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The subject of  the study were dogs divided into two groups according to body weight: 
up to 10 kg and from 10 kg to 30 kg. The aim of  the study was to determine the dynamics 
of  the post-mortem decrease in rectal and kidney temperature. The temperature was 
measured on both sites at the same time using a thermometer connected to a computer, 
under constant environmental conditions of  the necropsy room. In these animals, a 
higher temperature in the kidneys persisted for the duration of  the study. Comparative 
analysis between mean differences in kidney and rectal temperature in small and large 
dogs showed the greatest temperature amplitude in the group of  small dogs, both for 
the kidney and the rectum. The greatest decrease in temperature, 1.2°C, was noted for 
the kidney in small dogs between 4 and 6 hours after death. Analysis of  the dynamics 
of  the decrease in kidney and rectal temperature for both weight groups combined, and 
the difference in temperature between the kidney and the rectum in the time intervals 
analysed showed that in the fi rst two hours the difference between kidney and rectal 
temperature did not exceed 0.5°C. Two hours after death the difference in temperature 
between the two measurement sites was about 0.5°C after which time dropped below 
0.5ºC. 
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INTRODUCTION

Determining the time that may have passed from the moment a human being dies 
up to the discovery of  the body is often an important responsibility for a physician 
appointed as an expert by law enforcement agencies [1,2]. This question is of  great 
legal signifi cance in both criminal and civil law. In the fi rst case, the expert’s opinion 
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makes it possible to verify witness testimony and various versions of  the event, e.g. 
to assess the reliability of  suspects’ alibis. An example of  implications for civil law 
is when the time of  death determines whether there is an obligation arising from 
an insurance contract. In the case of  death of  related individuals, the order of  their 
deaths can determine the order of  inheritance [3-6].

Forensic medicine deals exclusively with issues related to the life and death of  human 
beings under positive law. In contrast, veterinary forensics covers a much broader range 
of  activity and deals not only with the life and death of  animals, but also questions 
of  their sale and infectious diseases in animals, with particular focus on zoonoses and 
hygiene of  animal products. A veterinarian appointed to give an opinion in veterinary 
cases appears as an expert before the appropriate judicial bodies [7-10]. Veterinary 
forensics is a science covering all matters associated with veterinary protection of  
animals. Its fundamental task is to provide judicial bodies with exhaustive and expert 
information drawn from knowledge of  veterinary medicine, in conjunction with 
applicable laws [8,11].

As in forensic medicine, in veterinary forensic practice it is increasingly often necessary 
to determine the approximate time of  death of  an animal. When the time of  death 
of  an animal cannot be determined on the basis of  medical history, it is necessary 
to analyse the dynamics of  changes in signs of  death. In veterinary medicine the 
time of  death is determined using methods based on temperature measurements and 
evaluation of  post-mortem changes. The internal temperature of  animals is measured 
in the rectum and is currently one of  the objective methods for determining the time 
of  death [12,13].

The vast majority of  veterinary cases involving the need to determine the approximate 
time of  death of  an animal deal with the death of  dogs, cats or free-living animals. In 
our study we hypothesized that the decrease in temperature from the time of  death 
depends on the site of  the measurement and on the body weight of  the animal. No 
studies were found in the literature enabling the practical use of  the kidneys as a site 
for measuring temperature in order to determine the time of  death of  dogs. This was 
the motivation for preliminary research aimed at analysing the rate of  decrease in 
temperature in the kidneys, which would enable a precise determination of  the time 
of  death of  animals, particularly in the initial period after death. 

MATERIAL AND METHODS

Twelve carcasses of  dogs aged from 7 to 16 years were examined. The body weight 
of  the dogs ranged from 4.5 kg to 30 kg. The animals were divided into two groups 
according to body weight. The fi rst consisted of  small dogs (up to 10 kg) and included 
6 individuals, and the second group comprised large dogs (over 10 kg) and also 
included 6 individuals. The animals had been euthanized due to advanced age-related 
health problems or generalized cancer. Only cases in which the time of  death could 
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be precisely and unquestionably determined on the basis of  medical history were 
included in the study.

