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Abstract

Sudden unexpected deaths pose a challenge for the forensic pathologists. Usually relates to cardiovascular cause 
and such deaths due to gastrointestinal related pathology are uncommon. Acute pancreatitis is a major etiology of 
gastrointestinal sudden deaths. It is mainly associated with gallbladder stones and alcoholism. We report a case 
of a 48-year-old man, chronic alcoholic, who was brought dead to hospital after complaints of abdominal pain 
and vomiting. The postmortem examination revealed the death due to acute hemorrhagic pancreatitis. Literature 
shows pancreatitis to be significantly associated with alcoholic liver disease. The present case reemphasizes the 
importance of examination of retroperitoneal space during autopsy and how ancillary investigations such as 
histopathology, chemical analysis, measuring serum amylase, lipase and vitreous glucose levels help in arriving 
at final diagnosis. 

Keywords: Sudden death, Pancreatic haemorrhage, Pancreatic necrosis, Alcoholic liver disease, Acute hemorrhagic 
pancreatitis

Introduction

Sudden and unexpected death occurs within 
24 hours of the onset of symptoms in an individual 
not known to be suffering from disease, injury, or 
poisoning. Cardiovascular disease constitutes the 
maximum percentage of sudden deaths (45-50%), 
followed by respiratory (15-25%), central nervous 
system (10-20%), gastrointestinal tract (GIT) (6-8%), 
genito-urinary system (3-5%) and various pathologies 
(5-10%). Acute hemorrhagic pancreatitis is one of the 
major causes of GIT-associated sudden deaths.1 

Acute pancreatitis is an inflammatory process 
of the pancreas caused by the gland’s digestive 
enzymes, which destroy the gland by auto-digestion.2 
Southern states of India have the highest incidences 
of pancreatitis (114 to 200 per 100,000 population).3 
Global incidence is 30 to 40 cases per 100,000 
population per year. 4 Most patients present with 
mild pancreatitis, usually self-limiting within a week 
and rarely fatal. About 25% of the patients present 
with or develop severe pancreatitis and hemorrhagic 
necrosis, with a mortality rate of up to 50%. 75% 
of acute pancreatitis is due to either gallbladder 
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stones or alcoholism.5 In Eastern Europe, alcohol is 
the primary cause of acute pancreatitis. It accounts 
for up to one-third of pancreatitis cases throughout 
North America and Europe.6 Acute pancreatitis is 
first diagnosed during autopsy in 30-42% of cases.7 
Kumar Shetty et al. retrospectively reviewed four 
years of autopsies for cases of sudden unexpected 
death. Among 274 sudden unexpected deaths, only 
seven deaths (2.5% sudden unexpected deaths) were 
due to acute hemorrhagic pancreatitis.8 The present 
case discusses such an uncommon sudden death due 
to hemorrhagic necrosis of the pancreas.

Case Report

A 48-year-old male presented to the emergency 
department with complaints of abdominal pain 
since morning 9.00 AM and an episode of vomiting 
containing undigested food particles. At 5.00 PM, he 
was found unresponsive at home and brought to the 
hospital at 05.45 PM and was declared brought dead 
on arrival. He was well till the previous day, a known 
chronic alcoholic for the past fifteen years with no 
other known comorbidities. The dead body was 
shifted to the mortuary for a medicolegal autopsy.

During the external examination, it was observed 
that the individual was thin-built. No external injury 
was noted over the body. Conjunctival congestion 
was present over the eyes. Bluish discoloration of 
the fingernail beds was noted. During an internal 
examination, 200 ml of hemorrhagic fluid was in 
the peritoneal cavity. The retroperitoneal region 
was hemorrhagic and deeply congested. The 
entire pancreas was hemorrhagic (Figure-1). On 
histopathological examination of the pancreatic 
tissue, neutrophilic infiltration and hemorrhagic 
necrosis led to a massive hemorrhagic infarction of 
the pancreas (Figure-2). The microscopic examination 
of liver tissues revealed alcoholic steatosis (70%) 
of micro- and macro-vesicular types. The lungs, 
kidneys, and brain were histologically within normal 
limits. Ancillary postmortem investigations showed 
a vitreous glucose level of more than 200 microgram/
dl and markedly elevated serum amylase and lipase 
level of more than 1000 U/L. The cause of death of 
the individual was opined as acute haemorrhagic 
pancreatitis. The chemical analysis of the viscera was 
negative for any poison, toxin or drug. The alcohol 
measures were within normal limits. 

Figure-1: (A) Showing hemorrhagic and deeply congested 
retroperitoneum region. (B) Dissected pancreas with 
spleen shows extensive hemorrhage over the surfaces of 
the pancreas (black arrow).

Figure-2: (A) Showing H&E staining of the pancreatic 
tissue (10X), there is hemorrhage (black arrow) 
surrounding the normal parenchyma and a pale area of 
necrosis (white arrow). (B) Showing H&E staining of the 
pancreatic tissue (40X), there is neutrophilic infiltration 
(white arrow) and hemorrhagic necrosis (black arrow).

Discussion

Mild acute pancreatitis may rapidly progress 
into a hemorrhagic form accompanied by massive 
pancreatic necrosis.8 Alcohol, due to oxidative 
stress mediated by reactive oxygen species on the 
acinar cells, destabilizes the zymogen granules and 
lysosomes, causing inflammation. It also affects 
ductal epithelium and stellate cells, resulting in the 
formation of protein plugs and pancreatic fibrosis in 
those cells.9 Further, the necrotizing process initiates 
extravasation of exocrine proteolytic enzyme-rich 
fluids leading to elastolytic erosions of adnexal 
vascular structure, rendering them susceptible to 
rupture and causing hemorrhagic pancreatitis.10 
Acute pancreatitis typically presents clinically with 
abdominal pain in 95% of cases, followed by nausea 
and vomiting (90%).11 Alcoholic pancreatitis is more 
common in men.7 The clinical presentations are 
similar to those in our present case. 

Murthy et al. studied five cases of acute 
hemorrhagic pancreatitis. Two of these cases had 
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sudden unexpected deaths during sleep, and three 
died within twenty-four hours of admission. Similar 
to our case, all these five cases had gross hemorrhage 
over the surface of the pancreas, and microscopic 
features of acute inflammation and hemorrhage 
were present.12 Tsokos and Braun retrospectively 
reviewed 6178 autopsies. Among these cases, 
twenty-seven cases (0.4%) were of sudden death due 
to acute pancreatitis. Of these, gross hemorrhage 
over the surface was present in twenty-four cases. 
Histopathology of these cases showed large areas of 
hemorrhagic necrosis of pancreatic tissue. The authors 
also noted extensive fat necrosis of peripancreatic 
tissue. The study found that first attacks of acute 
pancreatitis are associated with higher mortality 
rates than episodes of relapsing pancreatitis.13 
Tümer and Dener studied the incidence of sudden 
death due to acute pancreatitis, retrospectively 
reviewing medicolegal autopsy records of ten years. 
Of 3305 autopsy records, twelve patients (0.36%) died 
suddenly due to acute hemorrhagic pancreatitis. The 
study excluded deaths due to symptomatic acute 
pancreatitis.14 Kumar Shetty et al. also noted massive 
hemorrhage and necrosis in histopathology.8 The 
present case also observes similar histopathological 
findings.

Renner et al. studied the association between 
alcoholic liver disease and pancreatitis. Renner et al. 
reviewed the autopsy records of 1022 patients with 
alcoholic liver disease. Among them, 352 patients 
died of illnesses related to cardiac and pulmonary 
conditions. The histopathological features of 
pancreatitis were found in 203 cases (20%). In the 
control group, the prevalence of pancreatitis was 
only 2.6 %. Therefore, a significant association 
(p <0.001) was observed between alcoholic liver 
disease and pancreatitis.15 The present case also 
observed associated alcoholic steatosis of the liver 
with hemorrhagic pancreatitis. 

In our case, the postmortem serum amylase 
and lipase level was more than 1000 U/L, and 
the vitreous glucose level was more than 200 
microgram/dl. Brown and Prahlow also suggested 
that similar markedly elevated postmortem serum 
amylase, lipase, and vitreous glucose levels may offer 
corroborating evidence of acute pancreatitis.16 The 
differentiation between hemorrhagic pancreatitis and 

the phenomenon of autolysis is made by microscopic 
examination showing acute inflammatory cells and 
the overall state of decomposition of the dead body. 

Conclusion

The gross and microscopic features are 
confirmatory of hemorrhagic pancreatitis. Alcoholic 
steatosis of the liver is the most associated etiology, 
usually with no other systemic involvement. Alcohol 
consumption is the major risk factor. Many cases of 
acute pancreatitis present with typical symptoms and 
findings such as pain abdomen, vomiting, etc. Few 
cases may cause sudden unexpected death without 
any symptoms. Forensic pathologists who deal with 
such sudden unexpected death should not disregard 
the examination of the pancreatic region.
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Abstract

Poisoning deaths are a major public health concern in India because of intentional consumption of toxic substances 
to commit suicide. Poisoning related mortality is huge compared to the morbidity in our country. This is one of 
the reasons for more number of poisoning cases in our autopsy work. Undoubtedly, autopsy is a very essential 
tool in knowing the exact cause of death in all these cases. The gross and histopathological examination of post-
mortem specimens is crucial for the accurate identification of the cause of poisoning-related deaths along with 
chemical analysis. In this autopsy-based study, we investigate the gross and histopathological changes in the 
stomach associated with poisoning caused by various substances, including pesticides, corrosive substances, and 
medications.

The study included 118 poisoning fatality cases autopsied at Osmania General Hospital, Hyderabad. The main 
objective of this study was to investigate the effects of different poisonings on the stomach wall by conducting 
gross and histopathological examination of gastric tissue. In addition, the study aimed to evaluate the potential 
use of stomach pathology findings as a diagnostic criterion for various poisonings and to establish a correlation 
between these findings and the chemical analysis of viscera data. The sociodemographic data, circumstances of 
poisoning and reasons for suicide were also studied.

The study revealed that the major gross changes observed in the stomach were congestion, erosion, haemorrhage, 
and paleness, listed in descending order of occurrence. Similarly, the major histopathological findings identified 
in the stomach were congestion, gastritis, necrotic changes, and submucosal haemorrhages, listed in descending 
order of frequency.

In conclusion, this study provides valuable insights into the effects of different poisonings on the stomach wall 
through gross and histopathological examination of gastric tissue. The findings indicate that while gross and 
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histopathological findings alone may not be sufficient for diagnosis, they can be used in conjunction with other 
diagnostic tools to accurately identify the cause of poisoning-related deaths. Moreover, the study suggests that 
the development of gastric mucosa specific immunohistochemistry techniques may offer a promising on-spot 
diagnostic tool for poisoning cases.

Keywords: Poisoning, Suicide, Stomach histopathology, Autopsy, Chemical Analysis

Introduction

Poisoning-related deaths are a significant concern 
in India, with thousands of fatalities being reported 
annually. These incidents can occur accidentally or 
intentionally and are usually caused by ingestion of 
poisonous substances, exposure to toxic chemicals 
or gases, and consumption of contaminated food or 
water. Pesticides are a leading cause of poisoning-
related deaths in India, especially in rural areas 
where they are frequently used in agriculture. Other 
common causes include drug overdose, alcohol 
poisoning, and carbon monoxide poisoning1.

The investigation of poisoning deaths often 
relies on findings during medicolegal autopsy, 
histopathological examination, and chemical analysis 
of the viscera. The gross and histopathological 
examination of stomach, which is the major site 
of onslaught, and a key site of absorption is of 
paramount importance in knowing the cause of 
death. Gross findings, such as the presence of foreign 
material or haemorrhagic lesions, can provide crucial 
insights into the aetiology of poisoning. Furthermore, 
histopathological examination of stomach tissue can 
reveal the nature and extent of tissue damage, as well 
as the characteristic features of specific poisonings2.

This study primarily aimed to identify the effects 
of various poisonings on stomach wall by way of 
gross and histopathological examination of the gastric 
tissue. The other aims of the study included assessing 
the scope of histopathological findings of stomach as an 
exclusive criterion for diagnosis of various poisonings 
and correlation of stomach pathology findings with 
chemical analysis of viscera data.

Materials and Methods

The present study was conducted between August 
2016 to August 2017 at Osmania General Hospital, 
Hyderabad. All the poisoning cases reported at the 
medico-legal centre during the said period were 
taken up for initial review. However, cases where 

chemical analysis of viscera turned out to be negative 
or inconclusive, cases where the samples preserved 
for histopathology got autolysed, cases with history 
of poisoning in advanced state of decomposition and 
cases where the patient survived more than hundred 
hours after poisoning and succumbed later were 
excluded from the final study. 

All the tissue samples were subjected to 
histopathology processing using standard automated 
tissue processing and sections were made at the 
Department of Pathology, Gandhi Medical College, 
Secunderabad. The gross examination of stomach was 
conducted using a hand lens and the histopathology 
was studied using the standard Haematoxylin and 
Eosin staining technique.

The sociodemographic data of the cases, inquest, 
witness statements, chemical analysis of viscera 
reports were studied vis a vis gastric finding.

Results

Out of the total 4185 cases subjected to autopsy 
during the study period a total of 224 poisoning 
related deaths occurred constituting 5% of the 
total case work dealt with. However, the final 
study sample in accordance with the inclusion and 
exclusion criteria worked out to be a total of 118 cases. 
Organophosphorus compound poisoning is the most 
common one comprising 67.79% of the poisoning 
cases, seconded by 10.16% of corrosive poisonings, 
followed by 8.47% of alcohol intoxications, 6.76% 
of rodenticide poisonings, 2.54% of herbicide 
poisonings, 1.69% of metallic and organic poisonings 
each 

35.6% of the sample were in 20-29 years age 
group, 21.2% in 30-39 years age group, 19.5% in 
40-49 years age group, 9.3% in 50-59 years age
group, 5.9% in 60-69 years age group, 4.2% were
in 10-19 years age group, 2.5% in 70-79 years age
group and 1.7% of the sample were in 0-9 years age
group.
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72% of the study group were male and 28% of 
them were female. 79.66% of the study group were 
married and 20.44% were unmarried. 42.4% of them 
belonged to rural areas and 57.6% of them belonged 
to urban areas. 72.9% of them were from nuclear 
families and 27.1% of them were from non-nuclear 
families. 

The frequency of sample with respect to 
occupations was as follows, 21 each in business, 
student and home making vocations; 17 of them 
were daily wage labourers, 15 were farmers, 10 were 
privately employed, 5 were drivers, 4 each were in 
public employment and retired from service.

69.5% of the sample consumed poison at home, 
8.5% on roads, 6.8% in agricultural fields, 6.7% at 
workplace, 5.7% at a public outlet, 1.7% at a hotel, 

0.8% each at a hostel and in a train. The frequency 
of the sample with respect to motive for committing 
suicide was as follows, 34 for health problem, 30 for 
economic problems, 26 for family problems, 12 for 
marital disputes, 11 for failure in exams, 3 for love 
failure and 2 of them accidentally consumed the 
poison. The distribution of study group according to 
the survival period is, 40.7% of the study sample died 
at the spot or were brought dead to casualty, 30.5% of 
them lived for one to two days, 16.9% lived 4-5 days, 
10.2% survived less than one day and 1.7% survived 
for 3-4 days. 98.30% of the cases were suicides and 
1.69% of them were accidental poisonings. The gross 
findings in stomach in various poisons are tabulated 
in Table 1. The spectrum of histopathological changes 
seen in stomach are tabulated in Table 2.

Table 1 Gross changes in stomach mucosa in various poisons

Name of the poisons/ 
Gross Findings 

Congestion Haemorrhage Erosion Pale Total 
Cases 

Organophosphorus 
compounds

75 1 4 0 80

 Corrosive Poisons 8 2 2 0 12
 Rodenticides 3 0 1 0 4
 Alcoholic Poisons 10 0 1 0 11
 Herbicides 2 0 1 0 3
 Organic Poisons 1 0 1 0 2
 Metallic Poisons 1 0 1 0 2
 Unknown 3 0 0 1 4
 Total Cases 103 3 11 1 118

Table 2- Histopathological changes seen in stomach mucosa of various poisons

Name of Poisons/HPE  Congestion  Gastritis Necrotic 
Changes 

Sub Mucosal 
Haemorrhages 

 Total 

Organophosphorus 
compounds 

73 4 1 2 80

Corrosive Poisons 8 0 4 0 12
Rodenticides 3 0 0 1 4
Alcoholic intoxications 8 2 0 1 11
Herbicides 3 0 0 0 3
Organic Poisons 2 0 0 0 2
Metallic Poisons 2 0 0 0 2
Unknown Poisons 3 0 0 1 4
 Total Cases 102 6 5 4 118
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The distribution of study population according 
to modified Kuppuswamy scale is as follows, 41.52% 
lower middle category, 24.57% upper lower category, 
16.94% lower category, 8.47 % each belonged to upper 
middle category and upper class. 81.4% of the study 
population belonged to Hindu religion, 9.3% were 
Christian, 8.79% were Muslim and 0.8% unknown. 

Discussion

A total of 5% of cases reported at our medico legal 
centre during the study period were poisonings. This 
indicates the fact that poisonings are commonplace in 
our part of the world. The most common poisonings 
reported were organophosphorus compounds and 
aluminium phosphide group. This can be easily 
understood because agrochemical substances are 
on the top of the list of fatal poisonings in India. 
Our results in this area are concordant with other 
studies3,4,5,6.

The maximum poisoning cases in the study were 
seen in 20-29 years age group and majority of them 
were men. It can be explicated because this particular 
age group is the most active phase of life for men who 
are exposed to physical, mental and social hazards 
to a maximum extent. Our results are concordant 
with other studies4,7,8,9. The male preponderance 
of poisoning cases reported at our institute is in 
consonance with other studies and is also a matter of 
common sense that men take risks and lead a carefree 
life, which can lead to failures and drive them to 
suicide10,11,12,13. 81.4% of the study population were 
Hindus, which is quite normal considering Indian 
religious profile and our results were similar to a 
study conducted by Mugadalimath et al13.

About 79.66% of study population were 
married and reasons for suicide sprang out of the 
institution of marriage. This casts a serious aspersion 
on the institution of arranged marriage in India. 
Nevertheless, marriage can neither be avoided 
and nor prevented in a progressive society. Similar 
findings were observed by Mugadalimath et al 
and Nayak GH et al13,14. In case of married males, 
marital disharmony, family issues, unemployment 
and financial constraints were the main motive for 

committing suicide. Similarly, in case of married 
females, adjustment disorder post marriage and 
dowry harassment by husband and in-laws surfaced 
to be major motives. In case of unmarried males, 
frustration due to unemployment and love failures 
turned to be major motives, whereas failure to adjust 
to the physical and mental changes after attaining 
puberty and gender discrimination were identified 
as major drivers for suicide in unmarried females.

The preponderance of poison related fatalities 
in urban group could be because of the location of 
our medico legal centre in an urban area. When the 
pattern of family of the study population is taken into 
consideration, 72.9% of deaths occurred in nuclear 
families. It can be assumed that people living in 
nuclear families have less support from their elders, 
they face stress both at home and work which can 
often drive them to the extreme step of suicide4,15,16. 
69.5% of study population consumed poison at home 
and it is quite natural that one chose one’s own home 
for secrecy. Related results were observed in studies 
conducted by Sridhar PV et al and Farzaneh E et al12,17.

Chronic illnesses and financial problems among 
the study population topped the list of reasons 
for committing suicide. Interestingly, anatomical 
stigmata of alleged chronic illness like pulmonary 
tuberculosis, gynaecological disorders were 
corroborated at autopsy. Amongst the financial 
factors, excessive debts and poverty were the 
apparent reasons, the underlying factors included 
extravagant lifestyle and attempts towards instant 
richness.

40.7% of the study group died due to poisoning 
on the spot or before reaching a health care facility. 
However, rest of the study group showed variation in 
survival time. There are umpteen number of poison 
variables like dose, potency etc. and individual factors 
like co-morbidities, age, ill health etc which influence 
the outcome of poisoning cases. 98.3% of poisonings 
were intentional. Equivalent results were observed 
in some studies7,13. The gross and histopathological 
findings in stomach were commensurate with the 
type of poison. Most of the agents cause congestion 
and inflammation of stomach mucosa/wall (Table 
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1 and Table 2). Haemorrhages were seen in 12 cases 
of insecticide poisoning. Combination of corrosion, 
perforation and softening of wall was seen in 3 cases 
of acid poisoning. The gross and histopathology 
findings in gastric mucosa in our study were similar 
to as described in standard sources18,19,20.

Kerosene like odour was noted only in 15 out 
of 22 cases of insecticide poisoning. Smell of alcohol 
was perceivable only in 9 out of 16 cases of alcohol 
intoxication. In the remaining cases there was no 
specific odour to the poison consumed.

Gross and histopathological findings of few 
peculiar cases were presented as figures 1, 2, 3, 4 for 
the sake of reference.

Figure 1: Stomach Gross: Pink, haemorrhagic, 
eroded gastric mucosa in cyanide poisoning

Figure 2: Stomach Histopathology, Haematoxylin & 
Eosin, Low Power: Vaso-congestion, haemorrhagic 
necrosis, epithelial desquamation with mucus 
precipitation in cyanide poisoning.

Figure 3: Stomach Histopathology, Haematoxylin & 
Eosin, Low Power: Submucosal haemorrhages and 
necrosis in rodenticide poisoning

Figure 4: Stomach Histopathology, Haematoxylin 
& Eosin, Low Power: Sloughed off mucosa in 
corrosive poisoning.

Conclusion

It can be concluded that gross and 
histopathological findings alone cannot be used as a 
basis for diagnosing a particular type of poisoning. 
The combination of history, clinical findings, 
inquest, complete autopsy findings, gross and 
histopathological examination of stomach along with 
chemical analysis of viscera confirms the diagnosis of 
poisonings. However, the histopathological findings 
of stomach can guide us to corroborate period of 
survival post poisoning. The development of gastric 
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mucosa specific immunohistochemistry techniques in 
future can help us in on spot diagnosis of poisoning 
reducing the burden of transporting viscera samples 
for chemical analysis.

Limitations: 

The study did not consider studying 
histopathology of major visceral organs vis a vis 
stomach in cases of poisoning which is idea worth 
pursuing. There are no other major limitations for the 
study as the aims were very precise and delineated. 
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Abstract

Background: A reasonably correct estimation of age in elderly people is essential in legal, medical, social and 
administrative matters. Skulls are usually well preserved in decomposed, mutilated state or in fragmentary bodies. 
Sagittal suture has a very wide range of fusion. The aim of this study is to collect data of sagittal suture fusion of 
male and female and comparing with each other, so the more appropriate estimation of age can occur by including 
sexual dimorphism of sagittal sutural fusion.

Material and Methods: This study was conducted in 100 autopsy cases of Department of Forensic Medicine, S.M.S. 
Medical College & Attached Hospital, Jaipur of aged between 20 to 70 yrs, With making group of male and female 
for each year of age. The obliteration of the sutures was ascertained endocranially as well as ectocranially. The 
Sagittal suture was studied in four parts and Scale for closure is studied by Acsadi-Nemeskeri complex method

Results: Ectocranially the start of fusion of sagittal suture was observed at the age of 51-60 yrs age group in females 
and in 46-50 yrs in males and endocranially at 31-40 yrs in males and 41-50 yrs in females. 

Conclusion: When comparison between males and female subjects for ectocranially closure were made, closure was 
earlier in males. Completion is perfected at the age of 61-70 years. The study showed that fusion of endocranium 
began first on S4 & last on S1 in both sexes.

Though consensus of opinion in our country is that the obliteration of the skull sutures in females is somewhat 
earlier than that of males, in the present study no such pattern in difference was noticed in endocrinal sutural 
fusion.

Key Words: Age, Female, Fusion, Male, Sagittal suture

Introduction

The need of determination of age continues 
from intrauterine life to old age for different 
purposes. A reasonably correct estimation of age in 

elderly people is essential in legal, medical, social 
and administrative matters i.e. to fix of age for 
regularization of employment, superannuation, 
pension settlements, senior citizen benefits, old age 
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and good behavior of the prisoner. There are various 
ossification studies used to determine the age of the 
person with certain degree of accuracy from birth to 
25 years1, but scientific estimation of age is not an easy 
task especially in adult age group. In older age groups 
skull sutures are useful which are fibrous joints in 
the craniofacial skeleton and are simple at birth2. 
Sutural obliteration is a multifactorial phenomenon 
depending on age, genetic factors, tensile stresses, 
brain growth, tissue interactions, and biochemical 
signaling3,4,5,6. Therefore, age estimation using only 
suture obliteration is unreliable.7 However, suture 
obliteration can be used with other identification 
indicators to conclusively determine the age.8,9,10

In 1905, F. G. Parsons and C. R. Box examined 
that Dwight was justified in his assessment that cranial 
sutures closed later in females11. Powers 196212 studied 
that obliteration of cranial sutures commences earlier in 
the males than in females. Chandra B.13, January 2007 to 
March 2008 observed that Females showed earlier union 
than males in the age group 20‐ 29, in the other age groups 
suture closure occurred earlier in males.

By using skull sutures, age estimation can be 
done in the bodies which are found in decomposed, 
mutilated state or only fragmentary. Since the bone 
resists putrefaction and destruction by animals, they 
can lead to the reliable determination of age, sex, race 
and stature of the individual. The sagittal suture has 
wide range of fusion.

Since the cranial sutural fusion is influenced by 
heredity, climate, race, diet, hormone level, disease 
process etc. So this study on the sagittal suture was 
conducted to develop the statistical data in relation 
of sagittal suture fusion with respect to the age 
of individuals and studying the comparing with 
difference among male and female of Jaipur region.

This study was conducted to observe and 
compare the age of fusion of Sagittal suture in males 
and females during  autopsy.

Material and Methods

This study was conducted in autopsy cases 
conducted in Department of Forensic Medicine, 
S.M.S. Medical College & Attached Hospital, Jaipur
after taking permission from  review research board
and institutional ethical committee and completing

all due formalities during 1st August 2020 to 31st 
April 2021.

Autopsy cases of age between 21 to 70 yrs with 
documented age were included and subjects with 
skull fracture, associated documented calcium/ 
metabolic/ endocrinal disorders, history of flame 
burn/electrical injuries and cases where proper 
consent could not be obtained were excluded from 
the study.

 The obliteration of the sutures were 
ascertained endocranially as well as ectocranially. 
The Sagittal suture was studied in four parts:- S1-
[Pars bregmatica (i. e. anterior1/3 part) of Sagittal 
suture]; S2- [Pars verticis (i.e. middle1/3 part) of 
Sagittal suture]; S3- [Pars obelica (i.e. posterior1/3 
part) of Sagittal suture]; S4- [Pars lambdicia (i.e. 
fourth part) of Sagittal suture]

Scale for closure: Acsadi‐Nemeskeri complex method1

0 = open. There is still little space left between 
edges of adjoining bones.

1 = incipient closure. Clearly visible as a 
continuous often zigzagging line.

2 = closure in process. Line thinner, less zigzags, 
interrupted by complete closures

3 = advanced closure. Only pits indicate where 
the suture is located (almost complete closure)

4 = closed. Even location cannot be recognized.

Results

100 cases were selected in 5 groups, each of ten 
year age intervals i.e. 21-30 yrs, 31-40 yrs, 41-50 yrs, 
51-60 yrs, 61-70 yrs. Males and females were equally
distributed that is 10 males and 10 females in each
group (sex ratio 1:1). (table no.1)

The fusion of sagittal suture was observed 
ectocranially at the age of 52-69 yrs in females and in 
46-62 yrs in males; and endocranially at 31-61 yrs in
males and 40-68 yrs in females (table no. 2).

The minimal age of fusion at endocranium was 
61, 46, 40 and 31 in males and 68, 49, 50 and 40 years 
in females at S1, S2, S3 and S4 locations respectively. 
The ectocrainium fusion in respective segments are as 
60,53, 62, 46 of S1, S2, S3 and S4 locations (table no 3).
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When comparison between males and female 
subjects for ectocranially closure were made, closure 
was earlier in males. 

In sagittal suture mean age of closure ectocranialy 
was lower in males and statistically significant 
difference was found in S1 and S2. In sagittal suture 
mean age of closure ectocranialy was lower in males 
and statistical significant difference was found in S1. 
In S2, S3, S4 mean age of closure was not significant.

The maximum age in male showing non-union of 
suture on endocranium was 67 years on S1, 69 years 
on each S2 and S3, 62 on S4. In female it was 69 years 
on S1, 67 years on S2, 68 years on S3, 51 on S4. In male, 
on ectocranium it was 67 years on S1, 70 years on S2, 
66yr on S3, 60 on S3. Among the female maximum 
age of non-union of ectocranium was observed to be 
68 years on S1, S2, S3 whereas S4 had 70 yr(table no 4).

In sagital suture mean age of closure endocranialy 
was lower in males and statistically significant 
difference was found in S1 and S2.

In sagital suture mean age of closure ectocranialy 
was lower in males and statistically significant 
difference was found in S1. In S2, S3, S4 mean age of 
closure was not significant (table no 5).

The development and consolidation of the bones 
of the skeleton, which ossify in cartilages occurs, as a 
rule, about two yrs earlier in females than in males. 
But obliteration of sutures of vault of skull sets in a 
little later and proceeds slowly in females than in 
males. In our study also the fusion of cranial sutures 
was observed earlier in males as compared to females 
and earlier endocranially than ectocranially.

The study showed that fusion of endocranium 
began first on S4 & last on S1 in both sexes. Though 
consensus of opinion in our country is that the 
obliteration of the skull sutures in females is 
somewhat earlier than that of males, in the present 
study no substantial difference was noticed. This 
finding is in conjunction with Meindl and Lovejoy7.

Table 1: Age wise distribution

Age group (Yrs.) Sex distribution of cases No of cases Percentage
21-30 10 males + 10 females 20 20.00
31-40 10 males + 10 females 20 20.00
41-50 10 males + 10 females 20 20.00
51-60 10 males + 10 females 20 20.00
61-70 10 males + 10 females 20 20.00
Total 50 males +50 females 100 100.00

Table 2: Age of complete fusion of sagittal sutures

S1 S2 S3 S4
Male Female Male Female Male Female Male Female

Ectocranially (age 
group in yrs)

60-69 65 – 69 53-59 61-69 62-69 69-70 46-50 51-60

Endocranially 
(age group in yrs)

61-69 68-70 46-49 49-55 40-49 50-59 31-40 41-50

Table 3: Minimum Age (in years) of complete Union of Sagittal Sutures

Sagittal Suture Male Female
Endo-cranium Ecto-cranium Endo-cranium Ecto-cranium

S1 61 60 68 65
S2 46 53 49 61
S3 40 62 50 69
S4 31 46 40 52
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Table 4: Maximum Age (in years) of non-union of Sagittal Suture

Sagittal Suture Male Female
Endo-cranium Ecto-cranium Endo-cranium Ecto-cranium

S1 67 67 69 68
S2 69 70 67 68
S3 69 66 68 68
S4 62 60 51 51

Table 5: Mean age of complete fusion of sagittal suture

Mean age of complete fusion 
Ectocranially

Mean age of complete fusion 
Endocranially

SUTURES Male Female P value Male Female P value
Mean SD Mean SD Mean SD Mean SD

S1 65.62 3.11 68.00 1.67 0.0001* 63.75 2.82 70 0.01 0.0001*
S2 61.75 4.84 65.71 2.82 0.001* 57.11 7.72 59.07 6.28 0.167
S3 66.00 2.53 66.00 3.40 1.000 54.2 9.45 56 7.72 0.229
S4 59.76 7.14 61.00 5.41 0.330 50.10 12.92 53 13.78 0.280

Conclusion

Present study reveals that obliteration of the 
various segments of the sagittal sutures of the skull 
is so erratic that neither does it help in estimating 
the age of the deceased nor does it provide any 
supportive evidence in determining the age of 
skeletal remain. Our analyses strengthens the view 
that regardless of scoring method, there is only a very 
loose association between suture closure and age, 
and this poses a real problem in terms of practical 
use for age determination.   It is important to refine 
the methods of quantifying these structures and 
the underlying biological factors for suture closure, 
in order to render the methods of quantification as 
unbiased as possible.

Suggestion

This study was confined to a particular area at 
Jaipur region, confined to a very small sample size in 
comparison to the population of Jaipur and persons 
of extreme ages for closure of suture were not taken 
which should be included to find more appropriate 
results. Smaller age groups can be studied to get 
better results. Age estimation from morphological 
changes in bone is affected by various factors such as 
climatic, dietetic, hereditary, nutritional, sociological, 
racial, environmental, geographical, genetic factors, 
tensile stresses, brain growth, tissue interactions, and 

biochemical signaling etc. which may affect cranial 
sutures as well. These factors may be subjects of 
further studies in this field./;po 
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Abstract

Background: Poisoning and Envenomation in children are quite common medical emergencies requiring 
hospitalization. Different regions may have different profiles depending on location and standards of living. To 
know the profile and outcome of acute poisoning and envenomation among children at our region this study was 
undertaken.

Methods: The ambispective study from year 2014 -2021 reviewed all maximum possible cases of pediatric 
poisoning and envenomation by retrieving files from the medical record department and pertinent information 
collected. 

Results: Out of 188 analyzed data, 97 (51.3%) were males. Median (Q1, Q3) age in years was 9.5 (2.7, 15.3). Total 
cases of acute poisoning were 91(48.4%), 80(42.6%) snakebite/scorpion/other bites whereas 17(9%) drowning 
& hanging. In outcome, deaths were in 7(3.7%) whereas 167(88.8%) discharged, 12(6.3%) LAMA and referral 
2(1.1%). Accidental and suicidal poisoning cases were 123(65.4%) & 39(20.8%) respectively. Among substance 
poisoning, the top 2 causes were organophosphorus poisoning 37(41.1%) & kerosene 13(14.4%). Ventilator 
support, vasoactive drug support, debridement and dialysis were required in 58(30.9%), 21(11.2%), 14(7.5%) & 
3(1.6%) cases respectively. Metabolic acidosis and hyponatremia in 25(13.3) & 16(8.5%) cases whereas mortality 
was significantly associated with the need for vasoactive support and aluminum phosphide poisoning.

