
International Medical Journal Vol. 27, No. 2, pp.  167 - 171 ,  April  2020

POST-MORTEM  INTERVAL  ESTIMATION

Post-Mortem Interval Estimation in Dogs by Radiographic 
Assessment of Gas Formation in the Cardiac Chambers

Ibrahim Abdulazeez Okene1,2),  Noordin Mohamed Mustapha3)

ABSTRACT
Introduction: There is an increasing demand for evidence-based veterinary forensic investigation due to the rise in cases of 

animal cruelty. One of such requirements is a close-to-accurate post-mortem interval (PMI) estimation method based on the 
principle that post-mortem tissue changes begin to occur immediately after death. Measurable changes include drops in core 
body temperature and variations in physical, biochemical and molecular processes. Physical changes involving gas distension of 
organs has gained attention recently as a marker for PMI estimation.

Objective: This study assesses the gas changes identified with radiography occurring in the four-chamber of the heart that 
can be correlated with PMI.

Design: Serial thoracic radiograph of ten adult euthanised dogs were taken at 6 hours intervals for 24 hours to observe for 
gas changes in the heart and associated structures. Findings were correlated to PMI.

Results: As early as 6 hours post-mortem gas accumulation occurred in the right atrium and progressed to the right ventri-
cle, the left ventricle and left atrium in a time-dependent fashion during the 24-hour study period.

Conclusion: Routine post-mortem radiography of the heart can be harnessed for early PMI estimation in the first 24 hours.
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BACKGROUND

Investigations on post-mortem interval (PMI) estimation have 
gained substantial attention in medical forensic sciences for a long 
time1). An accurate estimate of PMI is vital reconstructing events sur-
rounding a cr ime leading to abuse or death of an animal2-7). 
Reconstruction is fundamental in veterinary forensics where incidences 
of animal abuse, cruelty, and unlawful killings are rampant1,6,8,9), even as 
there are rising demands for expert veterinary opinion10). Different meth-
ods including those involving body cooling rate (algor mortis)2,11-13),  bio-
chemical14-17), molecular18-20), and bone degradation20) are used for the esti-
mation of PMI. Limitation in accuracy and repeatability hinders their 
practical use in the veterinary field for early PMI estimation7). Imaging 
modalities are gaining attention to fill in the limitation void of other 
methods of PMI estimation in both medical and veterinary foren-
sics9,21-25). Some advances have been made; however, in the early PMI 
estimation in small animals using histopathology and algor mortis26) as 
well as radiography at 8-hourly intervals9,24,25).

Post-mortem radiography practice functions on the principle of tis-
sue degradation and putrefactive changes of which gas is a significant 
by-product. Post-mortem tissue degradation via autolytic or putrefactive 
process begins as soon as nutrition and oxygen supply to the tissues cut-
off20). Putrefaction, in particular, involves resident microfloral activity 
leading to release gases such as methane and hydrogen sulphide that can 
be viewed on radiographs as radiolucent (black) areas especially in 
tubular organs of the gastrointestinal (where microflora is abundant) and 

cardiovascular system23-25). Identification of potential organs whose 
post-mortem gas accumulation is consistent with PMI is essential in the 
development of baseline data for the growing field of veterinary foren-
sics26). Such marker(s) would enhance rapid and pragmatic early PMI 
estimation during radiographic scanning of animals before necropsy. A 
potential organ for observation of postmortem gas changes identified by 
this study is the heart, owing to the abundant blood supply and unique 
gas flow observed within 24 hours postmortem. This study reports pro-
gressive gas changes in the heart of dogs from 6 hours post-mortem.

METHODS

Ten (10) adult stray mongrel dogs (five males and five females) 
weighing between 10 18kg and with a body condition score of 2 were 
obtained from the City Hall dog pound. All dogs used for the study were 
selected from groups of apparently healthy dogs that had no clinical 
sign(s) of disease upon physical examination as well as haematology. 
Housing, feeding and humane handling of the dogs met the Faculty 
ACUC standards. All dogs were fasted for 12 hours before euthanasia 
with Dolethal® (France), containing 60 mg/ml of pentobarbitone sodium 
at 1 ml/kg body weight administered slowly by aseptic injection tech-
nique was practised following the World Health Organization (WHO) 
guidelines for injections27). The aseptic procedure is to prevent bacterial 
contamination fom the euthanasia that can potentially mask expected 
findings. Euthanised dogs were positioned on either left or right lateral 
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recumbency in an open space within the post-mortem laboratory of the 
Faculty of Veterinary Medicine Universiti Putra Malaysia for the 24- 
hour study period. This recumbent position remained unaltered during 
the study period except for radiography sessions24,25). Ambient tempera-
ture and relative humidity were 30.1 ± 0.3℃ and 76.62 ± 4.36% respec-
tively as measured with thermocouple (Dostmann Electronics GmBH®, 
Germany). 