The animal carcasses were stored in a room where the temperature, humidity and 
air fl ow were continuously measured. The results were recorded every 10 min using 
an anemometer (Airfl ow TA-440A). The physical parameters of  the air, which were 
constant over the entire period of  the study, were as follows: temperature 18°C, relative 
humidity 65% and mean air fl ow 0.1 m/s.   

The temperatures in the kidney and the rectum were measured every half  hour for 
12 hours from the time of  death. A measuring probe was inserted into the rectum 
to a depth of  4 cm, and a probe was introduced into the kidney under ultrasound 
monitoring (Fig. 1). The dog carcasses were not dissected. The fi rst measurement of  
internal temperature was made at the time of  euthanasia. Temperature was measured 
with a TERMIO-25P electronic thermometer with accuracy of  ± 0.01°C in conjunction 
with a 4 mm x 120 mm ST-02 temperature probe (Termoprodukt, Poland). The data 
obtained were analysed statistically with Microsoft Excel software using procedures in 
Matlab® Software v. 7.14 (The Math Works, Inc., Natick, USA). 

RESULTS 

The mean rectal temperature in each of  the time intervals in small and large dogs (Table 
1) indicates a gradual decrease in temperature over time. At the moment the dogs were 
euthanized the mean temperature was 38.98°C. A similar analysis was performed for 
the temperature measurements in the kidneys (Table 2). At the moment of  euthanasia 
the mean temperature in the kidney was 39.14°C. 

Figure 1. Ultrasound image – kidney with needle probe
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Table 1. Mean rectal temperature (oC) in the groups of  dogs at 30-minute intervals
Time after 
euthanasia

Small dogs Large dogs Total 

[h] SD SD SD
0 38.93 0.55 39.03 0.38 38.98 0.48

0.5 38.82 0.58 38.98 0.40 38.90 0.50
1.0 38.10 0.87 38.38 0.55 38.24 0.74
1.5 37.33 1.16 37.58 0.68 37.46 0.96
2.0 36.58 1.52 36.85 0.82 36.72 1.23
2.5 36.02 1.79 36.12 0.91 36.07 1.42
3.0 35.50 1.81 35.52 1.02 35.51 1.47
3.5 35.20 1.91 34.97 1.12 35.08 1.57
4.0 34.87 1.79 34.42 1.21 34.64 1.55
4.5 34.38 1.99 34.02 1.31 34.20 1.69
5.0 33.75 2.11 33.63 1.42 33.69 1.80
5.5 33.17 2.49 33.18 1.50 33.18 2.06
6.0 32.73 2.84 32.93 1.77 32.83 2.24
6.5 32.23 2.85 32.45 1.75 32.34 2.37
7.0 31.78 2.85 31.98 1.82 31.88 2.39
7.5 31.18 3.00 31.60 1.94 31.39 2.53
8.0 30.60 2.92 31.07 2.13 30.83 2.57
8.5 30.10 3.14 30.62 2.19 30.36 2.72
9.0 29.68 3.08 30.07 2.31 29.88 2.73
9.5 29.15 3.29 29.62 2.29 29.38 2.84
10.0 28.80 2.98 29.32 2.42 29.06 2.72
10.5 28.22 3.04 28.67 2.27 28.44 2.69
11.0 27.80 3.09 28.15 2.26 27.98 2.71
11.5 27.15 3.15 27.67 2.18 27.41 2.72
12.0 26.68 3.19 27.10 2.21 26.89 2.75

 
Table 2. Mean kidney temperature (oC) in the groups of  dogs at 30-minute intervals

