hematoma and the proportional indicators of the distribution 
of components in it [13].
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periosteum and the hematoma in the context of fracture healing 
and tissue regeneration. Findings revealed that, by the third 
day post-fracture, cell proliferation within the periosteum was 
notably subdued in the group with removed bone marrow 
compared to the untreated fracture group. Similarly, a reduction 
in chondrogenesis was observed in the rats with the periosteum 
removed. These outcomes suggest that while the periosteum is 
pivotal during the initial chondrogenesis phase, the hematoma 
plays a more subdued yet supportive role in periosteal cell 
proliferation during bone healing. Despite these insights, the 
study did not pinpoint the exact mechanisms facilitating the 
interplay between the periosteum and bone marrow [20].
Role of Cytokines in Fracture Healing:

IL-6 serves as a critical cytokine in the early stages of fracture 
healing, demonstrating a multifaceted role in this intricate 
process. Research by Kaiser et al. (2018) revealed that blocking 
IL-6 trans-signalling can significantly improve fracture healing 
in mice, suggesting the cytokine's dual influence on healing 
dynamics. Further investigation by Tohma et al. into the 
IL-6/Reg pathway highlighted its significance in periosteal 
osteogenesis, emphasizing the periosteum's vital role in bone 
regeneration. Johnson et al. pointed out the necessity of IL-6 
regulation within wound healing processes, cautioning that its 
mismanagement could result in fibrosis or hindered healing. 
Complementarily, Wallace et al. found that the absence of 
IL-6 diminished osteoclastogenesis and modified bone marrow 
density in early healing stages, illustrating IL-6's dual potential 
to both support and impede fracture repair [21-24].

Hoff et al. conducted a comprehensive study on the evolving 
composition of fracture hematomas, emphasizing the variety 
and dynamics of immune cell types and cytokine concentrations 
in acute human bone fractures. They documented a notable 
presence of various immune cells, including granulocytes, 
monocytes/macrophages, hematopoietic stem cells, T helper 
cells, and cytotoxic T cells, in early-stage fracture hematomas. 
Significantly, they also observed heightened levels of 
inflammatory cytokines such as IL-6 and IL-8. This research 
aligns with findings from Hauser et al. and Kolar et al., who 
both found increased levels of IL-6 in the early stages of fracture 
hematomas, reinforcing the role of IL-6 as a critical inflammatory 
biomarker in the context of bone healing [25,26,27].

The pivotal role of the cytokine IL-6 in the early stages of 
fracture healing is well-established, with numerous studies 
illustrating its pronounced expression in fracture hematomas 
within the first 48 hours post-injury. This expression profile of 
IL-6 not only underscores its significance in the inflammatory 
phase of healing but also highlights its potential as a biomarker 
for distinguishing between acute and post-mortem fractures.

Immunohistochemical techniques have simplified the detection 
of macrophages, revealing their crucial involvement in early 
fracture healing phases. Research by (McCauley et al., and Hoff 
demonstrated the activation of both M1 and M2 macrophage 
types during these initial stages. The presence of M1 macrophages 
correlates strongly with IL-6 levels, while M2 macrophages are 
predominantly associated with the later ossification phase, as 
noted by Schlundt (2018), who underscored macrophages' vital 
role in endochondral ossification. Furthermore, Hoff highlighted 

the adaptability of immune cells, including macrophages, to the 
hypoxic conditions prevalent within fracture hematomas. This 
body of research collectively emphasizes the integral role of 
macrophages and cytokines throughout the different phases of 
bone healing, from inflammation to ossification [28,29].
Role of Fracture Hematoma in Differentiating of Antemortem 
and Postmortem Fractures:

Antemortem fractures are identified by distinct biological 
responses, notably the formation of fracture hematoma and the 
subsequent inflammation, which are integral to the body's vital 
reaction to the injury. The presence of a fracture hematoma, 
initiates a cascade of healing processes, including inflammation. 
This inflammatory response, characterized by the infiltration of 
immune cells and the release of cytokines, plays a pivotal role 
in orchestrating tissue repair and cellular activities essential 
for bone healing. These features contrast with postmortem 
fractures, where such biological markers are absent due to the 
cessation of blood circulation and cellular functions following 
death, resulting in fractures that appear cleaner and devoid of 
any healing or hematoma evidence. Perimortem fractures are 
difficult to interpret because they occur near the time of death 
and may have antemortem fracture characteristics, such as 
partial symptoms of hematoma or inflammation, but lack the 
entire spectrum of biological healing responses. Recognizing 
these nuances is crucial for forensic doctors in determining 
the timing and vitality of fractures, significantly impacting 
the reconstruction of events at or near the time of death. Thus, 
understanding the role and presence of fracture hematoma 
and inflammation is instrumental in the forensic analysis of 
bone fractures, with advanced techniques like histological 
analysis and biomechanical modelling being vital for the accurate 
assessment and categorization of fracture timings, enhancing the 
reliability of conclusions drawn in forensic trauma analysis [1,2].
Conclusion.

