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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
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number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Aim: To examine how temperature changes over time in
injured and uninjured kidney tissues, based on the time elapsed
since trauma and death. Additionally, develop a regression model
to estimate the time of death using temperature measurements
from the abdominal organs.

Material and Methods: The study included data from 256
individuals (both males and females aged 20—60 years) who died
from mechanical trauma. Tissue temperatures were measured
using infrared thermometry at various times within 24 hours
after death. The analysis covered temperature measurements of
the liver, spleen, pancreas, kidneys, skin, and the thickness of
subcutaneous fat tissue.

Results: Determining the exact time of death remains a
complex aspect of forensic practice, especially in cases involving
traumatic injuries. Often, the moment of injury does not match
the time of death: the person may die immediately at the scene
or after some delay—during transport or at a medical facility.
Therefore, distinguishing between the “time of injury” and the
“time of death” is crucial for accurate forensic evaluation. A
statistically significant decrease in temperature was observed in
both injured and uninjured kidney tissues. The temperature in
the injured areas stayed consistently higher by 2-3 °C (+0.28)
compared to uninjured regions. The temperature difference
between the right and left kidneys was 1.5-2 °C (0.14), likely
due to anatomical factors that offer greater protection to the
right kidney. The sex of the deceased did not affect temperature
indicators. A regression model was created to estimate the time
of death with high accuracy (R? = 0.86), including temperatures
of several parenchymal organs, skin temperature, subcutaneous
fat thickness, and ambient temperature. All predictors in the
model were statistically significant (p < 0.05).

Conclusions: The developed multivariate regression model,
which considers temperature parameters of injured and
uninjured parenchymal organs, serves as a promising tool for
forensic estimation of the time of death. Our study's findings
emphasize the potential of infrared thermometry in forensic
practice as a quantitative method for determining the post-injury
interval and the time of death.

Key words. Injury, kidneys, fatal, diagnostics, thermometry.

Introduction.

Accurate diagnosis of injuries to the abdominal and
retroperitoneal organs, as well as reliable estimation of the
time of injury and death, remains a crucial issue in both clinical
and forensic medicine. These injuries are associated with high
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mortality rates, reaching 5-10% in cases of isolated abdominal
trauma and up to 20-30% in polytrauma cases [1-3]. A study by
Wiik Larsen J. et al. involving 7,202 patients with abdominal
trauma revealed that injuries to the abdominal cavity accounted
for 6.2% of trauma-related admissions, with 44% of these cases
involving multiple injuries. The overall 30-day mortality rate was
12.5% [1]. According to Mirzamohamadi S. et al., abdominal
trauma ranks as the third most common injury after head
and limb trauma, with hospital mortality in polytrauma cases
ranging from 3% to 10%, depending on the injury mechanism.
Over 80% of affected individuals were between 20 and 40 years
old [2]. In a cohort of over 25,000 patients, abdominal injuries
made up 7-10% of all hospital trauma cases, with mortality
rates increasing significantly in combined injuries, especially
among younger patients under 45 years old [3]. This topic is
particularly important since victims of such injuries are often
working-age individuals, and mechanical trauma remains the
leading cause of death among people under 40.

Despite extensive clinical experience, diagnosing the timing
of injury and death remains a challenging task. Notably, there
is a lack of standardized quantitative criteria that could enhance
the objectivity of forensic assessments in cases involving
damage to parenchymal organs, including the kidneys. Various
authors report that renal injuries are diagnosed in 6-18% of all
abdominal organ trauma cases [3-6]. For instance, a retrospective
study by Khoschnau S. et al. involving 152 patients found the
frequency of kidney injuries in abdominal trauma to be 8—10%,
with a mortality rate of around 11% [3]. Modern reviews and
clinical guidelines confirm that renal trauma accounts for up to
3% of all trauma cases and approximately 8—10% of abdominal
trauma cases, with about 80-95% of these resulting from blunt
trauma [4,5]. A meta- analysis of over 44, 000 patients reported
a renal trauma prevalence of roughly 6. 4% (95% CI: 4. 4.8-8.
8.4%), highlighting trends related to age, male predominance,
and typical injury mechanisms, mainly blunt force [6].