Conclusion: In children, acute accidental poisoning was commonest followed by envenomation at our tertiary 
care canter. Vasoactive support and aluminum phosphide poisoning were predictors of poor outcomes.

Keywords: Accidental poisoning, kerosene, organophosphorus, snake bite, suicidal

Introduction

Today’s children are growing up in a very 
different world and industrialization has increased 

their chances of surviving, growing up, and being 
happy while simultaneously posing considerable 
hurdles or risks to their development and their life.1 
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Poisoning in children including adolescents is one 
of the quite common emergencies. Acute poisoning 
(intoxication) incidents have risen in tandem with the 
rise in household chemical use, but such incidents 
of accidental poisoning are avoidable also.2 The 
prevalence and type of poisoning vary from hospital 
to hospital and have a significant impact on the 
treatment provided in the emergency. Unintentional 
poisoning was blamed for 106683 deaths and the 
loss of 6.3 million healthy years (disability-adjusted 
life years) in 2016, according to the World Health 
Organization.2 

There is a correlation between the kind of 
poisoning with a child’s developmental stage. Pincer 
grip development enhances this effect more.3 Toxic 
chemicals are readily available in modern homes and 
children have a lower ability than adults to metabolize 
toxins, so they are more susceptible to the effects of 
environmental poisons.3 The majority of poisonings 
in children less than 5 years of age are unintentional, 
particularly in the 18-months to 3-year-old range.4,5 

Also, a larger proportion of instances are associated 
with a low socioeconomic position because of limited 
space.5 However, adolescents who are under a lot of 
stress in today’s competitive world are more likely to 
intentionally poison themselves.6 

Another common cause of pediatric emergency 
room visits is envenomation. There are many cases of 
envenomation in India because it is still a developing 
nation and many live in villages, farms, or areas 
without proper shelter. Snake venom is the most 
prevalent envenomation followed by scorpion stings. 
Rapid urbanization and deforestation have resulted 
in a regular interaction between people and snakes.7-

9All fatalities in the 5- to 12-year-old age are estimated 
to account for 3% of all deaths. 10

An understanding of the country’s geographic 
distribution of poisoning may assist identify risk 
factors for poisonings. Toxic poisoning in children 
is determined by the age, socioeconomic, cultural, 
and religious behaviors that are widespread in 
each location.11 In order to keep watch on the recent 
past with the objectives of knowing the burden of 
poisonings, its pattern, outcome, and trends, the 
present study was undertaken to study the profile of 
acute poisoning and envenomation in children in the 
Central Gujarat region.

Material and Methods

This descriptive, observational, ambispective study 
was done at the Paediatrics Department of 1000 bedded 
NABH- accredited multi-specialty teaching hospital. 
Ninety bedded Pediatric department is having eight bedded 
Paediatric Intensive care units with six step-down beds. All 
case records from 1st January 2014 to 31st December 2021 
were included. (Retrospective arm - 2014 to mid-2021 
and prospective arm- July 2021-Dec 2021). The inclusion 
criteria were age group from 1 month to 18 years who were 
admitted at the Pediatric Intensive care unit (PICU) and/or 
Pediatric Ward. The Keywords used for record tracing were 
Ingestion, Poisoning, Intoxication, Snakebite, Animal bite, 
Bite, Drowning, Hanging, Suicidal, and Accidental. Cases 
excluded whose details were not found in the record and 
also cases of food poisoning and dog bite. All demographic 
details, history related to poisoning, and management with 
outcomes, etc were entered in a Microsoft excel sheet 
Waiver of Consent was asked from the ethical committee 
as it was a records-based study. Statistical analysis was 
performed using STATA (14.2). Descriptive statistics 
[Mean (SD), Frequency (%)] was used for the baseline 
profile of the study population and clinical outcomes. The 
Chi-square/ Fisher’s exact test was performed to determine 
the relationship between categorical variables (morbidity 
and its associated factors).

Findings

The present study finally included a total of 188 
cases for analysis. (See figure1). Table 1 is showing 
demographic details. Mean (SD) & median (IQR) age 
was 9.28 (6.11) years and 9.5(2.7,15.31). Most of the 
study participants (38.8%) belonged to 0 to 5 years 
of age. The total number of boys was Ninety-seven 
(51.6%). The highest incidence of poisoning cases 
77(41%) was seen in winter. Accidental poisoning was 
in 91(48.4%) whereas envenomation was 67(35.6%) 
among studied cases. The top two substances found 
among poisoned children were organophosphorus 
and kerosene 37 (40.7%) and 13(12.3%) respectively 
as per figure 2. The most common system involved 
among children with poisoning and envenomation 
was the central nervous system, i.e., 95(50.5%). The 
number of poisonous substances was unknown 
in 49.45% of the patients. 58(30.9%) of the children 
required ventilatory support (See figure 3). The 
children requiring ventilators for two to seven days 
and up to 14 days were 67.2% and 10.4 % respectively. 
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Vasopressor/ionotropic support and dialysis were 
required in 21(11.2%) and 3(1.6%) respectively. No 
documented hyperglycemia or hypoglycemia in any 
records. Major surgical intervention- debridement 
was in 6.4%, aspiration pneumonia in 2.7% and CPR 
was required in 2.7% of the children. Psychiatric 
consultation was indicated in 29.7% (56/188) of cases 
which were in around 2/3rd of them. Table 2 shows 
underlying issues leading to intentional poisoning. 
The mean stay at the pediatric intensive unit among 
poisoned children was 2.75 days. Less than 1 day was 
required among 41(21.8%) of the children while 1-5 
days, 6-14 days, and 14-30 days stay at PICU was 

required among 127(67.6%), 19(10.1%) and 01(0.5%) 
respectively. The mean stay at the hospital was 4.4 
days. 11(5.9%) of the cases were required to stay in 
the hospital only for one day while 150(79.8%) of 
the children with poisoning stay at the hospital for 
up to 7 days. Children who needed to stay 8-14 days 
and 15-21 days at the hospital were 12.2% and 2.1% 
respectively. In the present study, mortality was seen 
among 07(3.7%) of the children whereas 167(88.83%) 
were discharged. 14(7.45%) were transferred to other 
hospitals or discharged against medical advice. The 
association of the outcome with various parameters 
is as per Table 3.

Table 1: Baseline characteristics of study participants

Variables Number Percentage
AGE 0-5 years 73 38.8

6-10 years 30 16.0
11-14 years 29 15.4
15-18 years 56 29.8

GENDER Males 97 51.6
Females 91 48.4
Rural 85 45.2
Urban 103 54.8

SEASON Winter 77 41.0
Summer 53 28.2
Monsoon 58 30.9

MAJOR SYSTEM 
INVOLVED

Central Nervous system 95 50.5
Respiratory system 66 35.1
Gastrointestinal 
involvement

57 30.3

Circulatory system 
involvement

15 8.0

No system involvement 49 26.1
MODE OF 
POISONING

Ingestion 91 53.22
All bites 80 46.78
Inhalation 00 0.0
Any other routes 00 0.0

QUANTITY Known 46 50.55
Unknown 45 49.45

OUTCOME Discharged 167 88.83
DAMA or transferred 14 7.45
Death 7 3.72
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Table 2: Psychiatric disorder among study participants (n=36) 

Psychiatric disorder Number Percentages 
Only Counselling done 18 50.00
Adjustment disorder 09 25.00
Depression 05 13.89
Anxiety 02 5.56
Conduct disorder 01 2.78
Bipolar disorder 01 2.78

Table 3: Association of outcomes with various parameters

VARIABLES DISCHARGED* DAMA OR DEATH P VALUE
AGE 0-5 years 64 (38.32%) 09 (42.86%) 0.93

6-10 years 27 (16.17%) 03 (14.29%)
11-14 years 27 (16.17%) 02 (09.52%)
15-18 years 49 (29.34%) 07 (33.33%)

SEASON Winter 66 (39.52%) 11 (52.38%) 0.474
Summer 49 (29.34%) 04 (19.05%)
Monsoon 52 (31.14%) 06 (28.57%)

MODE OF 
POISONING 

Ingestion 67(46.85%) 14(77.78%) 0.013

Bites 77(53.15%) 04(22.22%)
QUANTITY Known 38 (22.75%) 08 (38.09%) 0.123

Not known/ Not 
applicable

129 (77.25%) 13 (61.9%)

VENTILATOR 
REQUIREMENT

Required (n-58) 48 (28.74%) 10 (47.62%) 0.078
Not required 119 (71.26%) 11 (52.38%)

INTROPIC 
SUPPORT

Required (n=21) 15 (8.98%) 06 (28.57%) 0.017
Not required 152 (91.02%) 15 (71.43%)

	 *Transfer and Referral were not considered 

Figure 1: Flow chart of study
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Figure 2: Diagnosis of study cases

Figure 3: Supportive care requirement of poisoned patients

Discussion

In the present study, acute poisoning and 
envenomation contributed 3.6% & 3.16% of total PICU 
admissions suggesting that it is not an uncommon 
occurrence. The male predominance of 72% was 
reported by Jadhav S et al 12 but the present study 
did not find male predominance (51.6%) though it is 
said that more aggressive and exploratory natures 
along with a relative lack of restrictions in society, 
particularly in Asian nations males can be more 
affected. In the current study, 54.8% of patients were 
from urban areas but Vasavada et al 13 reported 83.5% 
from urban areas whereas Qazi M et al.14 reported 

67% of rural residents experienced poisoning. This 
may be explained by the fact that the study center is 
located where and what type of hospital set up? Our 
hospital is in rural areas and run by the trust with the 
motto of no profit no loss. 

Organophosphorus (40.7%) was the most used 
chemical among poisoned youngsters, according 
to the present study but Qazi M et al.14 reported 
higher (57.3%). In developing nations like India OP 
compounds are used as domestic and agricultural 
pesticides but not sold in child-resistant packaging 
as done in western nations. Organophosphorus 
and Hydrocarbons were more prevalent in the 
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underprivileged population.15 but in the current 
study Kerosene poisoning was in 12.3% cases only. 
This low prevalence is possible because of Liquified 
Petroleum Gas (LPG) which is now the fuel of choice. 

In India, the prevalence of snake bites fluctuates 
owing to various patterns of rainfall and agricultural 
operations which is reflected by the 35.6% of the 
children who had envenomation in the present study 
against 23.35% reported by Qazi M et al.14

In this research, 20.8% of the children/
adolescents had stressful situations that resulted 
in a suicide attempt, while 13.8% had poisoned for 
an unclear cause. There is a rise in teen suicide by 
poisoning, which is likely brought on by stress over 
academic performance, bullying at school, failed 
relationships, parental conflict, drug abuse, and 
emotional insecurity due to related psychological 
conditions like depression and anxiety, among other 
things.16 Table 2 suggested various underlying issues 
in psychiatry consultation. The commonest issue 
was adjustment disorder (25%) in the present study 
but according to Krishnakumar P et al.17 conduct 
disorder (CD)/oppositional defiant disorder (ODD) 
was the most prevalent in their study. Early detection 
and treatment of mental diseases are essential 
for avoiding suicide since it has been shown that 
untreated and undertreated psychiatric conditions 
are related to teenage suicide attempts. 

In the current study, 30.9% of the children needed 
ventilator support whereas 6.25% as per Yadav 
S et al.18 However, in our study, 22.4% required 
a ventilator for less than a day and the majority of 
patients had neurotoxic snake bite. In the current 
study, 11.2% of patients required vasopressor or 
ionotropic drugs which as per Table 3 also one of the 
predictors of poor outcomes. The mean hospital stay 
was 4.4 days. The mean hospital stays in the research 
by Budhathoki S et al. 19 was 3.78 days. Poisoning 
killed 3.72% of the children in the current study which 
was similar to those reported by 3% of Morbiwala 
S et al. 20 but Budhathoki S. et al.19 and Islam MN 
et al.21 was reported higher i.e., 12% and 6.66%  
respectively. 

Conclusion

In children, acute accidental poisoning was 
commonest followed by envenomation in our 
tertiary care canter. The main reason was accidental 
poisoning in younger children whereas suicide among 
adolescents. Vasoactive support was a predictor of 
poor outcomes. Overall mortality was low and was 
mainly in aluminum phosphide poisoning. 

Recommendations

An understanding of the country’s geographic 
distribution of poisoning may assist identify risk 
factors for poisoning. There should be such data from 
various regions. 
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Abstract

Background: Poisoning is a major preventable cause of mortality in a developing Middle Income Country like 
India. Different types of poisons lead to death. Cases of poisoning can be suicidal or homicidal with paramount 
Medico Legal Importance.

Aims and Objectives: The present study was undertaken to study the toxico-epidemiology of poisoning deaths in 
the geographical territory of Hyderabad city, India.

Materials and Methods: This Prospective Observational study included 396 poisoning death cases which were 
examined at the mortuary of Osmania General Hospital, Hyderabad. Data regarding case demographics and 
poisoning agent was collected and analyzed. Data was collected in MS Excel and represented as numbers and 
percentages in the form of tables and figures.

Results: Males cases were predominant accounting to 67.4% of the total. The most common age groups were 21-30 
years followed by 41-50 years and 31-40 years. 95.7% of the cases succumbed to known poisoning agents whereas 
the rest 4.3% were of unknown poisoning agents. Insecticidal poisoning was the most common cause of death. 
Among insecticidal poisoning and overall, the most common poisoning was Organophosphate poisoning.

Conclusion: The results of this study will help the doctors and governmental agencies in devising appropriate 
treatment and prevention strategies in poisoning cases.

Keywords: Poisoning, Suicide, Homicide, Death, Forensics, Toxicology.

Introduction

According to the International Health regulating 
authority, The World Health Organization, almost 
300,000 poisoning deaths are reported every year.1 Of 
these 0.3 million deaths, majority belong to the low 
and middle income countries.2 Poisoning is a major 
cause of mortality in a developing country like India.

Poison is a substance that causes illness or 

mortality when inhaled, ingested or contacted, 
through its chemical action. Poisoning cases can be 
intentional – suicidal/homicidal and unintentional, 
accidental. This renders poisoning cases to be of 
paramount Medico Legal Importance. Different 
types of poisons are found across the country which 
cause significant mortality. Insecticides, Pesticides, 
Herbicides, Snake Bites and Acid poisons are the 
most common mortality causing poisons in India.3,4 
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Epidemiological data of poisoning cases is very much 
essential in prevention, management of poisoning 
related morbidity and mortality.

We have hence undertaken this research to study 
the toxico-epidemiology of poisoning related deaths 
in the geographical location of Hyderabad city, 
anticipating the results to be helpful to healthcare 
professionals and governmental policy makers in 
devising appropriate management and prevention 
strategies.

Materials and Methods

Study Design: This was Prospective 
Observational Study.

Study Setting: The present study was conducted 
at the Mortuary, Osmania General Hospital and the 
Department of Forensic Medicine, Osmania Medical 
College, Hyderabad.

Study Duration: The present study was 
conducted for a period of one year.

Sample Size: 396 cases of poisoning deaths 
examined at the mortuary of Osmania General 
Hospital were studied and analyzed during this study.

Inclusion and Exclusion Criteria: All ages and 
poisoning cases except drug and food poisoning 
were included in the study.

Statistical Analysis: The data was collected in MS 
Excel and represented as numbers and percentages in 
the form of tables and figures.

Ethical Clearance: Ethical clearance was obtained 
from the Institutional Ethical Committee.

Results

Table No. 1 Gender Distribution

Gender No. of Patients % out of 396
Male 267 67.4%
Female 129 32.6%
Total 396 100%

Table 1 depicts the gender distribution of the study. 
Male cases accounted for 67.4% and were more common 
than the female cases which accounted for 32.6%.

Table No. 2 Age Distribution

Age No. of Patients % out of 396
1 – 10 5 1.3%
11 – 20 44 11.1%

Age No. of Patients % out of 396
21 – 30 99 25%
31 – 40 79 19.9%
41 – 50 94 23.7%
51 – 60 45 11.4%
61 – 70 20 5.1%
71 – 80 10 2.5%
Total 396 100%

From the above table it can be stated that in our 
study the most number of deaths were reported in 
individuals aged 21-30 years followed by 41-50 years 
and 31-40 years. 5 deaths were reported in children 
aged 1-10 years.

Table No. 3 Etiology of Poisoning Agent

Poisoning Agent No. of Patients % out of 396
Known 379 95.7 %
Unknown 17 4.3%
Total 396 100%

Almost 96% of cases were of known poisoning 
agent and the rest 4% cases were of unknown 
poisoning agent.

Table No. 4 Type of Poison

Category No. of 
Cases

% out of 
396

Insecticide 221 55.8%
Corrosive Acid 44 11.1%
Herbicidal 22 5.6%
Phosphide (Rodenticide) 6 1.5%
Pesticide 1 0.2%
Alcohol Intoxication 33 8.3%
Snakebite Poisoning 15 3.9%
Unknown Poisoning 21 5.3%
Other categories 33 8.3%

Table no. 4 depicts that Insecticide poisoning was 
the most common cause of death which accounted 
for 55.8% which was followed by corrosive acid 
poisoning-11.1%, Alcohol intoxication-8.3%, 
Herbicidal poisoning-5.6%, Unknown 
poisoning-5.3%, Snake bite poisoning-3.9%, 
Rodenticidal poisoning-1.5% and Pesticidal 
poisoning-0.2%. Among insecticidal poisoning 
Organophosphate poisoning was the most common.
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Discussion

The present study included 396 poisoning cases 
and was a prospective observational study conducted 
at the mortuary of Osmania General Hospital and the 
department of Forensic Medicine, Osmania Medical 
College. It aimed to study the toxico-epidemiology of 
poisoning related deaths in the geographical region 
of Hyderabad city. Male cases were predominant in 
our study and accounted for 95.7% of the total 396 
cases. In a study by Nadeem N. N et al5 similar male 
predominance in gender distribution was observed 
with the male gender accounting for 58%. On the 
contrary a female predominance was noticed in an 
acute poisoning study conducted by Akash et al6. In 
our study, the most commonly affected age group 
was 21-30 years followed by age groups 41-50 years 
and 31-40 years. In a study by Gupta R et al7 almost 
90% of the cases were younger than 40 years of age. 
Rakesh B et al8 studied poisoning in urban setting 
and the most common age group affected according 
to their study was 18-30 years which is very similar 
to that in our study. Additionally, 5 cases were 
reported of children aged 1-1o years. 95.7% cases in 
our study were of known poisoning agent, the rest 
4.3% cases were of unknown poisoning agent. In our 
study, Insecticide poisoning was the most common 
cause of death which accounted for 55.8% which 
was followed by corrosive acid poisoning-11.1%, 
Alcohol intoxication-8.3%, Herbicidal 
poisoning-5.6%, Unknown poisoning-5.3%, Snake 
bite poisoning-3.9%, Rodenticidal poisoning-1.5% 
and Pesticidal poisoning-0.2%. Among insecticidal 
poisoning Organophosphate poisoning was the 
most common. Similar results have been observed in 
other studies9,10. Amit et al11 studied acute poisoning 
in Navi Mumbai and found that pesticides were 
the second most common type of poisoning agent. 
Snake bite cases also have been reported in densely 
populated area of Hyderabad city. Our study results 
will be helpful for healthcare professionals and 
governmental policy makers in devising appropriate 
management and prevention strategies.

Conclusion

The results of this study will help the doctors 
and governmental agencies in devising appropriate 
treatment and prevention strategies in poisoning cases.
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Abstract

Background: Childhood begins after birth and continues into adolescence; according to the Children’s Bill of 
Rights, childhood is defined as the life up to 18 years after birth. Childhood mortality is a reliable indicator of 
health care facilities of a country and its development.

Aims & Objective: Assessment of medico–legal profile among the unnatural deaths in paediatric age group at 
SMS Hospital, Jaipur

Material & Methodology: A cross sectional observational prospective study that used inclusion and exclusion 
criteria was conducted. 65 autopsies of medico-legal paediatric unnatural death were taken in the study. The 
present study had been conducted in the Mortuary, Department of Forensic Medicine & Toxicology, SMS Hospital, 
Jaipur during the period from 15 June 2021 to 14 June 2022.

Result & Observation: In this study total 65 pediatric victims studied. Male children account for 61.54 % (40 
victims) while female account for 38.46 % (25 victims), unintentional pattern of death was present in 49 subject 
with accidental manner of death in all. Intentional pattern of death was present in 16 subject with homicidal 
manner of death in 6.15 % and suicidal manner of death in 18.45 %, In present study 23 subject (35.38 %) died due 
to Road Traffic Accident, followed by Fall From Height in 12 subject (18.45 %).

Conclusion: From the study we concluded that there is an immense responsibility for the parents and caregivers 
in supervising their children. If the incident cannot be prevented, the victim should receive immediate care right 
away in order to save their life.

Key word: Paediatrics, Childhood, Medico – legal , Accident , Fall from Height.

Introduction

Pediatrics is the branch of medicine that deals 
with the medical care of infants, children, and 
adolescents, and the age limit usually ranges from 
birth up to 18 (in some places until completion of 

secondary education, and until age 21 in the United 
States)1. Childhood begins after birth and continues 
into adolescence; according to the Children’s Bill of 
Rights, childhood is defined as the life up to 18 years 
after birth2. Unnatural childhood deaths are not 
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only associated with intense trauma and separation 
distress, but also relate to a sense of self neglect to 
protect children from harm3. Trauma has been a major 
cause of death in childhood populations4. Childhood 
mortality is a reliable indicator of health care facilities 
of a country and its development5. Death records 
statistics are considered reliable and used all over the 
world6. This study is thus being initiated to observe 
the medico – legal profile of unnatural deaths in 
pediatric age group from birth to 18 years.

Aim & objectives

Study was conducted to evaluate the victims of 
unnatural deaths in paediatric age group in terms of 
medico - legal profiles and to paint a picture therefor. 

Materials and method

All medico-legal paediatric unnatural death cases 
autopsied at SMS Medical College and Attached 
Group of Hospitals, Jaipur, who gave written informed 
consent for participation in the study were included in 
the cross – sectional descriptive observational study. 
We excluded the unnatural deaths in paediatric age 
group whose medico-legal autopsy was waived off 
by investigation officer and all cases of natural death 
in paediatric age group autopsied at mortuary. The 
sample size was calculated at 95% confidence level, 
assuming 60% intentional deaths among unnatural 
deaths in pediatric age group as found in the seed 
article “unnatural deaths in pediatric age group in a 
tertiary hospital in Bangalore: an autopsy study. At 
relative allowable error of 20%, 65 cases of unnatural 
deaths in the pediatric age group were required as 
sample size for the purpose of the present study. The 
sampling technique used was consecutive sampling. 

Observations and Results

During the study period , 346 paediatric autopsies 
conducted in the Mortuary, Department of Forensic 
Medicine, SMS Medical College and Attached Group of 
Hospitals Jaipur out of which 65 cases were of medico – 
legal unnatural paediatric death. Unnatural paediatric 
death constitutes 18.78% of all medico – legal paediatric 
deaths. All details were recorded and analysed.

In this study total 65 pediatric victims studied. 
Male children account for 61.54% (40 victims) while 
female account for 38.46% (25 victims).

Figure 1: Showing Gender Wise Distribution Of 
Victims.

In present study 53 subject (81.55%) died after 
receiving treatment and 12 subject (18.45%) died on 
spot.

Figure 2: Showing Treatment Wise Distribution Of 
Victims.

In present study unintentional pattern of 
death was present in 49 subject with accidental 
manner of death in all. Intentional pattern of death 
was present in 16 subject with homicidal manner 
of death in 6.15% and suicidal manner of death  
in 18.45%.



28 Indian Journal of Forensic Medicine and Toxicology/Volume 17 No. 3 July-September 2023

Figure 3: Showing Pattern Of Death Wise 
Distribution Of Victims.

In present study 23 subject (35.38%) died due to 
Road Traffic Accident, followed by Fall From Height 
in 12 subject (18.45%), Poisoning in 7 subject (10.77%), 
Hanging & Burn in 6 – 6 subject (9.23%), Accidental 
Poisoning in 4 subject (6.15%), Snake Bite & Assault 
in 3 – 3 subject (4.6%) and Machine Injury in only 
1 subject (1.54%).

Table 1: Showing Type Of  Death Wise Distribution Of  
Victims.

Pattern Of 
Death

Type Of 
Death

No. Of 
Subjects

Percentage

Intentional Assault 03 04.60 %

Hanging 06 09.23 %

Poisoning 07 10.77 %

Unintentional 
Death

Burn 06 09.23 %

F.F.H 12 18.45	 %

Accidental 
Poisoning

04 06.15 %

Snake Bite 03 04.60 %

Machine 
Injury

01 01.54 %

R.T.A 23 35.38 %

Total 80 100%

Figure 4: Showing Type Of Death Wise Distribution 
Of Victims.

Discussion

Males (61.54%) victims predominant over the 
females (38.46%) in the present study with a Male: 
Female ratio of about 1.6:1. Similar results have 
been reported by Athani P, et al., Bangalore, 2017 
(55.22%)6; Kumar A, et al., Varanasi, 2014 (56.55 
%)7; Varma RK, et al., Bangalore, 2021 (56 %)8. This 
is attributable to the fact that Males are the active 
participants of the society and more commonly 
engaged in outdoor activities. This explains the male 
preponderance in all studies.

The majority of victims in this study succumbed 
to death after getting treatment 81.55 % and 
remaining 18.45 % died on the spot or in the way to 
reach the hospital. However in contrast to this very 
less no of children able to get the treatment in the 
study of Varma RK, et al., Bangalore, 2021 (treated; 
19%)8. This explains the fact that, despite receiving 
treatment, children did not survive in the majority 
of cases because their body’s ability to recover 
from injury or harm is far lower than that of adults. 
Therefore, if anything happens to a child, there should 
be no delay in transporting them to the hospital.

In present study unintentional pattern of death 
was present in 49 subject with accidental manner of 
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death in all. Intentional pattern of death was present 
in 16 subject. Similar result was present in study of 
Kumar A, et al., Varanasi, 2014 ( intentional; 8.85%, 
unintentional 91.15%)7 however in contrast to this 
result were different in study of Varma RK, et al., 
Bangalore, 2021 (intentional; 60 %, unintentional 
40%)8. The majority of unintentional deaths in our 
study is explaining the fact that preventable deaths 
are more in our area, which can be easily minimized 
if the proper guidance, communication is given to 
the children’s regarding the measures to prevent 
these preventable deaths e.g parents should advised 
children to take proper precaution while they are 
near any electrical or inflammable substance, proper 
counselling of children should be done in school 
so that teachers have knowledge about what’s 
going in the children’s mind, toddler age children 
should be given proper care. All of these measures 
may modify the pattern of paediatric fatalities 
in our area and aid in preventing unintentional  
deaths.

In present study accidental manner of death was 
present in 49 victims with suicidal manner of death 
in 18.45 % and homicidal manner of death in 6.15 %. 
Similar result present in study of Kumar A, et al., 
Varanasi, 2014 ( Accidental; 51.72%, Suicide; 5.12%, 
Homicidal; 3.73%)7. However the suicidal deaths 
are most common in the study of Athani P, et al., 
Bangalore, 2017 (Suicide; 40.63%, Homicide; 9.36 %)6; 
Varma RK, et al., Bangalore, 2021( Accidental ; 40%, 
Suicide; 58.2%, Homicidal; 1.8%)8. Due to parents’ 
intense work schedules and lack of qualified child 
care, there are more deaths in metropolitan cities like 
Bangalore, which is clearly explicable. Additionally, 
school-age youngsters experience severe pressure 
about their future settlement, which contributes to 
their depression. RTA is also easily explainable due 
to the courage of Rash driving by the children’s 
of this age. All of these fatalities might be easily 
avoided if children were given the right care and  
instruction.

In present study 23 subject (35.38%) died due 
to Road Traffic Accident, followed by Fall From 
Height in 12 subject (18.45 %), Poisoning in 7 subject 
(10.77 %), Hanging & Burn in 6 – 6 subject (9.23 %), 
Accidental Poisoning in 4 subject (6.15 %), Snake Bite 
& Assault in 3 – 3 subject (4.6 %) and Machine Injury 

in only 1 subject (1.54 %). Similar result observed 
in study of Kumar A, et al., Varanasi, 2014 (RTA; 
41.33%)7; however the cause of death - hanging 
is pre dominant in the study of Varma RK, et al., 
Bangalore, 2021 (Hanging; 42%, RTA – 40%; Burn 
& drowning; 8 % each). Athani P, et al., Bangalore, 
2017 (RTA – 26.04%, Hanging – 33.33%, Drowning 
– 15.63%)8. This difference in causes of death can be 
easily explained by the fact that children’s suicidal 
ideation has increased significantly in recent years 
due to the accessibility of suicide-related content in 
digital media. Additionally, children believe that 
committing suicide is an easy way to deal with their 
problems. Accidental deaths can be easily avoided 
if children take proper safety precautions while 
driving, and household poisons should be kept out 
of the child’s reach. Since there were no drowning 
cases in our analysis, we may conclude that the most 
frequent risk factors for children in our community 
are RTA, Hanging & Burn, and Accidental 
Poisoning. All of them can be fully avoided if 
poisonous substances are handled correctly, 
traffic laws are observed, and mental wellness  
is present.

Conclusion

The analysis of Paediatric unnatural fatalities 
was an effort to elucidate the various aspects 
of paediatric deaths and establish the profile of 
paediatric deaths in the city. Prevention requires 
both effective techniques and education, especially 
when combined with technology and regulation. 
There is an immense responsibility for the parents 
and caregivers in supervising their children. If the 
incident cannot be prevented, the victim should 
receive immediate care right away in order to save  
their life.
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Abstract

Determining the time since death is a crucial aspect of a forensic autopsy as it helps establish the sequence of 
events leading to death, narrow down the list of potential suspects, and aid in legal investigations. The post-
mortem interval can be estimated using various indicators such as body temperature, rigor mortis, and biochemical 
changes in bodily fluids, and this information can provide valuable insights into the circumstances surrounding 
the death. This study aimed to investigate the correlation between post-mortem interval and the levels of sodium 
and potassium in vitreous humor and synovial fluid. The study included 100 cases, with 71% males and 29% 
females, and poisoning cases were the most prevalent. The results indicated a linear correlation between time since 
death and potassium levels in both vitreous humor and synovial fluid, suggesting that potassium concentration 
values could be useful for estimating time since death. However, sodium levels showed a negative correlation, 
indicating they are not significant for this purpose. These findings could be valuable for forensic investigations 
and the determination of the time since death. Additionally, the study found that alcohol could be detected from 
vitreous humor, further highlighting its potential as a forensic tool.

Keywords: Vitreous humor, Time Since Death, Thanato-chemistry, Post-mortem Interval, Synovial Fluid.

Introduction

Estimating the post-mortem interval (PMI) is a 
critical task in forensic investigations and is one of 
the objectives of a medico-legal autopsy. There are 
several gross, histomorphological, thanato-chemical, 
and molecular methods to estimate time since death 

in the immediate, early, and late post-mortem 
period1. One important method used to estimate PMI 
with accuracy during the first 24 hours is to measure 
the concentration of potassium in bodily fluids such 
as vitreous humor and synovial fluid. Potassium is 
an electrolyte that is found in high concentrations in 
these fluids, and its concentration changes after death 
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due to numerous factors such as the breakdown of 
cellular membranes and the release of intracellular 
potassium. By measuring the potassium levels in 
these fluids, forensic investigators can estimate the 
time since death. 

The estimation of post-mortem potassium 
concentration from body fluids such as Cerebro 
Spinal Fluid (CSF), aqueous humour, vitreous 
humour, blood, serum, and synovial fluid has been 
employed in practice to evaluate times since death 
(TSD). Vitreous humour (VH) is a transparent jelly-
like tissue that fills the eyeball behind the lens, 
composed of collagen fibres and hyaluronan. VH 
contains electrolytes such as Na+, K+, Cl-, Ca++, and 
Mg++, and the average potassium level in VH is 
about 3.8 mmol/l. Synovial fluid, which lubricates 
and cushions joints, contains components such as 
hyaluronic acid, proteinases, collagenases, lubricin, 
Na+, K+, Ca++, and glucose. TSD estimation from VH 
and synovial fluid is accurate, with studies showing 
the latter to be the most precise.2,3

The aim of this study was to examine the utility of 
vitreous humor and synovial fluid potassium levels 
in estimating PMI and understand the feasibility 
of utilizing it on a routine basis in our casework. 
Furthermore, an attempt was made to know if 
vitreous humor chemistry can of help in knowing the 
cause of death in poisoning cases.

Materials and Methods

The study was conducted at the Department of 
Forensic Medicine and Toxicology, Kurnool Medical 
College from 2019 to 2021. Cases were sorted using a 
selective convenient sampling technique. The study 
population comprised a total of 100 cases in which 
the exact time of death was known. The study sample 
was selected from medico-legal cases that underwent 
autopsy at the centre, and had a treatment history at 
Kurnool General Hospital, Kurnool, where clinicians 
recorded the time of death. 

Vitreous humor was collected from both the eyes 
using a sterile 20-gauge needle and 5 ml syringe, 
5-6mm away from sclero-corneal junction. Similarly, 
synovial fluid was collected from both knee joints 
using a large bore needle. The samples were forwarded 
to the department of Clinical Biochemistry, Kurnool 

General Hospital, Andhra Pradesh, and were 
analysed by a fully Automated Beckman Coulter 
Au 480 Analyzer. In addition to this, vitreous humor 
samples from 33 cases (23 poisonings & 10 alcohol 
intoxications) were sent to Regional Forensic Science 
Laboratory, Kurnool for detecting the poisons using 
analytical chemistry techniques.

To reduce the errors in the results, cases with 
injuries to the orbit and knee, aspirations that yielded 
turbid sample, cases with history of renal disease 
and any other eye or orbit diseases were carefully 
excluded from the study.

The sodium and potassium electrolyte 
concentrations of all the samples were calculated and 
data analysis conducted. Sturner’s regression formula 
was used to verify the accuracy of the method in 
estimating time since death after taking the average 
of potassium concentration in four different samples 
in each case.

Results

In the 100 cases, 47 cases had a Post-mortem 
interval (PMI) within 12 hours, 44 cases had a PMI 
between 12.1 to 24 hours, and 9 cases had a PMI 
exceeding 24 hours. The sex distribution of the study 
sample is 71% male and 29% female. The profile of 
causes of death in the study sample is as follows, 
23 due to poisonings, 21 due to head injury, 14 due 
to snake bite, 13 due to burns, 10 due to alcohol 
intoxications, 5 due to hanging, 4 each due to 
electrocution, road traffic accidents, drowning and 2 
due to blunt injury chest. 