In conclusion, the review elucidates the vital role of 
hematoma in the context of fracture healing and its emerging 
significance in forensic medicine, particularly in distinguishing 
between antemortem and postmortem fractures. The detailed 
characterization of hematoma composition, cellular activity, 
and cytokine profiles, particularly the presence and levels of 
IL-6, provides crucial insights into the timing and biological 
processes of fracture healing.

From a medico-legal perspective, the understanding of 
hematoma can be instrumental in differentiating antemortem 
fractures, which show active biological responses, from 
postmortem fractures that lack such responses. The presence 
of an organized hematoma, cellular elements indicative of a 
healing response, and specific cytokine profiles can serve as 
strong indicators of antemortem injuries. This knowledge is 
particularly useful in forensic investigations to ascertain the 
timing of injuries relative to death, which can be critical in cases 
of suspected foul play or in the investigation of accidents.

However, there are limitations to the practical application of 
this knowledge in medico-legal differentiation. The variability 
in individual healing responses, influenced by factors such as 
age, health status, and the presence of underlying conditions, can 
affect hematoma characteristics. Additionally, environmental 
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factors influencing the preservation or degradation of biological 
tissues postmortem can impact the detectability and analysis of 
hematomas. Furthermore, while the presence of certain cellular 
and molecular markers in a hematoma can suggest an antemortem 
fracture, the absence of these markers is not definitive proof of a 
postmortem injury. Decomposition processes, for example, can 
alter or degrade hematoma components, potentially confounding 
forensic analysis.

Future advancements in forensic methodologies should aim 
to refine the interpretation of hematoma characteristics in the 
context of fracture timing. More research is needed to establish 
standardized criteria for interpreting hematoma features in 
forensic cases, and to develop more sophisticated tools for 
analyzing and quantifying the biological markers within a 
hematoma.

In summary, while the study of hematoma offers valuable 
applications in forensic science for differentiating antemortem 
from postmortem fractures, the field must navigate the inherent 
biological variability and potential confounding factors to 
enhance the accuracy and reliability of these medico-legal 
assessments.
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აბსტარქტი
კვლევის  მიზანი: კვლევის მიზანს წარმოადგენდა 

მოტეხილობის ჰემატომის როლის გამოვლენა 
სიცოცხლისდროინდელ და სიკვდილისშემდგომ 
მოტეხილობების დიფერენციაციის პროცესში. 
აღნიშნული კვლევის მეშვეობით მოხდა ამ საკითხზე 
არსებული ცოდნის თავმოყრა და  ინტეგრაცია, 
რამაც გამოკვეთა  ჰემატომის როლი, ძვლის ტრავმის 
სასამართლო სამედიცინო ანალიზის პროცესში 
მოტეხილობის სიცოცხლისდროინდელობის დადგენის 
თვალსაზრისით. მასალა და მეთოდები: ლიტერატურის 
მოძიება ჩატარდა სხვადასხვა სამეცნიერო მონაცემთა 
ბაზებში - მათ შორის PubMed-ში, Scopus-სა და Web 
of Science-ში. ძიების პროცესი ფოკუსირებული 
იყო 2000 წლიდან 2024 წლამდე გამოქვეყნებულ 
კვლევებზე. მონაცემების შესასწავლად გამოიყენებულ 
იქნა შემდეგი საკვანძო სიტყვები: „მოტეხილობის 
ჰემატომა", „სიცოცხლისდროინდელი მოტეხილობები", 
„პერიმორტული მოტეხილობები“  და "პოსტმორტული  
მოტეხილობები" და სხვ. და სტატიები შეირჩა 
მოტეხილობის ჰემატომის სასამართლო სამედიცინო  
ასპექტების გამოყენების თვალსაზრისით.