Right lateral (R), left lateral (L) and ventrodorsal (VD) thoracic 
radiographic images of the carcasses were taken at 6-hour intervals for 
24 hours using Shimadzu® (Kyoto, Japan) radiography machine. There 
was an average lapse of 15 minutes between euthanasia and the first 
radiograph (0 h) of each animal due to interlaboratory transfer. Obtained 
images were processed with Kodak® (Malaysia) automatic processing 
machine. Parameters and guidelines for the assessment of radiographic 
changes followed those described by previous authors24,25). All unclear, 
poorly processed or low detailed/contrast radiographs were repeated. 
Two resident veterinarians with experience in radiology interpreted 
images (to observe for gas-related changes), and findings were reported 
in the context of post-mortem interval were 0 h radiographs were the 
positive controls.

RESULTS

0-hour post-mortem
Thoracic radiographs of all dogs taken immediately post-euthanasia 

(0 h) revealed normal radiographic anatomy for the cardiac silhouette 
and associated vasculature, as well as the cranial and caudal mediasti-
num (Figure. 1). The pleura of all the dogs were normal, with normal 
lung fields except for one dog that showed a mild bronchial pattern 
(Figure 1) on the caudal lung lobe.

6 hours post-mortem
Subtle early post-mortem gas changes developed within the cardiac 

silhouette in the right atrium in tandem with gas pockets present in the 
right and left ventricles as well as the caudal vena cava of eight dogs 
(Figure 2). At this period (6 h) the liver in all dogs showed mottled 
appearance with prominent linear and curvilinear gas opacities within 
the hepatic vessels (Figure 2).

12 hours post-mortem
Nine dogs had varying degrees of gas and fluid opacities within the 

thoracic cavity with progressive loss of lung detail (Figure 3). Thoracic 
structures -- the heart, lung and trachea) were compressed and displaced 

cranially because of post-mortem gas distension of the stomach. 
However, gas accumulation progressed from the caudal vena cava into 
the gas-filled right atrium and the cranial cardiac waist (Figure 3). The 
early gas formation was observed in the aorta and the left ventricle as 
well. The right ventricle accumulated gas in larger volume compared to 
the left ventricle. Gas-filled space separated the diaphragmatic outline 
from the liver. The hepatic vessels were gas-filled while the liver was 
compressed by the distended stomach and ventrally displaced.

18 hours post-mortem
All dogs had gas present in the cranial mediastinum (Figure 4). The 

cranial mediastinal opacity increased and extended to the base of the 
heart, thereby masking the previous gas shadows observed in the right 
atrium and vena cavae in three dogs. The right atrium and right ventricle 
revealed a confluence of gas thus appearing like a single chamber 
(undetailed valves). Gas pockets in the left ventricles increased in vol-
ume in nine dogs (Figure 4) while details of the cardiac borders were 
unclear. The interventricular septum is now visible because of the con-
trast provided by the presence of air in the left ventricle. The left ven-
tricular wall, the left atrium and the base of the aorta contained gas 
pockets. The liver separated from the diaphragm because of the pres-
ence of gas in the distended abdominal cavity.

24 hours post-mortem
Gas-detailed heart chambers are seen, where the left atrium and 

ventricle were delineated while gas pockets in the ventricular wall were 
observed (Figure 5). The inter-atrial, interventricular and both atrioven-
tricular septae were detailed by the presence of gas in the lumen of the 
four chambers. The emergence of the aorta from the left ventricle as 
well as its continuity as the aortic arch was contained gas (Figure 5). 
The liver became gas filled with mottled (radiolucencies and soft tissue 
opacities) appearance and raised from the abdominal floor. Nine dogs 
exhibited these changes with varying levels of intensity.