Alcohol was detected in 10 cases during the 
toxicological analysis of vitreous humor, while in the 
23 cases of poisoning, the poison was not detected. The 
descriptive statistics of right sided and left sided samples 
are summarised in Tables 1 and 2 respectively. The 
correlation among TSD and right sided and left sided VH 
and SF electrolyte concentrations are summarised in Table 
3 and Table 4 respectively. The Table 5 summarizes the 
results of the T-test applied to the case data with a TSD 
(time since onset of symptoms to diagnosis) of less than 12 
hours, while Table 6 presents the results for the case data 
with a TSD between 12-24 hours.

The regression value obtained from right 
VH K+ data is 0.704 with the constant and potassium 
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concentration as predictors. Similarly for right SF K+ 
data the R value is 0.763, for the left VH K+ the R value 
is 0.737 and the left SF K+ the R value is 0.797. We also 
analysed the relationship between the dependent 
variable “Time since death” and the predictor variable 
“Right K Vitreous humour” using a linear regression 
model. The model included unstandardized and 
standardized coefficients. The unstandardized 
coefficient for the constant was -13.203 and the 
unstandardized coefficient for Right K Vitreous 
humour was 3.412. The standardized coefficient for 
Right K Vitreous humour was 0.704, indicating that a 

one-standard deviation increase in Right K Vitreous 
humour was associated with an increase of 0.704 
standard deviations in the dependent variable. Both 
coefficients were statistically significant (p < 0.001), 
suggesting that the relationship between Right K 
Vitreous humour and Time since death was unlikely 
to be due to chance. Similarly, the standardised 
coefficient beta value with predictor variable right 
SF K+ is 0.763 and is statistically significant. The beta 
value for the same test on left VH and left SF K+ are 
0.737 and 0.797, respectively. These tests are also 
statistically significant.

Table 1: Descriptive Statistics of VH and SF Samples on the Right Side

p value TSD N Mean SD SE
95% CI Minimum Maximum

lower 
bound

upper 
bound

Rt eye Na

P<0.001

<12 
hrs

47 138.9 8.005 1.1676 136.592 141.293 126.5 152.6

12- 24 
hrs

44 143.8 7.522 1.134 141.552 146.126 123.4 154.1

>24 
hrs

9 137.8 5.998 1.9993 133.145 142.366 124.8 144.6

Total 100 141 7.988 0.7988 139.405 142.575 123.4 154.1
Rt eye K P<0.001 <12 

hrs
47 6.864 1.742 0.2541 6.3524 7.3753 3.2 13.3

12-24 
hrs

44 8.915 1.868 0.2816 8.3466 9.4825 5.5 15.1

>24 
hrs

9 11.13 3.164 1.0546 8.7014 13.5653 7.1 18.4

Total 100 8.15 2.364 0.2364 7.6813 8.6195 3.2 18.4
Rt. Knee Na P<0.001 <12 

hrs
47 138.8 7.156 1.0438 136.663 140.865 126.8 151.4

12-24 
hrs

44 143.8 7.895 1.1901 141.402 146.202 123.2 158.4

>24 
hrs

9 137.6 6.231 2.077 132.766 142.345 125.2 145.4

Total 100 140.9 7.80 0.780 139.323 142.421 123.2 158.4
Rt. Knee K P<0.001 <12 

hrs
47 6.643 1.482 0.216 6.207 7.078 3.1 11.3

12-24 
hrs

44 8.139 1.080 0.162 7.810 8.467 5.6 10.8

>24 
hrs

9 10.811 2.658 0.886 8.767 12.855 7.0 16.3

Total 100 7.676 1.896 0.189 7.300 8.052 3.1 16.3
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Table 2: Descriptive Statistics of VH and SF Samples on the Left Side

P value TSD N Mean SD SE
95% CI Min Max

Lower 
Bound

Upper 
Bound

Lt Eye Na

<12 hrs 47 139.35 8.1104 1.183 136.97 141.73 126.5 153
P<0.001 12-24 hrs 44 143.9 7.5449 1.1374 141.61 146.2 124.5 155

>24 hrs 9 137.8 6.3906 2.1302 132.89 142.71 124.6 145
Total 100 141.28 8.0315 0.8031 139.62 142.81 124.5 155

Lt Eye K

<12 hrs 47 6.717 1.4021 0.2045 6.305 7.129 3.5 10.5
P<0.001 12-24 hrs 44 8.909 1.7979 0.271 8.362 9.456 5.7 14.8

>24 hrs 9 11.133 3.1028 1.0343 8.748 13.518 7.1 17.9
Total 100 8.079 2.265 0.2265 7.63 8.528 3.5 17.9

Lt Knee Na P<0.001 <12 hrs 47 139.93 7.387 1.0775 136.76 141.1 126.5 152
12-24 hrs 44 144.28 7.703 1.1613 141.94 146.62 124.2 153
>24 hrs 9 137.44 6.8369 2.279 132.19 142.7 123.2 145
Total 100 141.15 7.9278 0.7928 139.58 142.72 123.2 153

Lt Knee K P<0.001 <12 hrs 47 6.662 1.6078 0.2345 6.19 7.134 3.6 12.1
12-24 hrs 44 8.052 1.113 0.1678 7.714 8.391 5.8 10.6
>24 hrs 9 11.167 3.3548 1.1183 8.588 13.745 7.2 18.9
Total 100 7.679 2.0755 0.2076 7.267 8.091 3.6 18.9

Table 3: Correlation among TSD and Right Sided VH and SF Electrolyte Concentrations.

Right Na 
VH

Right K 
VH

Right Na 
SF

Right K 
SF

TSD

Pearson 
Correlation

-0.045 0.704 -0.050 0.763

P Value 0.659 0.000 0.622 0.000
N 100 100 100 100

Table 4: Correlation among TSD and Left Sided VH and SF Electrolyte Concentrations.

Left VH  
Na

Left VH 
K

Left SF 
Na

Left SF 
K

TSD

Pearson 
Correlation

-0.61 0.737 -0.062 0.797

P Value 0.544 0.000 0.537 0.000
N 100 100 100 100

Table 5: T Test for the Case Data in which TSD was Less Than 12 Hours

Group Statistics

P Value side N Mean SD
Std.Error 

Mean

Na Vitreous humor p<0.05
Right 47 138.943 8.0045 1.1676

Left 47 139.353 8.1104 1.1830

K Vitreous humor p<0.05
Right 47 6.8638 1.74187 0.25408

Left 47 6.717 1.4021 0.2045

Na Synovial Fluid p<0.05
Right 47 138.764 7.1560 1.0438
Left 47 138.928 7.3870 1.0775

K Synovial Fluid p<0.05
Right 47 6.643 1.4822 0.2162
Left 47 6.662 1.6078 0.2345
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Table 6: T Test for the Case Data in which TSD is Between 12-24 Hours

Group Statistics
P Value side N Mean SD SE

Na Vitreous humor p<0.05 Right 44 143.839 7.5220 1.1340
Left 44 143.902 7.5449 1.1374

K Vitreous humor p<0.05 Right 44 8.9145 1.86807 0.28162
Left 44 8.909 1.7979 0.2710

Na Synovial Fluid p<0.05 Right 44 143.802 7.8945 1.1901
Left 44 144.280 7.7030 1.1613

K Synovial Fluid p<0.05 Right 44 8.139 1.0805 0.1629
Left 44 8.052 1.1130 0.1678

Discussion

The results demonstrate a strong utility of 
potassium levels of body fluids in estimating post-
mortem interval. The time since death and sex 
distribution of our cases were like studies by Rama 
and Amith Mulla.4,5 Several researchers used VH for 
identifying poisons and drugs responsible for death 
of the individuals6-10. However, we were successful 
in only establishing alcohol intoxication using 
vitreous humor samples. The lack of standardisation 
of methods used for the purpose could be a reason 
for not being able to identify other poisonings 
whereas other researchers achieved this8. The Tables 
1 and 2 indicate that with increasing post-mortem 
interval there is a linear rise in potassium levels 
and fall in sodium levels in both VH and SF. These 
results are also statistically significant. These results 
are concordant with previous studies in total.3 The 
regression analysis in the study indicate that the 
values of potassium concentration in VH/SF and 
post-mortem interval correlate with each other and 
exhibited statistical strength.

Table 3 displays the Pearson correlation 
coefficients for potassium concentration in both 
the right side vitreous and synovial fluid samples. 
The coefficients for the right side samples were 
0.704 and 0.763, indicating a positive correlation 
between potassium concentration and time since 
death (TSD). Similarly, Table 4 shows the Pearson 
correlation coefficients for potassium concentration 
in the left side vitreous and synovial fluid samples. 
The coefficients for the left side samples were 0.737 
and 0.797, respectively, also indicating a positive 
correlation between potassium concentration and 

TSD. These results suggest that the concentration of 
potassium in both right and left side vitreous and 
synovial fluids can serve as reliable indicators of 
TSD. The group statistics in Table 5 and 6 suggest 
that there are no significant differences in the mean 
concentrations of Na and K between the right and left 
side samples of both vitreous humor and synovial 
fluid.

Vitreous humor and synovial fluid are two body 
fluids that can be useful in forensic pathology to aid 
in the determination of the cause and manner of 
death. Both fluids can provide information about the 
presence of drugs and alcohol, unknown substances, 
and the diagnosis of diseases. They can also be used 
for genomic analysis. Further research could focus on 
refining the methods for using these fluids to estimate 
post-mortem interval accurately, detecting specific 
types of drugs and alcohol, and developing new 
methods for identifying unknown substances. The 
potential of these fluids for diagnosing diseases and 
for genomic analysis could also be explored. There is 
enough research about VH and SF for post-mortem 
interval estimation. It is time to explore further areas 
of research like applying OMICS technologies to 
cells in these body fluids.11-15Studying the thanato-
omics of these body fluids can give us some insight 
into finding thanato-markers for different cause of 
death in future. The role of vitreous calcium and 
magnesium levels in estimating time since death 
were studied and found not to be useful in practice. 
Hence, potassium concentration remains the 
important tool even now with some researchers even 
attempting to go further for age and temperature 
standardisations.16-18
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Conclusion

The potassium concentrations in vitreous humor 
and synovial fluid are a valuable tool in estimating 
post-mortem interval and can be taken up for practice 
as a routine method in our day-to-day medico legal 
practice. There is also a strong need to ramp up the 
expertise in using VH and SF for the purpose of 
chemical analysis in poisoning cases.

Limitations: 

The study had a small sample size of 100, which 
may limit the reliability of the results. Larger sample 
sizes are generally preferred as they increase the 
precision and generalizability of the findings because 
of narrow confidence intervals.
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Abstract

Yellow oleander (Thevetia peruviana) is a commonly found shrub in India which produces multiple alkaloids 
which are cardiotoxic. Numerous cases of yellow oleander poisoning have been reported in humans. The spectrum 
of toxicity due to this plant ranges from nausea, vomiting, diarrhoea, electrolyte abnormalities and arrhythmias 
in humans. No case of bowel necrosis due to yellow oleander has been reported in humans to the best of our 
knowledge. 

We present a case of 45-year-old female with suicidal consumption of crushed yellow oleander seeds. The patient 
was admitted and observed for arrhythmias. On day 2 of admission, she developed bloody stools, hematemesis 
and abdominal pain. Abdominal examination showed rigidity and per rectal examination showed blood-stained 
mucoid stools. A CECT was done which showed findings suggestive of gastric necrosis with perforation. The 
patient was taken up for surgery and stomach was found to be gangrenous with a perforation at the greater 
curvature. Total gastrectomy was performed. The post operative biopsy showed extensive transmural coagulative 
necrosis of the stomach and lymphoplasmacytic infiltration of the submucosa. 

Necrosis of bowel has been reported in experimental settings in animals and in cattle poisoning but no reported 
case of stomach necrosis and perforation due to yellow oleander has been reported in humans. As yellow oleander 
is a commonly used suicidal poison in Southern Asia, an eye needs to be kept out for gastrointestinal symptoms. 
We conclude with recommendations on management of yellow oleander poisoning in the light of these new 
manifestations.

Keywords: Gastrectomy, Gastric Necrosis, Perforation Peritonitis, Poisoning, Thevetia peruviana, Total 
gastrectomy, Yellow oleander. 

Introduction

Yellow oleander (Thevetia peruviana) is a 
garden plant which is ubiquitous in its distribution. 

It is an ornamental shrub belonging to the family 
Apocynaceae, also called the dogbane family, 
alluding to its toxic nature to dogs and other 
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animals.1 All parts of the plant are poisonous with 
the kernels containing the highest concentration of 
toxins. 2 The toxins are cardiac glycosides similar to 
digoxin. The toxins described are thevetin B, cerberin, 
nerifolin, thevetin A, ruvoside and peruvoside in the 
increasing order of toxicity. The mechanism of action 
of toxicity is by inhibition of sodium-potassium 
ATPase pump in cardiomyocytes resulting in a 
variety of arrhythmias, myocardial depression and 
even myocardial infarction. 1-7

The other systems affected include the 
gastrointestinal tract with the most common symptom 
being nausea and vomiting. Diarrhoea, abdominal 
pain, numbness of mouth and tongue are other 
common symptoms. Neurological manifestations 
include lethargy, dizziness, ataxia and tremors. 
Jaundice and renal failure have also been reported. 3–5 
Its cardiac glycosides were implemented in treatment 
of heart failure and atrial fibrillation. However, its 
use and research as a medicinal agent has widely 
been discontinued due to its high toxicity.1,6

Yellow Oleander is a common culprit in accidental 
and intentional poisoning in humans and in cattle. 
In cattle it has been documented to cause active 
inflammation of the mucosa and lymphoplasmacytic 
infiltration leading to bloody and mucoid diarrhoea 
and haemorrhagic stools. It is suggested that these 
effects are due to direct contact of the toxin with the 
mucosa rather than due to systemic effects.7 This 
local corrosive like action of yellow oleander has 
never been reported in humans to the best of our 
knowledge. Only one case of corrosive injury to the 
oral cavity has been reported due to ingestion of 
common oleander (Nerium oleander) leaf in a 36 year 
old male.8

Here we present a case of 45-year-old female 
with suicidal consumption of yellow oleander 
seeds presenting with delayed gastric necrosis and 
perforation. This article brings to light the corrosive 
effects of yellow oleander on the gastrointestinal tract 
which can lead to life threatening complications such 
as hematemesis, bloody diarrhoea, mucosal necrosis 
and even perforation.

Case Summary

A 45-year-old lady, gardener by profession, 

presented to the emergency department with alleged 
history of consumption of six crushed seeds of 
yellow oleander with suicidal intention. (Fig.1) She 
complained of dizziness, burning sensation in the 
throat and upper abdomen with nausea and multiple 
episodes of vomiting. On examination she had a 
pulse of 110 beats per minute and a blood pressure 
of 110/60 mm of Hg. She had features of dehydration 
and fluid resuscitation was started. Systemic 
examination showed a regular heart beat with 
tachycardia and respiratory system examination was 
unremarkable. She had upper abdominal tenderness 
with no guarding. Urine output was low and high 
coloured.

Her blood investigations showed deranged 
renal parameters (Urea-144mg/dl, Creatinine-
3.7mg/dl) with hyperkalaemia (K+-5.9mmol/L). 
Her ECG showed sinus tachycardia with no 
arrhythmias. Gastric lavage was not done as the 
patient presented 8 hours after consumption of 
the seeds. She was managed conservatively with 
adequate fluid resuscitation and continuous cardiac 
monitoring following which her urine output and 
renal parameters started to improve. However, she 
had persistent vomiting with upper abdominal pain 
despite proton pump inhibitors and antiemetic. On 
the third day of admission, she had an episode of 
hematemesis and bloody mucoid diarrhoea following 
which her vitals were deteriorating with hypotension 
and worsening tachycardia. On examination she had 
diffuse guarding of the abdomen and mucoid bloody 
stools on per rectal examination.

Fig. 1- Kernels of Yellow Oleander
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Fig. 2: Flower of yellow oleander

A contrast enhanced CT scan of the abdomen was 
done which showed diffuse submucosal oedematous 
wall thickening of the stomach with poor mucosal 
contrast enhancement up to the antro-pyloric 
region. Non enhancement of mucosa at the fundal 
region with adjacent collection showing air pockets 
in the left sub diaphragmatic region, suggestive 
of gastric mucosal necrosis with perforation at the 
fundus. Rest of the bowel showed normal mucosal 
enhancement. (Fig.3-4)

Fig. 3: Ryle’s tube seen in the stomach with poor 
mucosal contrast enhancement and air foci seen 
outside the stomach

Fig. 4: Non enhancing stomach with adjacent normal 
enhancement of the duodenum

The patient was taken up for emergency 
exploratory laparotomy with ongoing resuscitation. 
Intraoperatively one liter of purulent contamination 
was noted. Fundus, greater curvature and proximal 
body of stomach was found gangrenous with a rent 
at the fundus of the stomach.  Gastroesophageal 
junction and proximal cardia were spared. As the 
stomach was gangrenous total gastrectomy was done. 
Owing to her hemodynamic instability decision was 
taken not to proceed with reconstruction at the same 
sitting. The duodenal stump was closed with distal 
feeding access achieved by a feeding jejunostomy 
and a proximal venting cervical oesophagostomy. 
The patient was shifted to the surgical ICU for post-
operative monitoring. (Fig.5-7)

Fig. 5: Intra-operative picture of posterior wall of 
stomach showing transmural necrosis in the fundus 
and greater curvature
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Fig. 6: Resected specimen of the stomach showing 
transmural necrosis of the fundus of the stomach

Fig. 7: Resected specimen opened showing the 
necrosed mucosal of the stomach similar to that 
seen in corrosive poisoning

Her immediate postoperative period was 
uneventful. Her cervical oesophagostomy drained 
400-500ml saliva per day. On post-operative day 
2 her abdominal drain had bilious output. Her 
ultrasound abdomen revealed no intra-abdominal 
collection. Since she was hemodynamically stable 
and had no other symptoms and signs of peritonitis, 
she was managed conservatively. The bilious output 
came down gradually following which the drain was 
removed once the output was negligible. 

The post-operative biopsy showed extensive 
transmural coagulative necrosis of the stomach and 
lymphoplasmacytic infiltration of the submucosa. 
The proximal resected end was viable whereas the 
distal resected end was showing necrosis which 
could be the probable cause of the bile leak. She was 
discharged with the plan of endoscopic evaluation 
and reconstructive procedure after nutritional and 
psychiatric rehabilitation.

Discussion

Yellow oleander poisoning is a common 
occurrence in the Indian subcontinent. Its toxicity has 
been known since ancient times; in India the shrub was 
called Kajamaraka- the Herb that makes the horse die.7 
All parts of the plant are poisonous with the kernels 
containing the highest concentration of toxins.2

The toxins described are thevetin B, cerberin, 
nerifolin, thevetin A, ruvoside and peruvoside in 
the increasing order of toxicity. These toxins act by 
inhibiting the sodium-potassium ATPase pump in 
cardiomyocytes which increases the intracellular 
sodium concentration. This in turn leads to the 
increase in intracellular calcium level resulting in 
increase in the resting membrane potential, increased 
excitability and automaticity of the myocardial 
cells. Also, potassium gets pushed in the extra cellar 
compartment leading to hyperkalaemia. All these 
factors are responsible for the predominant cardiac 
toxicity of yellow oleander which include bradycardia 
with atrioventricular block, atrial tachycardia, 
ventricular tachycardia, ventricular fibrillation, 
cardiogenic shock, myocardial depression and even 
myocardial infarction.1,7,9–12 

Management of yellow oleander poisoning 
is primarily aimed at correcting the electrolyte 
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abnormalities and preventing cardiac complications. 
1 Arrhythmias are the major cause of mortality 
in oleander poisoning.3which belongs to the 
Apocyanaceae family, is a common shrub seen 
throughout the tropics. All parts of the plant contain 
high concentrations of cardiac glycosides which 
are toxic to cardiac muscle and the autonomic 
nervous system. Here, we describe the clinical 
profile of patients with oleander poisoning and 
their outcomes.\n\nMethods and Materials:\nThis 
retrospective study was conducted over a period 
of 12 months (March 2016 to February 2017 Most 
cases are usually admitted for cardiac monitoring 
and resuscitation. Some cases respond to treatment 
with digoxin specific Fab antibody fragments and 
atropine.1 Though most cases present with nausea 
and vomiting the gastrointestinal manifestation 
of oleander are usually overlooked. This case 
brings to light the potentially fatal gastrointestinal 
manifestation of oleander poisoning.

Severe gastrointestinal symptoms including 
bloody diarrhoea, mucosal necrosis and corrosive 
like effects on oesophagus and stomach have 
been previously reported in cattle and rats.7,13 
Histologically this is been described as necrosis with 
lymphoplasmacytic infiltrate similar to that seen in 
corrosive injury. The predominant effect is seen in 
oesophagus and stomach. Small intestine is relatively 
spared due to the sphincter action of pylorus. Similar 
corrosive like action has also been described on the 
skin due to local application leading to erythema 
and blisters. It is believed that the gastrointestinal 
manifestations are due to local corrosive effect rather 
than systemic toxicity.7 A similar case of oral mucosal 
inflammation and necrosis has been reported due to 
the corrosive effect of common oleander.8 Both yellow 
oleander and common oleander have been reported 
in cases of poisoning but yellow oleander has been 
implicated far more frequently. it is still not clear if 
the two plants cause significantly different types of 
poisoning and as per current literature are treated as 
a single entity.1 

This is the first report of the corrosive action 
of yellow oleander on the gastrointestinal tract of 
humans. It highlights the importance of through 
and prompt abdominal examination in cases of 
yellow oleander poisoning. The need for observation 

especially in patients with worrisome symptoms like 
persistent and severe abdominal pain, hematemesis 
and bloody diarrhoea. The observation needs to be 
continued for 3 to 5 days as in both the reported cases 
necrosis evolved after two days. 

In light of this case, we recommend treating cases 
of oleander poisoning with persistent gastrointestinal 
symptoms such as persistent abdominal pain, 
burning sensation in the throat, hematemesis, bloody 
diarrhoea similar to other corrosive poisonings. Such 
patients need continuous monitoring for development 
of abdominal signs. Contrast enhanced CT scan can 
be used to look for necrosis and perforation when 
clinically suspected. Close watch for respiratory 
distress should be kept and prompt intubation or 
tracheostomy should be done when indicated.8 In 
conclusion the corrosive effects of oleander should 
not be overlooked as it can lead to catastrophic 
gastrointestinal complications ranging from mucosal 
necrosis to perforation peritonitis.

Recommendations based on our experience:

All cases of yellow oleander poisoning should be 
evaluated by the surgical team at admission and at 
regular intervals in the presence of gastrointestinal 
symptoms. We recommend treating yellow oleander 
poisoning from the surgical side as a corrosive 
poisoning alongside the usual medical treatment. 
Emetics should be discouraged as they increase the 
contact of the toxins with the oesophagus. Gastric 
lavage should not be done as Ryle’s tube placement 
can lead to perforation. Initial resuscitation with 
fluids should be done taking into account the 
cardiac status which is affected due to the cardiac 
glycosides. The patients should be started on proton 
pump inhibitors. Abdominal examination should be 
repeated on frequent intervals to look for development 
of peritoneal signs. The patient should be kept nil 
per oral and observed for worrisome features like 
persistent abdominal pain refractory to medication, 
persistent vomiting, hematemesis, melena, bloody 
mucoid stools and abdominal guarding or rigidity. 
Increased pulse rate, hypotension, fever, increasing 
abdominal girth, increasing white blood cell counts 
and increasing lactate can be helpful adjuncts in 
monitoring the patients. Orals can be started if 
there are no such signs or symptoms after the initial 
observation period. It is worthy to note here that the 
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overt necrosis in this case and the one reported by 
Taskin O. developed after three to four days. Hence, 
patients with worrisome symptoms may require an 
extended period of observation. Swift action should 
be taken if there is any suspicion of necrosis or 
perforation. X-ray can pick up overt perforation but 
contrast enhanced CT should be preferred as will help 
diagnose mucosal necrosis, concealed perforations 
and demarcate the level of perforation. Necrosis or 
perforation if present should be tackled surgically on 
a case-to-case basis. It is important to remember that 
the CT findings and the intraoperative visualization 
of the bowel from the external surface doesn’t give 
us a complete picture of the viability of the internal 
mucosa. The apparently normal looking bowel after 
resecting the necrosed or perforated part might still 
not be healthy enough to perform an anastomosis. 
Examining the mucosa by opening up the staple line 
when staplers are used is recommended. Revision of 
the level of resection can be done if there is a doubt 
regarding the viability. Post operatively a close watch 
should be kept for leaks. 

As this is the first reported case of gastric necrosis 
and perforation due to yellow oleander poisoning 
the above recommendations are based on a single 
experience. Further case reports and studies need to be 
done to establish the incidence of such complications 
and to formulate of a treatment strategy.
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Abstract

Traditionally it is believed that cow dung has germicidal and insect repellent properties in the Indian Sub Continent. 
South Indian people have been using the natural cow dung for cleaning, lining and painting the courtyard and 
house premises. In this modern era, owing to the unavailability of natural cow dung, the people have resorted to 
using synthetic dye (synthetic cow dung) which is called colloquially as “Manjal Sani Powder” in Tamil. Synthetic 
cow dung powder(Auramine) - a dye compound, even though legally banned, is till date easily available locally 
with small shops and vendors. Aim of the present study is to explore the postmortem findings of Synthetic cow 
dung powder (sani powder) poisoning in Western Tamil Nadu i.e, Coimbatore, the Nilgiris, Tiruppur, Erode 
and Karur districts, the study being conducted in the Department of Forensic Medicine, Coimbatore Medical 
College.The following parameters were collected and analyzed: the deceased’s sex and age, Post mortem findings, 
histopathological and chemical analysis reports.A total number of 224 cases were analyzed. Most of the deceased 
persons are of age between 31 to 40years in females (38.8%) andbetween 41 to 50years in males (36.6%). Most of 
the deceased persons were males(78.1%). Postmortem findings of yellow cow dung poisoning were yellowish 
discoloration of skin. Internal findings noted were tongue yellow coated. All the internal organs were stained 
yellow.Intense Vigil and Strict Enforcement of regulations for manufacturing and selling of synthetic dyes can 
significantly reduce the incidence of Synthetic Yellow Cow Dung(Saani) powder poisoning. 

Key words: Yellow cow dung, Auromine, Synthetic dye, Saani powder.

Introduction

Cow dung and Urine(Gomuthra) have been held 
with reverence and have been mentioned in many 
places in Ancient Indian History and South Indian 
Culture in general and more particularly when 
chronicling regarding the personal hygiene and 

community welfare. People in history have cleaned 
the living premises by using natural cow dung. But 
nowadays due to non-availability of natural cow 
dung people have resorted to using synthetic cow 
dung (Auromine) which is called colloquially as“ 
Manjal Saani Powder” in Tamil. In the region of 
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Western Tamil Nadu theyellow Saani powder is more 
frequently used for suicidal purpose2,4. Though sale 
of the synthetic cow dung powder is legally banned, 
it can be purchased from local small shops for as 
cheap as just 2 or 5 rupees per pocket.The unfortunate 
part regarding this poison is that there is no specific 
antidote against it1,3. The aim of the present study is 
to explore the postmortem findings of Synthetic cow 
dung powder (sani powder) poisoning in western 
Tamil nadui.i.e, Coimbatore, the Nilgiris, Tiruppur, 
Erode and Karur districts.

Materials and Method

It is a prospectivestudy conducted in the 
Department of Forensic medicine, Coimbatore 
Medical College, Coimbatore from January 2018 
to December 2018. The following parameters were 
collected and analysed: the deceased’s sex and age, 
Post mortem findings, histopathological and chemical 
analysis reports.

Result

Among a total number of 4055 autopsies 
performed, 593 cases were cases of poisoning. In these 
cases of poisoning, 224 cases were cases of yellow 
cow dung powder (Manjalsani powder) poisoning. 
Among these 175 cases(78.1%) were males, 49cases 
(21.9%) were females.

Sex Distribution

Grape 1

Most of the deceased were aged between 31 to 
40years in females (38.8%) and between 41 to 50years 
in males (36.6%).

Age Distribution

Grape 2

Postmortem Findings:

Postmortem findings of yellow cow dung 
poisoning were yellowish discoloration of skin. 
Internal findings are tongue yellow coated. 

Yellow stains – External appearance

All the internal organs were yellow stained. 

Interior of Stomach	 Liver
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Intestines

Brain

On Histopathological examination Centrilobular necrosis was noted in the liver. Acute glomerular injury was 
noted in the kidneys.

Centri-lobular Necrosis of Liver: Showing 
Viable(1) and Non-Viable Areas(2)

Image 8

Acute Glomerular Injury: Showing Acute 
Tubular Necrosis(1) and Interstitial Acute 
Glomerulonephritis(2)

Image 9
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Image 10

Discussion

The present prospective study was conducted 
between January 2018 and December 2018. Among 
total 593 poison cases, 224 cases were yellow cow 
dung ( Yellow Saani) powder poisoning. Commonly 
affected sex was male(78.1%). Most of the deceased 
are age between 31 to 40years in females (38.8%) and 
between 41 to 50 years in males (36.6%). There are 
two type of synthetic cow dung powder.

1. Auromine – yellow saani powder 
chemically known as Diaryl methane and 
molecular formula of C17H21N3.HCl

Acute exposure to Auromine is neurotoxic 
poison which causes Convulsions, Spasm, Focal 
deficit and CNS depression2,5. Severe hepatic toxicity 
due to centrilobular necrosis also occurs. Kidney 
failure also occur due to acute glomerular injury. It 
also cause gastro-intestinal tract irritation. In gastro 
intestinal tract it causes mucosal damage. Yellow 
stains due to deposition of auramine pigments3. In 
liver function test SGPT and SGOT were elevated 
with normal bilirubin level3. Other studies confirm 
DNA damage induced by auramine in liver, kidneys 
and bone marrow of rats and mice. Chronic exposure 
causes bladder cancer, lymphatic cancer and also 
causes reproductive damage in humans6. 

2. Melachite green- Greensaani powder 
chemically known as Diphenyl methane2,4 

and molecular formula of C25H23CN2.HCl.

Melachite green causes hepatic damage, Hepatic 
tumor and Lung adenoma1 

Differential diagnosis for Auramine poisoning are

1. Paraquat poisoning: Yellow stains noted 
over scalp and internal organs but not in the around 
the mouth and palms. The yellow stains due to acute 
hepatic failure. It causes lung damage by pulmonary 
edema, pulmonary hemorrhage and fibrosis.

2. Infectious hepatitis: There is history of fever, 
itching and jaundice. In liver function test- elevated 
level of all markers mainly elevated level of bilirubin.

Conclusion

Illegal sale and most importantly suicidal 
ingestion of yellow cow dung powder is prevalent 
not only in rural areas but also in urban areas. Steps 
have to be taken to telecast and publish promotions 
in mass media and increase the public awareness. 
A standard treatment protocol has to be developed and 
should be implemented to reduce the mortalityand 
morbidity associated with yellow cow dung poison.
Intense Vigil and Strict Enforcement of regulations 
for manufacturing and selling of synthetic dyes can 
significantly reduce the incidence of Synthetic Yellow 
Cow Dung (Saani) powder poisoning.
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Abstract

Electricity is the set of physical phenomena associated with the presence and flow of electric charge. Electrical injuries 
are a relatively common type of mechanical trauma that can be caused by lightning, low-voltage trauma, or high-voltage 
trauma. They frequently have high morbidity and mortality rates. A hospital based descriptive observational study that was 
conducted at the SMS Medical College, in the department of forensic medicine in Jaipur, Rajasthan from 20th June 2021 to 
19th June 2022. There were 75 death cases from electrocution that were included in the sample. Males made up 92% of cases, 
while females made up only 8% of cases, for a male to female ratio of 11.5 to 1. The majority of the subjects (34.67%) are 
between the ages of 21 and 30. Age group 31–40 (26.67%) came next. There are 54 (72% of the total) rural residents in the 
area where the subject resides. The majority of the subjects, or 39 (52%), fell into the lower middle class according to the 
Modified Kuppuswamy scale. Mortality rate in fatal electrocution cases can be reduced by providing immediate and adequate 
resuscitation. Although accidental electrocution accounts for the majority of fatalities, suicidal and homicidal electrocution 
should also be taken into account. In each of these situations, the incident’s history, along with a thorough investigation of the 
crime scene and an autopsy report may enable us to determine the death’s cause and manner, allowing us to use the information 
to plan and put into action preventive measures to lower the likelihood of future occurrences. 

Key Words: Compensation, Electrocution, Modified kuppuswamy scale, Prevention, Resuscitation

Introduction

Electrocution is the term used to describe any 
death brought on by an electrical shock to the 
body. If not instantly fatal, the damage associated 
with electrical injuries can result in the dysfunction 
of multiple tissues or organs2,8. The Greek word 
“Electron” is the origin of the word “electric.” 
Electricity presented in various forms such as 
lightning, static electricity, electromagnetic induction 

and electrical current. With the development and 
modernization of both industry and agriculture, 
electricity became more common. The proportion of 
deaths and accidents related to electricity increased 
at the same time. According to national data on 
suicides and accidents in India for the year 2020, 
13446 electrocution deaths occurred, accounting 
for 2.4% of all accidental deaths (National Crime 
Reports Bureau)1. The forensic pathologist faces a 
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significant challenge when dealing with electrical 
fatalities, which are not uncommon. The main goal 
is to ascertain the facts, the reason for the death, 
the manner of death in cases of electrocution, and 
whether the death was brought on by carelessness, an 
accident, or defective electrical equipment. Electric 
fatalities are commonly found both at the workplace 
and the house. The presence of contact injury and exit 
injury are the most typical signs in electric fatalities. 
The amount and type of electric current also affect 
the severity of electric injuries and the variety of 
their appearance. Deaths due to electrocution are 
emerging into a public health problem especially in 
the low income countries because of lack of awareness 
and poor safety issues. This study demonstrates the 
severity of the accidental electrocution problem in 
Jaipur at home and at work and offers suggestions 
for creating efficient safety programme to lower the 
risk of electrocution.