Time after 
euthanasia

Small dogs Large dogs Total 

[h] SD SD SD
 0 39.10 0.48 39.18 0.44 39.14 0.48

0.5 38.62 0.54 39.07 0.49 38.84 0.58
1.0 37.98 0.78 38.53 0.68 38.26 0.82
1.5 37.42 0.95 37.92 0.40 37.67 0.82
2.0 36.87 0.98 37.52 0.77 37.19 0.98
2.5 36.27 1.08 36.87 0.79 36.57 1.04
3.0 35.68 1.09 36.25 0.77 35.97 1.03
3.5 35.42 1.00 35.87 0.91 35.64 1.03
4.0 34.72 1.04 35.40 1.01 35.06 1.12
4.5 34.22 1.14 34.68 0.93 34.45 1.11
5.0 33.78 1.09 34.35 0.86 34.07 1.07
5.5 33.37 1.11 34.05 0.71 33.71 1.04
6.0 32.42 1.57 33.68 0.75 33.05 1.46
6.5 31.82 1.74 33.43 0.84 32.63 1.66
7.0 31.25 1.77 33.05 0.71 32.15 1.70
7.5 30.67 1.75 32.52 0.98 31.59 1.76
8.0 30.17 1.62 32.15 1.05 31.16 1.75
8.5 29.53 1.74 31.68 1.03 30.61 1.86
9.0 29.13 1.66 31.18 1.06 30.16 1.79
9.5 28.63 1.68 30.73 1.11 29.68 1.84
10.0 28.10 1.65 30.40 1.18 29.25 1.90
10.5 27.38 1.35 29.77 1.34 28.58 1.84
11.0 26.88 1.34 29.13 1.13 28.01 1.72
11.5 26.33 1.27 28.65 1.12 27.49 1.71
12.0 25.90 1.15 28.18 1.09 27.04 1.64
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The mean temperature in the rectum and kidney of  large dogs was higher than in the 
group of  small dogs in each of  the time intervals (Fig. 2). In these dogs the higher 
temperature in the kidney persisted for the entire study period. 

A comparative analysis was performed between the mean temperature differences in 
the kidney Tk and rectum Ta in small and large dogs (Fig. 3). A greater temperature 
amplitude was observed in the small dogs for both the kidney and the rectum. The 
greatest decrease in temperature, 1.2°C, was noted for the kidney in small dogs between 
4 and 6 hours after death.

Figure 2. Mean rectal and kidney temperature in the groups of  small and large dogs

Figure 3. Difference in rectal and kidney temperatures in the groups of  small and large dogs 
at 30-minute intervals
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An analysis was also performed of  the dynamics of  the decrease in temperature in 
the kidney and rectum for both groups combined and the difference in temperature 
between the kidney and rectum in the time intervals studied (Fig. 4). In the fi rst two 
hours of  measurement the difference in temperature between the kidney and rectum 
did not exceed 0.5°C, but after this time the rectal temperature decreased considerably 
faster than the temperature in the kidney. Two hours after death the difference in 
temperature between the two measurement sites was about 0.5°C, after which time it 
dropped below 0.5 ºC (trend line R=0.0026). 

DISCUSSION

Commonly recognized methods for the determination of  the time of  death can be 
divided into two groups. One of  these includes methods based on the evaluation of  
post-mortem processes taking place in the carcass. The other consists of  methods 
based on a careful analysis of  the process of  cooling of  the body, involving temperature 
measurements. These measurements are made in different parts of  the body and are 
considered more precise than the fi rst type of  method, particularly in the initial period 
(up to 18 h) after death. The temperature measured in the kidney, brain or eye is more 
precise than the rectal temperature.

