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Introduction 
One of the most essential objectives of forensic pathology is the accurate estimation of the post-mortem interval 
(PMI), which is critical in criminal investigations. Establishing the time since death aids in reconstructing the 
sequence of events surrounding death, providing law enforcement with valuable insights that can help identify 
potential suspects and evaluate alibis.1 In cases where the time of death is not immediately evident, such as 
in unattended deaths, suspicious deaths, or deaths outside a hospital setting, the forensic pathologist must 
rely on a variety of physiological changes that occur after death to estimate the PMI. 
Traditionally, forensic scientists have relied on external observations of a deceased body, such as rigor mortis, 
post-mortem hypostasis (livor mortis), body cooling (algor mortis), decomposition, and ocular changes, to 
estimate the PMI. These gross anatomical changes follow a known, but variable, timeline after death. For 
instance, algor mortis depends significantly on ambient temperature and body mass, while rigor mortis can be 
influenced by muscle mass, physical activity prior to death, and environmental conditions. Other criteria, such 
as the contents of the stomach or intestines and the presence of urine in the bladder, have also been used to 
approximate the time of death based on the assumption that the digestion of food or urine production ceases 
after death.2, 3, 4, 5 

However, these traditional methods have limitations due to their susceptibility to external influences, such as 
temperature, humidity, or the presence of toxins in the body, which can significantly alter the rate of post- 
mortem changes. Consequently, forensic researchers have begun to explore more precise, internally focused 
methods to estimate PMI, focusing on cellular and tissue level degeneration. Various studies have examined 
degenerative changes in organs, such as the bone marrow6, spleen7, brain8, and gingival tissues9, to develop 
more reliable models for PMI estimation. Immediately and shortly after death, many degenerative changes start 
in the body and progress until the body disintegrates. Each change has its own time, factor, or rate. Many 
endogenous and environmental factors influence the post-mortem development rate10. These methods offer 
the potential for a more accurate assessment as they are less influenced by external environmental factors 
compared to gross anatomical changes. 
The liver, due to its large size, metabolic activity, and central role in numerous physiological processes, 
presents a promising organ for studying post-mortem changes. Histologically, the liver is highly structured, with 
parenchymal, vascular, and ductal elements organized into functional units known as hepatic acini, as 
described by Rappaport11, 12. Each acinus is supplied by the branches of the hepatic artery and portal vein, 
creating a unique vascular architecture that makes the liver sensitive to degenerative changes following death. 
Several previous studies have explored the role of liver histopathology in estimating PMI. For example, Naresh 
and Chandra found that hepatic changes such as cloudy swelling and sinusoidal dilation become evident within 
the first few hours after death and progress over time. Similarly, Kushwaha et al. documented the sequential 
breakdown of hepatocyte architecture, including vacuolation and nuclear changes, as reliable markers of PMI. 
Despite the potential usefulness of these findings, more comprehensive studies are needed to account for 
variations due to individual physiological differences and environmental factors. 
This study aimed to build on previous research by providing a detailed examination of histopathological 
changes in liver tissue at different post-mortem intervals. By grading these changes and comparing them with 
established PMI markers, we sought to offer a more reliable and accurate method for PMI estimation. 

Comparison with Existing Literature 
Histopathological studies of liver tissue have yielded promising results in PMI estimation, although there are 
some discrepancies between studies regarding the timing and nature of postmortem changes. This variation 
is likely due to interobserver differences, environmental conditions, and methodological variations. 
Naresh and Chandra 14 conducted one of the earliest detailed studies on postmortem changes in liver tissue. 
Their research found that no significant histological changes occur in the liver up to approximately 13 hours 
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post-mortem. After this period, they observed mild cloudy swelling of the hepatocytes and dilation of the hepatic 
sinusoids. In our study, we observed similar changes, but they occurred slightly earlier, with mild swelling and 
sinus dilation observed as early as 9 hours postmortem. This slight discrepancy could be attributed to the 
differences in environmental conditions (such as temperature and humidity) during the study period, which are 
known to affect the rate of cellular degeneration (Henssge et al.).15 