Aims & Objective: To observe the pattern of 
electrocution deaths at SMS medical college, Jaipur 
during 2021-2022.

1. To observe the socio- demographic and medico 
legal profile of electrocution fatalities.

2. To study the pattern of electrical injuries and 
other associated injuries in electrocution deaths.

Material and Methods

Medico-legal Autopsies of Electrocution deaths 
at the mortuary of the SMS Medical College in Jaipur 
from 20th June 2021 to 19th June 2022 included in 
this hospital-based observational study. 72 cases are 
required as sample size, which is further enhanced 
to 75 for the purpose of present study. Inclusion 
criteria was fatalities resulting from electrical 
injuries autopsied at mortuary, SMS Hospital, Jaipur 
and written informed consent for participation in 
study. Exclusion criteria was suspected / alleged 
electrocution deaths not verified on autopsy and 
decomposed / mutilated bodies of electrocution 
deaths. Means and standard deviation were used 
to express qualitative data, and percentages and 
proportions were used to express quantitative data. 
The significance of the derived results was assessed 
using the chi square test, the analysis of the mean 
difference using the unpaired t test, and other suitable 

statistical tests. P values under 0.05 and below 0.001 
were deemed statistically significant and highly 
significant, respectively.

Result and Discussion

75 (1.79%) of the 4186 medico-legal autopsies 
performed at the study site during the study period 
involved electrocution. The majority of the subjects in 
the current study (34.4%) were from the active working 
class and were between the ages of 21 and 30.which 
was comparable to the Gupta BD et al. 20045 (30.39%), 
Raguis S et al. 201310(40%), Balasubramniam S, 20163 
(32.14%), Khan MK et al. 20197 (29.03%), Giri S et al. 
20196 (38.6%), and Choudhary UK et al. 20194 (48.6%) 
estimates. However, the majority of participants in 
the Marak F et al. 20179 study (26.1%) were between 
the ages of 41 and 50.

In our study (92%) there were more men than 
women, which is comparable to the study by Raguis S 
et al. 201310 (96%). However, there was complete male 
dominance in the study by Balasubramniam S, 20163 
and only slightly less in the studies by Gupta BD et al. 
20125 (75.27%), Khan MK et al. 20197 (69.5%), Marak 
F et al. 20179 (73.91%), Giri S et al. 20196 (86.3%), and 
Choudhary UK et al. 20194 (83%).

Due to the predominance of Hindus in the study 
area, the majority of cases were of Hindu descent and 
originated from rural backgrounds. 49.33 percent 
of the subjects had finished middle school. The 
majority of participants (53%) are socioeconomically 
categorized as lower middle class and earn between 
$10357 and $15335 per year. 

Most incidents (41.33%) took place at home, 
which is comparable to studies by Gupta BD et al. 
20125 (73.54%), Khan MK et al. 20197 (69.35%), Marak 
F et al. 20179 (43.5%), Giri S et al. 20196 (47.7%), and 
Choudhary UK et al. 20194 (51.35%). However, the 
study conducted in 2013 by Raguis S et al. 201310 
revealed that the outside place dominated (68%).

Only entry wounds were found in 44% of the 
participants in the current study, which was similar to 
the results of studies by Gupta BD et al. 20125 (39.00%), 
Khan MK et al. 20197 (38.7%), and Choudhary UK 
et al. 20194 (43.33%). However, lower number  only 
entry wounds were reported in the study by Marak 
F et al. 20179 (26%) while more in the study by Giri 
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S et al. 20196 (56.8%). In our study, the prevalence 
of both entry and exit wounds was 44%, which was 
higher than that found in studies by Gupta BD et 
al. 20125 (27.64%), Khan MK et al. 20197 (29.03%), 
Giri S et al. 20196 (10.2%), and Choudhary UK et al. 
20194 (30%). A higher percentage of entry and exit 
wounds, however, were found in the Marak F et al. 
20179 (73.9%). The majority of entry and exit wounds 
on subjects were on their extremities (82.67%), which 
was comparable to studies by Gupta BD et al. 20125 
(72.6%), Giri S et al. 20196, Balasubramniam S, 20163, 
Marak F et al. 20179, and Choudhary UK et al. 20194 
(79%).

Low voltage caused the majority of subjects to die 
from electric injuries (65.33%). This can be justified by 
the fact that household electrical appliances are more 
frequently the cause of accidental electrocution deaths 
in day-to-day life due to poor handling, malfunction, 
or electrical line faults. which was comparable to the 
research conducted by Marak F et al. 20179 (65.2%) 
and Choudhary UK et al. 20194 (75.68%). In contrast, 
Raguis S et al. 201310 found that only 40% of burns 
were caused by low voltage and 60% by high voltage. 

Table 1 distribution of subjects in domestic places 
according to source of burn/electrocution

Source Of Burn No. Of Subjects Percentage
Appliances – 
AC, Fridge, 
Geyser,Blower

2 6.45%

Cooler 11 35.48%
Heater 2 6.45%
Iron 1 3.225%
Live wire 9 29.03%
Switch board 3 9.67%
Water motors 3 9.67%
Total 31 100%

Similar to the study by Marak F et al. 20179 (23. 
73% brought dead), the majority of the subjects in 
the current study died in hospitals (66.66%), while 
18 subjects died immediately (24%). However, 
there were significantly more brought dead cases in 
the studies by Raguis S et al. 201310 (80%) and Giri 
S et al. 20196 (76.01%). In our study, all cases were 
unintentional, and Balasubramniam S, 20163 found 
similar findings. 

Most electrocution deaths occurred in the rainy 
season (29.33%), primarily in July and August.

Image 1: Entry wound of electrocution

Image 2: Exit wound of electrocution

Image 3: Entry wound of electrocution

Image 4: Entry wound of electrocution  
over hidden area 
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Conclusion

Electric current passing through the human body 
can have a variety of effects, from a localized muscle 
spasm to the person’s sudden death. Since all of the 
deaths were unintentional, a thorough investigation 
should be done in every case of electrocution death 
in order to determine compensation and potential 
safety precautions. The autopsy surgeon faces a 
difficult task when a person dies from electrocution 
because there can be minimal or severe tissue 
damage throughout the body. Because the victim 
may frequently be in a state of suspended animation, 
the mortality rate in fatal electrocution cases can 
be reduced by providing immediate and adequate 
resuscitation. In each of these instances, the history 
of the incident, along with a thorough investigation 
of the crime scene and an autopsy report, may 
enable us to determine the manner in which the 
death occurred as well as its cause, allowing us to 
use the information to further plan and put into 
place preventive measures aimed at lowering such 
occurrences. The pattern of fatal electrocution 
injuries in this study is more or less consistent 
with the majority of other studies conducted by 
different authors. When using damaged appliances, 
faulty machinery, or non-insulated wiring, caution 
should be advised. Electrical devices or gadgets 
that children cannot handle should not be used by 
them. People residing near high-tension wires are at 
particularly high risk of getting electrocuted. With 
the installation of underground cables, the electric 
supply system in Jaipur was updated in the previous 
year, and positive changes can be anticipated soon. 
The fatality rate from electrical injuries could 
be significantly reduced by performing routine 
maintenance on electrical wires and implementing 
safety measures by raising public awareness. 
I finally put it to rest by saying, “Electrocution is an 
avoidable catastrophe.”
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Abstract

The study was conducted in the Department of Forensic Medicine, Government Medical College, 
Thiruvananthapuram. The period of the study was from January 2013 to June 2014. 50 cases were included among 
which 25 cases were the hanging cases that survived for varying periods before death and 25 cases were from the 
non-survived victims of hanging. Macroscopic and microscopic changes in the lungs, were compared to find out 
the changes resulting from hypoxic insult. The cases were studied in detail and are described below.

 Keywords: Hanging, Emphysema, Consolidation, Alveolar hemorrhage, Pulmonary edema. 

Introduction

Hanging is a very easy method used for 
committing suicide. However, survival after hanging 
and complete recovery without any neurological 
deficit is an extremely rare event. Many of the 
hanging victims were brought down immediately 
and might have survived long enough to reach 
the hospital and die during their hospital stay. 
The present study was an attempt to analyze the 
macroscopic and microscopic changes in the lungs 
of such hanging victims who survived for variable 
periods before death. Several macroscopic changes 
in the lungs of victims who had survived for 
varying periods before death have been described 
in the literature. They included pulmonary edema, 
pulmonary congestion, pulmonary hemorrhage, 

consolidation of lungs, and adult respiratory distress 
syndrome. When constriction occurs at the end of 
expiration, the maximum quantity of blood will be 
accommodated in the lung bed, lungs will become 
congested and edematous. Pulmonary edema has 
been reported in delayed hanging deaths by several 
authors.1-6 Congestion of lungs in survived hanging 
victims has been reported by a few authors1,6,7. Cases 
of massive pulmonary hemorrhages in delayed 
hanging deaths have also been reported 1,8. This 
could be due to increased hydrostatic or pulmonary 
venous pressure8. Association between near-fatal 
hanging and adult respiratory distress syndrome has 
been reported in two cases9. In another study, out 
of 335 survived hanging victims 38 had pulmonary 
distress with radiological evidence of pulmonary 
injury post-hanging which had increased the overall 
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mortality from 5% to 34.2% 10. Consolidation of lungs 
and bronchopneumonia in survived victims are also 
described in literature1,11. 

Hypoxia can bring about the following changes in 
the lungs which can be seen under light microscopy. 
Vesicular emphysema, congestion, interstitial 
edema, mobilization and proliferation of alveolar 
macrophages, formation of polynuclear giant cells, 
and alveolar phagocytes are seen in edematous 
pulmonary regions 8,12,13,14. Histopathological 
examination of lungs in an adult male who survived 
for 36 days after attempted hanging revealed alveolar 
spaces with plenty of edema fluid, macrophages, 
debris, denatured alveolar epithelium, and 
inflammatory cells along with heart failure cells11. 
These findings were suggestive of infection or chronic 
passive congestion followed by pulmonary edema.

Materials and Methods

The study was conducted in the Department of 
Forensic Medicine, Government Medical College, 
Thiruvananthapuram. The period of the study was 

from January 2013 to June 2014. A total of 50 cases of 
both male and female victims aged between 13 and 88 
years were included in the study. Cases were divided 
into two groups. Group I included 25 cases of non-
survived victims of hanging and Group II consisted 
of 25 cases of hanging that survived for varying 
periods before death. History and other details were 
collected from the police officer in charge of the 
concerned dead body, accompanying near relatives, 
and from clinical case records. Dissections were done 
in the Modified Rokitansky procedure. Relevant 
information was recorded in the proforma. Bits 
of tissues were taken from the lungs using a sharp 
knife. Tissues were fixed in 10% formalin, processed, 
and stained with Harris Hematoxylin and Eosin 
stains. The slides were labeled according to the serial 
number. Microscopic examination of each slide was 
done in various powers and the details were noted in 
the proforma. Gross and microscopic findings of the 
lungs were compared, and data were analyzed using 
SPSS 20 trial version. 

Results

Table 1: Weight of lungs

Weight of lungs  
(in grams)

Left lung Right lung
Group I Group II Group I Group II

Maximum 400 1050 450 1000
Minimum 300 200 300 250
Mean 334 470 368 530

Macroscopic findings noted in the lungs were 
congestion, edema, petechial hemorrhage, and 
consolidation. Congestion and edema of the lungs 
were seen in all cases of Groups I and II. Petechial 
hemorrhages on the surface of the lungs were present 

in 32% of cases of Group I and 56% of cases of Group 
II. It was absent in the other cases. Consolidation of 
the lung was present in 28% of cases in Group II who 
had survived for more than 3 days. It was absent in 
the other cases of Group I and Group II. 

MACROSCOPIC CHANGES IN THE LUNGS WITH PROGRESSION OF SURVIVAL TIME

Table 2: Macroscopic changes in the lungs with the progression of survival time

Period Of Survival 
(Hours)

Number of cases in 
each group

Petechial 
hemorrhage s

Edema Consolidation

Frequency Frequency Frequency
Less than 1 hour 4 4

1-3 hours 5 5
3-6 hours 3 1 3
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Period Of Survival 
(Hours)

Number of cases in 
each group

Petechial 
hemorrhage s

Edema Consolidation

6-12 hours 1 1 1
12-24 hours 4 4 4
1-2 days 1 1 1
2-3 days 1 1 1 1
3-7 days 5 5 5 5
7-12days 1 1 1 1

Microscopic examination of the lungs showed 
congestion, edema, emphysematous change, 
interstitial and alveolar hemorrhage, and pneumonic 
consolidation. Congestion and edema were seen in all 
cases of Groups I and II. The emphysematous change 
was seen in all cases of Group I and 56% of cases in 
Group II had a survival period of fewer than 3 days. 

Alveolar and interstitial hemorrhages of the lungs 
were present in 7 cases of Group I and 18 cases of 
Group II. Pneumonic consolidation of the lungs was 
present only in 7 cases of Group II who had survived 
for more than three days. It was absent in all the other 
cases.

MICROSCOPIC CHANGES IN THE LUNGS WITH PROGRESSION OF SURVIVAL TIME

Table 3: Microscopic changes in the lungs with the progression of survival time

PERIOD OF 
SURVIVAL

Number of cases 
in each group

Emphysematous 
change

Congestion Interstitial 
Hemorrhage

Alveolar 
Hemorrhage

Edema Pneumonic 
consolidation

Frequency Frequency Frequency Frequency Frequency Frequency
Less than 1 hour 4 3 4 2 2 4
1-3 hours 5 5 5 2 2 5
3-6 hours 3 3 3 2 2 3
6-12 hours 1 1 1 1 1 1
12-24 hours 4 1 4 3 3 4
1-2 days 1 1 1 1 1
2-3 days 1 1 1 1 1 1 1
3-7 days 5 5 5 5 5 5
7-12days 1 1 1 1 1 1

Discussion

a. Macroscopic appearances in the lungs

Weights of the lungs were recorded in all cases. 
The maximum weight of the left lung in Group I was 
400g, the minimum weight was 300g and the mean 
weight was 334 g with a standard deviation of 34.5g. 
The maximum weight right lung in Group I was 450 g 
and minimum weight was 300g and the mean weight 
was 368 g with a standard deviation of 49 g. The rule 
of thumb states that breathing stops within 20 seconds 
of cardiac arrest and the heart stops within 20 minutes 
of stopping breathing. If the heart continues to beat 
for several minutes after the stoppage of respiration, 
the weight of the lungs may increase to 450 to 500 
g6. However, in the present study, the mean weights 

of the right and left lungs in non-survived victims of 
hanging are 368g and 334g respectively. Hence this 
study is not in agreement with the rule of thumb. In 
Group II victims, the maximum weight of the left 
lung was 1050 g, the minimum weight was 200g and 
the mean weight was 470 g with a standard deviation 
of 270g and the maximum weight of t h e  right lung 
was 1000g, the minimum weight was 250g and the 
mean weight was 530 g with a standard deviation of 
197g. The reason for the increased weight of the lungs 
in Group II was due to the presence of consolidation 
in the lungs of 7 cases. In consolidation, the weight of 
the lungs may reach up to 1500g14.

Petechial hemorrhage on the surface of the lungs 
was present in 8 cases of Group I and 14 cases of 
Group II. This was found from 3 hours to 12 days 

Continue .........
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of survival. A maximum number was seen in the 
deceased who survived for 3 to 7 days. Among the 
three cases who survived for 3 to 6 hours only one 
case had shown petechial hemorrhages. But from 
6 to 12 hours of survival, all the cases had shown 
the finding. Petechial hemorrhage on the surface of 
the lungs in hanging victims has been described by 
many authors,15,16. Sivasuthan in his study has found 
petechiae in 37% of cases17. Petechial hemorrhages 
noted in the present study are in agreement with the 
studies mentioned above. It occurs due to the rupture 
of thin-walled venules especially in the unsupported 
serous membranes like the visceral pleura due to 
raised venous pressure from impaired venous return 
leading to overdistension. 

Congestion of the lungs was seen in all cases of 
Group I and II. It was a constant finding (macroscopic 
and microscopic) from less than one hour to 12 days of 
survival. Congestion had been described as a cardinal 
feature of asphyxia. Congestion of lungs in victims 
of hanging who survived for varying periods before 
death has been mentioned as an autopsy finding in 
attempted strangulation and hanging victims 7,11. 
Congestion of lungs on histopathology following 
hypoxic insult has been mentioned by authors8,12,13. 

Pulmonary edema was seen in all cases in Group 
I and Group II. It was a constant macroscopic and 
microscopic finding from less than one hour to 12 days 
of survival. Lung edema after attempted hanging 
has been demonstrated by several authors1-5. A case 
of delayed pulmonary edema following attempted 
hanging two hours after the incident was also 
reported5. However pulmonary edema in the present 
study was a constant finding from less than one 
hour of survival to 12 days of survival. Pulmonary 
edema microscopically had been demonstrated in 
an attempted hanging victim11. Several authors had 
demonstrated intra-alveolar edema fluid following 
hypoxic insult8,12,13.

Consolidation of the lung was present in 28% 
of cases in Group II who had survived for more 
than 48 hours. Pneumonic consolidation was seen 
in the histopathological examination of these cases. 
Consolidation following attempted hanging has 
been described1,11. Consolidation of lungs was 
not seen in the non-survived victims but could 
be seen in the survived victims beyond 48 hours 

of survival. On histopathological examination of 
tissue bits from the lungs, apart from congestion, 
edema, and consolidation which were described 
above, emphysematous changes, and interstitial and 
alveolar hemorrhages were also seen.

The emphysematous change was seen in all cases 
of Group I and 56% of cases in Group II had a survival 
period of fewer than 3 days. Vesicular emphysema 
resulting from hypoxia which can be seen under light 
microscopy has been described by authors like 8,12,13. 
In vesicular emphysema (obstructive emphysema) 
there is acute overinflation leading to rapid 
ballooning of the lung, aided by the forced inspiration 
that these dyspneic patients employ to overcome the 
obstruction leading to distended alveoli. 14

Interstitial and alveolar hemorrhage was 
present in 7 cases of Group I and 18 cases of Group 
II. Interstitial and alveolar hemorrhages were seen 
in 50% of cases in the survival group in less than 
one hour to three to six hours. These findings were 
seen in all cases with a survival time of more than 
6 hours up to 12 days. According to certain authors, 
partial disruption of alveolar septa with distinctive 
hemorrhage within the alveoli of the lungs can be 
seen under a light microscope as a sequela of hypoxic 
insult.8,12,13. Increased hydrostatic pressure or 
increased pulmonary venous pressure is the cause of 
interstitial and alveolar hemorrhage.8 The findings in 
the present study agree with the studies mentioned 
above.

A previously unknown association between 
near-fatal hanging and adult respiratory distress 
syndrome (ARDS) was reported in 2 cases of 
attempted suicidal hanging9. Evidence of ARDS 
was looked for but was not seen in any of the cases 
included in this study. Mobilization and proliferation 
of alveolar macrophages, formation of poly nuclear 
giant cells alveolar phagocytes or heart failure cells 
as described by other authors were not present in this 
study 8,11,12,13.

Conclusion

Pulmonary edema was seen in all cases in non-
survived and survived victims. In the survived 
group, it was a constant macroscopic and microscopic 
finding from less than one hour to 12 days of survival. 
Consolidation of the lung was present in 28% of 
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cases in the survived group who had survived 
for more than 48 hours and on histopathological 
examination, pneumonic consolidation was present 
in all these cases. Consolidation of lungs was not 
seen in the non-survived victims but could be seen 
in the survived victims beyond 48 hours of survival. 
In the survived group, consolidation was seen in 7 
cases. The maximum weight of the left lung noted in 
consolidation was 1050 g and the maximum weight of 
the right lung noted was 1000g. The emphysematous 
change was seen in all cases of the non-survived 
group and 56% of cases in the survived group had 
a survival period of less than 3 days. This might 
have been due to acute overinflation leading to rapid 
ballooning of the lung, and the forced inspiration 
to overcome the obstruction leading to distended 
alveoli. Lungs showed interstitial and alveolar 
hemorrhages in 7 cases of the non-survived group 
and 18 cases of t h e  survived group. They were 
seen in 50% of cases in the less than one hour to six 
hours survival group and in all cases with a survival 
time of more than 6 hours up to 12 days. Increased 
hydrostatic pressure or increased pulmonary venous 
pressure might have been the cause of interstitial and 
alveolar hemorrhage.
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Abstract

Background: Autopsy study is used to disclose many hidden prostatic pathologies and their incidence. The 
current study aims to evaluate the histopathological pattern of prostatic lesions such as nodular hyperplasia of 
the prostate, precancerous lesions, and latent cancer in autopsy series of males over the age of 50 and to correlate 
them with age.

Methods: The present study was a prospective autopsy study carried out in the pathology department, after 
en bloc harvestation of prostate gland from autopsies of men aged more than 50 years by the forensic team of 
Government Medical College Patiala.

Results: Age ranges from 51-90 years and the mean age was 58.57 ± 8.11years. The weight of the prostate gland 
ranged from 18 to 42 grams with mean weight 27.01 ± 3.34g. Benign prostatic hyperplasia was the common 
pathological finding (79%), 38 cases of chronic non-specific prostatitis, 3 cases with acute prostatitis and 4 cases 
were associated with prostatic intraepithelial neoplasia. Prostatic adenocarcinoma was detected in 9 cases. 

Conclusions: The present study shows that normal prostate gains weight with advancing age. The majority of 
cases are in the 6th decade, benign prostatic hyperplasia is the most common lesion encountered. 

Key Words: Autopsy, Carcinoma, Histopathology, Hyperplasia, Prostate. 

Introduction

Prostate is a retroperitoneal fibromuscular 
organ encircling the neck of bladder and urethra. 
The spectrum of prostatic diseases that older men 
may experience ranges from benign lesions (Benign 
Prostatic Hyperplasia), which are more common, to 

malignant lesions (Prostatic Adenocarcinoma). BPH 
(Benign Prostatic Hyperplasia) is a benign growth 
of stromal and glandular tissue of the prostate, also 
known as nodular hyperplasia (NH). It is the most 
common lesion that arises in old age and is a normal 
aspect of ageing. [1] The most frequent malignant 
tumour in men over the age of 65 is prostate cancer.[2] 
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The clinical incidence of BPH increases in men as 
they age, going from 8% in the fourth decade to 50% 
in the fifth and 75% in the eighth. [3]”

Autopsy studies are done to evaluate the 
incidence of various prostatic diseases and to better 
understand the prostate cancer.[4] The potential to get 
a more precise natural history of prostate cancer is 
made possible by the utilisation of forensic autopsy 
materials.[5]

“Prostate cancer is the significant contributor to 
cancer morbidity and mortality as the fourth most 
common cancer and eighth leading cause of cancer 
associated death globally. According to GLOBOCAN 
2020, there were 1,414,259 new cases of prostate cancer 
which resulted in 375,304 deaths (3.8% of all deaths 
caused by cancer in men), with a higher frequency in 
the industrialised nations.[6] With PSA level screening, 
prostate cancer cases have significantly decreased.[1] 
Prostate cancer is now frequently detected early in 
many asymptomatic patients in the developed world 
during routine medical examination or screening, 
thanks to the discovery of PSA (Prostatic Specific 
Antigen), a tumour marker.[7] Therefore, it is advised 
that screening start around age 40.[1] Early diagnosis 
of small foci of carcinoma on prostatic biopsy and 
clinically inconsequential prostatic cancer at radical 
prostatectomy has been made possible by PSA 
screening.[8]”” 

The presence of prostate cancer might be 
localised or invasive with systemic metastases. Bony 
spread is the most frequent type of hematogenous 
dissemination, and distant spread can happen via the 
lymphatic system or hematogenous route.[7]” 

The aim and objective of the study is to find out 
any incidental findings in the prostate above the 
age of 50 years and to correlate prostate pathologies 
with age. This study can be used as a learning aid to 
evaluate different prostatic diseases.

Materials and Methods

The present study was a prospective analytical 
autopsy study in which prostate were removed from 
men aged more than 50 years who died of causes not 
related to prostate. This study was carried out over a 

18-month time period from January 2021 to June 2022 
in the Department of Pathology, Government Medical 
College and Rajindra Hospital, Patiala, Punjab. Well 
preserved specimens of prostates removed from 
autopsy were included in the study and inadequate 
and autolyzed specimens of prostate were excluded. 
After en block removal of prostates, fixation in 10% 
formalin was done. After proper fixation, prostates 
were weighed and measured. The prostate lobes were 
inked with different inks, red for right lobe and green 
for left lobe. The tissue was processed in histokinette 
for 15 hours. After tissue dehydration, clearing and 
impregnation in molten wax, tissue was sectioned 
at 3-5 micron interval. Microscopic examination was 
done after Hand E staining to report various prostatic 
diseases.”

Statistical Analysis 

“Data was recorded in MS excel. XL Miner 
Analysis Toolpak was used for data analysis.”

“Descriptive statistics were elaborated in the 
form of mean/standard deviations and median/
IQRs for continuous variables, and frequencies and 
percentages for categorical variable.” 

“Data were presented in the graphical manner 
wherever appreciate for data visualization using 
histogram for continuous data and bar charts for 
categorical data.”

“Linear correlation between two continuous 
variables was explored using pearson’s correlations 
(if the data were normally distributed) and statistical 
significance was kept at P value <0.05.”

Results and Discussion

Demographic Characterstics of Study Population:

In this study incidental findings in prostate 
were observed in 100 post-mortem autopsies. “The 
ages of the patients ranged from 51-90 years. While 
the mean age was 58.57 ± 8.11, the median and 
modal ages were 55 and 51 years respectively. The 
number of cases were more in the 6th decade followed 
by 7th and 8th decade as shown in the figure 1  
below.”
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Figure 1: “A histogram showing age distribution of patients in the population under study.” 

“DISTRIBUTION OF PROSTATIC WEIGHT 

The weight of the prostate gland ranged from 18 
to 42g. The mean weight of the prostate glands was 

27.01 ± 3.34g. There was a significant increase in the 
mean weight of the prostate gland with age, r=0.76, 
p<0.001 as shown the figure 2 below.” 

Figure 2: “A scatter diagram of positive significant correlation (r=0.76,p<0.001)  
between age and weight of prostate, where r (pearsons coefficient)=0.76 and p (P value) <0.001”

CORRELATION OF VARIOUS HISTOPATHOLOG-
ICAL DIAGNOSIS WITH AGE.

In the present study, nodular hyperplasia cases 
were seen highest in the 6th decade (51 cases), followed 
by 7th (22 cases) and 8th (6 cases). Acute Inflammation 

and PIN were seen in 3 and 4 cases in the 6th decade. 
Prostatic adenocarcinoma was seen highest in the 8th 
decade (4 cases) followed by 2 cases in the 7th and 9th 
decade and 1 case in the 6th decade as shown in the 
figure 3 below.
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Figure 3: showing number of cases in the study population  
with various histological diagnosis in different age groups.

Figure 4: Photomicrograph showing back to back 
arrangement of glands, lymphomononuclear cell 
infiltrate in the stroma and corpora amylacea in the 
gland in BPH with Prostatitis (H&E stain; 400X)

Figure 5: Photomicrograph showing glands lined by 
few atypical cells with enlarged nuclei and irregular 
nuclear contour but intact myoepithelial layer in 
PIN (H&E stain; 400X)

Figure 6: Photomicrograph showing glandular and 
sheeting arrangement of malignant epithelial cells 
in Prostatic Adenocarcinoma, Gleason score 5+3=8, 
Gleason Grade IV (H&E stain; 400X)

“In the present study, we observed highest 
number of cases in the 6th decade with mean age, 
58.57±8.11, ranging from 51 to 90 years. Similar 
studies was done by Abid AH et al [12] on medicolegal 
autopsy and their mean age was 59.3±6.9 years.” 

“The present study showed that minimum 
weight was 18 grams in age range 51-60 age group 
and it gained with age up to 42 grams in 81-90 age 
group which was in concordance with the study 
done by Ghartimagar et al [9] in which the weight 
of prostate gained from 15 grams in 11-20 years age 
group up to 60 grams in 81-90 age group.”

“Prostatitis may be divided into several 
categories: acute and chronic bacterial prostatitis 
and chronic abacterial prostatitis and granulomatous 
prostatitis. Chronic abacterial prostatitis is the most 
common form of prostatitis seen. In present study, 
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acute prostatitis was seen in 3 cases and chronic 
inflammatory changes in 38 cases in association 
with BPH. The cases of inflammation in the autopsy 
studies done by Abid AH et al[12] and Kumar R et al 
[13] were being 48% and 32% respectively.” 

In NH, proliferation of glandular and stromal 
component was noted. In the present study, NH 
was the most common lesion accounting for 79 
cases (79%). In previous autopsy studies also, BPH 
remained as the most frequently occurring lesion. 
The NH frequency similar to present study was done 
by Okani C et al [11] and Kumar R et al [13] were 81% 
and 76% respectively.

In PIN lesions, branched acini lined by atypical 
cells at places with retained myoepithelial cell layer 
was noted. In the present study, PIN was seen in 4 
cases (4%). Our study was in concordance with the 
Kumar R et al[13] with 2% PIN as shown below. 

“Prostatic Adenocarcinoma was characterised 
by more compact glandular and sheeting 
architecture with loss of papillary infolding and 
absent myoepithelial cell layer. The tumor cells had 
hyperchromatic nuclei and prominent nucleoli with 
amphophilic cytoplasm. In the present study, 9 cases 
(9%) of prostatic adenocarcinoma were noted with 4 
cases with gleason grade 4 and 5 cases with gleason 
grade 5. The present study showed similar prostatic 
carcinoma cases percentage with the autopsy studies 
done by O O Erinomo et al [10] and Kumar R et al [13] 

with 10% and 7% cases respectively.”

Conclusion
Incidental autopsy findings are useful in studying 

the prevalence of undiagnosed prostatic lesions in the 
males. Many prostatic lesions remain undiagnosed 
even at the time of death which may or may not be 
related to the cause of death. The present study shows 
that normal prostate gains weight with advancing 
age. The majority of cases are in the 6th decade, BPH 
is the most common lesion encountered in old age. 
Amongst cancers, Prostate Adenocarcinoma is the 
most common cancer found incidentally.
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Abstract

Road traffic accidents are considered one of the important general health concerns, as they result in numerous 
injuries and deaths worldwide. India is a developing nation which experiences very high rate of such accidents. 
This study was planned to study the sociodemographic profile of victims of fatal RTAs involving different types 
of vehicles, so as to widen the database for developing the preventive measures that could reduce morbidity 
and mortality in such cases. A retrospective study was conducted on one hundred cases of road traffic accidents 
brought for medicolegal autopsy to mortuary of Pt. B.D Sharma PGIMS Rohtak over a period of one year. Their 
age, gender, region and other socioeconomic factors were studied.

Keywords: Road Traffic Accidents, sociodemographic profile.

Introduction

Road traffic accidents (RTAs) are an inevitable 
collateral damage of modernization, it is a penalty 
paid by us for rapid transportation from place to 
place. RTAs are taking an epidemic form worldwide. 
According to National Crime Records Bureau in 
India, the number of road traffic accidents increased 
from 3,68,828 in the year 2020 to 4,22,659 in the year 
2021. The total number of accidental deaths have 
increased by 18.8 percent (from 1,46,354 to 1,73,860) 
in the year 2021 over the year 2020.1 These numbers 
translate into one road accident every one minute 
and one road accident death every four minutes, 
which is the highest in the world. However, this is 
an underestimate, as not all injuries are reported to 
the police.2

Accidents are killing more people in India 
than terrorism or natural disasters or diseases. The 

number of minor as well as serious injuries, human 
suffering and economic loss due to disabilities caused 
by accidents is inestimable. In general, the causation 
of road traffic accidents involving motorized and 
non-motorized vehicles remains multifactorial. 
Human vulnerability includes drunken driving, 
tiredness, disregard for traffic rules, not using safety 
equipment like helmets and safety belts, health 
conditions (Myocardial infarction, vision problems), 
mental factors (risk taking behaviour, impulsiveness), 
defective judgment, poor perceptions, family 
problems, and distractions like mobile phones. 
Environmental factors may be related to roads 
(defective and narrow roads, poor lighting, and lack 
of familiarity) and vehicles (over speeding, poor 
maintenance of vehicles, large number of vehicles.3 
In the present study, victims of road traffic accidents 
using motorized and non-motorized vehicles were 
included to study their sociodemographic profile.
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Materials and Methods

The study was conducted in the Department of 
Forensic Medicine, Pt. B. D. Sharma Post Graduate 
Institute of Medical Sciences, Rohtak, Haryana 
over one hundred cases of road traffic accidents 
brought for medico-legal autopsy to the mortuary 
of the department of forensic medicine at a tertiary 
care centre in Haryana. Cases were identified and 
informed consent was taken from the next of kin of the 
deceased in known cases and from the accompanied 
police official in unknown cases. History of the 
accident and deceased was noted. Police inquest 
papers, medicolegal record if available and treatment 
record of the deceased if any, were perused. The data 
collected was noted on the pre- approved proforma 
and data was analysed by applying the appropriate 
statistical tools.

Clearance from institutional ethical committee 
was taken. The study group comprised of cases 
of road traffic accidents brought for medico-legal 
autopsy to the mortuary of the department of forensic 
medicine at a tertiary care centre in Haryana. 

Inclusion criteria: All the medicolegal autopsy 
cases having history of road traffic injuries.

Exclusion criteria: The autopsy cases of road 
traffic accidents where a) road traffic injuries were 
absent b) advanced stage of decomposition.