Methods exploiting evaluation of  changes taking place after death mainly include 
parameters of  importance in the fi rst 24 hours after death (the degree of  development 
of  rigor mortis or changes in lividity, drying out of  the cornea and evaluation of  
the response of  the skeletal muscles to an electrical or mechanical stimulus). In the 
later period after death, time of  death can be evaluated on the basis of  the degree 

Figure 4. Mean temperature and differences in temperature between the kidney and rectum
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of  advancement of  late changes, i.e. putrefaction and saponifi cation. Cases in which 
the carcass is skeletonized are more problematic, as the time of  death can only be 
determined by analysing data pertaining to the fragility, weight and appearance of  the 
bones. In these cases a method which enables quantitative determination of  amino 
acids in the bones or ultraviolet fl uorescence is used. In the case of  remains that 
are at least a few centuries old, measurements of  C14 activity are used, generally in 
other areas of  science, such as archaeology [14-16]. Biochemical methods testing 
the activity of  enzymes in tissues and systemic fl uids and the level of  organic and 
inorganic compounds are used as well. Forensic entomology, which is gaining in 
importance, involves detecting the presence of  larvae and insects on the body and 
determining their stage of  development [13,17]. One of  the latest new achievements is 
proton magnetic resonance spectroscopy (H-MRS), used to identify substances arising 
from the decomposition of  brain tissue. It enables determination of  time of  death 
during an interval between 30 to 400 h [18]. Research continues to be conducted 
on the use of  the degree of  DNA decomposition to determine the time of  death. 
The degree of  DNA decomposition can be evaluated using fl ow cytometry. This 
is an experimental method which currently has not found broader application in 
analyses carried out for veterinary forensic purposes. Attempts are also being made 
to analyse the electrical resistance of  tissues to determine the time of  death up to the 
twentieth day after death [19]. The least precise methods include those evaluating the 
level of  chlorides in the blood plasma, the potassium concentration in the vitreous 
body of  the eye, or examination of  the cerebrospinal fl uid and synovial fl uid [20,21]. 
Methods based on analysis body cooling, involving measurement of  the temperature 
in various parts of  the body (temperature-based methods) are considered to be more 
precise than methods based on evaluation of  post-mortem changes taking place in 
the body, particularly in the initial period after death (up to about 20 h) [22,23]. The 
fi rst scientifi c reports regarding the decline in body temperature after death date back 
to the 19th century, and the fi rst of  these was a study by Rainy in 1868. The author 
made several accurate observations, most of  which remain valid today. He stated that 
measurements of  the surface temperature of  the body have little value for determining 
the time of  death, and may be of  no use when the ambient temperature is variable, 
while repeated measurements of  the temperature enable calculations that may only 
suggest a time interval in which death occurred. The author was the fi rst to propose 
an algorithm, which was further used in the studies conducted in the subsequent years. 
Single measurement points including the liver, rectum and brain, as well as multi-point 
measurements including about a dozen different areas of  the body were analysed. 