შედეგები: სტატია ხაზს უსვამს მოტეხილობის 
ჰემატომის მნიშვნელობას ძვლის მოტეხილობის 
სიცოცხლისდროინდელობის დადგენისას 
და მიუთითებს ჰემატომის, როგორც   
სიცოცხლისდროინდელი მოტეხილობის ინდიკატორის 
როლზე, რადაგანაც  ძვლის დაზიანებისას სისხლის 
აქტიური მიმოქცევა  განაპირობებს ჰემატომის 
წარმოქმნას. შერჩეული კვლევების დეტალური ანალიზი 
ასახავს მოტეხილობის ჰემატომაში უჯრედული და 
მოლეკულური დინამიკის ურთიერთკავშირს, ხაზს 
უსვამს ციტოკინების, განსაკუთრებით კი IL-6-ისა 
და უჯრედული კომპონენტების როლს შეხორცების 
პროცესში. დასკვნა: მოტეხილობის ჰემატომა 
წარმოადგენს მნიშვნელოვან ინსტრუმენტს ძვლის 
დაზიანების სიცოცხლისდროინდელობის დადგენისას. 
თუმცა, კვლევით გამოიკვეთა გამოწვევები, რაც 
ართულებს მოტეხილობის სიცოცხლისდროინდელობის 
დადგენის პროცესს. აღნიშნულ შეზღუდვებს 

მიეკუთვნება ძვლის შეხორცების ვარიაციები 
და ტაფონომიური პროცესების ზეგავლენა, რაც 
მიუთითებს შემდგომი კვლევის საჭიროებაზე ძვლის 
მოტეხილობს სიცოცხლისდროინდელობის სამეცნიერო 
ინტერპრეტაციული ჩარჩოების შემუშავებასთან 
დაკავშირებით და მოტეხილობის ჰემატომას  
ცენტარული როლის გათვალისწინებით.

საკვანძო სიტყვები: მოტეხილობის ჰემატომა, 
ანთება, სიცოცხლისდროინდელი მოტეხილობები, 
სიკვდილისშემდგომი მოტეხილობები, სასამართლო 
მედიცინა, ციტოკინები, ძვლის შეხორცება, ტრავმის 
ანალიზი.

Абстракт
Цель исследования: Целью данного обзора было 

прояснить критическую роль гематомы при переломе в 
судебной медицине, уделив особое внимание ее полезности 
для дифференциации предсмертных переломов от 
посмертных. Целью исследования является всесторонний 
синтез современных знаний по данному вопросу, 
подчеркивающий биологические и медико-правовые 
последствия анализа гематомы при переломе в судебно-
медицинских исследованиях.

Материал и методы: Был проведен систематический 
обзор литературы, охватывающий различные научные 
базы данных, включая PubMed, Scopus и Web of Science, 
с акцентом на исследования, опубликованные в период 
с 2000 до 2024 года. В поиске использовались такие 
ключевые слова, как "гематома при переломе", " переломы 
при жизни", „перимортальные переломы” и "посмертные 
переломы", среди прочих, для изучения соответствующих 
данных. Отобранные исследования были тщательно 
проанализированы на основе их актуальности, наличия 
существенных данных о гематомах при переломах и их 
вклада в судебно-медицинский анализ.

Результаты: Обзор подчеркивает важность гематомы 
при переломе как показателя предсмертных травм, 
показывая, что активное кровообращение во время 
травмы способствует образованию гематомы. Подробные 
анализы в рамках выбранных исследований иллюстрируют 
взаимодействие клеточной и молекулярной динамики в 
гематомах при переломах, подчеркивая роль цитокинов, 
в частности IL-6, и клеточных компонентов в процессе 
заживления.

Выводы: Анализ гематомы при переломе становится 
жизненно важным судебно-медицинским инструментом 
для установления переломов костей при жизни, повышая 
точность судебно-медицинских оценок. Однако в обзоре 
также признаются проблемы, связанные с индивидуальной 
вариабельностью заживления и посмертными изменениями, 
что указывает на необходимость дальнейших исследований 
для уточнения интерпретационных рамок, используемых 
при судебно-медицинском анализе гематом.

Ключевые слова: Гематома перелома, воспаление, 
Предсмертные переломы, посмертные переломы, судебная 
медицина, цитокины, Заживление костей, судебно-
медицинский анализ переломов.
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