Results and Analysis

Amongst, one hundred road traffic accident 
victims, maximum number of victims were in age 
group 31-40 (26%) and least were in age group 
more than 80 years (1%). This shows that young 
population is more prone to road traffic accidents 
due to increased exposure to roads for day to day 
work related purposes. This data is also shown in the 
table no. 1:

Table 1: Distribution of road traffic accident victims 
according to their age

AGE GROUP NUMBER OF 
CASES

PERCENTAGE

1-10 0 0%
11-20 5 5%
21-30 24 24%

Continue .........
AGE GROUP NUMBER OF 

CASES
PERCENTAGE

31-40 26 26%
41-50 16 16%
51-60 12 12%
61-70 13 13%
71-80 3 3%
MORE THAN 
80

1 1%

TOTAL 100 100%

On studying the regional (area based) distribution 
of victims of road traffic accident, subjects residing in 
rural areas (64%) outnumbered the urban ones (36%). 
It can be seen that majority of cases were from rural 
areas, probably due to the lack of awareness and poor 
knowledge about traffic rules. The distribution of the 
data is depicted in the table no. 2:

Table 2 shows the area distribution of victims of 
RTA

REGION FREQUENCY PERCENTAGE
RURAL 64 64%
URBAN 36 36%
TOTAL 100 100%

On studying the gender wise distribution of 
cases, this study revealed that out of 100 RTA victims, 
88(88%) were male and 12(12%) were female. The 
males outnumbered the females. This shows that 
males were predominantly involved in road traffic 
accident. It is depicted in the table no. 3:

Table 3: Distribution of RTA victims according to 
their gender

GENDER FREQUENCY PERCENTAGE
MALE 88 88%
FEMALE 12 12%
TOTAL 100 100%

On studying the occupation wise distribution 
of cases, it was found that most of the victims were 
labourer 23(23%), followed by farmers 21(21%), private 
businessmen 20(20%), private job employees17(17%), 
housewives12(12%), students5(5%) and least were govt. 
Job employees2(2%). This is depicted in table no. 4:
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Table 4: Distribution of road traffic accident victims 
according to their occupation

OCCUPATION FREQUENCY PERCENTAGE
LABOURER 23 23%
FARMER 21 21%
PRIVATE 
BUSINESS MEN

20 20%

PRIVATE JOB 
EMPLOYEES

17 17%

HOUSEWIFE 12 12%
STUDENT 5 5%
GOVT JOB 
EMPLOYEES

2 2%

TOTAL 100 100%

On studying the distribution of cases according 
to the timings of day, this study revealed that out of 
100 road traffic accident cases maximum accidents 
occurred in the evening [06:00 PM to 11:59 PM] (48%) 
followed by morning [06:00 AM to 11:59 AM] (23%), 
afternoon [12:00 Noon to 05:59 PM] (21%) and least in 
night [12:00 Midnight to 05:59 PM] (8%). This can be 
clearly seen by the table no.5:

Table 5: Distribution of road traffic accident cases 
according to the time of accident

TIME NUMBER 
OF CASES

PERCENTAGE

MORNING [06:00 
A.M. TO 11:59A.M.]

23 23%

AFTERNOON [12.00 
NOON TO 05:59 
P.M.]

21 21%

EVENING [06:00 
P.M. TO 11:59 P.M.]

48 48%

NIGHT [12:00 
MIDNIGHT TO 
05:59 A.M.]

8 8%

TOTAL 100 100%

On studying the distribution of cases according 
to the seasons, the study revealed that out of 100 
road traffic accident cases, maximum accidents 
occurred in summer season38(38%) followed by 
rainy season25(25%), autumn season20(20%) and 
least in winter season17(17%). This can be seen in  
table no. 6:

Table 6: Distribution of RTA victims according to 
seasons
SEASON FREQUENCY PERCENTAGE

SUMMER [March, 
April, May]

38 38%

RAINY [June, July, 
August, September]

25 25%

AUTUMN [October, 
November]

20 20%

WINTER 
[December, January, 
February]

17 17%

TOTAL 100 100%

[Classification of seasons in India as per Indian 
Meteorological Department7]

Discussion

Morbidity and mortality due to Road traffic 
accident is a serious public health issue in most parts 
of the world including the developing countries 
like India. According to the present study, it was 
found that maximum number of victims of road 
traffic accidents were of age group between 31-40 
years (26%), followed by 21-30 years (24%). Similar 
observations were made in studies conducted by 
Chandramani et al.4 and Mishra et al.5 This can be 
attributed to the fact that this age group is most 
exposed to roads for day-to-day work-related 
purposes. Tendency of these younger aged subjects 
to show disregard to traffic rules & regulations and 
non-usage of safety devices like helmets, seatbelts, 
restraints etc. can be a possible explanation for the 
same. However, in study conducted by Jha et al.6, 
Singh et al.8and Parvati et al.9 the age group varied as 
20-29, 20-30 and 21-30 respectively.

In this study it was observed that males 
constituted 88% of the victims of road traffic accidents 
and females 12%. Males outnumbered the females. 
Similar findings were observed in studies conducted 
by Aggarwal et al.10, Manna et al.11, Singh et al.8, 
Kahn et al.12 These higher number of males is readily 
explainable by the fact that males are more exposed 
to hazards of roads as they are the working and 
earning member in majority of the Indian families, 
while females usually stay at home and look after the 
house hold work.
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This study revealed that majority of RTA 
victims were from rural areas (64%) whereas urban 
population constituted about one third of total cases 
as (36%). Similar findings were observed in study 
conducted by Agarwal et. Al.10(2012), Manna et al.11 
(2013) and Kahn et al.12 (2015) where rural victims 
outnumbered urban victims. The increased number of 
road traffic accidents in rural areas can be attributed 
to the fact that there is lack of awareness and poor 
knowledge about traffic rules amongst them. Stray 
animals on the road and inadequate enforcement 
of existing laws in rural areas adds to the problem. 
Findings contrary to the present study were observed 
in Singh et al.8(2014) where urban victims 222 (64%) 
outnumbered rural victims 125(36%) which could be 
due to the area where the study was conducted.

In the present study, it was observed that the 
labourers constituted the largest group (23%) involved 
in RTAs, followed by, agriculturists (farmers) (21%). 
Similar findings were observed in studies conducted 
by Jha et al.6 and Swarankar et al.13 This could be 
due to the fact that labourers often travel by public 
transport or other modes without any protective gear 
due to limited financial resources. Thus, they are 
more prone to accidents.

In the present study, it was observed that the 
highest number of cases occurred during summer 
season (38%) followed by Rainy season (25%), 
Autumn season (20%) and least in Winter season 
(17%). Similar findings were revealed in a study 
conducted by Swarnkar et al.13 This may be attributed 
to the fact that RTA cases increase in summer, due to 
increased outdoor activities and travelling. Contrary 
to the findings observed in the present study, Singh et 
al.14 and Jha et al.6 observed that majority of accidents 
took place in winter season. This can be attributed to 
the fact that in winter there is poor visibility due to 
the fog and smog that led to increased causation of 
road traffic accidents in winter season.

In the present study, it was observed that most 
of the road traffic accidents occurred during evening 
hours [06:00 PM to 11:59 PM] (48%), followed by 
morning hours [ 6 AM to 11.59 AM] (23%). Similar 
findings were observed in studies done by Neeluri 

et al.15 and Chourasia et al.16 in which maximum 
accidents occurred between 06:00 PM to 12 Midnight. 
This can be attributed to the fact that there is relatively 
lower visibility during this period as well as increase 
in traffic. These hours are the busiest as commuters 
go to and fro from the offices, factories and business 
place. This can be also be attributed to the fact that in 
the evening hours, people usually indulge in alcohol 
intake, that lead to a greater number of accidents 
during this time period of the day.

Summary and Conclusion

After analysing the observations and results 
of the present study on sociodemographic factors 
associated with road traffic accidents in autopsy 
cases of road traffic accidents in Haryana region, the 
following conclusions can be drawn:

The maximum number of victims were from the 
age group of 31-40 years (26%). The current study 
revealed that subjects residing in rural areas (64%) 
outnumbered the urban ones (36%). Further, the 
current study revealed that males (88%) outnumbered 
the females (12%) amongst RTA victims. The present 
study also revealed that the majority of the victims 
were labourers (23%). The current study revealed that 
the maximum number of accidents occurred in the 
evening hours (06:00 PM to 11:59 PM) and maximum 
number of accidents occurred in summer season 
(38%) followed by Rainy season (25%), autumn 
season (20%) and least in winter season (17%). 

Thus, it can be concluded that there is an urgent 
need to address the epidemic carnage on the roads 
in the form of road traffic accident which is taking 
an epidemic proportion. Road traffic deaths are 
to a major extent preventable. Since the majority 
of road traffic accidents are preventable, adequate 
enforcement of road safety rules will help in reducing 
the occurrence of road traffic accidents.
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Abstract

This research paper envisages to throw light on the forensic importance of tattoos in investigation and identification 
from a global perspective. It also aims to analyze the relevance of tattoos in forensic science in India. The authors 
highlight that with increased passion and popularity in body modification, sometimes, tattoos are the only 
evidence that the judiciary solely depends to identify and convict an accused. Thus, tattoos play a significant role 
in criminal justice system. However, sole reliance on tattoos in this regard may not deliver precise conclusion as 
there are psychopathological and scientific gaps involved.

This research paper is divided into two segments – Part I and Part II, to analyze and substantiate the objective of 
the paper with judicial and legislative backing. Finally, the paper provides recommendations which may improve 
the effectiveness of tattoos in forensic analysis and judicial proceedings in India.

Key Words: Forensic Analysis, Tattoo, Tattoo Inks, Psychopathology, Criminal Justice System, Indian Evidence 
Act.

Introduction

Tattoo is a non-verbal form of expression. It is 
derived from Polynesian word ‘Ta Tau’ meaning ‘to 
mark.’ Tattooing is the process of making a tattoo 
which is done either mechanically or by electrical 
device. It involves designs made by multiple small 
puncture wounds which are made through the dermis 
layer of the skin with needle or similar penetrating 
tools dipped in coloring dyes. In Indian tribal culture, 
the process of tattooing is also known as ‘Gudna.’1

Need and Relevance

Tattoos were associated previously with sailors, 
prostitutes, slaves, and lower class2 but over the past 
three decades tattooing has shifted from being a 

taboo to being the modern fashion and an acceptable 
form of expression. 10% to 16% of children between 
the age of 12 to 18 years and 9% of general population 
in USA are reported to have permanent tattoos.3 
Also India’s tattoo industry is estimated to generate 
Rupees 20,000 crore every year.4

The forensic study and interpretation of tattoos 
is helpful in body identification. This has been 
observed in Joginder Case,5 wherein the dead body 
was identified by the tattoo markings on the hands. 
Thus, useful information about deceased’s history 
may be obtained, such as military tattoos in service 
personnel, anti-police messages in ex-prisoners, 
marijuana leaves or mushrooms in illicit drug users 
etc.

Corresponding Author: Pranav Goswami, IV Year Students, BA. LL.B. [Hons.], Symbiosis Law School, Pune, 
Maharashtra, India.

E-mail: pranavgoswami.pg29@gmail.com



73Indian Journal of Forensic Medicine and Toxicology/Volume 17 No. 3 July-September 2023

Therefore, this research is necessary and relevant 
as it highlights the significance of tattoos in forensic 
identification which is helpful during judicial 
proceedings in India. 

Research Methodology

Doctrinal Method and Secondary sources like 
books relating to ‘Forensic Science’ inter alia internet 
sources and published works of intelligentsia were 
referred. 

Research tools include:
1.	 Books – related to Forensic Science on 

Tattoo Pattern Analysis were referred which 
developed an understanding of the relevant 
concepts like tattoos, and psychopathology.

2.	 Online research resources – were taken into 
consideration to seek the correct position of 
law on the subject.

Discussion

PART- I

‘Significance of Tattoos in Forensic Science’

History of Tattoos 

Tattooing has been practiced since ancient times 
with evidence backing to the upper-Paleolithic 
age (38,000-10,000 BC) and from 11th dynasty of 
ancient Egypt.6 Mummified and preserved remains 
from the Bronze Age have been found with tattoos. 
Archaeologists also found 12,000-year-old tattoo 
tools in France, Portugal, and Scandinavia. The oldest 
documented tattoos belong to ‘Otzi, the Iceman,’ 
from European Alps over 5,000 years ago. Tattooing 
continued into the Iron Age where proof was found 
which date backs to 6th and 2nd centuries.

Tattoos in Greek and Rome marked slaves and 
criminals. Early Christians also used tattooing as a 
secret way of recognizing each other. But soon that 
practice died out in Europe at least for a millennium 
until the British Naval Captain, James Cook brought 
back tattoos from a 1769 voyage to Tahiti. Over the 
years tattooing spread across world and presently it 
exists in diverse and complex designs.

Types of Tattoos

Tattoos comprise 3 broad categories namely 
– purely decorative, symbolic, and pictorial. In 

addition, tattoos can also be classified based on their 
durability, content, and the classification done by the 
American Board of Dermatology (ABD) as follows –

1.	 Permanent and Temporary

Permanent tattoos last for a lifetime, whereas 
temporary tattoo can be drawn, painted, airbrushed, 
or needled in the same way as permanent tattoos, 
but with an ink which dissolves in the blood within 
6 months.

2.	 Criminal and Non-criminal

Criminal tattoos are associated with crimes, 
criminals and often showcase gang membership and 
record the wearer’s personal history such as his/her 
skills, specialties, accomplishments, etc. Non-criminal 
tattoos are those which are not criminal tattoos and 
do not reflect any conflict with law.

3.	 According to American Board of Dermatology 
(ABD), tattoos are classified under 5 groups 
namely-

•	 Amateur tattoos – It can be applied by 
anyone who is not a professional, at 
home, using needle and a bottle of 
Indian ink. This tattoo is often of a single 
colour and penetration can be of varying 
depths.

•	 Professional tattoos – Created by a trained 
practitioner at a salon or tattoo parlour. 
It contains several colours and is applied 
uniformly beneath the skin.

•	 Cosmetic tattoos – These are used to hide 
surgical scars, imperfections, etc., and 
are designed to look like a make up. It is 
done on the parts of eye lids, nose, lips, 
face, and eyebrows. 

•	 Medical tattoos – Used to treat a condition, 
communicate information, or mark a 
body location. Example: army dog tags, 
patient suffering from chronic disease or 
allergy may have a tattoo which informs 
the person’s blood type, etc.

•	 Traumatic tattoos – Created when foreign 
bodies forcibly enter into the dermis 
layer. They are permanent and non-
voluntary tattoos. Example: Coal miners 
may get this tattoo due to coal dust.
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Permanent Tattoo Mark

Mostly the pigments used in tattoos include 
indigo, cobalt, carbon, china ink, cinnabar, vermilion, 
Prussian blue, etc. Usually black pigments (Indian 
ink) are permanent whereas vermillion, cinnabar 
naturally disappear after at least 10 years. The tattoo 
marks may fade away within 8-10 years:

(i)	 If pigment is placed in the sub-epithelial 
level,

(ii)	 If imprinted on the exposed parts of the body 
(exposure to sunlight),

(iii)	If imprinted on those parts of the body which 
are subjected to constant friction.

Scientific Methods of Interpreting Tattoos

In cases where the body got decomposed, 
methods like X-Ray-Fluorescence (XRF) 
Spectroscopy, Attenuated Total Reflectance-Fourier 
Transform Infrared (ATR-FTIR) Spectroscopy, and 
Scanning Electron Microscopy-Energy Dispersive 
Spectroscopy (SEM-EDS) techniques can be used. 
These techniques also help when visualization of 
tattoos is hindered by the discoloration of the skin.7

To reveal latent tattoo marks, high contrast 
photography, computer image enhancement 
and ultraviolent lamp or infra-red photography 
techniques are used. Tattoo marks on unidentified 
bodies may be photographed with sharp definition.

Example: Dambele Case,8 where the dead body 
had been floating in a pond for considerable time. 
If the tattoo mark is invisible or has been removed 
artificially, the pigments used to produce them may 
be detected in the nearby lymph gland, by historical 
examination.

Tattoo marks are to be examined with respect 
to their anatomical situation, size, number, color, 
design etc. Also, the diagrammatic or photographic 
representation has more value.

Analysis of Forensic Significance of Tattoos

Arguments which substantiate the importance of 
tattoos in forensic science are pointed out as firstly, 
tattoos are distinguishable features and provide 
information about the tattooed person. They provide 
point of recognition which often helps in criminal cases 

where a victim or accused needs to be identified but the 
recognizable features (face, fingers) are disfigured, 
removed, or damaged. In Mohd. Sajjad Case,9 the 
face of the murdered victim was disfigured and his 
identity was obtained from the tattoo marking which 
named him ‘Ramchandra Singh’. 

Secondly, certain tattoos in different global 
regions convey specific meanings, which further helps 
the investigating officer to get an insight about 
the tattooed person’s beliefs, activities or even 
associations. Example: “ALKN” is used for the 
gang- ‘The Latin Kings’ (based in Chicago). Thus, 
identifying a tattooed member with gang affiliations 
can provide a crucial lead in solving a crime. 

Additionally, analyzing the meaning of a 
tattoo, its design and location on the body, helps to 
understand psychology, sexual and criminal behavior of 
a person. Also, the chemical analysis of inks can help in 
determining the organic and inorganic composition 
of a tattoo which can provide an insight about where 
that tattoo was made.

Thirdly, tattoos establish relationship with mental 
disorders, risky behaviors, and personality traits. 
Example – risk-taking, alcohol, drugs, sexual abuse, 
violent nature, history of childhood trauma, smoking 
and anti-social personality disorders combined with 
tattooing can indicate the risk of crime. Thus, tattoos 
are significant in forensic examination. 

However, there are reasonable arguments which limit 
the use of tattoos in forensic examination. Firstly, though 
tattooing is common among the youth, psycho-social 
studies point out that tattooing behavior is quite 
controversial because of its association with deviant 
minds. As there is limited knowledge linking tattoos 
with high-risk behaviors, which further presumes 
criminal behavior, is judgmental in nature. 

Secondly, it causes prejudices with respect to 
guilt and trustworthiness of tattooed person. A 
tattooed-Accused is considered to be untrustworthy 
and require less evidence for conviction verdict 
than a non-tattooed person in the court of law.10 A 
tattooed-person is perceived in general to be less-
fashionable, athletic, intelligent, caring and religious 
than non-tattooed person.11 Also, tattooed-person 
is stereotypically associated with lower social-class 
groups but not with upper social-class.12 
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Therefore, a tattooed-person is presumed to 
commit a crime and if he/she commits a crime, then 
he/she is presumed to become a repeated offender 
only due to the presence of tattoo. The facial tattoos 
also bias the outcome of a trial thereby, continuing 
criminal stereotypes linked with tattoos despite their 
considerable occurrence among general public.

Hence, tattoos hold significance in forensic science, 
however, it has its limitations which must be 
observed carefully while considering them in the 
judicial process.

PART- II

‘Relevance of Tattoos in Forensic Science in India’

Historical and Socio-Cultural Perspective on 
Tattoos

In India, tattoos were worn in many occasions 
such as in weddings, to award bravery, commemorate 
an event or person, performing spiritual or religious 
practices, for jewellery, recreation etc. However, the 
most important purpose of tattooing was to mark the 
family members with the patterns belonging to tribal 
cultures.13 

For the medieval period, there were accounts of 
Hindu and Islamic Rulers who promoted tattooing. 
However, there has always been prohibition of 
tattooing in Islam.14 With the advent of the British 
Rule, Christianity rapidly propagated especially 
in North-Eastern India, Goa, and South India. As 
Christianity prohibited tattooing, tribal tattoo culture 
suffered significantly.15

Today, the presence of tattoos depends on certain 
factors such as sex, age, caste, religion, and family 
size in India.16 In India, 65% of women are indulged 
into tattooing whereas, only 27% of men have tattoos. 
Also, for men, the common designs are names, 
religious symbols, and insignia of an associated 
organization/team/group. For women, it was found 
that there is a huge variety of tattoo patterns adopted 
like abstract art designs, plants, animals etc.17

Kinds of Tattoo Patterns in India

India harbours a large variety of tattoo patterns 
from various tribes. Each of these tattoos have unique 
and distinct artistic characteristics, methods, ink, and 
psychological aspect. 

Few of the major tribal tattoo patterns in India are depicted in pictorial and tabular manner:

Table 1: Classification of major tribal tattoo patterns with specifications.18

S. No. Name of Tribe Region Pictorial Depiction Specifications (if any)
1. Bhil Tribe Madhya 

Pradesh, 
Rajasthan, 
Maharashtra

Members are usually 
agriculturists.

Follow Hinduism.

Tattoos represent goodness 
and afterlife.

2. Rabari Tribe Gujarat Members follow Hinduism.

Tattoos represent strong 
faith in magic and goodness.

Tattoos are also to attract 
opposite sex.
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3. Kol Tribe Maharashtra Members are landless 
community and agricultural 
labourers.

Represent animism, faith in 
nature and kindness.

4. Baiga Tribe Chhattisgarh, 
Madhya 
Pradesh

Members are local forest 
dwellers and agriculturists.

Follow Hinduism.

Tattoos represent fire, flora 
and fauna.

Believed that the pain of 
tattooing prepares a girl for 
child-birth.

5. Santal Tribe West Bengal, 
Bihar, 
Jharkhand, 
Odisha

Members practice settled 
cultivation.

Follow Hinduism and 
Christianity.

Odd number of tattoos 
signify life and even number 
– death.

6. Konyak Tribe Nagaland Members are shifting 
agriculturists, businessmen, 
carpenters, and weavers.

Tattoos represent bravery, 
spirituality, achievements, 
and family relations.

Continue ..........
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7. Apatani Tribe Arunachal 
Pradesh

Members are forest dwellers 
and practice shifting 
agriculture.

Tattoos are used to make 
women look ugly to protect 
them from being kidnapped.

8. Toda Tribe Tamil Nadu Members are pastoralists 
and agriculturists.

Follow Hinduism and 
Christianity.

Tattoos are believed to keep 
them safe and help in finding 
ancestors in the afterlife.

9. Kota Tribe Tamil Nadu Members are agriculturists.

Follow Hinduism.

Tattoos represent unity, 
simplicity and strength.

Analysis of Relevance of Tattoos in India

Advocating the relevance of tattoos in India, one may 
argue that firstly, tattoos have immense evidentiary 
value in Indian Criminal Legal System. The legislature 
has put importance and reliance on tattoos in the 
light of Section 9 of Indian Evidence Act, 1872.19 
This section states that the facts which explain or 
introduce the relevant facts involved in the case, or 
are required to establish the identity of a person/
thing, are ‘relevant facts’. 

Inferentially, identification of a thing or person, 
as per section 9, can also be done based on a tattoo 
mark [Shankar Case20] in which the police was able 
to identify a headless dead body solely based on the 
tattoo mark on the arm. In Shailendra Case,21 the 
court opined that the maker of a tattoo can also be 
produced as a witness. 

Secondly, forensic analysis of tattoos allow 
prosecution to formulate a story. Based on the condition of 
the tattooed-skin, the manner of conduct of crime can 
be calculated. In Dattatraya Case,22 the prosecution 
weaved the story based on the fact that the injury of 
the gun shots had tattoo marks at the edges. It revealed 
that the gun shot was taken from a very close range. 
Thus, the suspicion was shifted onto the son of the 
deceased, who was standing closest to him.

Thirdly, tattoos do not disappear even when the 
body is decomposed or deeply burnt. This makes 
tattoos extremely reliant in cases where the body is 
decomposed or is burnt. In Uddhav Case,23 a heavily 
decomposed and decayed body was identified solely 
based on the tattoo mark on the left hand of the 
deceased which indicated “Apurna Waman Santosh 

Continue ..........
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Pawar” with depiction of Lord Hanuman. Thus, 
tattoos make sufficient evidence, and play a critical 
part in criminal investigation. 

However, there are also risks and limitations 
that should be observed while considering tattoos in 
criminal investigation. Firstly, due to westernization 
and urbanization, the distinctive nature and uniqueness 
of the tattoos has gone redundant.24 The western 
tattoo patterns depicting quotes, artists, pop-culture 
references and many others have been welcomed by 
the urban and tribal people in India. Therefore, tattoos 
are no longer the marks of societal identification and 
sole reliance on tattoos is problematic.

Secondly, the tribal culture of tattoos is fading in 
India due to governmental bans. Example: Apatani 
Tribal method of tattooing was banned in 1970. 
Lastly, certain tribal groups are naturally vulnerable 
and thus, their tattooing pattern is at the edge of 
extinction.

Therefore, although tattoos still hold the 
importance in forensic identification, they have 
somewhat compromised with their relevance as to 
identification of psychopathological traits.

Conclusion 

We can summarize that tattoos hold importance 
in the field of forensic science when it comes to 
identifying the person and his psychological and 
sociocultural traits. However, the uniqueness of 
the tribal tattoos is fading with the rise in western 
influence in India. This has taken away the capability 
of the Indian tattoo patterns to precisely identify the 
psychological and sociocultural information.

For a long period of time, tattoos were studied 
for their historical and cultural aspects, but in recent 
times its shift towards psychoanalysis is noted. 
Also, the study related to tattoos and their health 
complications are rising.

Henceforth, the authors proffer the following 
recommendations for enhancing the role of tattoos 
in forensic science:

1.	 Creating and maintaining a tattoo catalogue 
database, containing information and 
photographs of tattoos, their history and 
meaning which may help in solving cases in 
easier manner.

2.	 Tattoo identification must be scientific, 
accurate, and reasonable. If not, it should 
be unaccepted and ignored. Otherwise, it 
will cause confusion and bias in recognising 
a person. Therefore, putting an innocent in 
trouble for having a criminal tattoo.

3.	 In cases where guilt is uncertain and the 
defendant wishes to cover visible tattoos, the 
court must grant the right to do so. This will 
help in reducing the bias caused in the mind 
of judges while delivering judgement. 

4.	 The tribal culture must be protected to 
maintain the uniqueness and distinct nature 
of the tribal tattoos. Government should 
strengthen the legislation and administrative 
authorities that look after the tribal groups 
and schedule castes.

5.	 As tattooing serves as an easy, visible, and 
clinical marker, its presence during any 
forensic examination must be studied and 
assessed in-depth by a forensic psychologist 
or psychiatrist only.

Contemporarily, around 4 in 10 people have a 
tattoo. Irrespective of sex, age, race, occupation, and 
geography, after fingerprints, it is tattoos which play 
an important role for identifying suspects and victims 
in solving criminal cases. Hence, this importance 
must not be overlooked albeit they are a secondary 
mode for identification.
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Abstract

Background: Variations in morphology and metrical values of Gall Bladder (GB) is quite common. These variations 
are frequently observed during imaging and procedures like laparoscopy and cholecystectomy. The anatomical 
variation of GB is essential to clinician.

Method: 48 adult cadavers were studied to evaluate the morphometric study of GB. The size and shape were 
classified with percentage. The length and breadth were measured with tailors tape.

Results: 52.08% pear shaped, 10.4% flask shaped, 12.5% cylinder shaped, 6.25% hour glass shaped, 6.25% intra 
hepatic, 2.08% left GB, 2.08% double GB were studied. The mean length of GB was 6.80 (±1.42), 2.82 (±0.78) was 
mean breadth of GB, t test was 17.2 and p<0.01

Conclusion: The anatomic variations of GB and biliary tract are critical during surgical procedure. The present 
study will certainly help surgeon to carry out surgeries without causing morbidity and mortality. Moreover these 
variations will help the radiologist for proper reporting the diseases related to GB and biliary apparatus.

Keywords: Morpho-metric, tailor tape, laparoscopy, cholecystectomy, Maharashtra

Introduction

Gall bladder (GB) is usually pear shaped, 
hallow and viscous organ, situated obliquely in a 
non-peritoneal fossa on the surface of right lobe of the 
liver, and extends from the right end of portahepatis 
to the inferior border of liver. Its dimensions are 
about 7 to 10 cm in length, maximum breadth being 
3cm and capacity is between 30 to 50 ml. It presents 
fundus, body and neck (1).

The GB and biliary tract structure are in close 
connections with adjacent organs and may show 
various anomalies and anatomic variations (2).

GB varies greatly in size and shape. It may 
be duplicated, bifid or sometimes absent GB also 

varies in position. Sometimes abnormal position 
includesintra-hepatic, retro hepatic, supra-hepatic, 
retroperitoneal and transverse position (3). These 
positions are frequently noticed during imaging of 
GB and surgical procedures like laparoscopy and 
cholecystectomy. Therefore in surgical settings it is 
very important to know morpho-metric values of 
GB and biliary tract (4). Moreover morpho-metric 
variations of GB will misguide the inexperienced 
radiologist and he may report normal GB as 
pathological GB. Hence knowledge of variations of 
morpho-metric study of GB is essential to surgeon, 
radiologist and anatomist because these variations 
are symptoms free. The awareness of these variations 
may prevent the morbidity and mortality of patients 
with liver and GB diseases.
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Material and Method

48 Gall bladders of both sexes were studied in 
the cadavers present at dissection theatre of Anatomy 
department of SSPS Medical College Padave, 
Sindhudurga, and Maharashtra-416534.

Inclusive Criteria: Non-pathological, non-
ruptured GB was selected for study.

Exclusion Criteria: Pathological (cirrhosis of 
liver), ruptured GB were excluded from study.

Method: Morphological classification was done 
as per the appearance, position of GB. The length 
and breadth of GB was measured by Tailors tape by 
putting the liver in anatomical position.

Duration of Study was June-2020 to July-2022.

Statistical analysis: Morphological classification 
was done with percentage. Metrical study was done 
with t test value. The statistical analysis was carried 
out in SPSS software. The ratio of Male and female 
was 3:1.

Observation and Results

Table-1: Morphological classification of GB

25 (52.08% per shaped, 5 (10.4%) flask shaped, 
6 (12.5%) cylindrical, 3 (6.25%) hour glass shaped, 
2 (4.16%) partially intra-hepatic, 3 (6.25%) intra-
hepatic, 2 (4.16%) Phrygian cap, 1 (2.08%) left GB, 1 
(2.08%) double GB.

Table-2: Present morphological classifications 
were compared with previous studies. Highest 
occurrence was (52.08%) and least were irregular viz. 
partially intra-hepatic, intra-hepatic, double GB

Table-3: Comparison of length and breadth of 
GB – 6.80 (± 1.420 length of GB, 2.82 (± 0.78) breadth 
of GB, t test 17.2 and p<0.001.

Table 1: Morphological classification of Gall 
Bladder

Detail of Morphology Incidence Percentage

Pear shaped 25 52.08

Flask Shaped 5 10.4

Cylindrical 6 12.5

Hour glass shaped 3 6.25

Continue ..........

Detail of Morphology Incidence Percentage

Partially intra-hepatic 2 4.16

Intra-hepatic 3 6.25

Phrygian cap 2 4.16

Left GB 1 2.08

Double GB 1 2.08

Total 48

Table 2: Comparison of present Morpho-metric 
study with previous workers

Sl No Worker and 
date

Frequency of various shape 
of GB

1 Raj guru

2012

85% pear shaped, 5% flask 
shaped, 3.33% cylindrical, 
3.33% hour glass bladder, 
1.67% retort, 67% Irregular

2 Desai J 

2015

84% pear shaped, 10% 
cylindrical, 2% hour glass 
shaped , 1.67% retort shaped, 
67% Irregular

3 Rajendra. R

2015

53.2% pear shaped, 11.4% 
cylindrical, 63% hour glass 
shaped , 11.4% oval, 16.5% 
Irregular

4 Nadeem

2016

82.8% pear shaped, 2.86% 
cylindrical, 1.43 bilobed, 
7.14% Irregular

5 Tiwari

2018

52% pear shaped, 28% flask 
shaped, 12% cylindrical, 
4% hour glass bladder, 4% 
Irregular

6 Present 
study 

2022

52% pear shaped, 10.4% flask 
shaped, 12.5% cylindrical, 
6.25% hour glass shaped, 
6.257% Intra double, 4.16% 
Irregular

Table 3: Comparison of length and Breadth of GB

Length of GB 
Mean Value 

(SD±)

Breadth of GB 
Mean Value 

(SD±)

t test p value

6.80  
(± 1.42)

2.82 
(± 0.78)

17.02 P<0.01
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Discussion

Present morpho-metric population (Cadaveric 
study) out of 48 GB 25 (52.08%) pear shaped, 5 
(10.4%) flask shaped, 6 (12.5%) cylindrical, 3 (6.25%) 
hour glass shaped, 2 (4.16%) partially intra-hepatic, 
3 (6.25%) Intra-hepatic, 2 (4.16%) Phrygian cap, 1 
(2.08%) left GB, 1 (2.08%) double GB (Table-1). Mean 
length of GB 6.80 (± 1.42), 2.82 (± 0.78) Mean breadth 
of GB, t test 17.02 and p<0.01 (p value was highly 
significant) (Table-3). These findings are more or less 
in agreement with previous studies (5)(6)(7).

There is no exact known cause to define these 
variations but following are the probable reasons. 
A) As contraction of GB and secretions of bile are 
under activation of cholecystokinin and secreting 
hormones which are released from adreno-axis of 
pituitary gland, maturations of functional activity of 
liver depends on adreno-axis of pituitary. Hence role 
of pituitary may be responsible for these variations 
(8). B) Microscopically, there is no muscularis 
mucosa in GB rather there is a muscularis lamina 
consisting of irregular anastomosing bundles of 
smooth muscles running in longitudinal, circular 
and oblique directions, moreover concentration 
of bile solely depends on the ability of epithelium 
which withdraws water and inorganic ions from the 
bile. The height of the cells of the epithelium is quite 
variable to respond to the degree of contraction of bile 

(9). Hence indefinite muscular framework might have 
resulted into variations of shape and size of the GB. 
C) The plasticity of hepatic parenchyma is observed 
in foetal life as it does not develop completely until 
several years after birth but with proliferation of 
hepatic parenchyma there is an increase in the size 
and shape of the GB, cystic duct and common bile 
duct hence there is a mutual or reciprocal relation 
between GB and functional liver as pars cystica is a 
spurt of pars hepatica (10). Hence delay in proliferation 
or plasticity of hepatic parenchyma might result in 
Variations of morphometricity of GB. D). As there 
is an intimate relation between germ layers, fate or 
destiny of Anatomy of any gland or organ is difficult 
to predict, especially in the secondary mesoderm 
which undergoes such an intimate differentiation 
that it is hardly possible to follow(11). Hence it clearly 
indicates that these variations of the GB resulted in 

response to the functional need of the body. In the 
metrical study, length and breadth of GB is highly 
significant (p<0.01) (Table-3).

