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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: The study of the dynamics of changes in the temperature 

indicators of the injured pancreatic tissues in various types of 
mechanical trauma, depending on the time elapsed since the 
injury and the time of death.

Material and methods: The material of the study was the 
pancreatic tissue of 256 individuals, both male and female, aged 
20 to 60, who died with a known time of injury and time of 
death, with or without the presence of alcohol in the blood.

Results: The article analyzes the issue of diagnostics, 
determining the time of injury and time of death. In the course 
of the conducted studies, statistically reliable dynamics of 
temperature decrease was revealed in both injured and intact 
pancreatic tissues in individuals who died from injuries, which 
can be used as one of the criteria for determining the time of 
injury. The study revealed that higher quantitative temperature 
indicators are observed directly in the area of pancreatic damage 
in comparison with uninjured pancreatic tissues with an average 
difference of 1.5-3ºC (±0.17). It was established that the sex of 
a person (male or female) does not significantly influence the 
temperature indicators of the pancreas. 

Conclusions: Based on the results of the study, a regression 
model was proposed for using to determine the time of death. 
This model takes into account the temperature indicators of the 
parenchymal organs of the abdominal cavity and retroperitoneal 
space in combination (liver, pancreas, spleen, kidneys) in 
dynamics at both positive and negative temperatures, using a 
modern method of infrared thermometry.

Key words. Injury, pancreas, diagnostics, thermometry.
Introduction.

The modern development of scientific and technical progress, 
industry, an increase in a number of vehicles, natural and man-
made disasters are characterized by a significant increase in 
injuries, leading to an increase in mortality from injuries, which 
ranks third after cardiovascular and oncological diseases, and 
is the leading cause of death among the population under 40 
years old. Furthermore, the issue of investigating criminal 
cases involving injury and death, especially in the context of 
international armed conflicts, which leads to a constant increase 
in the number of injured, dead, and missing persons, is a very 
relevant problem today [1-4]. Accordingly, there is a need for 
the constant development and application of new methods and 
techniques to increase the informativeness, justification, and 
objectivity of injury diagnostics [5-7]. 

The article analyzes the issue of diagnostics, determining the 
time of injury and time of death. According to the research 
results, recommendations were provided for the practical 
application of statistically significant dynamics of decreasing 

temperature indicators in injured and intact tissues of the organs 
of the abdominal cavity and retroperitoneal space, in particular, 
the pancreas in individuals who died from injuries as one of the 
criteria for determining the time of injury and death. 

In the overall structure of mechanical injury to the parenchymal 
organs of the abdominal cavity, the number of pancreatic injuries 
according to various data is up to 9% and is characterized by 
high mortality according to various data from 12% to 42% 
due to the absence of clinical symptoms, therefore there are 
difficulties in diagnostics [7-9]. The objective of the study was 
to study the dynamics of changes in the temperature indicators 
of the injured pancreatic tissues in various types of mechanical 
injuries, depending on the time elapsed since the injury and the 
time of death.
Materials and Methods.
Study design and participants:

The research material to date is pancreatic tissues of 256 
individuals, both male and female, aged 20 to 60, who died with 
a known time of injury and time of death, with or without the 
presence of alcohol in the blood. These people were subjected to 
autopsy in the anatomical department of the Bureau of Forensic 
Medical Examination (Kyiv, Ukraine).

The work was carried out in accordance with the requirements 
of the «Instructions on the Forensic Medical Examination» 
(Order of the Ministry of Health of Ukraine No. 6 dated 
01/17/1995), in accordance with the requirements and norms, 
standard provision on ethics of the Ministry of Health of 
Ukraine No. 690 dated 09/23/2009, «Procedure for the Removal 
of Biological Objects from the Dead, whose Bodies are Subject 
to Forensic Examination and Pathoanatomical Examination 
for Scientific Purposes» (2018). Ethics Committee of the 
O.O. Bohomolets National Medical University, Kyiv, Ukraine 
(project no 1, date: 24.01.2023)
Method of data collection:

We used the modern method of infrared thermometry to 
resolve the issue of limitation of pancreas damage. The methods 
of infrared thermometry were used to determine the temperature 
of the injured and intact tissues of the liver, spleen, pancreas 
and kidneys to establish the limitation of death and the time 
of damage. We conducted the study using the thermal ITMO 
tracier models Th 9100 pmvi- wl, which is a contactless high-
sensitive infrared cameras (Japan). Infrared radiation from the 
object registered and converted the camera into an electrical 
signal, after which the analog temperature signal was converted 
into a digital signal, which was displayed in the form of a 
colored thermogram. In the case of studies, we studied the 
pancreas temperature after 1, 2, , 10, 12, 14, 16, 18, 20 and 24 
hours after opening the temperature of the internal organs of 
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Results.
As a result of a study of the temperature indicators in injured 

and intact pancreatic tissues using the infrared thermometry 
method, it was established that the temperature indicators in 
the area of injured pancreatic tissues and intact parts gradually 
decrease as the time since the injury increases, while the 
temperature indicators of the skin covers were also taken into 
account, as shown in (Figures 1-4).