Literature reviews indicate that several studies have sought to
use morphological and histochemical features of kidney injuries
to reconstruct the trauma mechanism, identify the nature of the
injurious force, and estimate injury timing [7-9]. For example,
reactive changes in the glomerular apparatus, tubules, and
renal interstitium have been described, showing potential
for assessing the timing of mechanical impact [7]. However,
other authors stress that morphological changes are highly
variable, depend on individual physiological characteristics,
and do not always enable clear temporal correlations [8]. A
systematic review of current methods for diagnosing kidney
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trauma confirms that, although morphological signs are actively
studied, reliable techniques for determining injury chronology
based on temperature indicators are virtually absent from the
existing literature [9].

This study aims to fill this gap. It proposes an innovative
approach using infrared thermometry data from kidney tissues
to determine injury and death timing, along with a mathematical
regression model that could become an additional, objective
tool in forensic practice. The results may be valuable for
comprehensive forensic evaluations of blunt abdominal trauma,
including fatal cases.

Aim.

The study aimed to investigate the dynamics of temperature
changes in injured kidney tissues caused by different types of
mechanical trauma, depending on the time since injury and the
time of death.

Materials and Methods.

Study design and participants:

The research material includes right and left kidney tissues
from 256 individuals of both genders, aged 20 to 60, who died
with a known time of injury and death, with or without alcohol
in the blood. These individuals were examined at the anatomical
department of the Bureau of Forensic Medical Examination in
Luhansk region, Ukraine. The terms “time of injury” and “time
of death” are used to differentiate between the moment of injury
and the moment of death. Often, injured people did not die
immediately but after some time, within the first day. Death
could occur either at the scene of injury or during transportation
to or at the hospital.

The work was carried out in accordance with the «Instructions
on the Forensic Medical Examination» (Order of the Ministry of
Health of Ukraine No. 6 dated 01/17/1995), complying with the
requirements and norms, the standard provision on ethics of the
Ministry of Health of Ukraine No. 690 dated 09/23/2009, and
the «Procedure for the Removal of Biological Objects from the
Dead, whose Bodies are Subject to Forensic Examination and
Pathoanatomical Examination for Scientific Purposes» (2018).
Approval was obtained from the Ethics Committee of the State
Institution "Luhansk State Medical University," Rivne, Ukraine
(project no 2, date: 02/24/2023).

Method of data collection:

We used the modern method of infrared thermometry to assess
the extent of damage to the right and left kidneys. Infrared
thermometry was employed to measure the temperatures of
injured and healthy tissues in the liver, spleen, pancreas, and
kidneys to determine the damage's severity and timing. The
study utilized thermal ITMO tracer models Th 9100 pmvi-wl, a
contactless, high-sensitivity infrared camera from Japan. Infrared
radiation emitted by the objects was detected and converted into
electrical signals, then transformed from an analog temperature
signal into a digital format displayed as a colored thermogram.
In our study, we monitored the temperature of the right and left
kidneys at 1, 2, 10, 12, 14, 16, 18, 20, and 24 hours after injury.
Internal organ temperatures in healthy individuals typically
remain stable, depending on heat production, metabolic activity,
and chemical reactions. The temperature within the abdominal
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cavity stays relatively constant, averaging around 37.0 + 1°C,
while the ambient temperature in the morgue during the research
was 18°C.

Statistical Analysis:

Statistical data analysis was conducted using Microsoft Excel
XP and StatSoft Statistica 10.0 software. Descriptive statistics
included the arithmetic mean (M), standard error of the mean
(m), median (Me), lower (LQ) and upper (UQ) quartiles, as well
as the 95% confidence interval (95% CI).

Before selecting statistical tests to evaluate the significance
of differences, data distribution was assessed with the
Kolmogorov—Smirnov test. The homogeneity of variances was
examined using Fisher’s F-test.

When a normal distribution was not observed, the Mann—
Whitney U-test was used as a non-parametric alternative
to Student’s t-test for comparing independent samples. The
calculation was performed using the following formula:

n,x(n, +1)
2 X
where: n; and n: — the sizes of the compared samples; 7 — the
larger of the rank sums; n. — the number of observations in the
group with the higher rank sum.
The null hypothesis of no statistically significant differences
was rejected at p < 0.05.

The required sample size was calculated using the following
formula:

rS;
AZ

where: n — required sample size; + — standard deviation
corresponding to the desired confidence level; S — sample
variance; 4 — margin of the confidence interval.

The obtained thermometric values (organ temperatures) were
additionally analyzed by calculating the variance (D), standard
deviation (), and coefficient of variation (V).

The study compared temperature indicators of injured and
intact tissues of the right and left kidneys, taking into account the
sex of the deceased, the postmortem interval, and the ambient
temperature. Depending on the distribution characteristics,
either parametric or non-parametric tests were applied for each
comparison.