The present study of length and breadth of GB 
is in agreement with previous studies (12)(13). This 
certainly indicates that there was a migration of the 
different races to India for the sake of survival (14). 
Apart from this, genetic signalling requires proper 
nutrition because each hormone or enzyme is 
regulated by each gene (15). Nutritional, ecological 
or environmental factors also play a contributory 
role for deciding the morphometricity of any gland. 
Anthropologists or anatomists still have much to 
learn about the relative roles of genetic and direct 
environmental influences on the variations in the size 
and shape of glands in humans because humans have 
developed from the interaction between hereditary 
and environment.

Summary and Conclusion

These variations and significant values will 
certainly help the clinician, anatomist, anthropologist 
and medico-legal expert to differentiate the 
Maharashtra findings with other parts of the country 
and abroad. Above all this study will help the 
laparoscopic surgeon to take preventive measures 
before cholecystectomy and the radiologist to 
differentiate the normal from anomalies. But it 
requires further study to throw more light upon 
genetic, embryological and nutritional factors because 
exact mechanism of contraction of GB, concentration 
and secretion of bile by GB is yet to be known. As 
gall bladder is cut and discarded if pathological, 
hence least attention is paid for this study in research 
literature.

Limitation of study: Owing to small number 
of samples and lack of latest technologies, we have 
limited findings and results.

This research work was approved by Ethical 
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Abstract

The present KAP study aimed to ascertain the knowledge, attitudes, and practices on clinical toxicology among 
internees and medical doctors at ACSR Govt. Medical College & Hospital, Nellore, Andhra Pradesh, India, in the 
light of implementing new National Medical Commission curriculum (Graduate Medical Regulations 2019). The 
study also aimed at understanding the knowledge and training gaps pertaining to clinical toxicology in the target 
population and thereby propose interventions for proper delivery of toxicology curriculum. 

A semi structured questionnaire was used to elicit information wherein 120 health care providers voluntarily 
participated in the study. The results detected significant deficits towards understanding concepts in clinical 
toxicology and implementation of evidence-based approach in providing care. Our study identified the need to 
stress on toxidrome based approach, use of evidence-based decontamination methods, the necessity to stabilise the patient 
more than being enthusiastic in diagnosing the poisoning, increased use of multidose activated charcoal as a primary antidote, 
use of poison control centre helpline, material safety data sheet & toxicology databases when in doubt, employing holistic care 
models, providing education on social & preventive toxicology and role of screening in chronic paediatric poisonings. 

Keywords: Clinical Toxicology, Medical Education, Indian Medical Graduate, Poisoning, Toxidrome.

Introduction

Clinical toxicology, as a branch of medicine, 
encompasses the diagnosis, management, and 
prophylaxis of poisoning and toxic reactions caused 
by exogenous substances such as chemicals, drugs, 
and other biological substances. It holds a critical 
position within the realm of medical practice because 
toxicological emergencies continue to be amongst the 

important causes of mortality in emergency medical 
care and intensive care settings.

In India, the relevance of clinical toxicology is 
more important due to high incidence of agrochemical 
substance poisoning and envenomations in rural 
parts of the country. In this context, clinical toxicology 
training to every health care provider assumes 
a vital role in safeguarding the well-being of the 

Corresponding Author: Kattamreddy Ananth Rupesh, Assistant Professor of Forensic Medicine and Toxicology, ACSR 
Govt. Medical College, Dargamitta, Nellore, Andhra Pradesh.

E-mail: ananth.kattam@gmail.com

Mobile: +91 82977 16897



85Indian Journal of Forensic Medicine and Toxicology/Volume 17 No. 3 July-September 2023

population through the provision of specialized care 
to patients with toxic exposures, as well as through 
the implementation of preventative measures such as 
education, research, and other initiatives.1,2

Materials and Methods

The present study aims to study knowledge, 
attitude, and practices on clinical toxicology among 
internees and practicing doctors at ACSR Government 
Medical College & Hospital, Nellore, Andhra Pradesh. 
A pretested semi structured questionnaire on clinical 
toxicology was used for this purpose. It was designed 
in a way to utilise the results for planning knowledge 
refreshing and skills training for stakeholders. The 
place of study was ACSR Govt. Medical College & 
Hospital, Nellore, Andhra Pradesh from 01 June 2021 
to 31 August 2021 and data analysis was done.

Results

We received a total of 120 responses within the 
specified period from interns, emergency physicians, 
general physicians, and intensivists. A total of 
100 interns, 10 general physicians, 5 emergency 
physicians, and 5 intensivists responded to the 
questionnaire. All the participants were considered 
as a homogenous group for the sake of convenience 
while carrying out analysis. A total of 69 participants 
(57.5%) were female and 51 participants were male 
(42.5%). Further, 100 participants (83.3%) were in 
the 20-30 years age bracket. Ten participants each 
belonged to the 31-40 years and 41-50 years age 
bracket (8.33%). Eighty-three percent (83.33%) of the 
study sample had only basic medical qualification, 
MBBS and 16.66% of the sample had a broad speciality 
training in their respective branch.

In response to the question on often attended 
cases, majority of the participants reported 
organophosphorus poisoning, paraquat poisoning 
and snake bite as common clinical toxicology 
scenarios they dealt with. However, it is worth to 
mention that a few of them also reported cases like 
sodium bromide, acrylic and acetone poisoning as 
some peculiar cases they noticed in their practice. 
Seventy-six percent (76.6%) of the study sample (92 
Participants) were not aware of toxidrome based 
approach in clinical toxicology practice. Ninety-three 
percent (93.33%,112 Participants) of the study sample 

stated that they never used whole bowel irrigation as 
part of their practice either exclusively or in addition 
to gastric lavage for acute poisonings.

Eighty-nine (89) Participants responded that they 
rarely used multidose activated charcoal in practice, 
19 participants said they used it sometimes an only 
12 participants agreed that they use it routinely. 
Fifty-eight percent (58.33%) of the study population 
answered that delivering high flow oxygen using 
a mask in a case of paraquat poisoning is the most 
inappropriate treatment, 16.66% each opined that 
keeping vital parameters and performing gastric 
lavage are the inappropriate treatments and 8.33% 
opined doing a workup anticipating hepatorenal 
failure is the most inappropriate treatment.

For the question on reasons for infants not to be 
fed with honey, 41.6% opined it as infantile botulism, 
23.3% opined it as none of the above, 22.5% opined it 
as addiction and 12.5% opined it as indigestion.

In response to the question on screening children 
for lead poisoning, 42.5% recommended X- ray of 
long bones, 37.5% recommended urine lead levels 
estimation, 12.5% recommended capillary blood lead 
levels estimation and 7.5% recommended venous 
blood lead levels estimation as the proper screening 
technique. Similarly, in response to the question on 
one pill toddler killers, 40% answered it as tricyclic 
anti-depressants, 21.6% answered it as verapamil, 
20% answered it as clonidine and 18.33% answered it 
as multi drug poisoning (polypharmacy).

The participants answered about referring 
recovered patients to psychiatry referral this way, 
regularly (22.5%), sometimes (19.16%), and rarely 
(58.33%). Like that, the participants replied about 
discussing about circumstances of poisoning with 
colleagues this way, regularly (12.5%), sometimes 
(20.83%), and rarely (66.66%).

For the question on the bacterial contamination 
of frozen foods, 36.66% responded it as salmonella, 
26.66% answered it as E coli, 23.33% answered it as 
Listeria and 13.33% answered it as Shigella. For the 
question on Vietnam bomb disease, 37.5% responded 
to it as Burkholderia mallei, 20.83% responded to it as 
Variola, 29.16% each of the participants responded to 
it as Coxiella and Staphylococcus aureus. Similarly, 
for the question on whole blood clotting test 75% 
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of the participants responded to it as snake bite, 
8.33% of participants responded equally to the other 
three options. Moreover, for the question on methyl 
alcohol poisoning 79.16% responded to it as metabolic 
acidosis, 9.16% reported it as metabolic alkalosis, 
7.5% reported to it as respiratory acidosis and 4.16% 
responded to it as respiratory alkalosis.

Seventy percent (70%) of the participants 
responded that Rumack Mathew Nomogram is used 
in management of multiple poisonings, 15.8% opined 
that it is used in paracetamol poisoning, 8.33% opined 
that it is used in arsenic poisoning and 5.83% opined 
that it is used in lead poisoning.

Discussion

It is nothing astonishing for us to see that almost 
58.3% participants (Figure 1) admitted that the most 
common clinical toxicology case they attended to was 
poisoning due to agrochemical substance. Alcoholic 
coma and snake bite also constituted a significant 
number of common cases at our institute. Our results 
in this aspect are concordant with several studies in 
India.3,4 However our data in this aspect may differ 
with some studies conducted using poison control 
centre data which show that household substances 
dominate the list of common poisonings because the 
poison control centre generally doesn’t receive calls 
for clarifications in routine cases like agrochemical 
substance poisoning.5 Majority of participants not 
being aware of the toxidrome based approach in 
management of poisons and believing that analytical 
chemistry has a great role in clinical toxicology go 
hand in hand, which appears to be a major knowledge 
gap in the study group.6,7

The decreased usage of multi dose activated 
charcoal and methods like whole bowel irrigation 
among the study population indicate to both 
infrastructural limitations at the institute and training/
skill deficiencies in the study population. Similarly, 
knowledge about when to proceed for stomach 
wash and when not to do so is lacking in the study 
population. It is no longer advisable to continue to 
do gastric lavage after a reasonable time of more than 
two hours elapsed after poisoning.8 The importance 
of intubating every patient before performing gastric 
lavage and the preference of APVU/RASS scales 
over Glasgow Coma Scale in clinical assessment of 

toxicology cases was not properly impressed upon 
the study population during their training. There 
also seems to be a huge literacy gap pertaining to 
use of resources like Material Safety Data Sheets, 
Poison Control Centres, or Toxicology Databases like 
INTOX/ POISINDEX. (Table 1)

By the same token, there seems to be a 
lack of initiative among the study population 
towards considering toxicological causes as one 
of the differential diagnoses for the usual clinical 
presentations at casualty as majority of them failed 
to answer that chronic intractable headache can be 
caused due to carbon monoxide poisoning (Figure 2). 
Linked to that, the study population also did not 
consider chronic heavy metal poisoning as one of the 
causes of incorrectable anaemia.9,10 The participants 
not being aware of Rumack-Mathew nomogram 
doesn’t come as a surprise to us at all as paracetamol 
poisoning is extremely rare in our settings.11

In questions pertaining to paediatric toxicology, 
the knowledge about single pill killer drugs in 
toddlers and infantile botulism seems lacking.12,13 The 
percentage of correct responses to screening children 
for lead toxicity favours the fact about wanting 
knowledge in connection with the role of screening 
in ascertaining exposure to chronic poisons.14

The answers to the questions on paraquat 
poisoning, supervsmol 33 poisoning (Figure 2), 
food poisoning and false positive results during 
breath analysis for alcohol (Figure 3 and Figure 4) 
also indicate lacunae in theoretical knowledge in 
the field of toxicology among study population.15-19 
Nevertheless the study population fared well on 
the topics of methanol poisoning and diagnostic 
tests used in snake bite management.20,21 Needless 
to say, the study population was found to be very 
well versed with management of organophosphate 
poisonings and zinc phosphide poisoning which is 
why they were excluded from the questionnaire after 
the preliminary survey.

The practices of less psychiatric referrals and not 
taking up the scheme of studying the circumstances 
of poisonings with colleagues more often represent 
an attitudinal deadlock in understanding the root 
cause of poisonings in the community among the 
study population. This emphasizes the fact that the 
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idea of holistic care in clinical toxicology is lacking 
among the study populace.22

Based on the results of the study, we felt the 
strong need for vertical and horizontal integration of 
toxicology curriculum implementation as envisaged 
by NMC, GMR 2019.23 Nonetheless, all of us know 
the practical difficulties of implementing the highly 
utopian training program with limited staff and 
infrastructure at our institutions. Hence, we came 
up with the idea of a refresher program for interns 
and practicing doctors annually on a fixed date at 
our institution. The following themes were identified 
as ten key areas to impart training, preparing IEC 
(Information, Education & Communication) material 
to be conspicuously displayed in the emergency 
room and design Continuing Medical Education 
(CME) programs at our institution.

1.	 Toxidrome based approach in diagnosis and 
management of poisoning.

2.	 Emphasis on “treat the person, not the poison”. 
“Refrain from searching too much for antidotes!!”

3.	 Evidence Based Medicine approach towards 
gastric lavage and other decontamination 
methods.

4.	 The use of multidose activated charcoal in 
poisoning management.

5.	 The practice of contacting the Poison Control 
Centre, using MSDS & Poison databases when in 
doubt.

6.	 Preparation of institution specific treatment 
algorithms/workflows for agrochemical substance 
poisoning, snake bite and alcohol intoxication and 
ensure compliance of the same.

7.	 Holistic care model of toxicology to understand 
the causes and prevent recurrence of poisonings 
by roping in experts from public health, child 
health and mental health.

8.	 Prepare a short handbook on clinical toxicology 
with case study exercises for interns to 
complete during their orientation sessions 
before commencement of Compulsory Rotatory 
Internship (CRI). 

9.	 Inculcating the practice of considering 
toxicological causes as possible differential 
diagnosis for common clinical and laboratory 
presentations in medical practice

10.	 Social and preventive toxicology with emphasis on 
drug abuse and circumstances of poisoning along 
with screening practices for early identification of 
chronic poisonings in children.

Figure 1: The profile of common clinical toxicology cases attended by the study population, (in numbers).
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Figure 2: Participants response to the question on CO poisoning, (in percentage).

Figure 3: Participants response to the question on 
Super vasmol thirty-three poisoning, (in percentage).

Figure 4: Participants response to the question on false  
positive breath analyser test, (in percentage).
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Table 1: Responses of the participants to Yes/No 
questions

Q. No Question Yes 
(%)

No 
(%)

12. Have you ever contacted 
a Poison Control Centre 
for clarifications in your 
routine practice? Yes/No

10 90

13 Are you aware of the Poison 
search databases like 
INTOX and POISINDEX? 
Yes/No

20.8 79.2

14 Do you look in to the 
physical or electronic 
material safety data sheet 
of the chemical consumed 
by the patient? Yes/No

6.66 93.34

15 Do you recommend gastric 
lavage in a routine case if 
more than hour has elapsed 
after the consumption of 
poison? Yes/No

54.16 45.84

16 Have you ever used APVU 
(Alert/Verbal/Painful/
Unresponsive) or RASS 
(Richmond Agitation 
Sedation Scale) for 
assessing the consciousness 
of a poisoned patient 
instead of the routine GCS? 
Yes/No

10 90

23 Have you ever considered 
heavy metal toxicity as one 
of the reasons for chronic 
incorrectable anaemia? 
Yes/No

4.16 95.84

32 Do you think the role of 
analytical chemistry is 
paramount in poisonings 
than clinical chemistry 
data? Yes/No

75 25

33 Do you believe intubating 
every patient before gastric 
lavage prevents aspiration 
pneumonitis? Yes/No

10 90

Conclusion

The present study finds the knowledge gaps 
and practice related handicaps in clinical toxicology 
among internees and working doctors at a tertiary 
care hospital. There is a strong need for attitudinal 
shift of doctors towards realizing our full potential in 
providing optimum care to patients presenting with 
clinical toxicology conditions. Despite implementing 
revised curriculum at medical colleges, we need to 
stress more upon the scientific aspects of clinical 
toxicology to our interns before commencement 
of their housemanship. It is worthy to conduct an 
annual refresher training in clinical toxicology to all 
health care providers working at every tertiary care 
institution in India.

Limitations: 

The study stands for a single institution data and 
hence intra-institutional factors like competency of 
the faculty, teaching methods in vogue, skills training 
methods and infrastructural limitations can influence 
the results. The study did not much concentrate on 
the KAP pertaining to drugs of abuse.
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Abstract

Forensic Anthropometry is an important tool in establishing the identity of mortal remains. This study aimed to 
investigate various dimensions of the mandible for sex determination in forensic and anthropological research. 50 
normal mandibles from individuals between 20-50 years old were collected and measured using vernier calipers, 
mandibulometer, and measuring tape. The study found that mandible dimensions can accurately determine sex 
in highly decomposed or mutilated bodies. The Symphyseal Height, Body Height, Length of the Lower Jaw, 
Minimum Breadth of Ramus, Maximum Breadth of Ramus, Bigonial Breadth, Bicondylar Width, and Bimental 
Width were all found to be larger in males than females, with statistically significant differences observed for 
each of these parameters. The study found that Body Thickness and Body Length were not significantly different 
between males and females.

Keywords: Sex determination, Mandible, Sexual dimorphism, Forensic anthropometry, Skeletal remains.

Introduction

Forensic anthropometry entails the measurement 
and analysis of the human body for identification, 
investigation, and interpretation of forensic casework. 
It plays a critical role in medico-legal investigations 
by providing valuable information on the age, sex, 
ancestry, stature, and individualizing features of 
the skeletal remains. Despite the highly specialized 
nature of the fields like forensic anthropology 
and forensic anthropometry, the responsibility 

of applying their principles in their routine work 
falls on autopsy surgeons in India. Depending on 
the accessible bones for study, the accuracy of sex 
determination varied, with the entire skeleton being 
the most accurate and long bones alone being the 
least accurate. Adults’ mandibular accuracy for 
determining sex is reported to range from 80.2 to 
92%. It is challenging to determine sex based on the 
characteristics of teeth and supporting tissues, but a 
radiological examination of the mandible can yield 
clear-cut answers1.
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The aims and objectives of this study were to 
investigate various dimensions and parameters of 
the mandible for sex determination. The study aimed 
to identify the best variables for determining the sex 
of the mandible and to compare the mean, standard 
deviation, and p-value of the current study with 
those found in the literature on various populations. 

Materials and Methods

The present study was conducted for a period 
of one and a half years at the Sri Venkateswara 
Medical College, Tirupati, Andhra Pradesh, India. 
Mandibles were collected for anthropometry from 
dead bodies that were brought in for post-mortem 
examination at the medical college. Only normal 
mandibles from individuals between the ages of 
20 and 50 were included in the study. A total of 50 
Mandibles were included in the study, with 25 from 
males and 25 from females. Damaged, mutilated, 
and deformed Mandibles were excluded from the 
study. The instruments used for measuring various 
parameters were vernier calipers, mandibulometer, 
and measuring tape. Each measurement was recorded 
twice, and the average of the two measurements was 
taken to minimize error. The standard method of 
measurement used is in accordance with previous 
studies2,3,4. Some of the measuring methods are 
shown in Figures 1-6.

The study presented the results as mean values 
with standard deviation. To compare differences 
between male and female mandibles, an independent 
t-test was used. A statistically significant difference 
was considered when the p-value was less than 0.005. 
The data analysis was performed using Statistical 
Product and Service Solutions (SPSS) version 12.

Figure 1: Measuring Bi-Coronoid Width

Figure 2: Measuring Anthropometric Arch Width

Figure 3: Measuring the Height of the Coronoid

Figure 4: Measuring Inter-Incisor Width

Figure 5: Measuring Bi Condylar Width
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Figure 6: Measuring Anthropometric Arch Length

Results and Discussion

The following are the results of our study 
concerning each morphometric parameter used to 
study sexual dimorphism.

1.	 Symphyseal Height (SH)

The symphyseal height of the male and 
female mandibles was measured, with the 
male range being 26.00-35.00 mm (mean 
31.10, standard deviation 2.61) and the female 
range being 23.00-32.00 mm (mean 27.80, 
standard deviation 2.07). The difference in 
mean values between males and females is 
statistically significant (p=0.000) with a ‘t’ 
value of 4.578. Our results are similar to the 
studies by E. Seshaiah et al, Anupam Datta 
et al, Elena F Kranioiti et al, FM Fabian et al, 
and Mihai Marinescu et al2,5,6,7,8.

2.	 Body height (BH):

The body height of the male Mandible 
varied from 23.00 - 32.00 mm (mean of 27.28, 
standard deviation 2.01) and that of the 
female Mandible varied from 20.00 to 28.00 
mm (Mean 25.32 and a Standard deviation 
of 1.93). The gender differences in mean 
values of body height are statistically highly 
significant (p=0.001) for Mandible. ‘t’ value 
is 3.443. Our results are concordant with E. 
Seshaiah et al, Anupam Datta et al2,5,7.

3.	 Body thickness (BT): 

The body thickness of the male mandible 
ranged from 11.00-18.00 mm (mean 14.6, 
standard deviation 1.83) and that of the 
female mandible ranged from 10.00-16.00 
mm (mean 13.4, standard deviation 1.63). The 

difference in mean values of body thickness 
between male and female mandibles is not 
statistically significant (p=0.006, t=2.90). Our 
results are concordant with E. Seshaiah et al, 
Anupam Datta et al and Fabian et al2,5,7.

4.	 Body length (BL):

The body length of the male mandible 
ranged from 70.00-84.00 mm (mean 74.6, 
standard deviation 3.79) and that of the 
female mandible ranged from 65.00-81.00 
mm (mean 71.8, standard deviation 3.40). 
The difference in mean values of body length 
between male and female mandibles is not 
statistically significant (p=0.011). Our results 
are concordant with E. Seshaiah et al2.

5.	 Length of the lower jaw (LLJ): 

The length of the lower jaw of the male 
mandible ranged from 58.00-71.00 mm 
(mean 63.5, standard deviation 3.78) and that 
of the female mandible ranged from 52.00-
69.00 mm (mean 58.4, standard deviation 
4.02). The difference in mean values of 
lower jaw length between male and female 
mandibles is statistically highly significant 
(p=0.000, t=4.507). Our results are similar to 
E. Seshaiah et al, Anupam Datta et al, Vinay 
G, Mangala Gowri SR et al2,5,9.

6.	 Minimum breadth of Ramus (MnBR): 

The minimum breadth of the ramus of the 
male mandible ranged from 28.00-36.00 mm 
(mean 31.2, standard deviation 2.18) and that 
of the female mandible ranged from 26.00-
33.00 mm (mean 28.7, standard deviation 
1.80). The difference in mean values of the 
minimum breadth of the ramus between 
male and female mandibles is statistically 
highly significant (p=0.000, t=4.433). The 
results in this parameter are similar to 
the studies by E. Seshaiah et al, Elena F. 
Kranioti et al, M.A.A. Kharoshah et al, and  
Rishi pokhrel et al2,6,10,11.

7.	 Maximum breadth of Ramus (MxBR): 

The maximum breadth of the ramus of the 
male mandible ranged from 36.00-46.00 mm 
(mean 40.3, standard deviation 2.31) and that 
of the female mandible ranged from 34.00-
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41.00 mm (mean 36.8, standard deviation 
1.59). The difference in mean values of the 
maximum breadth of the ramus between 
male and female mandibles is statistically 
highly significant (p=0.000, t=5.987). our 
results are concordant with E. Seshaiah et al, 
and Rishi pokhrel et al2,10.

8.	 Bigonial breadth (BB): 

The bigonial breadth of the male mandible 
ranged from 92.00-102.00 mm (mean 96.7, 
standard deviation 3.34) and that of the female 
mandible ranged from 83.00-97.00 mm (mean 
90.6, standard deviation 3.48). The difference 
in mean values of bigonial breadth between 
male and female mandibles is statistically 
highly significant (p=0.000, t=6.202). Our 
results are similar to E. Seshaiah et al, Elena 
F. Kranioti et al, Vinay G, Mangala Gowri SR, 
et al and Rahul et al 2,6,9,12.

9.	 Bicondylar width (BW): 

The bicondylar width of the male mandible 
ranged from 101.00-122.00 mm (mean 
110.5, standard deviation 5.32) and that of 
the female mandible ranged from 95.00-
106.00 mm (mean 99.9, standard deviation 
3.23). The difference in mean values of 
bicondylar width between male and female 
mandibles is statistically highly significant 
(p=0.000, t=8.319). Our results are similar 
to all the studies previous studies cited in  
this paper.

10.	 Bimental width (BmW): 

The bimental width of the male Mandible 
(48.3 ± 3.44 mm) was significantly larger than 
that of the female Mandible (41.8 ± 3.38 mm) 
(p=0.000, t=6.612). Our results are concordant 
with E. Seshaiah et al, Anupam Datta et al 
and Fabian et al2,5,7.

11.	 Gonial angle (GA): 

The gonial angle of the male mandible has 
a mean of 123.5 degrees with a standard 
deviation of 6.04, while that of the female 
mandible has a mean of 131.2 degrees with 
a standard deviation of 5.58. The gender 
differences in mean values of the gonial 

angle for male and female mandibles are 
statistically highly significant (p=0.000) 
with a t-value of -4.596. The results in this 
parameter are similar to the studies by E. 
Seshaiah et al, M.A.A. Kharoshah et al, and 
Anupam Datta et al2,5,11.

12.	 Height of the ramus or condylar height 
(HR): 

The height of the ramus of the male Mandible 
ranged from 60.00 to 73.00 mm with a mean of 
66.00 ± 3.41, while that of the female Mandible 
ranged from 55.00 to 69.00 mm with a mean 
of 62.00 ± 3.03. Gender differences in the 
mean values of ramus height were found to 
be statistically significant (p=0.000, t=4.250) 
for Mandible. The results in this parameter 
are similar to the studies by E. Seshaiah 
et al, Vineeta Saini et al, and Anupam Datta 
et al2,5,13.

13.	 Height of the coronoid (HC):

The height of the coronoid of the male 
Mandible varied from 53.00 to 72.00 mm with 
a mean of 65.2 and standard deviation of 
5.03 and that of the female Mandible varied 
from 49.00 to 69.00 mm with a mean of 60.05 
and Standard deviation of 5.02. The gender 
differences in mean values of height of the 
coronoid of male and female are statistically 
significant (p=0.002) for Mandible. ‘t’ value 
is 3.246. The results in this parameter are 
concordant with the studies by E. Seshaiah 
et al, Vineeta Saini et al, and Anupam Datta 
et al2,5,13.

14.	 Bicoronoid width (BcW):

The coronoid width of the male Mandible 
varied from 82.00 to 105.00 mm with a mean 
of 94.3 and a standard deviation of 6.62 and 
that of the female Mandible varied from 
74.00 to 101 mm with a mean of 90 and 
a Standard deviation of 6.30. The gender 
differences in mean values of coronoid width 
of males and females are statistically not 
significant (p=0.028) for Mandible. ‘t’ value 
is 2.271. Our results are concordant with  
E. Seshaiah et al2.
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15.	 Mandibular index (MI):

The mean Mandibular Index of males and 
females was not statistically significant 
(p=0.244) with mean values of 57.1 and 
58.6 and standard deviations of 4.31 and 
4.58, respectively. The ‘t’ value was -1.178. 
Our results are similar to E. Seshaiah et al, 
Anupam Datta et al, Vinay G, Mangala 
Gowri SR et al2,5,9.

16.	 Inter incisor width (IIW):

The mean inter-incisor width of the male 
Mandible is 17.00 mm with a standard 
deviation of 1.42, while that of the female 
Mandible is 14.1 mm with a standard 
deviation of 1.40. The gender differences in 
mean values of inter-incisor width between 
males and females are statistically highly 
significant (p=0.000) for Mandible, with a ‘t’ 
value of 7.043. Our results are concordant 
with E. Seshaiah et al2.

17.	 Inter premolar width (IPW):

The mean inter-premolar width of male 
mandibles is 35.3 mm (SD=2.78) and that of 
females is 32.5 mm (SD=2.95). The difference 
in mean values between males and females 
is statistically significant (p=0.001, t=3.380) 
for the mandible. Our results are concordant 
with E. Seshaiah et al2.

18.	 Intermolar width (IMW):

The mean intermolar width of male mandibles 
is 45.2 mm with a standard deviation of 
3.13, while that of female mandibles is 42.4 
mm with a standard deviation of 3.49. The 
difference in mean values is statistically 
significant (p=0.004) with a t-value of 3.005. 
Our results are concordant with E. Seshaiah 
et al2.

19.	 Arch length (AL):

The arch length of the male Mandible varied 
from 31.00 to 45.00 mm with a mean of 38.9 
and a standard deviation of 3.29 and that of 
the female Mandible varied from 32.00 to 
42.00 mm with a mean of 36.7 and a Standard 
deviation of 2.42 The gender differences 

in mean values of arch length of male and 
female is statistically highly significant (p= 
0.000) for Mandible. ‘t’ value is -3.492. Our 
results are concordant with E. Seshaiah et al2.

20.	 Anthropometric arch width (AAW): 

The anthropometric arch width of the male 
Mandible (mean=58.6, SD=4.75) ranged from 
49.00 to 66.00 mm, and that of the female 
Mandible (mean=55.9, SD=4.91) ranged from 
47.00 to 65.00 mm. The gender differences 
in mean values of Anthropometric arch 
width of males and females for Mandible are 
statistically not significant (p=0.054, t=1.977). 
Our results are concordant with E. Seshaiah 
et al2.

21.	 Anthropometric arch length (AAL):

The anthropometric arch length of the male 
Mandible varied from 47.00 to 59.00 mm with 
a mean of 51.5 and a standard deviation of 
3.47 and that of the female Mandible varied 
from 42.00 to 55.00 mm with a mean of 48.8 
and a Standard deviation of 3.34 The gender 
differences in mean values of Anthropometric 
arch length of male and female is statistically 
not significant (p= 0.008) for Mandible. ‘t’ 
value is 2.761. Our results are concordant 
with E. Seshaiah et al2.

The findings of different morphometric 
parameters in the present study are similar to 
previous studies in this area14-18.

Conclusion

In conclusion, this study found significant sexual 
dimorphism in the Mandibles of humans, with 15 out 
of 21 parameters (SH, BH, LLJ, MnBR, MxBR, BB, BW, 
BmW, GA, HR, HC, IIW, IPW, IMW, AL)showing 
higher means in males. However, six parameters 
including body thickness, body length, bi-coronoid 
width, Mandibular index, anthropometric arch 
width, and anthropometric arch length did not show 
significant differences between males and females. 
These findings add to the growing body of literature 
on sexual dimorphism in human skeletal features 
and may have implications for forensic investigations 
and clinical practices.
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Limitations:

The study measured and recorded feasible 
parameters in the mandible of individuals aged 
20 to 50 years in and around Tirupati, but omitted 
certain parameters, such as mandibular flexure, 
antegonial notch, and posterior flexure of the Ramus, 
due to difficulty in measurement. It acknowledges 
the limitation of small sample size and recommends 
increasing the sample size for more robust and 
generalizable findings.
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Abstract

Estimating the post-mortem time interval (PMI) is a crucial component of the forensic investigation and is extremely 
difficult for medico-legal experts to do. After death, the succession of microbes in various parts of the human body 
has enormous potential for predicting PMI. The human body is home to trillions of commensal microorganisms. 
These microbes behave in a different way when biological processes stop, which coincides with the death of an 
individual and the invasion of deteriorating microbes from the environment. Due to cell autolysis, which draws a 
variety of invasive macro- and microorganisms, human cadavers become a rich source of nutrients. The succession 
of microorganisms differs significantly at various stages of degradation, which can be investigated for precise 
PMI estimation. Necrobiome analysis has drawn a lot of attention in PMI estimation due to the development 
of microbial genomics technology and decrease in the price of DNA sequencing. The review article provides a 
summary of the various microorganism sources, their successional pattern, and analytical methods that can be 
used in the field of microbial forensics.

Keywords: Necrobiome, Microbial diversity, Decomposition analysis, Post-Mortem Interval (PMI), Time Since 
Death (TSD), Microbial Forensics.

Background

1.1 Necrobiome

The term “necrobiome” was coined to describe a 
group of prokaryotic and eukaryotic species that are 
linked to the decomposing remains of heterotrophic 
biomass, such as animal carrion and human corpses1. 
In other words, the necrobiome is the group of 
organisms involved in necromass decomposition, 
including how they interact with the necromass, with 
one another, and with the habitat and ecosystem 
surrounding them. Some microbes do not require 

oxygen in order to survive, while others do. Some 
prefer a hot climate, while others do not2.

1.2 Stages of decomposition

Decomposition happens in a predictable 
sequence of events, and studying these events will 
help us understand necrobiome and how it can help 
us determine the PMI. Payne et al. classified the 
decomposition of foetal pig carcasses above ground 
into six stages. In chronological order, the phases 
are fresh, bloating, active decay, advanced decay, 
dried, and remain3. These stages can vary in length 
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depending on the environment the corpse is exposed 
to, but each one attracts specific insects or microbes. 
The rate of decomposition of human remains varies 
depending on environmental and other factors. 
Temperature, burning, humidity, and the availability 
of oxygen are all environmental factors. Body size, 

clothing, and the cause of death are also some of the 
factors.

The characteristic necrobiomes and physiological 
alterations of a human cadaver at various stages of 

degradation are shown in Figure 1.