When conducting an analysis of the obtained temperature 
indicators of the pancreas from the area of injury and adjacent 
uninjured tissues, with mandatory consideration of the 
temperature indicators of the skin covers, it was established 
that there is a statistically significant dynamic decrease in the 
temperature indicators of the pancreas in both men and women, 
depending on ambient temperature at the time of death, the 
thickness of subcutaneous tissue, and the time of examination 
of the injured and intact organs after autopsy.

The dynamics of changes in temperature indicators of the 
pancreas depending on sex and ambient temperature at the time 
of death are shown in (Table 1 and Figure 5).

A statistically significant dynamic decrease in temperature 
indicators in both injured and intact pancreatic tissues in 
individuals who died from injuries was established. It was used 
as one of the criteria for determining the time of the injury 
onset. The identified statistically significant difference in the 
temperature indicators of the pancreas depending on the time 
of injury and the time of death allowed to develop mathematical 
models for the most accurate determination of the time of 
death, taking into account external and internal factors, such as 
ambient temperature, thickness of the subcutaneous tissue and 
the time of the study after autopsy. Such a factor as sex does not 
significantly affect the temperature indicators of the pancreas. 

healthy persons is quite constant, depends on the amount of heat 
they produce, the activity of metabolic processes and chemical 
reactions. The temperature of the internal environment of the 
abdominal cavity is quite constant and is an average of 37.0+1º 
system of the environment in the morgue during research was 
18℃.
Statistical Analysis:

Statistical data processing was carried out using Microsoft 
Excel XP and Statsoft Statistica 10.0 software packages.

Group indicators of descriptive statistics were calculated - 
arithmetic mean (m), 95 % trust interval average (95 % CI), 
medium (M) error, median (ME), lower 25 % quarter (LQ), 
upper 75 % quarter UQ. To choose the criterion for evaluating 
the significance of even differences, the correspondence of the 
form of distribution was checked, the criterion of Kolmogorov - 
Smirnova was used, and the equality of general variances using 
Fisher F -criterion was controlled. The hypothesis of the equality 
of general average in all cases was performed using the U- the 
Mann-Howitney Test criterion for independent variables, which 
were the most significant non-parametric alternative to the 
Student's T-criterion. The level of significance did not exceed 
5 %, ie p <0.05. For determining the required sample volume, 
the value of the arithmetic and average quadratic deviations 
determined. During biometric analysis, the calculations were 
performed using the PSAT system using the relevant licensing 
applications. The registration of research materials, depending 
on their features, was entered in the corresponding protocols. 
Microphotography of the objects of the study was carried 
out both on the photographic facilities "Mikrat-300" with the 
help of the camera "Zenith E", and with the help of modern 
digital technologies (camera "Canon", computer). Standard 
photographs were used for microphotoms.

Figure 1. Temperature indicators of the skin cover of a 48-year-old male who died from a mechanical injury.
Notes: A – anterior surface of the abdominal wall in the liver area; B – inguinal area on the right; C, E – anterior abdominal wall; D – anterior 
abdominal wall in the pancreatic area; F – anterior surface of the chest on the right.
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Figure 2. Temperature indicators of pancreatic tissues 1 hour after autopsy.
Notes: C – area of injury; D – area of uninjured tissues.

Figure 3. Temperature indicators of pancreatic tissues 6 hours after autopsy.
Notes: C – area of injury; D – area of uninjured tissues.

Figure 4. Temperature indicators of pancreatic tissues 24 hours after autopsy.
Notes: C – area of injury; D – area of uninjured tissues.
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Figure 5. Dynamics of changes in the temperature of the pancreas depending on sex and ambient temperature at the time of death.
Notes: t"+" men – temperature indicators of pancreatic tissues in men at positive ambient temperature; t"-" men – temperature indicators of 
pancreatic tissues in men at negative ambient temperature; t"+" women – temperature indicators of pancreatic tissues in women at positive 
ambient temperature; t"-" women – temperature indicators of pancreatic tissues in women at negative ambient temperature.

Terms of research 
after autopsy

Negative temperature Difference 
level

Positive temperature Difference 
levelMale, n=76 Female, n=32 Male, n=80 Female, n=68

 5 minutes 15.64±0.16
(15.32 – 15.95)

15.37±0.19
(14.98 – 15.75) 0.187 16.58±0.20

(16.17 – 16.99)
15.47±0.04
(15.39 – 15.56) 0.003

 1 hour 15.32±0.16
(15.01 – 15.63)

15.03±0.19
(14.65 – 15.42) 0.041 16.25±0.20

(15.85 – 16.65)
15.12±0.05
(15.03 – 15.21) 0.002

 2 hours 15.08±0.15
(14.78 – 15.39)

14.73±0.20
(14.33 – 15.13) 0.024 15.96±0.20

(15.56 – 16.36)
14.82±0.04
(14.75 – 14.90) 0.001

 4 hours 14.84±0.15
(14.54 – 15.14)