Kushwaha et al. 13 extended these findings by documenting that hepatic changes such as cloudy swelling and 
vacuolation continue to progress well into the post-mortem period, with significant structural degradation 
evident by 30 hours after death. They reported that hepatocyte vacuolation became prominent after 21 hours, 
and the breakdown of lobular architecture was observable from 31 to 34 hours post-mortem. Our study supports 
these findings, as we observed similar changes, with disturbed architecture noted between 27 to 39 hours post- 
mortem. Notably, we observed vacuolation slightly earlier than in Kushwaha et al.’s study, which may reflect 
methodological differences, including tissue fixation and staining techniques. 
Other researchers have focused on specific histological markers of liver degeneration. For example, Madea 
discussed the importance of hepatocyte cytolysis and nuclear changes as indicators of advanced postmortem 
degeneration. This aligns with our observation of grade 4 histopathological changes, defined by a complete 
disturbance of lobular architecture and cytolysis, which became prominent 30 hours post-mortem. The 
correlation between these advanced degenerative changes and PMI is highly significant and offers a reliable 
marker for estimating the time since death in the later stages of decomposition. 
Despite these advances, the variability in histological observations between studies underscores the need for 
more standardized methods. Factors such as fixation time, tissue preparation, and interobserver variability in 
grading histopathological changes remain significant challenges. Moreover, environmental factors, such as 
temperature, humidity, and the presence of certain pathological conditions at the time of death (such as liver 
disease), can alter the rate of post-mortem changes, as highlighted by Henssge . Therefore, although liver 
histopathology shows great promise for PMI estimation, further studies with larger sample sizes and more 
controlled conditions are necessary to refine these techniques. 
However, the response of the liver to mechanical trauma prior to death can further complicate histopathological 
alterations. Mechanical trauma—including blunt force injuries, penetrating trauma, and crush injuries—can 
result in direct damage to liver tissue, leading to hemorrhage, necrosis, and other histopathological changes. 
These trauma-induced changes must be carefully distinguished from postmortem degenerative alterations to 
avoid inaccurate PMI estimations. 
 
Aim 
This study aimed to estimate the post-mortem interval through histopathological changes in the liver and 
examine the potential effects of various forms of mechanical trauma on liver histology. 

Materials and Methods 
Study design and case selection 
This study was conducted at the Departments of Forensic Medicine and Pathology at UCMS and GTB Hospital, 
Delhi, from November 2014 to April 2016. The sample consisted of 150 deceased individuals with an alleged 
history of mechanical trauma such as blunt force trauma, sharp force injuries, or crush injuries. All cases had 
a verified PMI based on hospital records. The study excluded bodies with a history of liver disease, such as 
cirrhosis or hepatitis, to avoid confounding factors that could affect histopathological findings. 
 
Trauma Classification: 
The cases were divided into three groups based on the type of mechanical trauma: 
Group A: Blunt force trauma (e.g., from vehicular accidents, falls, or assaults with blunt objects) 
Group B: Sharp force trauma (e.g., stabbings, cut injuries) 
Group C: Crush injuries (e.g., from building collapses, heavy machinery accidents) 
Each group was further divided based on the post-mortem interval into six subgroups: 
Subgroup1: 3 to <9 hours post-mortem 
Subgroup2: 9 to <15 hours post-mortem 
Subgroup 3: 15 to <21 hours post-mortem 
Subgroup 4: 21to <27 hours post-mortem 
Subgroup 5: 27 to <33 hours post-mortem 
Subgroup6: 33 to 39 hours post-mortem 
 
Sample Collection: 
During autopsy, the liver was carefully inspected for any macroscopic trauma-related changes, including 
contusions, lacerations, and hemorrhages. Tissue samples (2.5 cm x 2.5 cm) were collected from the right lobe 
of the liver, including both capsule and parenchyma. The samples were then fixed in 10% formalin for 24 hours 
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for preservation. Smaller tissue blocks (approximately 1 cm × 1 cm × 2 mm) were processed using standard 
histopathological techniques, including hematoxylin and eosin (H&E) staining. 

Histopathological Grading (Fig 1-4) 
Histopathological changes were graded based on the degree of degeneration observed under a light 
microscope: 
G-0: No significant changes 
G-1: Mild changes, such as cloudy swelling and maintained lobular architecture 
G-2: Moderate changes, including increased cloudy swelling, vacuolation, and sinusoidal dilation 
G-3: Severe changes, with disruption of lobular architecture and degeneration of hepatocytes 
G-4: Very severe changes, including complete destruction of lobular architecture and cytolysis 

Statistical Analysis: 
Statistical analysis was conducted using SPSS 20.0. ANOVA and Tukey’s post-hoc tests were applied to 
compare histopathological changes across groups, while Spearman’s rho correlation was used to assess the 
relationship between liver degeneration and time since death. 
 
Results and Discussion 
Of the 150 dead bodies examined, 76% were male (n=114) and 24% female (n=36). Histopathological changes 
were observed in the cytoplasm, nucleus, and sinusoidal structure of the hepatocytes, with progressive 
degeneration over time. The study examined the correlation between the observed histopathological changes 
and the post-mortem interval, offering new insights into the use of liver tissue for PMI estimation. 
 