Based on temperature changes in the tissues of parenchymal
organs (kidneys, liver, spleen, pancreas), multiple linear
regression models were developed to estimate the time of death.
The models incorporated skin temperature, subcutaneous fat
thickness, and the temperatures of each studied organ. Separate
models were created for conditions of positive and negative
ambient temperatures.

The adequacy of the models was evaluated using the coefficient
of determination (R? ranging from 0.78 to 0.86) and the t-tests
of the regression coefficients.

To ensure analytical transparency, Table 1 provides a list of the
statistical tests applied to the main study variables.

During biometric analysis, calculations were performed using
the PSAT system with the relevant licensing applications. The
registration of research materials, depending on their features,

U=(nxn,)+

n =



Table 1. Statistical tests applied to the study variables.

Compared variables

Tissue type (temperature)|Statistical test

Significance (p-value)

Temperature of injured and intact kidney tissues (within the

. . W -
same Kidney) Injured / intact Mann—Whitney U test p <0.0001
Temperature of right and left kidney in females and males Intact tissue Mann—Whitney U test p =0.001-0.049
Kldn'e}'/ temperature under different ambient temperature Injured and intact Mann-Whitney U test p <0.0001
conditions

Assessment of variance within groups — Fisher’s F-test p > 0.05

Assessment of distribution normality —

Kolmogorov—Smirnov test|p < 0.05

Regression model construction for time of death

Injured/intact organ tissues |Multiple linear regression |p < 0.05 for each

Table 2. Dynamics of changes in the average values of the temperature of the right kidney depending on sex and ambient temperature, M=m (95% CI).

Terms of research Negative temperature Difference Positive temperature Difference

after autopsy Male, n=76 Female, n =32 level Male, n=80 Female, n =68 level
5 minutes (1 18 7371;E ?’%;,84) (1 17 6?41: 9"1%,17) 0.10 (1 17 fj: 9’?2,21) (1 15 5’?63;: > 12,22) <0.0001
T e O S N L et
2 hours (1 17 7713 7i 9’?2,29) (1 16 5?79; %?59) 0.08 (1 17 6}79; ?’?(7),58) (11541?99; ?,112,60) <0,0001
e N N VS I N
s IBOD v g man e
10 hours (1 17 é(,)jsi (}?3,59) (1 15 5’?5; ?"1‘2,88) i (1 16 6",‘05: 9’%(6),85) (1 144,:416: 9’12,03) =0,0001
14 hours (1 16 8?344:t (}?(7),53) (1 154’1?;;[ ?"1122,81) 0.06 (1 16 §?§: 2’?2,63) (1 14‘,529;[ 9311,92) <0,0001
ol o g deman el g,
18 hours (1 16 é?(?zi ?’?3,17) (l 15 zfsl;t 9"112,45) 0,027 (1 15 §?55;E 9’?2,35) (l 14 51?08; 9’1461,70) <0,0001
e I S VS N - 0 A
24 hours 16,37+0,29 15,32+0,45 0,049 15,75+0,20 14,20+0,16 <0,0001

(15,80 — 16,93)

(14,39 — 16,24)

(15,36 — 16,15)

(13,88 - 14,52)

was entered into the corresponding protocols. Microphotography
of the study objects was carried out both on the photographic
equipment "Mikrat-300" with the camera "Zenith E" and using
modern digital technologies (camera "Canon", computer).
Standard photographs were used for microphotographs.

Results.

As a result of a study, when performing renal thermometry, it
is important to consider the above-mentioned features. These
include the fact that the kidneys' location, with a prominent
network of blood vessels, creates the possibility of significant
hemorrhages and tissue damage if injured. Additionally, the
right kidney is more protected than the left, and in women,
the kidneys are situated lower than in men. Using infrared
thermometry, it was first determined that temperature readings in
the injured and uninjured right and left kidney tissues, as well as
the surrounding skin, gradually decrease over time after injury.
Moreover, higher temperature readings are observed directly
in the injured area compared to the non-injured kidney tissues,
with an average difference of 2-3 °C, as shown in Figures 1-6.

After analyzing the temperature indicators of the right and
left kidneys, including the injury area, surrounding uninjured
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tissues, and the skin covers, it was found that there is a
statistically significant progressive decrease in the temperature
of both kidneys in men and women. This variation depends
on ambient temperature at the time of death, the thickness of
subcutaneous tissue, and the time elapsed before examining the
injured and uninjured organs after autopsy.