The table below is a summary of the progression of PMI-dependent 
gas formation in the hearts of ten dogs:

DISCUSSION

Post-mortem radiology is currently gaining grounds as a new 
sub-speciality otherwise referred to as 'virtopsy' (from 'virtual autopsy')  
in medical forensics using 3-D photogrammetry, multi-slice computed 
tomography and magnetic resonance imaging21,22,28). The first report of 
the use of virtual autopsy in the veterinary field was in the case involv-
ing the poaching of a lynx in Switzerland22). Subsequent studies used 
x-radiography to assess post-mortem gas changes in cats and dogs 
beginning from the eighth hour25). Putrefaction and gas production, how-

Figure 1. Showing the radiographic landmarks of the canine tho-
rax; a) cranial mediastinum, b) trachea, c) lung field, 
d) right atrium, e) right ventricle, f) left ventricle, g) 
left atrium, h) caudal vena cava, i) Diaphragmatic out-
line, j) fundus of the stomach, k) liver, l) thoracic verte-
bra and m) sternum.

Figure 2. Showing the canine thorax at 6 hours post-mortem, gas 
begins to accumulate in the right atrium (arrow a) and 
small gas pockets are seen in the coronary vessels 
(arrow b), right (arrow c) and left ventricles (arrow d), 
and the hepatic portal vein (arrow e).
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ever, occurs at a faster rate in tropical conditions where the ambient 
temperature and humidity are high20). 

To fill the veterinary forensic information gap on PMI estimation 
and improve upon available data, this study was conducted to determine 
if gas accumulation in the cardiac chambers occur earlier than the previ-
ously reported 8 hours25) in the same environmental setting. Findings 
were descriptively presented following interpretation by two clinicians 
with experience in radiology. Due to the rapid progression of putrefac-
tion and decomposition of carcasses under tropical conditions, the peri-
od of our study was limited to 24 hours. Estimation of time of death by 
using known rates of carcass decomposition is essential for the develop-
ment of standard reference for practical use in the emerging veterinary 
forensic field26). 

Post-mortem gas formation in tissues develops from either putrefac-
tive or autolytic process. Both processes begin as soon as an animal dies 
with resultant production of gases from the increased bacterial activity. 
Septicaemia and bacteraemia enhance the putrefaction process20); this 
was prevented by strictly adhering to the WHO guidelines on aseptic 
injection techniques27). The gas formation, especially in luminal organs 
such as the microflora-rich gastrointestinal system32), is believed to 
result from the death-induced proliferation of and tissue colonisation by 
Clostridium perfringes, a gram-positive anaerobic bacillus which was 
inhibited antemortem. It is, however; known that immediately after 
organismal death the aerobic bacterial population begin to grow in the 
presence of the remnant tissue oxygen which they rapidly deplete giving 
way for anaerobic bacterial colonisation29). These microflorae start to 
multiply exponentially releasing gases such as methane and hydrogen 
sulphide, and biochemical products such as polyamines which in addi-
tion to those from autolysis increase the odour of carcasses30). Gas pro-
duction and odour development are followed by colonisation of tissue 
by aerobic bacteria and fungi from the environment in the long run29). 

Physical examinations conducted before euthanasia revealed no 
apparent signs of disease or physical trauma in all the dogs used in this 
study. Based on the absence of pyrexia (rectal temperature ranged from 
38.4℃ to 39.0℃), we excluded the possibility of the dogs harbouring 
pyrogens24,25). Thoracic radiographs (Figure 1) also indicated no pene-
trating injury to the thoracic cavity. At post-mortem, manipulation of 
carcasses during positioning may lead to the progressive collapse of the 
lungs and possible post-mortem rupture of pleura thereby increasing the 
volume of gas in the thoracic cavity23-25). Gentle handling of carcasses 
minimised the risk of the pleural breach as well as positioning on soft 
foam-padded surface during radiography and on paper-padded tables in 
between radiograph sessions. The positioning (lateral recumbency) of 

the dog carcasses did not affect the distribution of gas within in the car-
diac chambers as was also observed by Heng, Selvarajah25) as all dogs 
displayed similar gas changes in organs irrespective of recumbency 
(right or left). This phenomenon is related to the typical circulatory pat-
tern between the caudal vena cava and the liver through the hepatic por-
tal vein.

The observation of gas pockets within the hepatic parenchyma and 
hepatic veins at 0 h post-mortem may have resulted from the 15 minutes 
lag between euthanasia and radiology, thereby allowing for bacterial 
proliferation and gas by-products formation. This finding is in concor-
dance with that of Heng, Selvarajah25) who explained that the liver is 
known to harbour gas-producing anaerobic bacteria that rapidly multi-
ply shortly after a postmortem circulatory shut down23-25). The effect of 
high ambient temperature (30.1 ± 0.3℃) on the rapidity of bacterial pro-
liferation in the liver is highly possible.