Fresh (within 24-72 h)

Proteobacteria, Pseudomonas, 
Enterobacteriaceae

Autolysis of cells, Anaerobic condition, 
Rigor mortis, Ruptured blister, 

Loose top layer of skin

Bloat (within 3-5 days)

Proteobacteria, Wohlfahrtiimonas, 
Ignatzschineria

Production of gases, Skin discoloration, 
Body doubles in size, Unpleasant odors, 

Putrefaction starts

Active Decay (within 8-10 days)

Proteobacteria, Pseudomonadaceae, 
Chromatiaceae, Proteus

Release of fluids through orifice, 
Liquefaction of organs, musscles and skin, 

loss of most cadaver mass

Advanced Decay (after few weeks)

Firmicutes, Sporosarcina, 
Lactobacillales, 

Actinobacter, Planococcaceae

Loss of cadaver material, Reduced insect 
activity, death of surrounding vegetation, 

increase in soil carbon and nutrients

Dry Remains (after 1 month)

Acidobacteria, Bacteroidetes, 
Firmicutes, Soil microflora

Completely skeletonized, Presence of 
only dry skin, cartilage and bone, 
Bones become dry and bleached

Fig 1: Overview of the signature necrobiome and physiological  
changes at different stages of degradation of a human cadaver
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1.3 Existing techniques in Decomposition analysis

Microbial ecology 
technique

Study location Study context Key study findings References

T-RFLP and PLFA In-situ above 
ground

Soil bacteria and 
fungi

Successional changes in the bacterial 
and fungal community

4

LH-PCR In-situ above 
ground

Soil bacteria Recovered amplicons for anaerobic 
and nitrogen-fixing bacteria

5

454 Pyrosequencing 
(NGS)

In-situ above 
ground

Cadaver bacterial 
community

Shift from aerobic to anaerobic 
bacteria between the initial and end 
point of bloat stage

6

Illumina (NGS) In-situ above 
ground

Soil bacterial 
necrobiome

Increase in TOC, PO4, and NH3; 
changes in functional community 
composition

7

454 Pyrosequencing 
(NGS)

In-situ above 
ground

Necrobiome Bacteria members, Ignatzschineria, 
and Wohlfahrtiimonas spp., associated 
with flies recorded at bloat 
stage; Actinobacter recorded after 
dehydration and skeletonization

8

Illumina (NGS) Above and below 
ground

Soil bacteria Decreases in diversity, taxa 
richness, and evenness in surface 
decomposition; increased taxa 
richness but decreased evenness 
in subsurface decomposition; 
Proteobacteria dominant in both 
above- and belowground contexts

9

qPCR, cloning, 
Sanger sequencing

In situ 
aboveground

Gut bacterial 
communities

Decrease in relative abundance 
of Bacteroides and Lactobacillus, as 
potential PMI indicator

10

RT-qPCR Proximal large 
intestine

Cadaver bacterial 
community

Bacteroides and Lactobacillus can be 
used as quantitative markers of PMI

10

Roche GS-
FLX Titanium 
pyrosequencing

Lower rib Cadaver bacterial 
community

99.2% of sequences were from 
6 bacterial phyla: Proteobacteria, 
Firmicutes, Bacteroidetes, Actinobacteria, 
Acidobacteria, and Chloroflexi

11

Roche GS-
FLX Titanium 
pyrosequencing

Brain, heart, liver, 
spleen, and blood

Cadaver bacterial 
community

Anaerobic Clostridium sp. and 
Lactobacillus sp. were the predominant 
bacteria

12

Roche GS-
FLX Titanium 
pyrosequencing

Mouth, GI tract, 
and general body 
cavity, skin, and 
rectum

Cadaver bacterial 
community

A significant percentage of Firmicutes, 
Bacteriodetes, and Actinobacteria were 
detected. A marked shift from aerobic 
to anaerobic bacteria in all tissues

6

Bacterial culturing 
and RT-qPCR

Blood, liver, portal 
vein, mesenteric 
lymph node, and 
pericardial fluid

Cadaver bacterial 
community

21 bacteria genera were detected. 
The five most abundant species were: 
Staphylococcus sp., Streptococcus sp., 
Clostridium sp., Enterococcus sp., and 
Escherichia sp

13
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NECROBIOME DIVERSITY

Scientists have been able to develop a “microbial 
clock” that can be used to determine the TSD or PMI, 
because changes in the microbes in and around a dead 
body are measurable and consistent from person 
to person. Scientists can estimate the time of death 
when a body is discovered, for example, at a crime 
scene, by comparing the microbes found on the body 

to the microbial clock. In criminal investigations, 
determining the time of death is crucial. It can be 
used to determine the actual time of murder, track 
down suspects at the scene, and authenticate alibis. 
The microbial clock technique is still in its early stages 
of development, and scientists are collaborating with 
justice practitioners to implement and integrate the 
new technology into the legal system.

Table 2: Depiction of different body sites for necrobiome sampling from previous literatures

BODY SITES NECROBIOME REFERENCES
Skin Corynebacterium, Micrococcus, 

Propionibacterium, Pseudomonas, 
Rothia, Staphylococcus, Malassezia

14

Brain Firmicutes, Lactobacillus, Veillonella, 
Prevotella, Streptococcus, Gemella

12

Oral cavity Bacteroidetes 15,16
Firmicutes, Proteobacteria 6,8,15
Actinobacteria 16
Streptococci, lactobacillus, 
Haemophilus, Actinomyces, Prevotella 
spp., Gemella spp., Veillonella spp., 
Granulicatella spp., Fusobacterium spp.

14

Heart, Spleen, 
Liver

Firmicutes, Proteobacteria, Clostridium 
spp., E.coli, E.albertii.

12

Small Intestine Bacteroides, Clostridia, Streptococci, 
Lactobacilli, Enterococci, Gamma- 
Proteobacteria, E.coli

14

Large intestine Bacteroides, Clostridia, Streptococci, 
Lactobacilli, Enterococci, Proteobacteria, 
Prevotella spp., Eubacteria, 
Ruminococci, Bifidobacterium, 
Fusobacteria.

14

Caecum Firmicutes, Bacteroidetes 17
Ribs Firmicutes, Proteobacteria, 

Bacteroidetes, Actinobacteria, 
Acidobacteria, Chloroflexi

17

COLLECTION OF NECROBIOME FROM CORPSE

Cadaver specimens were collected by sterile 
swabbing of the study region, and bacterial DNA was 
isolated using a soil DNA extraction kit18. Another 
study examined criminal corpse cases in two ways: 
dissection of tissues followed by DNA extraction using 
phenol/chloroform and swabbing organ tissues and 
blood followed by heating/thawing12. The results 

of necrobiome studies showed that the swabbing 
method increased microbial diversity. Approaches 
based on 16S rRNA gene amplicon sequencing have 
made significant progress in opening up new research 
areas. These high-throughput techniques have made 
it possible to detect necrobiomic transition patterns 
that were previously undetectable using culture-
based methods.
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ANALYSIS OF NECROBIOMES

With an accuracy of two days or less, a TSD 
prediction algorithm has been created19. Today, 
forensic entomology is used in conjunction with 
methods for studying the necrobiome, such as DNA 
profiling, total soil fatty acid methyl esters, and 
phospholipid fatty acid (PLFA) analysis. Additionally, 
pig carcasses are now used as a tool to study 
human microbiology, which reduces the problem 
of variation that comes with using human cadavers 
as test subjects4. Utilizing this technology makes 
it easier for scientists to read the sample collection 
sequences. To match the name of the necrobiome, 
the shortened sequence is put through a database. 
There is a knowledge gap in various platforms 
throughout different parts of the world as a result of 
the absence of universal algorithm technology. The 
technology needs to be expanded in order to close 
that gap. However, there are some challenges, such as 
identifying needs, conducting research, developing 
prototypes, and gaining acceptance and adoption20. 
Many forensic science-related organizations would 
benefit from overcoming these barriers. Additionally, 
it would advance knowledge of the necrobiome 
and the growth of creating an accurate, successful 
multi-step experiment. The samples are put into a 
machine that will create and examine microbiome 
DNA sequences. On a computer programme in a lab, 
algorithms are used to read and match the sequences 
in the data bank. The results are returned to the most 
recent days within a few minutes.

TIME SINCE DEATH ESTIMATION CO-
RELATION WITH NECROBIOME

There are several ways to calculate the PMI, such as 
by observing the contents of the mortis’ stomach and its 
temperature. However, these methods have generally 
produced inaccurate results, leading to unreliable 
approximations. Furthermore, uncontrollable factors 
like environmental conditions, geographic location, 
and other unidentified factors have an impact on 
entomology21. Due to the diminished impact of 
environmental factors, biochemical methods (those 
based on pathophysiological changes) have been 
regarded as more accurate22.

The postmortem microbiome is composed of two 
components:  the microbial community associated 

with internal organs and the community associated 
with external body surfaces, which are known as 
thanato-microbiome and epinecrotic-microbiome, 
respectively23. Postmortem interval (PMI) can be 
inferred based on the ecological succession patterns 
of small organisms on the cadaver, as has long been 
known. For instance, PMI has been detected using the 
succession of species of carrion insects24. Complex 
organisms have variable developmental rates25 and 
ovipositions times26 and are frequently unavailable 
during specific weather or seasons27, which places 
restrictions on practices of PMI estimation. As a 
result, microbe succession patterns have become a 
viable alternative to higher organisms. 

CHALLENGES AND FUTURE DIRECTIONS

Although encouraging, there are a number 
of barriers preventing postmortem microbiome 
analyses from becoming standard practice in forensic 
investigations. For starters, most studies have been 
small and have used a variety of experimental 
techniques (e.g., DNA isolation protocol, sequencing 
platforms and reference databases). This lack of 
standardization makes it difficult to compare data 
from different studies. Additionally, it prevents 
microbiome analytics from being trusted and reliable 
tools in the legal system.

Investigations can also be made more difficult by 
temporal variations in the postmortem microbiome. 
Circadian oscillations in bacterial community 
structure have been shown in the gut and saliva, 
indicating that our microbiome’s composition changes 
frequently. As a result, samples taken from the scene 
of a death offer a “snapshot” of the microbiome of a 
person at a particular point in time, but they might 
not accurately reflect reference samples. Similar to 
this, samples might include a jumble of microbes 
from different sources (such as a victim, a suspect, or 
the environment). Many crime laboratories currently 
lack the equipment and knowledge necessary for 
these kinds of analyses.

Most studies of the postmortem microbiome focus 
on the presence of specific microbes rather than the 
community’s potential for function, which is true for 
the microbiome field as a whole. Understanding the 
succession of microbial species during decomposition 
and how they control the process are crucial. Forensic 
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scientists could gain a better understanding of why 
particular microbes are present in particular death 
circumstances by combining sequencing methods 
with those that examine mechanisms of degradation.

The development of the technologies used to study 
complex microbial communities will determine how 
well the relationship between forensic science and 
the postmortem microbiome develops. Microbiome 
analyses, however, might eventually develop into 
useful tools that complement more well-established 
investigative methods.

Conclusion

Tools with potential for forensic use include 
necrobiome, which is a relatively new, dynamic, 
and evolving technology. Estimating the TSD using 
necrobiome technology shows great promise for 
precise PMI estimation. Forensic science greatly 
benefits from an understanding of the dynamics and 
process of decomposition in order to estimate PMI 
accurately, but each of the methods currently in use 
has drawbacks. Community dynamics brought on 
by a variety of internal and external factors make 
interpretation difficult. Metagenomics applications 
that can resolve species- and strain-level details 
can offer fresh perceptions of the spatiotemporal 
characteristics of forensic evidence. For the estimation 
of PMI, the succession of microbial communities in 
human cadavers has produced encouraging results. 
However, a reliable necrobiome-based PMI prediction 
depends on an understanding of the repeatability 
of such succession under various geographical and 
environmental conditions. In addition, cutting-
edge methods like flow cytometry can be used 
to determine PMI and examine the rate of DNA  
degradation. 

A project on the human post-mortem microbiome 
can be started in order to collect and grow a variety 
of microorganisms in a post-mortem setting in order 
to create a post-mortem microbiome catalogue. The 
proposed working group ensures that a framework 
for microbial communities in grave soil and 
necrobiomes is provided. Additionally, the project’s 
goal is to create a framework for the validation and 
standardization of protocols that will be used in 
necrobiome analysis for precise post-mortem time 
interval estimation.
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Abstract

Introduction: Unnatural death means a death caused by external causes e.g., injury or poisoning which includes 
death due to intentional injury, such as homicide or suicide, and death caused by unintentional injury in an 
accidental manner. The tragedy of suicide in adolescents is a global phenomenon that deserves the attention of 
the world’s pediatricians. An estimated 2 million people die each year as a result of suicide. In 2002, there were 
an estimated 877,000 suicides in the world, of which approximately 200,000 were adolescents and young adults.

Aims and Objectives: To know the type, incidence, and sexwise distribution of intentional deaths of adolescents 
in the age group of 10 to 19 years. 

Material Methods: The present study is a descriptive study of intentional unnatural death cases of Adolescents 
(10 to 19 years) which were autopsied at BMC & RI, Bengaluru for a period of 18 months from December 2014 to 
May 2016

Results: In this study of 399 deaths among adolescents, 251 cases (62.90%) were due to intentional injuries and 148 
cases (37.10%) were due to unintentional injuries. Among intentional deaths 4 cases (1.60%) were homicidal and 
247 cases (98.40%) were suicidal in nature. In the case of homicide, all were male victims, while in suicide cases. 
Hanging was the most preferred method to commit suicide with 114 cases (46.15%), followed by burns in 79 cases 
(31.98%), poisoning in 45 cases (18.21%), drowning in 4 cases (1.61%), railway injury in 3 cases (1.21%) and 2 cases 
(0.80%) of fall from height. 

Conclusion: Accurate information on the causes and circumstances of intentional adolescent deaths through 
a process of medico-legal investigations is essential in creating awareness among National policymakers and 
educators/caregivers, to prevent adolescent deaths.
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Introduction

Unnatural deaths are known to claim a 
substantial number of lives all over the world. 
Unnatural death means a death caused by external 
causes e.g., injury or poisoning which includes death 
due to intentional injury, such as homicide or suicide, 
and death caused by unintentional injury in an 
accidental manner.1 Death is unnatural when caused 
prematurely against the order of nature due to injury, 
accident, poison, or other means of violence. Many 
cultural and socioeconomic factors in a country are 
usually related to the causation of unnatural deaths. 
Unnatural deaths are accidental, homicidal, and 
suicidal types. Intentional death means any death 
which occurs as the result of a willful act and with 
some motive. Schneidman (1976) defined it as, - the 
human act of self-inflicted, self-intentional cessation 
of life. It is an act committed out of constricted 
thinking, tunneled logic, and acute anguish2. Suicide 
as a manner of death ranked as the third leading 
cause of death in 2001 between the ages of 10 and 
34 years3 The tragedy of suicide in adolescents is a 
global phenomenon that deserves the attention of the 
world’s pediatricians.4 An estimated 2 million people 
die each year as a result of suicide. In 2002, there were 
an estimated 877,000 suicides in the world, of which 
approximately 200,000 were adolescents and young 
adults. Even when controlling for global population 
growth, suicide is among the leading causes of death 
for adolescents in the world and rates are rising 
faster in teens than in other age groups. Of 4 million 
worldwide suicide attempts each year, at least 90,000 
adolescents (up to age 19) successfully complete, with 
one successful suicide in every 5 minutes.

Aims and Objectives: 1. To know the type, 
incidence, and sex wise distribution of intentional 
deaths of adolescents in the age group of 10 to 19 
years.

2. To know the methods employed to commit 
suicide and the cause for committing suicide

Materials and Methods

SOURCE OF DATA:

Department of Forensic Medicine, BMC & RI 
(Victoria & Bowring and Lady Curzon Hospitals) 
is a postgraduate institute that conducts autopsies 

of all sudden, suspicious, unnatural deaths which 
occur in and around Bengaluru. The present study 
is a descriptive study of intentional unnatural death 
cases of Adolescents (10 to 19 years) which were 
autopsied at BMC & RI, Bengaluru for a period of 18 
months from Dec 2015 to May 2016

ETHICAL CLEARANCE:

Ethical clearance for the present study was 
obtained from the institutions ethical committee, 
Bangalore Medical College & Research Institute, 
Bengaluru.

METHOD OF COLLECTION OF DATA:

All intentional unnatural death cases of the 
age group 10 to 19 years autopsied at Bangalore 
Medical College and Research Institute, Bengaluru 
were included in the study. Relevant autopsy 
findings related to each of these cases were taken for 
analysis. Further, the details of clinical data of the 
victim including the investigations and procedure, 
survival period, time, and cause of death were 
ascertained from hospital records. Information 
pertaining to the time and manner of death was 
sought from the police personnel investigating the 
case. Some of the particulars like reasons for the 
death were also obtained from direct interrogation 
with relatives, friends, and others along with the 
police. The various epidemiological factors involved 
such as age sex, socioeconomic status, and others 
were noted down. These were then correlated with 
the post-mortem findings to conclude the analysis of 
each case. All the findings thus obtained were noted 
down in a separate Performa for each. 

INCLUSION CRITERIA:

1.	 All cases of intentional unnatural deaths in 
the age group of 10 to 19 years

2.	 Both males and females

EXCLUSION CRITERIA:

1.	 Decomposed dead bodies of the age group 10 
to 19 years.

2.	 Unknown dead bodies where the exact age is 
not clearly established.

3.	 Mass disasters.
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Results

Department of Forensic Medicine, Bangalore 
Medical College and Research Institute, Bengaluru 
is a postgraduate Institute that conducts autopsies 
of sudden, suspicious, unnatural deaths which 
occur in and around Bengaluru. The present study 
is a descriptive study of intentional unnatural death 
cases which was autopsied at Victoria and Bowring & 
Lady Curzon hospitals, Bengaluru for a period of 18 
months from December 2014 to May 2016 which form 
the material of the study.

During this period 7219 cases were brought for 
postmortem examination out of which 5522 deaths 
(76.5%) were due to unnatural causes. Out of 5522 
cases of unnatural deaths 399 deaths (7.22%) were of 
adolescents of the age group 10 to 19 years. 

In this study 399 Unnatural deaths among 
adolescents in the age group of 10-19 years. 251(62.90%) 
cases were intentional deaths and 148 (37.10%) cases 
were unintentional deaths (Table No. 01)

Table 1: Type Of Unnatural Death

Type of unnatural deaths No of cases Percent
Intentional Death 251 62.9
Unintentional Death 148 37.1
Total 399 100

Out of 399 cases of Unnatural deaths among 
adolescents in the age group of 10-19 years 73 cases 
(18.3%) were in the early adolescent age group(10-
14years) [M; F ratio was 36:37]and 326 cases were of 
late adolescent (15-19 years) age group [M: F ratio 
was 158:168]. (Table No. 02)

Table 2. Age Incidence of Victims.

Age(Yrs) Male Percent Female Percent Total Percent

10-14 years 
(Early Adolescence)

36 18.5 37 18 73 18.3

15-19 years 
(Late Adolescence)

158 81.5 168 82 326 81.7

In the present study among intentional deaths 4 
cases (1.60%) were homicidal and 247 cases (98.40%) 
were suicidal in nature. In the case of homicidal 
deaths, all were male victims, while in the case of 
suicidal deaths, 81 victims were males and 166 were 
females. (Table No.03)

Table 3. Type of Intentional Death with Sexwise 

Distribution

Intentional Death Male Female Total

Homicide 4 0 4

Suicide 81 166 247

Total 85 166 251

In the present study, Hanging is the most 
preferred method used to commit suicide with 114 
cases ((46.15%) out of 399 cases, followed by 79 cases 
(31.98%) of burns, 45 cases (18.21%) of poisoning, 
4 cases (1.61%) of drowning, 3 cases (1.21%) of 
railway and 2 cases (0.80%) of fall from height.  
(Table No.04)

Table 4. Methods Employed to Commit Suicide 
With Sex Distribution

Method Male Female Total Percent

Hanging 49 65 114 46.1

Burns 14 68 79 32

Poisoning 11 31 45 18.2

Fall From 
Height

2 0 2 0.8

Railway 2 1 3 1.3

Drowning 3 1 4 1.6

Total 81 166 247 100

The cause for committing suicide with 103 cases 
(41%) was due to depression, 37 cases (15%) due 
to family problems, 35 cases (14%) due to failure 
in examination, 34 cases (13.8) due to love failure/ 
affair, 14 cases (5.6%) were dowry related, 13 cases 
(5.2%) were due to unknown reasons and 11 cases 
(4.4%) were due to illness/ disease. (Table No.05)
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Table 5. Cause for Committing Suicide

Cause for suicide No of cases Percent
Depression 103 41
Family Problem 37 15
Failure in examination 35 14
Love affair / Failure 34 13.8
Dowry Related 14 5.6
Unknown Reason 13 5.2
Illness/ Disease 11 4.4
Total 247 100

Discussion

Out of 5522 cases of unnatural deaths, 399 cases 
(7.22%) were of adolescents belonging to the age 
group 10 to 19 years, the incidence correlates with 
most of the previous studies.5

In this study among 399 deaths 251(62.90%) 
cases were intentional and 148 (37.10%) cases were 
unintentional. Intentional deaths include Homicide 
(intentional injury death of another) and Suicide 
(intentional injury death of self). Suicide is the 
top cause of mortality among adolescents and 
therefore intentional deaths are more compared to 
unintentional deaths.

In the present study among intentional deaths 4 
cases (1.60%) were homicidal and 247 cases (98.40%) 
were suicidal in nature. In the case of homicidal 
deaths, all were male victims, while in the case of 
suicidal deaths, 81 victims were males and 166 were 
females. In Colorado, there were 269 adolescent 
suicide deaths between 2008 and 2012. Age specific 
suicide rate for adolescents (10-19 years) is 7.9 per 
100,000 which is considerably higher than the national 
average of 4.6 per 100,000. During this period suicide 
was the second leading cause of death in adolescents 
behind unintentional injuries6, similar to our studies. 

Homicidal deaths are more among males due to 
their Behavior traits that are associated with increased 
injury risk including hyperactivity, aggression, and 
antisocial behavior. Psychological disorders like 
depression and anxiety occur more often in girls 
than boys with gender disparity becoming evident 
in early adolescence with the onset of puberty. Social 
factors like the subordinate role of females in society 
may generate feelings of helplessness and frustration 
which contribute to psychiatric illness; the findings 

suggest that in the Indian context, psychosocial 
factors could be affecting more girls than boys.

According to NCRB males outnumbered females 
in committing suicides, but in our study suicide 
among females is more than among males. This is 
because the data is collected all over India and it 
varies from region to region. Our study is mainly 
focused on the urban area and here in this region 
females are more emotional and due to other personal 
causes driven them to end their lives. Comparatively, 
women became vulnerable to suicide at a younger age. 
Dysfunctional social networks played a predominant 
role in suicides. Family and marital conflicts need 
closer social attention and timely counseling. Patients 
with chronic medical conditions and frequent alcohol 
use need effective exploration concerning suicidal 
ideation to avert self-annihilation. A policy to control 
prescriptions of toxic drugs including pesticides is 
overdue. In the present study, Hanging is the most 
preferred method used to commit suicide with 114 
cases ((46.15%) out of 399 cases, followed by 79 cases 
(31.98%) of burns, 45 cases (18.21%) of poisoning, 4 
cases (1.61%) of drowning, 3 cases (1.21%) of railway 
and 2 cases (0.80%) of fall from height. No death by 
firearm is reported in this study. Suicide as a manner 
of death ranked as the third leading cause of death in 
2001 between the ages of 10 and 34 years. 

In teenagers, a substantial proportion of 
poisonings are suicidal. The relatively high ratio of 
teenage poisoning deaths to hospital admissions and 
the recent increases in teenage death rates from 
suicide underscores the importance of identifying 
causal factors and developing preventive measures 
that will reduce not only the morbidity from 
poisoning but the fatal outcomes for several hundred 
teenagers each year7

The choice of method used to commit suicide 
depends on the availability of means, knowledge 
about the effectiveness, and the victim’s motivation 
and intent. Methods of suicide employed generally 
reflect the availability of methods in the community. 
The pattern of suicide in a region depends upon 
a variety of factors, ranging from availability and 
access to the method to the socio-economic status of 
the individual, and also not to forget the prevailing 
cultural and religious influences. In the western 
counterpart also hanging predominates. In Australia, 
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Japan, New Zealand, Pakistan, and Thailand, hanging 
dominates as the most common method of suicide. 
In China, Hong Kong, and Singapore, jumping from 
buildings is the most frequent method used. The 
U.S.A. has the highest rate of firearm ownership of 
any country in the world and also the highest rate of 
firearm related suicides. In India, suicide by firearms 
and jumping from buildings are less due to the very 
less amount of tall buildings and strict legislation for 
keeping firearms. The studies conducted in rural 
areas of India poisoning are the first preferred method 
to commit suicide because of the easy availability of 
poisons. Drowning is more in studies conducted in 
coastal regions. Drowning as a method of suicide is 
known to occur, but has primarily been described 
in environments with readily available access to 
water, such as coastal regions. Drowning remains 
a significant public health concern, as it is a major 
cause of disability and death, particularly in children8

Cluster suicides occur in the young and are often 
initiated by direct communication. As it is possible 
that Internet-based social sites may facilitate this 
phenomenon, investigations should include an 
evaluation of the victim‘s Internet access given the 
potential risk of similar actions by peers.9

The cause for committing suicide 103 cases 
(41.07%) were due to depression/mental illness, 37 
cases (14.97%) were due to family problems, 35 cases 
(14.17%) were due to love affairs/failure, 34 cases 
(13.76%) were due to failure in examination, 14 cases 
(5.66%) due to dowry related, 13 cases (5.26%) due to 
unknown reasons and 11 cases (4.45%) due to disease 
or illness. For proper assessment of the cause and 
manner of death in such fatalities, it is important to 
have an awareness of trends, risk factors, methods as 
well as pitfalls.

Conclusion

Adolescent age is an important stage in 
development. Death in adolescent age is a potential life 
loss to family and society to some extent and reflects 
socioeconomic and Medical Health Care status at the 
National and Regional level. Accurate information on 
the causes and circumstances of such deaths through 
a process of medico-legal investigations is essential 
in creating awareness among National policymakers 
and educators/caregivers, to prevent adolescent 

deaths. It is very important that suicide prevention 
programs be rigorously evaluated to determine their 
effectiveness in targeting the personal, family, and/
or social factors that lead to suicide.
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Abstract

Background: Autopsies are important in clinical medicine as they can identify medical errors and assist in 
continuous improvement. The role of a forensic pathologist is highly significant in determining the cause of death 
as an undiagnosed case can contribute to the improvement of clinical or surgical management of such type of 
patients, and help prevent unexpected deaths in the future. In an era, where pathological autopsies are limited, 
the medico-legal autopsy will serve as supplement to document the incidental adrenal pathologies in the study 
population.

Material and Methods: The prospectivestudy was performed after getting proper approval from Institute ethical 
committee. The adrenal glands were procured from medico-legal autopsies conducted from 2019 -2021, at the 
mortuary of Govt. Medical College and Hospital, Aurangabad. All the necessary details were noted from the 
police requisition, Inquest panchnama and clinical papers provided. All the important findings were noted down 
in the predesigned case record form. 

Result: A total of 128 adrenal glands were examined for gross and histopathological changes. The number of males 
and females studied comprised of 38 males (59 %) and 26 females (41%). Majority of lesions were observed on 
histopathology as compared to gross examination. Maximum number of the lesions were observed in the age group 
between 21 to 30 years (29%). Gross adrenal lesions were noted in 62% males and 38% females. Histopathology 
lesions were noted in 63% males and 37% females. The study showed more of unnatural cases than natural cases. 
Majority of the lesions are seen in unnatural deaths than natural deaths except enlarged adrenals are found in 
natural deaths. Majority of the adrenal histopathology lesions were found in unnatural deaths except adrenalitis, 
hypertrophy and atrophy which is common in natural deaths. Majority of the lesions are found in unnatural 
deaths both on gross 73% as well as histopathological 67% examination. 

Conclusion: This study emphasizes the importance of Gross as well as Histopathological examination in medicolegal 
autopsies. In cases of negative autopsies, this necessitates to examine the adrenal glands, histopathologically which 
may give a clue about the cause of death.

Key words: AdrenalGlands, Histopathological changes, Gross examination, Medicolegalautopsy, suprarenal gland.
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Introduction

 A complete autopsy is necessary to substantiate 
the truth of the evidence of eyewitnesses. In forensic 
pathology, partial autopsy has no place. (1) An 
autopsy is performed by opening all the three body 
cavities where every organ is examined to make it a 
complete autopsy. Clinical or pathological autopsies 
are performed to gain insight into new pathologies, 
diagnose a specific disease, or for research purposes. 
It aids in determining the medical diagnosis that 
was uncertain or unclear before the patient’s death. 
Autopsies are necessary because the evolution of 
medicine is reliant on them. (2)

The World Health Organization defines sudden 
death as a death that occurs within 24 hours of the 
beginning of symptoms. This gap, however, is too 
long for most doctors and pathologists where many 
consider death within 1 hr from the onset of illness. (3)

The role of a forensic pathologist is highly 
significant as providing the cause of death in such 
an undiagnosed cases which can contribute to the 
improvement of clinical and or surgical management 
of such patients, and help prevent unexpected deaths 
in the future. The gross morphological features like 
weight, size, shape, and others can be studied more 
accurately with autopsy than imaging studies. (2)Hence 
in this study, we are focussing on the possible role of 
adrenal gland pathologies in sudden death cases due 
to unknown etiology, all natural and unnatural deaths 
by observing gross and histopathology features. A 
few studies have been done in India and abroad in 
the field of adrenal/ suprarenal gland autopsy and 
hardly any recent work can be found out through 
thorough search. In an era where pathological 
autopsies are limited, the medico-legal autopsy will 
serve as a supplement to document the presence of 
adrenal disease in the study population.(2)

Objectives:
1.	 To study the incidence of adrenal gland 

pathologies in case of sudden death, both 
natural and unnatural causes.

2.	 To study the incidence and patterns of 
adrenal gland pathologies in relation to age, 
sex, laterality, manner of death.	

3.	 To conclude the cause of death due to adrenal 
gland pathology in sudden death i.e. if it 
could be the terminal event.

Material and Methods

This is an autopsy based prospective study 
conducted between 2019 to 2021 at Department of 
Forensic Medicine and Toxicology, Govt. Medical 
College and Hospital, Aurangabad, Maharashtra. 
Ethical clearance was obtained from Institutional 
ethical committee prior to the study. The adrenal 
glands were procured from medico-legal autopsies 
of cases meeting the inclusion and exclusion criteria. 
Observations were noted in the predesigned case 
report proforma and from the histopathology report. 
Master chart including all the details, photographic 
records and histopathology slides have been 
maintained for future references.

Inclusion Criteria:

1.	 Cases of all natural and unnatural death.
2.	 Cases of all death due to unknown cause/

etiology (sudden death)

Exclusion Criteria:

1.	 Decomposed dead bodies.
2.	 Cases in which exact time of death is not 

known.
3.	 Dead bodies preserved in cold storage prior 

to the autopsy.

Result

The present study was conducted in the mortuary 
of department of Forensic Medicine and Toxicology 
of this institute. A total of 128 adrenal glands were 
examined for gross and histopathological changes 
out of the total medicolegal autopsies, which included 
right and left adrenal gland, of the age group from 
1year to 75 years. We have studied all cases of natural 
and unnatural deaths, brought dead to our hospital. 
The number of males and females studied comprised 
of 38 males (59 %) and 26 females (41%). In our study, 
out of the 128 adrenal glands examined, majority 
of lesions were observed on histopathology i.e., 76 
adrenals (60 %) as compared to 42 adrenals (33 %) 
that showed lesions on gross examination.( Table 1)

Out of the 42 gross adrenal lesions, maximum 
number of the lesions were observed in the age group 
between 21 to 30 years (n=16; 38%), followed by 41 
to 50 years (n=11; 26%) and the least lesions were 
observed in the age group between 71 to 80 years(n=1; 
2.3%). (Table 2)
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Table 1: Incidence of gross and histopathology of adrenal lesions

Examination

Adrenal Findings

TotalLesions- 
Present

Lesions- 
Absent

Gross 42 86 128
Histopathology 76 52 128

Table 2: Age wise distribution of incidence of gross adrenal lesions

Age groups in years Total
Gross Findings 1 -10 11- 20 21-30 31-40 41-50 51-60 61-70 71-80
Congestion 2 1 9 4 9 0 2 0 27
Haemorrhage 2 1 3 0 1 2 0 1 10
Enlarged 0 0 4 0 1 0 0 0 5
Total 4 2 16 4 11 2 2 1 42

Out of the 76 adrenal lesions on histopathology, 
maximum number of the lesions were observed in 
the age group between 21 to 30 years (n=22; 29%), 
followed by 41 to 50 years (n=17; 22%) and the least 
lesions were observed in the age groups between 61 
to 70 years and 71 years to 80 years (n=3; 4 % each). 

Furthermore it could be concluded that, people of 
age less than 40 years are more prone for adrenal 
hemorrhage (p-value 0.026) compared to other 
lesions. People of age more than 50 years are more 
prone for hypertrophy (p-value 0.0327) and atrophy 
(p-value 0.0327) compared to other lesions. (Table 3)

Table 3: Age wise distribution of Adrenal lesions on Histopathology

Histopathology 
Findings

Age groups in years
Total

1 -10 11- 20 21-30 31-40 41-50 51-60 61-70 71-80
Congestion 2 2 10 6 5 2 2 0 29

Haemorrhage 4 3 10 3 5 2 0 1 28

Adrenalitis 0 0 2 2 5 0 0 0 9

Hypertrophy 0 0 0 2 0 3 0 0 5

Atrophy 0 0 0 0 2 0 1 2 5

Total 6 5 22 13 17 7 3 3 76

Gross adrenal lesions were noted in 62% males 
and 38% females. Histopathology lesions were noted 
in 63% males and 37% females. Thus, the gross and 
histopathology lesions of adrenal gland were found 
to be more in males as compared to females. (Table 4) 
On gross, there were 33 %(n=42) adrenal lesions and 

these were present bilaterally with no difference 
between the involvement of right and left adrenal 
gland. However, among 60% adrenal histopathology 
lesions(n=76), left adrenal gland showed 55 % more 
lesions compared to right adrenal gland. (Table 5)

Table 4: Gender wise distribution of gross and histopathology lesions of adrenal gland

Examination
Gender

Total
Male Female

Gross 26 (62%) 16 (38%) 42

Histopathology 48(63%) 28 (37%) 76
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Table 5: Incidence of gross and histopathology 
lesion and adrenal gland side.

Examination Side
Right Left Total

Gross 21 21 42
Histopathology 34 42 76

Our study comprised of 70% (n=45) unnatural cases 
and 30% (n=19) natural cases of the total autopsies 
conducted at our institute for examination of adrenal 
glands. Hence our study comprised more of unnatural 
cases than natural cases. (Table 6)

Table 6: Number of cases studied as per manner of 
death

Manner No Of Cases Percentage
Natural 19 30
Unnatural 45 70
Total 64 100

Our study shows 74% (n=31) adrenal gross 
lesions in unnatural deaths compared to 26 %(n=11) 
natural deaths. Majority of the lesions are seen in 
unnatural deaths than natural deaths except enlarged 
adrenals are found in natural deaths. (Table 7)

Table 7: Incidence of each gross lesions in relation to manner of death

Gross
Congested Enlarged Haemorrhage Total

Manner of Death Natural 6 4 1 11
Unnatural 21 1 9 31

Total 27 5 10 42

 In our study, 67% (n=51) of adrenal 
histopathology lesions were seen in unnatural deaths 
and 33% (n=25) in natural deaths. Hence, majority 
of the adrenal histopathology lesions were found in 
unnatural deaths. (Table 8)

Table 8: Incidence of Adrenal histopathology 
lesions in relation to manner of death

Manner Lesions (HP) Percentage
Natural 25 33
Unnatural 51 67
Total 76 100

It shows maximum histopathology lesions in 
unnatural deaths except adrenalitis, hypertrophy and 
atrophy which is common in natural deaths. (Table 9) 
Majority of the lesions are found in unnatural deaths 
both on gross 73%(n=31) as well as histopathological 
67%(n=51) examination. In case of natural deaths, 
females outnumbered males on gross examination 
(55% vs 45%: F vs M) while males outnumbered 
females on histopathological examination (64% vs 
36%: M vs F).However, in cases of unnatural deaths 
there is male preponderance in both gross (68%) 
as well as histopathological (63%) examination. 