Table (1) shows the histopathology changes of Grade 1 in 3 hours and a maximum of 32 hours. Mean time 
since the death of Grade 1 was 13 hours. A maximum number of dead bodies (7 out of 39) were observed 8 
hours after death. Histopathology changes of Grade 2 were observed at a minimum of 6 hours up to 39 hours 
after death. The study shows the maximum number of dead bodies (5 out of 64) at 20 hours. Mean time since 
the death of Grade 2 was 20 hours. Histopathology changes of Grade 3 were observed at a minimum of 
4 hours up to 39 hours. The study shows a maximum number of dead bodies (4 out of 32) at 30 hours. Mean 
time since death of Grade 3 was 25 hours. 
Histopathology changes of Grade 4 were observed at a minimum of 30 hours up to 39 hours. The study shows 
a maximum number of dead bodies (5 out of 15) at 36 hours. Mean time since death of Grade 4 was 36 hours. 

Histopathological Changes across Groups 
No Grade 0 changes (i.e., no detectable changes) were observed in any of the cases (Fig 5), as all bodies 
sampled had been deceased for at least three hours, indicating that degenerative changes in liver tissue start 
early post-mortem. These changes progressed with time and became more pronounced in later groups. The 
breakdown of the changes across the six groups is as follows: 

Group1 (3to<9hours): 
64% of the cases showed mild changes (G-1), 24% showed moderate changes (G-2),  and 12% exhibited 
severe changes (G-3). The presence of G-1 changes at  such an early stage post-mortem aligns with findings 
by Kushwaha et al.  (2010), who also observed early cloudy swelling and mild sinus dilation  around 12 
hours post-mortem. (Table 5) 

Group2 (9to<15hours): 
40% of the cases showed mild changes (G-1), while 56% demonstrated moderate changes (G-2). One case 
(4%) exhibited severe changes (G-3). This progression from mild to moderate changes correlates with Naresh 
and  Chandra’s observations, where sinusoidal dilation became more pronounced around 14 hours post- 
mortem. 

Group3 (15to<21hours): 
Only 12% of the cases exhibited mild changes (G-1), 76% showed moderate changes (G-2), and 12% 
demonstrated severe changes (G-3). The onset of more pronounced architectural changes at this point is 
consistent with the findings of Medea, who emphasized that hepatocyte vacuolation and sinus dilation are key 
markers of mid-stage post-mortem degeneration. 
 
Group4 (21to<27hours): 

32% of cases still displayed mild changes (G-1), 36% exhibited moderate changes (G-2), and 32% showed 
severe changes (G-3). The vacuolation observed in this group is similar to the findings of Kushwaha et al., 
where hepatic vacuolation and the breakdown of cellular architecture were evident from 21 hours onward. 
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Group5 (27to<33hours): 
Only 8% of the cases showed mild changes (G-1), 56% demonstrated moderate changes (G-2), and 36% 
displayed severe changes (G-3). One case showed very severe changes (G-4), marked by total lobular 
disruption, confirming the significant histopathological changes that occur after 30 hours. 
 
Group6 (33to39hours): 
No case showed mild changes (G-1), 20% exhibited moderate changes (G-2), 24% displayed severe changes 
(G-3), and 56% showed very severe changes (G-4), with complete destruction of the hepatic lobules and 
cytolysis. These observations align with the work of Naresh and Chandra and Madea, who both reported similar 
patterns of liver disintegration during the late post-mortem period. 
 
Comparison with Previous Studies 
The present study aligns closely with previous work by Kushwaha et al.13 and Naresh and Chandra14, both of 
which identified early degenerative changes, such as cloudy swelling and sinus dilation within 12-15 hours 
post-mortem. However, while previous studies observed significant changes in liver architecture beginning 
around 27 hours post-mortem, the present study detected architectural disturbances slightly earlier, at 21 
hours. This earlier onset of changes could be attributed to variations in environmental factors, such as the 
controlled morgue temperatures in our study (2°C to 4°C), which may have influenced the rate of cellular 
breakdown. (Table 5) 
Madea noted that cellular changes such as cytolysis and loss of nuclear detail became prominent after 30 
hours, which mirrors our findings of Grade 4 changes between 33 and 39 hours. The consistent observation of 
severe liver degeneration after this period suggests that histopathological examination of liver tissue is a 
reliable method for estimating PMI in later stages of decomposition. 
 