The dynamics of changes in temperature indicators of the right
and left kidneys depending on sex and ambient temperature at
the time of death are shown in Tables 2 and 3.

A statistically significant dynamic decrease in temperature
indicators in both injured and intact right and left kidneys
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. At the same time, in the area of injury during
the entire period after the autopsy of the deceased (24 hours
of study), higher quantitative temperature indicators were
observed compared to uninjured kidney tissues, on average by
2-3°C (£0.28). Take into account the feature that the right kidney
is more protected than the left and less vulnerable when the
body is compressed, is not accompanied by displacement when
exposed to traumatic objects, its temperature indicators during
examination decrease more gradually compared to the left



Table 3. Dynamics of changes in the average values of the temperature of the left kidney depending on sex and ambient temperature, M+m (95% CI).

Terms of research Negative temperature Difference |Positive temperature Difference
after autopsy Male, n=76 Female, n=32 level Male, n =80 Female, n=68 level
: 18,30+0,25 17,1120,46 17,90+0,18 15,74+0,14
3 minutes (17,80 — 18,80) (16,17 — 18,06) 0,001 (17,53 — 18,26) (15,47 -16,01) <0,0001
1 hour 17,89+0,26 16,75+0,47 17,35+0,19 15,37+0,14
(17,37 - 18,42) (15,79 -17,71) 0,002 (16,97 - 17,72) (15,09 — 15,65) <0,0001
2 hours 17,73+0,26 16,49+0,48 0,001 17,09+0,19 15,20+0,14 <0,0001
(17,20 — 18,25) (15,52 - 17,47) (16,71 — 17,46) (14,91 - 15,48)
4 hours 17,49+0,27 16,22+0,49 0,002 16,80+0,19 14,96+0,14 <0,0001
(16,96 — 18,02) (15,23 -17,21) (16,43 —17,17) (14,68 — 15,25)
6 hours 17,2840,27 16,00+0,49 16,61+0,19 14,79+0,14
(16,75-17,81) (15,00 — 17,00) 0,002 (16,23 — 16,98) (14,51 — 15,08) <0,0001
10 hours 17,01+0,27 15,75+0,49 0,004 16,34+0,18 14,62+0,14 <0,0001
(16,47 — 17,54) (14,75 - 16,75) (15,97 — 16,70) (14,33 -14,91)
14 hours 16,85+0,27 15,54+0,49 16,16+0,19 14,49+0,15
(16,32 - 17,38) (14,55 - 16,54) 0,002 (15,79 — 16,54) (14,19 - 14,78) <0,0001
16 hours 16,70+0,28 15,44+0,50 15,97+0,19 14,36£0,15
(16,15 —17,25) (14,42 — 16,46) 0,002 (15,59 — 16,35) (14,06 — 14,65) <0,0001
18 hours 16,59+0,27 15,31+0,49 0,003 15,83+0,19 14,28+0,15 <0,0001
(16,05 —17,13) (14,30 - 16,32) (15,46 — 16,20) (13,98 — 14,58)
20 hours 16,47+0,27 15,23+0,49 15,73+£0,19 14,20+0,15
(15,93 - 17,00) (14,23 - 16,22) 0,003 (15,36 — 16,10) (13,91 — 14,49) <0,0001
24 hours 16,37+0,27 15,12+0,49 0,001 15,62+0,19 14,10£0,15 <0,0001

(15,83 - 16,90)

(14,13 - 16,12)

(15,25 -15,99)

(13,81 — 14,39)

Table 4. Regression model for estimating the time of death based on the temperature parameters of parenchymal organs.

Variable Notation B Coefficient (low t°C) p-value (low t°C) B Coeflicient (high t°C) p-value (high t°C)
Subcutaneous fat thickness X +18.3 <0.001 +24.5 <0.001

Skin temperature Xz -6.9 <0.001 —844.3 <0.001

Liver temperature X3 —631.3 <0.001 +760.7 <0.001

Spleen temperature Xa +281.2 <0.001 +277.9 <0.001

Pancreas temperature Xs -173.3 0.014 -14.7 0.019

Right kidney temperature X —40.9 0.007 +633.2 <0.001

Left kidney temperature X7 +268.8 <0.001 -917.6 <0.001

Notes: The model includes only statistically significant predictors (p < 0.05). Left columns represent the model for low ambient temperature; right
columns — for high ambient temperature. Y denotes postmortem interval (minutes) from the moment of injury. Positive  values indicate a direct

association with time, negative values indicate an inverse relationship.

kidney and are lower, on average, by 1.5-2°C (£0.14) - shown
in Figure. The identified statistically significant difference in the
temperature indicators of the right and left kidneys 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 right and left kidneys.