Radiography observed post-mortem gas changes in the chambers of 
the heart from as early as six hours; a shorter period than that described 
in previous studies for the same environmental conditions9,25). This find-
ing is significant in comparison with the earlier studies25) where the first 
evidence of gas changes was reported to begin at eight hours post-mor-
tem (2 hours later than our finding). Even more importantly dog car-
casses used in this study were not kept in cold storage rooms in between 
radiography sessions (a significant alteration to the method adopted 
from Heng, Selvarajah25), hence allowing for post-mortem decomposi-
tion to take a natural course. We are of the firm opinion that this lack of 
cold storage influenced the rapidity of post-mortem gas changes 
observed in this study (Figures 1-4). This finding would thus be of more 
practical use in the field31) as the study environment closely mimicked 
field conditions (room conditions).

As reported by previous authors, the development of gas in the cor-
onary vessels can be observed radiographically as early as 8 hours 
post-mortem25); this was supported in this study even as it began to man-
ifest at 6 hours post-mortem. Post-mortem gas observed in the cardiac 
chambers originated from retrograde ascension from the gastrointestinal 
tract through the mesenteric vein to the hepatic portal vein, the caudal 
vena cava and finally the cardiac chambers beginning from the right 
atrium25). However, the presence of gas in the caudal vena cava did not 
cause its distension as observed by previous authors25). In our opinion, 
this is because gas formed by retrograde ascension described earlier 
tend to migrate within the caudal vena cava via coalescing of gas pock-
ets until it extends into a receiving chamber (right atrium) -- Figures 2-5. 
The tension so generated from continuous gas formation enhances the 
movement of gas into other chambers of the heart.

The anatomical division of the heart into four chambers and the 
ease of identifying the vena cavae make them excellent candidates for 

Figure 3. Showing the right atrium (arrow a) with a communi-
cating gas flow with the caudal vena cava (arrow b) at 
12 hours post-mortem as well as the presence of gas in 
the right ventricle (arrow c). Note the increased gas in 
the hepatic vein (arrow d) and tubular branching of the 
parenchyma as well as compression of the lungs (arrow 
e) due to gas distended stomach.

Figure 4. Showing the cardiac chambers at 18 hours post-mor-
tem, with a confluence of gas between the right atrium 
(arrow a) and right ventricle (arrow b). Gas is present 
in the left ventricle (arrow c), coronary vessels (arrow 
d) and caudal vena cava (arrow e). The liver is separat-
ed by gas from the diaphragmatic outline on the ven-
tral aspect (arrow f).
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the time of death estimation. The blood-rich tissue provides suitable 
autolytic and putrefactive medium resulting in gas by-products that can 
be observed on radiography. Although the pulmonary vessels may be 
used for post-mortem gas accumulation, our study did not indicate its 
superiority for post-mortem interval estimation in comparison with the 
cardiac chambers. The limitation for the use of pulmonary vessels is 
because of the ease of occlusion of these vessels and possible loss of gas 
radiolucency with the slightest compressive effect of progressive 
abdominal distension.

Findings reported for the 0 h through the 24 h radiography of all 
dog carcases studied tallied with those published by previous authors 
except for the difficulty in assessing gas formation in the pulmonary 
vessels. Most importantly, this study reveals a post-mortem interval 
dependent progressive pattern of gas accumulation in the cardiac cham-
bers of the dogs. These gas accumulation patterns progress from 6 h at 
the right atrium (Figure. 2) which is supportive of the eight hours 
reported by previous authors25). The right atrium is followed by the right 
ventricle (Figure 3) at 12 h. the trend continued as slight gas accumula-
tion in the left atrium and ventricle at 18 hours which became conspicu-
ous at 24 hours (Table 1).

From the findings of this study and those of earlier authors, it can be 
stated that post-mortem radiography is an essential tool for the estima-
tion of early post-mortem interval in dogs under tropical conditions. 
Based on the findings presented here, the four chambers of the heart 
provide adequate representation of post-mortem interval by their 
sequential accumulation of gas. Post-mortem interval can be estimated 
by using lateral thoracic radiography to observe for gas accumulations 
in the right atrium at 6 hours. The gas accumulation in the right atrium 
precedes the gas accumulation in both the right atrium and right ventri-
cle that occurs at 12-18 hours (slight gas radiolucency in both right atri-
um and ventricle at 18 hours) and finally the presence of gas accumula-
tion in both atria and ventricles at 24-hour post-mortem (Table 1). This 
study, therefore, shows the possibility of identifying gas in the heart as 

early as 6 hours post-mortem and reveals the time-dependent progres-
sive nature in the chambers that can be used for post-mortem interval 
estimation by radiography especially in tropical climates such as 
Malaysia where ambient conditions favour rapid progression of putre-
faction and gas formation.