15.04±0.15
(14.73 – 15.35) 0.008 15.71±0.19

(15.32 – 16.10)
14.65±0.05
(14.55 – 14.75) 0.003

 6 hours 14.64±0.15
(14.34 – 14.95)

14.25±0.20
(13.84 – 14.66) 0.044 15.51±0.19

(15.12 – 15.90)
14.43±0.04
(14.35 – 14.51) 0.002

 10 hours 14.40±0.15
(14.10 – 14.71)

13.96±0.22
(13.52 – 14.40) 0.036 15.10±0.22

(14.66 – 15.53)
14.15±0.05
(14.06 – 14.24) 0.007

 14 hours 14,21±0,15
(13,91 – 14,51)

13,84±0,20
(13,43 – 14,25) 0,046 15,06±0,20

(14,67 – 15,45)
14,11±0,05
(14,01 – 14,21) 0,023

 16 hours 14.11±0.16
(13.80 – 14.42)

13.75±0.19
(13.36 – 14.15) 0.049 14.92±0.20

(14.53 – 15.32)
14.02±0.05
(13.91 – 14.13) 0.09

 18 hours 13.98±0.15
(13.68 – 14.29)

13.64±0.19
(13.25 – 14.04) 0.038 14.81±0.20

(14.42 – 15.21)
13.94±0.05
(13.83 – 14.05) 0.12

 20 hours 13.88±0.15
(13.58 – 14.19)

13.55±0.20
(13.15 – 13.94) 0.063 14.70±0.20

(14.30 – 15.09)
13.86±0.06
(13.75 – 13.98) 0.18

 24 hours 13.78±0.15
(13.48 – 14.09)

13.45±0.20
(13.05 – 13.84) 0.063 14.60±0.20

(14.20 – 14.99)
13.75±0.06
(13.64 – 13.87) 0.15

Table 1. Dynamics of changes in the average values of the temperature of the pancreas depending on sex and ambient temperature, M±m (95% CI).
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As a result of further statistical processing of the temperature 
indicators of the pancreas, it was found that for a more accurate 
determination of the time of death, the temperature indicators of 
the pancreas alone are not enough. It is necessary to take into 
account the temperature indicators of other parenchymal organs 
of the abdominal cavity and retroperitoneal space (liver, spleen, 
kidneys), as a result of which a regression model was obtained 
for determining the time of death of individuals who died as a 
result of mechanical injury at different temperatures. In the case 
of negative temperatures:

Y=7291.5+Х1х18.3-Х2х6.9-Х3х631.3+Х4х281.2-Х5х173.3-
Х6х40.9+Х7х268.8

where Y – time of death, Х1 – thickness of subcutaneous tissue; 
Х2 – temperature of external covers; Х3 – liver temperature; Х4 – 
spleen temperature; Х5 – pancreas temperature; Х6 – temperature 
of the right kidney; Х7 – temperature of the left kidney.

The regression model for determining the time of death 
according to the temperature indicators of parenchymal organs 
of the abdominal cavity and retroperitoneal space (liver, 
pancreas, spleen, kidneys) of individuals who died as a result 
of mechanical injury in the case of positive temperatures is as 
follows:

Y= 6324.7+Х1х24.5-Х2х844.3+Х3х760.7+Х4х277.9-
Х5х14.7+Х6х633.2-Х7х917.6

where Y – time of death, Х1 – thickness of subcutaneous tissue; 
Х2 – temperature of external covers; Х3 – liver temperature; Х4 – 
spleen temperature; Х5 – pancreas temperature; Х6 – temperature 
of the right kidney; Х7 – temperature of the left kidney.
Discussion.

According to a number of authors, isolated pancreatic injuries 
are observed in 18% of patients, in 82% pancreatic injury is 
combined with injuries of the liver, gall bladder and bile ducts, 
spleen, and intestines [10-13] The conducted studies established 
statistically significant dynamics of temperature reduction in 
both injured and intact pancreatic tissues in individuals who 
died from injuries, which can be used as one of the criteria for 
determining the time of injury [1,5,14,15].  The study resulted 
in new findings and the development of mathematical models 
for determining the time of death, taking into account the 
temperature indicators of the organs of the abdominal cavity 
and retroperitoneal space using the modern method of infrared 
thermometry [13].
Conclusion.

The study revealed that higher quantitative temperature 
indicators are observed directly in the area of pancreatic injury 
compared to uninjured pancreatic tissues, with an average 
difference of 1.5-3ºС (±0.17). It was established that such 
a factor as sex does not significantly affect the temperature 
indicators of the pancreas. To establish the time of death, it is 
advisable to use a regression model that takes into account the 
effect on the temperature indicators of the parenchymal organs 
of the abdominal cavity and retroperitoneal space in combination 

(liver, pancreas, spleen, kidneys) in the dynamics of positive 
and negative temperature. The proposed comprehensive 
approach, based on determining thermometric indicators of the 
parenchymal organs of the abdominal cavity and retroperitoneal 
space, optimizes the accuracy and probability of addressing 
issues regarding the time of death and the time of injury. To 
obtain objective information, it is necessary to repeatedly 
measure the temperature in dynamics at the recommended time 
intervals.
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