As a result of further statistical processing of the temperature
indicators of the right and left kidneys, it was found that
for a more accurate determination of the time of death, the
temperature indicators of the right and left kidneys 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
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at different temperatures. In the case of negative temperatures:

Y=7291.5+X x18.3-X,x6.9-X,x631.3+X x281.2-X x173.3-
X, x40.9+X x268.8

where Y — time of death, X, —thickness of subcutaneous tissue;
X, —temperature of external covers; X, — liver temperature; X, —
spleen temperature; X, — pancreas temperature; X, —temperature
of the right kidney; X, — 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+X,x24.5-X,x844.3+X,x760.7+X x277.9-
X x14.7+X x633.2-X x917.6

where Y — time of death, X, —thickness of subcutaneous tissue;
X, — temperature of external covers; X, — liver temperature; X, —
spleen temperature; X, — pancreas temperature; X, —temperature
of the right kidney; X, — temperature of the left kidney.
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Figure 1. Temperature indicators of the skin covers of 38-year-old women who died from a mechanical injury.
Notes: A,C — anterior surface of the abdominal wall in the in the lower region; B — front surface of the neck; D — anterior surface of the chest on
the right; F - anterior surface of the chest on the left; E - anterior surface of the chest; G - anterior abdominal wall abdominal wall.
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Figure 2. Temperature indicators of kidneys tissues 1 hour after autopsy. Notes: E — left kidney area of injury; A,B,C,D,H — area of uninjured
tissues of the right and left kidneys.
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Figure 3. Temperature indicators of kidneys tissues 6 hours after autopsy. Notes: E — left kidney area of injury; A,B,C,D,H — area of uninjured
tissues of the right and left kidneys.
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Figure 4. Temperature indicators of kidneys tissues 12 hours after autopsy. Notes: E —

tissues of the right and left kidneys.
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Figure 6. Temperature indicators of kidneys tissues 24 hours after autopsy. Notes: E — left kidney area of injury; A,B,C,D,H — area of uninjured

tissues of the right and left kidneys.
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Regression model for estimating the time of death:

Based on the data obtained, a multifactorial regression
model was built to estimate the time of death in individuals
who died due to mechanical trauma. The model includes
temperature indicators of parenchymal organs in the abdominal
and retroperitoneal cavities. The dependent variable (Y) is
the estimated time since death (in minutes). The independent
variables are the temperatures of the liver, spleen, pancreas,
right and left kidneys, skin temperature, and the thickness of
subcutaneous adipose tissue. Separate regression models were
developed for different ambient temperature ranges (positive
and negative temperatures). All predictors in the model were
statistically significant (p < 0.05), indicating their substantial
contribution to explaining the variability of Y. The regression
coefficients (B) represent the estimated change in the postmortem
interval (in minutes) for a one-unit change in each variable. For
instance, an increase in liver temperature by 1 °C under high
ambient temperature conditions correlates with a prolongation
of the postmortem interval by about 760.7 minutes. Negative 3
values, such as for "skin temperature" or "left kidney," suggest
an inverse relationship — meaning higher temperatures in these
areas are associated with a shorter time since death (Table 4).

The resulting equations enable an approximate estimation
of the time of death, significantly improving the accuracy and
objectivity of forensic examinations, particularly under variable
environmental conditions and differing degrees of organ
damage.

This Table 4 shows that all variables have a statistically
significant impact on the model (all p < 0.05), confirming
their predictive value. The coefficient of determination (R? =
0.86) indicates a high level of explanation for the variability
of the dependent variable—the time of death. Therefore, the
developed model can serve as a reliable tool in forensic practice
for estimating the post-traumatic death interval under different
environmental temperature conditions.

Discussion.