Post-mortem radiology thus serves as a handy tool in investigating 
veterinary forensic cases and most importantly, PMI estimation22-26). A 
rapid radiographic scan of the whole body at necropsy would in addition 
to providing clues to cause and manner of death, provide insight into the 
timing of death. Utilisation of radiography in post-mortem interval esti-
mation from such rapid scans, would not incur an additional cost of 
installation or purchase of instruments if it already exists in the facility 
and can be interpreted by general veterinary practitioners with basic 
knowledge of radiology.

CONCLUSIONS

This study has demonstrated observance of gas production in canine 
carcasses by two-dimensional radiography as early as 6 hours postmor-
tem. Postmortem gas formation progressed predictably through the four 
chambers of the heart within 24 hours. The right atrium and right ventri-
cle begin to show gas pockets from 6 to 12 hours postmortem and then 
fills up the chamber from the 12 to 24 hours postmortem. Gas radiolu-
cencies are also observed in the left ventricle in the progression from 
the right chambers by 18 hours and in the left atrium at 24 hours post-
mortem. Cardiac chambers are therefore good indicators of postmortem 
interval in dogs and can thus be used for estimation for forensic purpos-
es. This study has shown the practical nature of the use of conventional 
2-D radiography in observing postmortem gas formation in the dogs for 
early postmortem interval estimation. Postmortem gas distribution in the 
various organs, however, needs further in-depth studies using advanced 
imaging modalities to establish a database.

ACKNOWLEDGEMENT

The authors wish to acknowledge the Ministry of Science, 
Technology and Innovation (MOSTI), Malaysia, for funding this study 
through the eScience Fund.

REFERENCES

 1) McDonough, S. et al., Illuminating dark cases: veterinary forensic pathology emerges. 
2015, SAGE Publications Sage CA: Los Angeles, CA.

 2) Abdulazeez, I.O. and M.M. Noordin, Estimation of time of death in dogs: the validity 
of algor mortis rate. Pertanika J Trop Agric Sci, 2010. 33: p. 105-111.

 3) Das, K., S, et al., Estimation of time passed since death by new biochemical parame-
ters: MDA (malondialdehyde) and total thiol. J Indian Acad Forensic Med, 2014. 
36(1): p. 38-39.

 4) Fronczek, J., et al., The role of histology in forensic autopsies: Is histological examina-
tion always necessary to determine cause of death? Forensic Sci Med Pathol, 2014. 
10: p. 39-43.

 5) Henssge, C., Death time estimation in case work-I. The rectal temperature time of death 
nomogram. Forensic Sci Int, 1988. 38: p. 209-236.

 6) McEwen, B.J., Trends in Domestic Animal Medico-Legal Pathology Cases Submitted 
to a Veterinary Diagnostic Laboratory 1998 010. Journal of forensic sciences, 2012. 
57(5): p. 1231-1233.

 7) Maile, A.E., et al., Toward a universal equation to estimate postmortem interval. 
Forensic Science International, 2017. 272: p. 150-153.

 8) Cooper, J.E. and M.E. Cooper, Forensic veterinary medicine: a rapidly evolving disci-
pline. Forensic Sci Med Pathol, 2008. 4(2): p. 75-82.

 9) Munro, R. and H.M.C. Munro, Some challenges in forensic veterinary pathology: A 
review. J Comp Pathol, 2013. 149: p. 57-73.

 10) Listos, P., M. Gryzinska, and M. Kowalczyk, Analysis of cases of forensic veterinary 
opinions produced in a research and teaching unit. Journal of Forensic and Legal 
Medicine, 2015. 36: p. 84-89.

 11) Daniele, G., et al., Temperature measurement from the brain and rectum in charred 
corpses: A pilot study on animal model. Am J Forensic Med Pathol, 2014. 35(1): p. 
34-37.

 12) Henssge, C. and B. Madea, Estimation of time since death. Forensic Sci Int, 2007. 165: 
p. 182-184.