Statistical significance and correlation 
The ANOVA test (Table 3) showed statistically significant differences between the different histopathological 
grades across all time intervals (p < 0.001). Tukey’s post-hoc test (Table 2) further confirmed the significance 
of the observed changes, particularly in the progression from mild to severe degeneration. Spearman’s rho 
correlation coefficient indicated a strong positive relationship between PMI and the severity of degenerative 
changes (r = 0.87), reinforcing the utility of liver histopathology in PMI estimation. (Table 4) 
 
Conclusion 
This study demonstrated that histopathological examination of liver tissue provides a reliable method for 
estimating the post-mortem interval (PMI), offering important insights for forensic investigations. The 
progression of liver degeneration from mild cloudy swelling to severe architectural disruption correlates strongly 
with time since death, making it a useful tool for estimating PMI in a variety of post-mortem scenarios. 
 
Early post-mortem period (3 to 9 hours) 
Most cases exhibited mild histopathological changes (grade 1), including cloudy swelling andsinusoidal 
dilation. These early degenerative changes were present in 64% of cases, making this a critical window for 
PMI estimation using liver histopathology. 
 
Intermediate period (9 to 21 hours) 
By this stage, 76% of the cases showed moderate changes (grade 2), such as increased cloudy swelling and 
vacuolation. These findings align with previous studies and suggest that liver tissue can reliably indicate time 
since death up to approximately 21 hours post-mortem. 
 
Late post-mortem period (21 to 39 hours) 
Severe (grade 3) and very severe (grade 4) histopathological changes, including adisturbed lobular architecture 
and complete cytolysis, became dominant. By 33 to 39 h, 56% of the cases exhibited complete lobular 
destruction (Grade 4), consistent with the advanced  cellular degeneration described in the literature. 
Statistical analysis confirmed a strong correlation between the severity of histopathological changes and post- 
mortem interval. The ANOVA test revealed significant differences between the groups, and a Spearman’s rho 
correlation coefficient of 0.87 supported the linear relationship between increasing PMI and worsening liver 
degeneration. Thus, the liver emerges as a reliable organ for assessing post-mortem changes when traditional 
methods may be insufficient or compromised by external factors. 
 
Implications for Forensic Practice 
The correlation between histopathological grade and PMI provides a foundation for liver tissue analysis as a 
PMI estimation tool. However, cases involving mechanical trauma require an approach that carefully 
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distinguishes between trauma-induced and post-mortem changes, particularly in complex scenarios involving 
severe crush injuries. 

Limitations: 
Although this study provides valuable data, several limitations should be considered. 

Environmental Factors 
All bodies were stored in controlled morgue conditions (2–4°C), which  likely slowed the rate of post-mortem 
changes. The influence of external temperature, humidity, and other environmental factors was not fully 
explored. In real-world cases, where bodies are exposed to varying  conditions, the rate of liver degeneration 
may differ. 
 
Sample Size and Demographic Variation 
: The sample size of 150 bodies provides a robust dataset, but future studies with larger and more diverse 
samples are needed to account for potential variations in histopathological changes due to factors like age, 
sex, and pre-existing health conditions.This study excluded individuals with liver disease, which may not 
always be possible in forensic casework. 
 
Inter-Observer Variability 
Despite the use of standard histological techniques, the grading of degenerative changes is prone to inter- 
observer variability. The subjective interpretation of cloudy swelling, vacuolation, and sinusoidal dilation can 
introduce discrepancies, underscoring the need for standardized guidelines and more objective criteria in future 
research. 
 
Limited Time Range 
The study only covers the PMI up to 39 hours. While this is a critical window  for forensic investigations, 
additional research extending beyond 39 hours is necessary to evaluate the long-term reliability of liver 
histopathology as a marker for PMI. 
 
Recommendations 
Based on the findings of this study, we propose the following recommendations. 
 
Further Studies 
Additional research with larger sample sizes is necessary to validate these findings and account for variations 
due to environmental and individual  physiological factors. 

Standardization of Methods 
The development of standardized protocols for liver tissue collection, preservation, and grading of 
histopathological changes will reduce  inter-observer variability and improve the accuracy of PMI estimation. 
 
Integration with Other Techniques 

Liver histopathology should be used in  conjunction with other PMI estimation methods, such as body cooling 
rates, rigor mortis, and biochemical analysis, to provide a more comprehensive assessment of the time since 
death. 
 
Exclusion of Pre-existing Pathologies 
For a more accurate PMI estimation, cases with known liver pathologies should be excluded or analyzed 
separately, as underlying liver conditions can significantly affect the rate of post-mortem changes. 
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