Comparative analysis of  the temperature measured after death in different organs 
showed that the temperature in the liver is similar to the rectal temperature. In 
the recent years, researchers turned their attention to the decrease in temperature 
in the brain and found that the time and temperature curve for the brain was the 
most regular, and that determination of  time of  death was most reliable up to 24 
h after death. Relatively high precision is also observed when body temperature is 
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reduced to the point that it is only slightly different from the ambient temperature. A 
breakthrough was the concept of  using measurements taken twice at a certain time 
interval. The method was based on the standardization of  the decrease in temperature 
and adoption of  the hypothesis that it is 0 at the moment of  death and 1 after the 
cooling period. In this case the percentage difference was the decrease from the 
physiological temperature of  37oC to ambient temperature. During many experiments, 
a fl aw in this method was associated with the need to measure the temperature of  
the body at least twice with a signifi cant time interval. It was assumed here that the 
body is not moved and the ambient temperature from the moment of  death to the 
time when the measurements are completed does not change. Further studies also 
presented a thermodynamic model of  an infi nitely long cylinder as an experimental 
model of  the human body. Mathematical measurements proved that the radius of  the 
body may be one of  the most important elements defi ning the cooling curve, while 
additional elements associated with thermal isolation, such as clothing or various types 
of  covering on the body, are less signifi cant. Attention also turned to lipid tissue, and 
it was found that the slow cooling of  the body in the initial period was not dependent 
on the thermal isolation properties of  lipid tissue but linked only to its increased 
volume. As a result of  this process the radius of  the body increases. By describing this 
function it is possible to determine the temperature gradient, as well as the infl uence 
of  extreme conditions on the cooling process. The slower decline in temperature 
in the initial period is linked to the infl uence of  surface tissues of  the body with 
limited heat conductivity and to heat production, as well as to tissue metabolism 
immediately after death. A confi rmation of  previously conducted research was the 
formulation of  the concept of  a plateau, where it was found that each method for 
determining the time of  death must take into account the initial slower decrease in 
body temperature. Research conducted in the 1970s and 1980s led to the development 
of  a bi-exponential model that was continually modifi ed [24]. Here we have presented 
a simplifi ed method for determining the cooling coeffi cient, where statistical values 
were determined for the deviation between the calculated and actual time of  death 
in the cooling process in standardized conditions. Suitable nomograms (Figure 5), 
have now been developed which have broad applications and allow time of  death to 
be easily determined and not only estimated [25,26]. The bi-exponential model fi nds 
application, for example, in cases of  a single temperature measurement in the rectum, 
taking into account the ambient temperature in standardized cooling conditions. 
There is also a method employing a cooling curve which involves measurement of  the 
ambient temperature and two measurements of  rectal temperature at an interval of  1 
h. The time which passed since the moment of  death is calculated on the basis of  the 
value of  a coeffi cient used in a graph presenting the cooling curve. This is a method 
based on numerical analysis of  the equation of  the fl ow of  heat through a cylinder. A 
certain inconvenience in this case is the fact that the solution to differential equations 
takes the form of  an infi nite sum, which means that in practice it is not possible to 
use analytical solutions, but only their numerical approximations. Research conducted 
on human corpses and on rabbits show that the rectum is not located on the axis of  
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the body but at ¾ of  the length of  its diameter. The values for the heat conductivity 
coeffi cient have also been determined for different tissues [27].  

The results of  our study show that a very slow decrease in temperature persists up 
to 30 min after death. Considerable dynamics was observed in the decrease in kidney 
temperature in the group of  small dogs with body weight up to 10 kg. The plateau 
effect in the kidney occurs only in dogs with body weight up to 10 kg in a period up 
to 30 min from the time of  death. The next plateau effect was observed in the time 
interval between 3 h and 3.5 h after death. The dynamics of  the decrease in rectal 
temperature in the group of  dogs with low body weight, i.e. up to 10 kg, and in the 
group of  dogs with high body weight, i.e. 10-48 kg, were similar over the entire study 
period. The occurrence of  a second plateau effect in the deeper located organ in 
comparison with the rectum is interesting and should be studied further. Comparisons 
should also be made to establish whether a similar phenomenon takes place in other, 
deeper-placed organs and whether the body weight of  the dogs has any effect on the 
occurrence of  a second plateau effect. Research should also be conducted in other 
deeply situated internal organs in order to confi rm or rule out the occurrence of  a 
second or subsequent plateau effects depending on the body weight of  dogs. The 
possibility of  an infl uence of  the depth at which the probe is introduced in each of  the 
organs on the possibility of  successive plateau effects should be investigated as well. 
In the case of  occurrence of  successive plateau effects it would be useful to develop 
mathematical formulas for each organ. 