 13) Kaliszan, M., First practical applications of eye temperature measurements for estima-
tion of the time of death in casework. Report of three cases. Forensic Sci Int, 2012. 

Figure 5. Showing the gas-filled cardiac chambers at 24 hours. 
The right atrium (arrow a), right ventricle (arrow b), 
left ventricle (arrow c), left atrium (arrow d) and cau-
dal vena cava (arrow e) are filled with gas.

Table 1. Progression of PMI-dependent gas formation in the heart of 
ten dogs

Heart chamber/ 0 6 12 18 24
Time (h)

Right Atrium No  Gas  Gas-filled Gas-filled Gas-filled
 change pockets 
Right Ventricle No  Gas  Gas-filled Gas-filled Gas-filled
 change pockets
Left Ventricle No  Gas  Gas  Increased gas  Gas-filled
 change pockets pockets volume
Left Atrium No  No  No  Gas  Gas-filled
 change change change pockets



Post-Mortem Interval Estimation in Dogs by Radiographic Assessment of Gas Formation 171

219(1-3): p. e13-5.
 14) Maeda, H., T. Ishikawa, and T. Michiue, Forensic biochemistry for functional investiga-

tion of death: concept and practical application. Leg Med (Tokyo), 2011. 13(2): p. 
55-67.

 15) Palmiere, C. and P. Mangin, Postmortem chemistry update part I. Int J Legal Med, 
2012. 126(2): p. 187-98.

 16) Palmiere, C. and P. Mangin, Postmortem chemistry update part II. Int J Legal Med, 
2012. 126(2): p. 199-215.

 17) Prieto-Castello, M.J., et al., Application of biochemical and X-ray diffraction analyses 
to establish the postmortem interval. Forensic Sci Int, 2007. 172(2-3): p. 112-8.

 18) Abdulazeez, I.O. and M.M. Noordin, Ribonucleic acid concentration in postmortem 
interval (PMI) estimation in dogs in the tropics. Int Med J, 2015. In press.

 19) Pittner, S., et al., Postmortem degradation of skeletal muscle proteins: a novel approach 
to determine the time since death. Int J Legal Med, 2015: p. 1-11.

 20) Swift, B., The timing of death, in Essentials of autopsy practice; Current methods and 
modern trends, G.N. Rutty, Editor. 2010, Springer-Verlag: London. p. 189-214.

 21) Bolliger, S.A., et al., Virtual autopsy using imaging: bridging radiologic and forensic 
sciences. A review of the Virtopsy and similar projects. Eur Radiol, 2008. 18(2): p. 
273-82.

 22) Thali, M.J., et al., Forensic veterinary radiology: ballistic-radiological 3D computed 
tomographic reconstruction of an illegal lynx shooting in Switzerland. Forensic Sci 

Int, 2007. 171(1): p. 63-6.
 23) Heng, H.G., W.T. Teoh, and A.R. Sheikh-Omar, Postmortem abdominal radiographic 

findings in feline cadavers. Vet Radiol Ultrasound, 2008. 49(1): p. 26-9.
 24) Heng, H.G., et al., Serial postmortem abdominal radiographic findings in canine cadav-

ers. Forensic Sci Int, 2009. 192(1-3): p. 43-7.
 25) Heng, H.G., et al., Serial postmortem thoracic radiographic findings in canine cadavers. 

Forensic Sci Int, 2009. 188(1-3): p. 119-24.
 26) Erlandsson, M. and R. Munro, Estimation of the post-mortem interval in beagle dogs. 

Sci Justice, 2007. 47(4): p. 150-4.
 27) World Health Organization, WHO best practices for injections and related procedures 

toolkit. 2010: Geneva, Switzerland.
 28) Rutty, G.N. and B. Morgan, Virtual autopsy. Forensic Sci Med Pathol, 2013. 9(3): p. 

433-4.
 29) Madea, B. and G. Kernbach-Wighton, Early and Late Postmortem Changes, in 

Encyclopedia of Forensic Sciences, J.A.S.J.S.M. Houck, Editor. 2013, Academic 
Press: Waltham. p. 217-228.

 30) Schwarcz, H.P., K. Agur, and L.M. Jantz, A new method for determination of postmor-
tem interval: citrate content of bone. J Forensic Sci, 2010. 55(6): p. 1516-22.

 31) Bajanowski, T.C., et al., The estimation of the time since death in the early postmortem 
period. Int J Legal Med, 2002. 116(6): p. 374-374.