Injuries to the parenchymal organs of the abdominal cavity,
especially the kidneys, make up 6% to 18% of all trauma cases
in this area, as confirmed by numerous clinical and anatomical
studies [10-12]. However, despite extensive empirical
experience, accurately determining the time of injury and the
moment of death remains difficult in both clinical and forensic
practices. In our study, we examined — for the first time — the
temperature changes in injured and uninjured kidney tissue
using infrared thermometry. We found that in individuals who
died from mechanical trauma, there was a consistent decrease
in tissue temperature, with the temperature difference between
injured and healthy kidney areas averaging from 1.5-3 °C to
4-5 °C. This aligns with the mechanisms of postmortem tissue
cooling but also points to localized thermodynamic changes
related to vascular damage and altered microcirculation. It is
important to consider several external factors that can influence
the rate of postmortem cooling: ambient temperature, humidity,
presence of clothing, thickness of subcutaneous fat, duration
of the agonal period, and others [13]. The study showed a
statistically significant trend toward decreasing temperature
values in both injured and uninjured kidney tissues in individuals
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who died from mechanical trauma. The data obtained may serve
as a validated criterion for retrospective assessment of the time
of injury [14,15].

Our analysis confirmed the importance of these variables
— especially, the thickness of subcutaneous fat (SCF), which
showed a statistically significant effect in the regression
models we built. In contrast, the sex of the deceased did not
have a notable impact on kidney temperature indicators,
consistent with previous research findings [16,17]. For the
first time in this study, we proposed multifactorial regression
models that estimate the approximate time of death based on
temperature indicators of the abdominal and retroperitoneal
organs. The study revealed statistically significant differences
in the temperatures of parenchymal tissues from individuals
who died due to mechanical trauma, particularly in the
kidneys, depending on tissue type (injured vs. intact), ambient
temperature, and time since injury. These findings provided the
foundation for developing models that accurately determine the
time of death (R? = 0.86). Each predictor — including organ
temperature, skin temperature, and SCF thickness — was
statistically significant, supporting a multifactorial approach.
Using infrared thermometry improves the objectivity of forensic
assessments, especially in complex cases where other reliable
postmortem interval markers are lacking. Most traditional
methods for estimating the postmortem interval rely on
measuring temperatures of the rectum, liver, or skin. However,
these methods have limitations, especially in cases of localized
trauma or altered heat retention, which can distort thermal
dynamics [18]. For example, Henssge and Madea (2004) found
that liver thermometry provides an accuracy of 1.5 hours only
within the first ~16 hours after death, with accuracy decreasing
afterward [19]. Similarly, Maile AE et al. (2017) confirmed that
liver temperature is more stable than rectal or brain temperature
but only during a short postmortem window — roughly up to
18 hours [20]. Our approach, however, is based on a multi-
organ thermal assessment, including the liver, spleen, pancreas,
kidneys, and skin. This integrated method offers a more precise
and stable estimation of the postmortem interval, even during
extended periods after death, which is especially useful in cases
involving abdominal trauma. It is now well understood that
algor mortis is a complex, multifactorial process influenced by
environmental factors like temperature and humidity, as well
as body mass, clothing, metabolic state, and other variables.
As Eden, Das, and Thomas (2025) emphasized, the lack of
a universal correction formula for these variables limits the
reliability of time-of-death estimations based solely on single-
region or surface temperature measurements [21]. These insights
support the use of multi-organ thermometric analysis, as in our
study, which improves the accuracy of postmortem interval
estimates by assessing parenchymal and surface temperatures
while considering environmental and individual factors. Our
model offers a personalized approach through the simultaneous
evaluation of multiple organ and tissue temperatures, resulting
in greater accuracy and resilience to environmental differences.
Additionally, it is known that highly vascularized organs, like
the spleen or kidneys, retain heat longer than muscles or skin
— an aspect incorporated into our model. Overall, the results
demonstrate the potential of this model as a practical tool.



Clinical and Forensic Significance.

The presented model has potential usability not only in forensic
medical practice but also in situations involving mass casualties,
military conflicts, or delayed transportation of bodies. When
standard thermometry is not practical or produces unreliable
results, measuring multiple organ temperatures can serve as a
strong marker for reconstructing the sequence of events and
estimating both the time of trauma and death.

Conclusion.

1. In individuals who died due to mechanical trauma, the
temperature of injured renal tissue consistently remained higher
than in intact areas—by an average of 2-3 °C—which may
serve as an indicator of the time of injury.

2. The regression model based on temperature parameters
of parenchymal organs (liver, spleen, pancreas, kidneys), skin
temperature, and subcutaneous fat thickness enables highly
accurate estimation of the time of death (R? = 0.86).

3. The developed multifactorial regression model,
which incorporates thermal data from both injured and intact
parenchymal organs, is effective and can be used in forensic
practice for more accurate determination of the postmortem
interval.
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