Figure 5. Nomogram for reading the time of  death on the basis of  a single temperature 
measurement in the rectum, including body weight and ambient temperature below 23⁰C 
(Henssge, 1988)
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There are other organs which are used to determine body temperature. These include 
the brain, where a highly precise measurement is obtained in the fi rst 6 h after death 
[28,29]. A signifi cant factor in the case of  the brain is that the weight of  the body 
has no effect on its temperature. This type of  research has not yet been performed 
on dogs and cats and applied in veterinary jurisprudence, so it cannot be defi nitively 
stated whether the density and length of  the hair coat of  the skull have any effect 
on thermal isolation of  the brain. In the case of  human corpses a decisive role is 
ascribed to different amounts of  hair and types of  head covering, including the type 
of  material it is made from and its chemical composition. A signifi cant factor creating 
some diffi culty for the use of  temperature measurements in human and animal brains 
is the need to insert the measuring probe to the proper depth in the cranial cavity. 
Other authors also report that up to 6.5 h after death the most reliable results can 
be obtained by taking the temperature in the brain. Between 6.5 h and 10.5 h after 
death temperature measurements should be made in both the rectum and the brain, 
but after 10.5 h only in the rectum [30]. Typical bi-exponential curves with a very 
brief  plateau period were obtained in the case of  the temperature in the brain, and 
exponential curves for the measurements of  the peripheral parts. Comparison of  both 
types of  curve showed high repeatability. Interesting research has been carried out on 
the eyeball and the orbital soft tissues in animals. The research confi rmed the lack of  
a plateau effect. It was established that in the case of  the use of  the eyeball the most 
reliable results can be obtained during the period up to 13 h after death, whereas in the 
case of  the temperature of  the orbital soft tissues the greatest precision is obtained 
up to 10.5 h after death [31]. This study also found no plateau in the decrease in 
temperature in the case of  the orbital tissues and eyeballs. It was demonstrated that 
low air fl ow in the room, up to 2 on the Beaufort scale, i.e. the equivalent of  a light 
breeze, does not in any way affect the coeffi cient of  the constant rate of  the decrease 
in temperature or the post-mortem process of  cooling of  the body. It was established 
that the presumed air fl ow velocity where the body was found cannot be used for 
a precise estimate of  time of  death, whereas the actual air fl ow velocity where the 
examination is performed is indispensable. The main factor determining the rate of  
cooling of  the body is the ambient temperature.  
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POSTMORTALNA PROCENA VREMENA UGINUĆA PASA 
ZASNOVANA NA UPOREDNOM MERENJU TEMPERATURE 
BUBREGA I REKTALNE TEMPERATURE

LISTOS Piotr, GRYZINSKA Magdalena, PIORKOWSKI Jacek, TERESINSKI 
Grzegorz, BUSZEWICZ Grzegorz, CHAGOWSKI Wojciech, NOZDRYN-
PLOTNICKI Zbigniew, LOPUSZYNSKI Wojciech

Obavljena je studija u okviru koje su psi podeljeni na osnovu telesne mase u dve grupe: 
do 10 kg i od 10 do 30 kg. Cilj studije je bio da se odredi dinamika postmortalnog 
snižavanja temperature u rektumu i u bubrezima. Temperature su merene na oba 
situsa istovremeno, upotrebom termometra koji je bio povezan sa računarom uz 
stalne uslove spoljašnje sredine (obdukcione sale). Kod oglednih životinja, uočena je 
povećana temperatura u bubrezima tokom obavljanja studije. Uporedna analiza razlika 
između srednjih vrednosti temperatura u bubrezima i rektumu kod malih i velikih pasa 
pokazala je da postoji najveća amplituda u grupi malih pasa i to kako u bubrezima 
tako i u rektumu. Najveće smanjenje u temperaturi 1,2 °C, bilo je uočeno u bubrezima 
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malih rasa pasa u periodu od 4 do 6 sati posle uginuća. Analiza dinamike smanjenja 
temperature u bubrezima i rektumu, za obe grupe pasa kao i razlike u temperaturama 
između bubrega i rektuma u analiziranim vremenskim intervalima, pokazala je da u 
prva dva sata posle uginuća, razlika u temperaturama nije prelazila 0,5°C. Dva sata 
posle uginuća, razlike u temperaturama bubrega i rektalne temperature bile su oko 
0,5°C. Posle dva sata od uginuća, razlike su bile manje od 0,5°C.