(Table 10)

Table 9: Incidence of each adrenal HP lesions in relation to manner of death

HP Findings Total
Adrenalitis Congested Haemorrhage Hypertrophy Atrophy

Manner 
of death

Natural 5 8 3 5 4 25
Unnatural 4 21 25 0 1 51

Total 9 29 28 5 5 76

Table 10: Gender wise distribution of gross and HP Adrenal lesions in relation to manner of death

Examination Total Natural Unnatural

Male Female Total Male Female Total

Gross 42 5 6 11 21 10 31

Histopathology 76 16 9 25 32 19 51
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Discussion

The adrenal glands were meticulously studied in 
different causes of death, both natural and unnatural 
cases, brought dead to our hospital, with an 
emphasis on macroscopic and microscopic features. 
The prospective study was conducted from October 
2019 to October 2021 in the mortuary of department 
of Forensic Medicine and Toxicology of this institute. 
A total of 128 adrenal glands (including right and 
left adrenal gland) were studied in detail from 64 
cadavers of which 38 were males and 26 were females, 
belonging to age group between 1 year and 75 years. 

Out of the 128 adrenal glands, 33 % (n=42) 
adrenal glands showed lesions on gross. This is 
consistent with Sarah et al.(4)study where 32.25 % of 
adrenal glands showed lesions on gross. In our study, 
60 % (n=76) of the adrenal glands showed lesions 
on histopathology, which is lower than the Sarah 
et al.’s(4)study which was 80 %.As per P. Yadav et 
al.(5)study, out of 250 adrenal glands, 15.20 % (n=38) 
showed adrenal pathologies which is lower than our 
study. Also Kuntal Roy et al.(2)study, 38.7 % (n=41) of 
the 106 autopsy cases showed adrenal lesions under 
histopathology which is also lower than our study.

It was observed in our study that the incidence 
of gross adrenal lesions were higher among the age 
groups of 21-50 years (n=31; 74 %) while the incidence 
was least among 71-80 years (n=1, 2.3%).Also, on 
histology adrenal lesions were higher among the age 
groups between 21 and 50 years (n= 52; 68%). This 
is consistent with study of Kumari et al.(6)i.e. 75% of 
lesions were common between age group 20-40 years 
with mean age of 36 years. It is also consistent with 
Dongre et al.(7) where the majority of adrenal lesions 
were seen in the third to sixth decade, i.e. 97.22 %, and 
the least was observed in the elderly age group, i.e. 
2.78 %.The mean age of incidence of lesions was 34.3 
± 15.5 years in Liao CH et al.(8)studies which further 
supports our study. In addition, Kuntal et al.(2)study 
also resembled with our study in which 79% lesions 
were observed in the age group between 31 years and 
60 years with mean age 57.32 ± 15.8 years. Moreover 
when co-relation between the age group and each of 
the histopathological lesions was plotted in this study 
, the p-value was 0.000 which further concluded that, 
people of age less than 40 years are more vulnerable 
for adrenal hemorrhage( p-value 0.026) compared to 

other lesions. People of age more than 50 years are 
more prone for hypertrophy (p-value 0.0327) and 
atrophy( p-value 0.0327) compared to other lesions. 
The age group with higher incidence of adrenal 
lesions in our study may be due to the fact that it is 
the most active period of life responsible for stress, 
trauma, infections etc. leading to higher incidence of 
adrenal lesions. 

Males showed majority of adrenal gross lesions 
(i.e. n=26; 62%)as well as histopathology lesions 
(n=48; 63%) which is consistent with studies of Sarah 
et al.,(4)Dongre et al.,(7) Nayak et al.(9)and Kuntal 
et al.(2)studies. However in contrast to our study 
where 38 % females showed adrenal lesions on gross 
and 37% females showed histopathology lesions, P. 
Yadav et al.(5)study showed a female preponderance 
of 22.90 % with lesions in 4 out of 61 females against 
males of 12.4% with lesions in 24 out of 189 males. 
The study of Kumari et al.(6)also showed female 
preponderance of 62.5% against 37.5% males. The 
male preponderance in our study could be due to the 
higher male population in Maharashtra. However 
no significant link could be established between 
gender and incidence of gross and histopathology 
lesions where the p-value was 0.159 for incidence of 
gross lesions and gender and p-value was0.052 for 
incidence of histopathology lesions and gender.

Out of the 76 adrenal lesions on histopathology, 
42 (55 %) left adrenal glands were more affected 
than 34 (45%) right adrenal glands. Moreover, out of 
38 cases with adrenal lesions, 27 cases (71% ) were 
bilaterally involved and 11 ( 29 %) were unilaterally 
involved. This almost resembled with Nayak et al.(9) 
study with 20% unilateral involvement of which 12% 
of left adrenal gland were affected than 8% right 
adrenal gland. Our study is in contrast to the study 
of P. Yadav et al.(5)study, where 15 (39.47%)out of 38 
right adrenal gland was more affected than 2 (5.26 %)
out of 38 left adrenal glands. Out of 38 cases, 21(55.26 
% ) were bilaterally involved. The right side was the 
predominant site of involvement (n=59; 76.6%) in 
Liao et al.(8)study. Kumar et al.,(10)and Ahmed et al(11)

found equal involvement of both sides in their study 
of adrenal glands. This inconsistency in laterality in 
our study of can be explained as follows: according 
to several literatures, the right adrenal is mostly 
involved in trauma associated with other injuries, 
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while haemorrhages are also observed in other non-
traumatic cases such as burns, hanging etc. Hence, 
our study includes both traumatic and non-traumatic 
cases, with non-traumatic cases outnumbering 
traumatic cases which does not account to right 
adrenal involvement in our study.

While considering manner of death, 68 %of 
the adrenal histopathology lesions were seen in 
unnatural deaths as compared to 32% lesions in 
natural deaths. This is almost resembling with Sarah 
et al.(4)study, where lesions were present in 59% of 
unnatural deaths and 22% of natural deaths. Yadavet 
al.(5)study also supports our study in which 83.57% 
of unnatural deaths showed lesions compared to 
14.29% of natural deaths. Nagy et al.(12)study also 
shows higher incidence among unnatural deaths 
than natural deaths.

Conclusion

The present study concluded, incidence of 
histopathology lesions were prominently observed 
than the gross lesions. It shows that histopathological 
studies are more reliable in detecting or appreciating 
adrenal changes than gross examination alone. 
Majority of the adrenal gland lesions were detected 
in the age group of 21-50 years on gross (74 %) and 
histopathology (68%) examination. Most of the gross 
and histopathology lesions were found in unnatural 
deaths while On histopathology, majority of the 
adrenal glands (50-100%) were affected in deaths due 
to snakebite, hanging, incomplete abortion, rupture 
gravid uterus, septicemia due to cellulitis, burns, 
drowning, coronary artery disease, poisoning.
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Abstract
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Introduction

Due to its insightful analysis of skeletal injuries, 
forensic anthropology plays a crucial part in medico legal 
investigations.[1] Determining the reason and manner 
of death, recreating the circumstances leading up to the 
trauma, and presenting evidence for legal procedures all 
depend on the diagnosis of skeletal trauma. [2] The study 
of skeletal remains using a variety of tools and procedures 
falls under the umbrella of forensic anthropology, which 
enables a thorough knowledge of trauma patterns and their 
consequences in medico legal settings. [3] Radiologists, 
forensic anthropologists, forensic pathologists, and other 
specialists must all work together to evaluate bone trauma. 
[4] Forensic anthropologists work to correctly record and 
interpret bone trauma using eye inspection, macroscopic 
analysis, imaging modalities, and cutting-edge analytical 
tools. [5] This study seeks to offer an extensive overview 
of the present state of knowledge in the field of forensic 
anthropology, identify research gaps, and suggest 
opportunities for future improvement. [6][7] To do this, a 
systematic evaluation of the methodologies and procedures 
used in analyzing skeletal trauma was conducted. [8] 
In recent years, technical improvements and improved 
collaboration among specialists from many disciplines have 
propelled the area of forensic anthropology to considerable 
advancements. [9] The assessment of bone injuries continues 
to be mostly dependent on conventional techniques like 
ocular inspection and macroscopic examination. [10] 
Visual examination is the process of carefully examining 
the surfaces of bones for indications of fractures, cuts, 
abrasions, and other traumatic lesions. [11] The kind and 
number of skeletal injuries can also be recognized and 
described via macroscopic examination. [12] While these 
traditional approaches still offer useful information, they 
are frequently supplemented with cutting-edge imaging 
technologies to improve accuracy and precision. [13] 
Forensic anthropology has been transformed by imaging 
techniques including X-rays, computed tomography (CT), 
and magnetic resonance imaging (MRI). [14] X-rays offer 
comprehensive pictures of the internal bone structures and 
can help to recognize and classify fractures. [15] The three-
dimensional reconstructions provided by CT scans enable 
more thorough evaluations of bone trauma. [16] Additionally, 
interior traumas like hemorrhages and organ damage may 
be seen more clearly thanks to CT scans. [17] Although it 
is less frequently employed in forensic anthropology, MRI 
can offer important information on soft tissue injuries and 
related trauma. [18] Skeletal trauma assessment might be 

revolutionized by new technologies that have just appeared. 
Skeletal remains may be accurately represented in virtual 
form thanks to three-dimensional scanning and modeling 
techniques like laser scanning and photogrammetry. [19] 
These digital models allow for manipulation, measurement, 
and analysis in ways that are not achievable with only 
physical specimens. [20] This technique makes it easier 
to recognize minor trauma patterns, helps to recreate the 
circumstances that led to the trauma, and permits the 
preservation of evidence while reducing the handling of 
delicate remains. [21] The field of forensic anthropology now 
includes analyzing bone trauma, thanks to developments 
in molecular and biochemical methods. [22] To resolve 
unsolved cold cases and major catastrophe situations, DNA 
analysis can be used to identify people and make linkages 
between remains and missing persons. [23] An individual’s 
geographic origin, food preferences, and migratory patterns 
can be determined using isotopic analysis, which looks at 
stable isotopes found in bone and teeth. [24] These details 
can be utilized to piece together a person’s life narrative 
and aid in finding remains during forensic examinations. 
[25] Despite improvements in the examination of skeletal 
injuries, forensic anthropology still faces several problems 
and restrictions. [26] The interpretation of trauma patterns 
can be challenging since a variety of variables, including 
age, sex, bone density, and the presence of underlying 
diseases, can affect how severe and how quickly skeletal 
injuries manifest. [27] The evaluation of bone trauma can 
also be made more difficult by the postmortem period, 
environmental conditions, and taphonomy processes. [28] 
Forensic anthropologists’ examination of skeletal injuries 
in medicolegal investigations is a crucial responsibility. 
This systematic study seeks to give a thorough overview of 
the procedures and approaches. [29]

Legal Aspect: 

In medicolegal investigations, the legal component 
of appraising bone trauma and forensic anthropology is 
crucial. The reliability and admissibility of evidence in 
court are ensured by adhering to scientific standards and 
legal regulations. [30] Forensic anthropologists are required 
to adhere to set procedures, record their techniques, and 
give expert witness testimony. The privacy and security of 
individual information must be maintained through a chain 
of custody standards. [31] For correct interpretations and 
just outcomes in legal situations, elements like as validity, 
dependability, precision, and ethical norms are crucial. 
When managing sensitive information, it is vital to adhere to 
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privacy rules and regulations. [32] The legal considerations 
cover the safekeeping, accurate documenting, and storage 
of skeletal remains and related evidence. Respecting these 
legal requirements encourages openness, defends the rights 
of everyone concerned, and maintains the fairness of the 
legal system. [33]

Medicolegal Aspect: 

The medico-legal issue arises when examining 
skeletal trauma and applying forensic anthropological 
techniques without first establishing the validity 
and admissibility of the evidence in court. [34] It is 
essential to follow scientific guidelines and validate 
the methods employed. The legal context must also be 
taken into account when interpreting skeletal trauma 
to correctly determine the cause and manner of death, 

identify the culprits, and administer justice. [35] To 
solve the medico-legal issues in this area, meticulous 
documentation, adherence to strict methods, and 
persuasive expert evidence are essential. [36]

Methodology

A thorough examination of the literature was 
done for this investigation utilizing the Bullion Words 
database. After a search produced 5530 results, 3960 
papers were chosen based on their quality and 
relevancy. A total of 1570 samples were identified 
after analysis. Samples that were improperly 
downloaded (210) were excluded. After 1360 full-
text papers were evaluated, 31 that met the inclusion 
requirements were added to the study.

Prisma Flow chart:

Result

The systematic study brought to light the wide 
range of approaches and tools used in assessing bone 
trauma for medicolegal inquiries. It shed light on the 
advantages, drawbacks, and developments of these 

strategies while highlighting the critical function of 
forensic anthropology in determining bone trauma. 
To improve the precision and validity of medicolegal 
investigations, the evaluation identified research gaps 
and urged more development and study in the area.
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Discussions

In medicolegal investigations, the assessment 
of bone trauma is extremely important. Skeletal 
trauma analysis is essential for diagnosing the reason 
and manner of death, recreating the events leading 
to death, and supplying evidence in court cases. 
Fractures, gunshot wounds, stab wounds, and other 
bone injuries can provide forensic anthropologists 
and investigators with important clues that help 
them find the criminals and administer justice. 
[37] Skeletal trauma is assessed using a variety of 
techniques for medicolegal investigations. These 
procedures include visual inspection, radiographic 
imaging, and sophisticated forensic technologies 
including computed tomography (CT) scanning and 
three-dimensional (3D) imaging. While radiographic 
imaging helps in evaluating internal bone injuries, 
visual examination enables the detection and study 
of surface lesions. A thorough evaluation of bone 
trauma is made possible by cutting-edge methods 
like CT scanning and 3D imaging, which provide 
detailed visualization and virtual reconstructions. 
[38] There are difficulties and restrictions associated 
with evaluating bone trauma in medicolegal cases. 
Accurately identifying and evaluating trauma might 
be made more difficult by postmortem changes such 
as bone changes and decomposition. Injuries may 
be difficult to interpret if remnants are fragmented 
or mixed together. Further obstacles to a thorough 
assessment of skeletal trauma include the restricted 
availability of cutting-edge imaging equipment and 
the absence of standardized trauma assessment 
methodologies. [39]

Conclusion

The methodologies and approaches used in 
assessing bone trauma for medicolegal investigations 
are clarified by this systematic study, which 
concludes. It highlights the necessity of continual 
study and development as well as the significance 
of forensic anthropology in this procedure. Forensic 
anthropologists can contribute to more accurate 
evaluations of skeletal injuries and increase the 
validity and reliability of the evidence used in 
medicolegal investigations by knowing the strengths, 
limits, and breakthroughs in this discipline. 
Standardized procedures, improved methods, and 

investigation of cutting-edge technology are crucial 
for developing forensic anthropology in medicolegal 
situations further.

Future aspect:

The creation of standardized procedures, the 
development of more accurate methodologies, and 
the examination of emerging technology are future 
issues in skeletal trauma and forensic anthropological 
evaluation for medicolegal investigations. The 
comprehension of trauma patterns and their 
interpretation will progress through interdisciplinary 
research and partnership initiatives. The development 
and improvement of forensic anthropology in 
medicolegal investigations will be aided by further 
innovation and study in these fields.
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Abstract

Background: Medical ethics and professionalism have been included in the competencies which an Indian 
medical graduate should achieve to become globally relevant. This study was done to describe medical ethics and 
professionalism and explore the factors affecting it, among the medical students in India. 

Methods: A cross-sectional study was conducted among undergraduate medical students of India in 2022; data 
were collected using google documents and analyzed using SPSS v20.0. 

Results and Conclusion: Two thirds of the participants were aware of the principles of medical ethics. Medical 
college lectures/seminars were the source of ethics for majority of the participants. Around 32.2% had conflicts 
in their medical school. Though 99.6% of the participants opined that the patient deserve respect, only one third 
(34.3%) opined that medical errors should be shared to the patients. Prevalence of consumption of alcohol, 
smoking, drugs among medical students were 5.6%, 3.1% and 0.7% respectively. 

Keywords: Addictions, Alcohol, Drugs, Ethics, India, Medical Students, Professionalism, Smoking.

Introduction

Medical ethics and professionalism of a doctor 
develops during the undergraduate days in medical 
school/college. Practice of medical ethics and 
inculcating professionalism along with clinical 
expertise determines the success of a practicing 
doctor and to strengthen the trust of patient – 
doctor relationship. Medical ethics deals with 
those ethical principles that govern professional 

conduct in medicine. Medical ethics implies 
obligations of the physician toward the patient as 
well as some obligations towards other physicians1. 
Professionalism is a belief system in which group 
members (‘professionals’) declare (‘profess’) to each 
other and to the public, the shared competency 
standards, and ethical values they uphold in their 
work and what patients can expect from these 
professionals2. 
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Medical ethics and professionalism in India 
are taught to the medical students through formal 
curriculum and hidden curriculum. National 
Medical Commission introduced Attitude, Ethics 
and Communication module (AETCOM) for Indian 
Medical Graduates in their formal curriculum3. 
Hidden curriculum is not ‘taught’ but ‘caught’ by the 
students with observation of interactions between 
faculty, staff, administrators, patients and their peers, 
and also with clinical experience4,5. Studies reported 
that professionalism of doctors were influenced 
by their behavior in medical school6,7. Altruism, 
accountability, duty, excellence, honor, integrity, and 
respect for others were identified as the key elements 
of professionalism by the American Board of Internal 
Medicine8. Application of principles of medical 
ethics, viz autonomy, beneficence, non-maleficence, 
and justice, in medical practice includes respect of 
the person, informed consent, protection of privacy 
and confidentiality, facilitation of decision making, 
giving maximum benefit, and first do no harm. 
Students were reported to zzconsider the teachers as 
their role model and it is important for the students to 
differentiate good and bad role models9.

This study was conducted with the objective 
to describe medical ethics and professionalism 
and explore the factors affecting it, among medical 
students in India.

Materials and Methods

This cross-sectional study was conducted 
among medical students across India, after the 
ethical clearance from Institutional Human Ethics 
Committee. Students studying in professional year 
I,II,III,IV and doing internship were included for this 
study. The data were collected using google forms 
during the months of November - December 2022 
since the use of google document helps in wider and 
easy data collection10. Filling up of the google form 

and its submission was taken up as the students’ 
consent. Sample size (n=600) was calculated using 
the formula n=(1-α/2)2pq /d2 with α at 5%, p as 39% 
from the previous study11, q (100-p) and d, relative 
precision of 10%. Study questionnaire had questions 
on age, gender, professional year of studying, Indian 
state of origin and currently studying M.B.B.S, 
reason for choosing medical profession, conflicts in 
medical school and with whom, details on cheating 
for assessments/examination, attitude and practice 
towards patients in terms of confidentiality and 
respect, dressing up professionally for college and 
punctuality in attending lectures / clinical postings 
and addictions like alcohol usage, cigarette smoking 
and other drugs. Non probability sampling technique 
was used and 763 medical students submitted the 
completed forms and were included in the analysis.

Statistical Analysis

Data were analyzed using SPSS v 20.0. 
Quantitative variables were expressed as mean 
and standard deviation and qualitative variables 
were expressed as numbers and percentages. Chi-
square and Fisher’s Exact test were used to find the 
statistically significant association. 

Results

Of the 763 participants, mean age was 20.78 ± 2.19 
years. About 2/3rd of the study population (67,1%) 
were females i.e,512 and 251 were males (32.9%). The 
study participants belonged to different states/Union 
territories of India. Majority of them belonged to the 
native of Tamil Nadu (458, 60%) followed by Kerala 
(228, 29.9%), Karnataka (18, 2.4%), Maharashtra (17, 
2.2%), Andhra Pradesh (12, 1.6%), Bihar (5, 0.7%), 
UP (4, 0.5%), 3 participants from Rajasthan, Odisha, 
West Bengal and 1 participant from Pondicherry, 
Telangana, Chhattisgarh, Uttarakhand, Nagaland, 
Dadra and Nager Haveli. Table 1 shows the 
characteristics of the study participants. 

Table 1: Characteristics of study participants 

Variables Frequency 
(Percentage )

Professional year 

I M.B.B.S

II M.B.B.S

III M.B.B.S

IV M.B.B.S

Intership (CRMI)

359 (47.1%)

117 (15.3%)

119 (15.6%)

85 (11.1%)

83 (10.9%)
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Variables Frequency 
(Percentage )

Type of college 

Government Medical College

Private Medical College

167 (21.9%)

596 (78.1%)

Indian state in which the participants study

Tamilnadu 

Kerala 

Maharashtra 

Karnataka 

Others*

553 (72.47%)

173 (22.67%)

9 (11.79%)

23 (3.01%)

4 (0.52%)

Chose medical profession out of compulsion

Yes 

No 

115 (15.1%)

648 (84.9%)

Reason for choosing medical profession 

Self - Passion 

Parents’ decision 

Media / movies / series

Because all school toppers choose this

Family owns a hospital

614 (80.5%)

263 (34.5%)

74 (9.7%)

57 (7.5%)

11 (1.4%)

Regret for choosing (after joining) the 
medical profession

Yes

No

 

655 (85.8%)

108 (14.2%)

*Includes students studying in Andhra Pradesh, Telangana,  
and Pondicherry with less than 1% respondents from each state. 

It was found that 40.6% of the study participants 
(283/763) copied (cheated for exams) by any means 
for formative / summative assessment in their 
medical college. The difference in percentage of 
those copied for assessments were not significant 
between males (41.0%) and females (41.2%) with 
X2 0.002 and p value 0.513. Among those who 
joined the profession out of compulsion, 61 (53%) 
had copied for assessments when compared to 253 
(39%) in others and the difference in proportion 
was statistically significant with X2 value 7.905 

and p value 0.005. There was no statistically 
significant difference between Government and 
private medical college students (38.9% Vs 41.8%, 
X2 0.439 and p 0.507). Various methods adopted 
by the participants to copy was shown in figure 
1. About 31.6% (241) strongly agreed that a 
medical student should become scientifically 
and clinically competent to become a successful 
doctor, 44.3% (338) agreed, 17.2% (131) responded 
neutral, 2.1% (16) disagreed and 4.8% (37)  
strongly disagreed. 
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Figure 1: Methods adopted by the study participants to copy for assessments 

Conflicts as a medical student

Around 1/3rd of the study participants (246, 
32.2%) had conflicts in medical college life, with 
batchmates (140, 18.3%), hostel warden (108, 14.2%), 
campus security (78, 10.2%), office staff – college/
departments (69, 9%), Senior/junior medical students 
(59, 7.7%), postgraduate students (20, 2.6%), junior 
faculty -assistant /associate professor (19, 2.5%), 
senior faculty - professor (36, 4.7%), nursing staff 
(25, 3.3%), house-keeping staff (12, 1.6%), patient (6, 
0.8%) and patient attender (20, 2.6%). The percentage 
of students who had conflict was more among those 
who joined the profession out of compulsion (49, 
42.6%) when compared to the others (205, 31.6%) and 
was statistically significant with X2 value 5.295 and p 
value 0.021. Gender was not found to have association 
with conflicts, females 35.2% vs males 29.5%, p value 
0.118. There was no statistically significant difference 
between Government or private medical college 
students in the percentage of conflicts (31.7% Vs 
33.7%, X2 0.232 and p 0.630). 

Medical Ethics

About 747 (97.9%) participants opined that 
medical ethics should be taught for medical students 
in the medical college. 492 (64.5%) were aware of 
the 4 basic principles of medical ethics and only 275 
(36%) knew about the existence of ethics committee 
in their medical college. 737 (96.6%) opined that 
patient’s consent should be taken always for clinical 
examination, investigation, or any procedures. Source 
of knowledge on medical ethics was college lectures/

seminars for majority of the participants (655, 85.8%), 
medical journals/print media/online lectures (317, 
41.5%), movies /series (297, 38.9%), Religious places 
(80, 10.5%) and parents/relatives and friends (36, 
4.7%). Of the participants, 123 (16.1%) had discussed 
the confidential/personal details of the patients with 
friends/family. 

Professionalism 

About 705 (92.4%) responded that they dress 
up professionally for college. It was found that 
484 (94.5%) females and 221 (88%) males dress up 
professionally and the difference was statistically 
significant with Chi-square test, X2 value 10.08 and 
p value 0.001. Those who took medical profession 
with compulsion, and the others, were equally 
dressing up professionally. Government and private 
medical college students were reported to dress up 
professionally, without any statistically significant 
difference. Out of the study participants, 745 (97.6%) 
opined that medical students need punctuality in 
life and 617 (80.9%) of the study participants goes to 
lectures/clinical postings on time. Female gender was 
found to be statistically associated with punctuality 
(females 425, 83% Vs males 192, 76.5%, X2 value 
4.618 and p value 0.032). Among those who took the 
profession out of compulsion, 80 (69.6%) maintained 
punctuality and this proportion was significantly 
lower when compared to others 537 (82.9%), X2 
11.174, p =0.001. There was no statistically significant 
difference found between Government and private 
medical college students in punctuality. 
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It was found that 760 (99.6%) of the study 
participants were of the attitude that the patients 
deserve respect, 262 (34.3%) opined that medical 
errors should be disclosed to the patients, 685 (89.8%) 
believed that the patient should know the correct 
diagnosis and 481 (63%) told that it is important to 
disclose all the information regarding the treatment 
to the patient. 

Addictions among medical students 

About 58 (7.6%),106 (13.9%) and 14 (1.8%) study 
participants tried smoking, alcohol, and drugs 

respectively, at least once after joining medical 
college and 24 (3.1%), 43 (5.6%) and 5 (0.7%) continue 
smoking, alcohol and drugs respectively. Analysis 
of addictions with factors such as gender, taking 
up medical profession out of compulsion and type 
of medical college (Government /Private) were 
shown in table 2. Male gender and those who took 
medical profession out of compulsion were found 
to be associated with smoking, alcohol, and drug 
abuse whereas students studying in Government run 
medical colleges had association with smoking and 
alcohol usage. 

Table 2: Variables associated with addictions among the study participants

Variables Gender Took medical profession 
out of compulsion 

Type of Medical College

Male 
n (%) 

Female  
n (%)

Yes  
n (%)

No  
n (%)

Government  
n (%)

Private 
n (%)

Tried smoking at 
least once after 
joining medical 
college 

37 (14.7%) 21(4.1%) 19 (16.5%) 39 (6%) 19 (11.4%) 39 (6.5%)

X2 27.145, p <0.001* X2 15.340, p <0.001* X2 4.339, p =0.037*

Continue smoking 19 (7.6%) 5 (1%) 12 (10.4%) 12 (1.9%) 9 (5.4%) 15 (2.5%)

X2 24.033, p <0.001* X2 23.616, p <0.001* X2 3.533, p =0.06
Tried alcohol at least 
once after joining 
medical college

47 (18.7%) 59 (11.5%) 30 (26.1%) 76 
(11.7%)

27 (16.2%) 79 (13.3%)

X2 7.302, p 0.007* X2 16.832, p <0.001* X2 0.925, p = 0.336
Continue alcohol 25 (10%) 18 (3.5%) 14 (12.2%) 29(4.5%) 18 (10.8%) 25 (4.2%)

X2 13.154, p <0.001* X2 10.885, p = 0.001* X2 10.633, p =0.001*
Tried drugs at least 
once after joining 
medical college

10 (4%) 4 (0.8%) 8 (7%) 6 (0.9%) 5 (3%) 9(1.5%)

Fisher’s Exact Test, 
p=0.003* 

X2 19.720, p <0.001* Fisher’s Exact Test, 
p=0.172 

Continue drugs 5 (2%) 0 4 (3.5%) 1(0.2%) 2 (1.2%) 3(0.5%)

Fisher’s Exact Test, 
p=0.004* 

X2 16.575, p <0.001* Fisher’s Exact Test, 
p=0.302

*Statistically significant with p < 0.05. 

Discussion

The prevalence of self-reported cheating in 
assessments was higher when compared to the report 
from another study and it reported that males were 
more likely to cheat for exams/assessments12. In this 
study we found that there was no gender difference 
in cheating and similar result was observed by a 
previous study13.

About one third of the study population had 
conflicts with any of the staff, from all the levels of 
a health care system. Interaction between students 
with different individual from varied backgrounds 
leads to conflicts and inability to resolve it effectively 
can affect the team work resulting in medical errors 
and patient safety concerns14. Medical ethics is 
instilled in a medical students’ mind and life by 
various sources ranging from college lectures/peers 
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to family/religious places. In this study majority 
reported college lectures/seminars as the source of 
information and similar result was found in another 
study11. Literature quotes that medical ethics should 
be taught to medical students by multiple teachers 
with multiple perspectives15. Confidentiality and 
privacy are important for doctor-patient relationship 
and divulgence of any kind of medical or personal 
details of patient is a breach in that relationship16. 
The percentage of who discussed the confidential/
personal details of the patients with friends/family 
was lower when compared to a previous study11. 
Observations of alcohol abuse, smoking and drugs 
usage from the current study was lower when 
compared to a previous study, which reported 
alcohol abuse 19.13%, cigarettes smoking 10% and 
other drugs 2.17%17. 

Conclusion

Two thirds of the participants, 64.5%, were 
aware of the principles of medical ethics. Medical 
college lectures/seminars were the source of ethics 
for majority (85.8%) of the participants. About 
40.6% of the study participants copied by any 
means for assessments in medical college and the 
most common method used was by discussing with 
friends. Students who joined medical profession out 
of compulsion were significantly associated with 
the malpractice. Around 32.2% had conflicts in their 
medical school and majority (18.3%) of them had 
conflicts with their batchmates. About 92.4% dress 
up professionally for college and female students 
had significant associated. Though 99.6% of the 
participants opined that the patient deserve respect, 
only one third (34.3%) opined to share medical 
errors to the patients. Prevalence of consumption 
of alcohol, smoking, drugs among medical students 
were 5.6%, 3.1% and 0.7% respectively. Male gender 
and those medical students who took the profession 
out of compulsion from others were associated with 
smoking, alcohol, and drug use. Students studying in 
Government medical colleges were associated with 
smoking and alcohol usage. 

Limitations: Analysis was done based on the 
data were self-reported by the study participants. 
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Abstract

Background: One of the most important aspects of medicolegal injury examination is the determination of the age 
of the injury. This study of wound dating from the gross examination of abrasion is being conducted to look into 
the accuracy of dating the wounds by the age determined by gross changes with that of the time of infliction of 
injury.

Methods: In this cross-sectional study, 102 dead bodies brought for medicolegal autopsy, having a well demarcated 
abrasion and a known time of infliction of injury were selected. Based on the duration of infliction, abrasions were 
categorized into 13 groups. Gross changes that follow blunt trauma were studied and correlated to the time frame 
of the occurrence of abrasion.

Conclusion: A significant relationship between the age and color of abrasion (X2
72=387.59, P<0.001) was observed. 

On gross examination, bright red color was seen in abrasions aged <24 hours; reddish scabbed abrasion from 
10 to 32 hours; brownish scabbed abrasion from 16.5 to 72.17 hours; dark brown scabbed abrasion from 35.5 to 
157 hours; and black scabbed abrasion was observed only after 72 hours (3 days). Abrasions with scab fallen at 
a margin were seen from 7th to 14th days, and scabs completely falling off exposing hypopigmented skin were 
observed in abrasions aged >336 hours (>2 weeks).

Key Words: Abrasion; Age of abrasions; Autopsy; Gross change.

Introduction

The dating of injuries has long been a cause of 
discord among researchers. In the current time the 
role of doctors has become crucial for the examination, 

treatment, and certification of injuries. With factors 
such as self-inflicted, fabricated, and artificial injuries, 
the role of the forensic pathologist in the evaluation 
of injuries has been a significant cog in the wheel of 
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the medicolegal system. Whenever an injury needs to 
be evaluated and certified for medicolegal purposes, 
a doctor must consider various aspects of the 
wound, such as its type, size, pattern, and the type 
of weapon used to inflict the said injury. At autopsy, 
a forensic pathologist also must evaluate whether 
the wound is antemortem or postmortem. One of 
the most important aspects of injury examination is 
the determination of the age of the injury. Significant 
medical and legal ramifications could result from 
their interpretation, such as inclusion or exclusion of 
a suspect as a criminal offender. [1]

In forensic autopsy practice, blunt impact injuries 
are frequently observed, and proper interpretation of 
wounds is crucial for reliable medical testimony. [2] 
Abrasion is one of the most common blunt traumas 
observed [3] and it is the most important tool for 
determining the age of the injury.

In India, as well as in many other developing 
countries, injuries are usually dated by naked eye 
examination. [4] Color changes in abrasion are 
frequently used for age estimation of injury. However, 
some authors consider it as an uncertain and variable 
method for dating the wound due to observer bias. [4,5] 
However, the naked eye examination during autopsy 
is the only tool to determine the age of abrasion, when 
there is no reliable history of time of infliction. Hence, 
this study was conducted to date abrasion from the 
gross changes that follow blunt trauma.

Material & Methods

This cross-sectional study was conducted in the 
Department of Forensic Medicine and Toxicology, 
Shyam Shah Medical College, Rewa, (M.P.) from 1st 
January 2021 to 30th June 2022, after obtaining ethical 
clearance from the Institutional Ethics Committee 
(IEC).

The study population was dead bodies brought 
by the police for medicolegal autopsy. Dead bodies 
having a well-demarcated abrasion and a known 
time of infliction were included. Dead bodies with 
infected abrasions and in the state of decomposition 
were excluded from the study.

According to the case selection criteria, 102 cases 
were selected. A written informed consent was 
obtained. Information regarding the time of injury, 

time of death, hospitalization, and associated 
comorbidity were noted. Based on the age of infliction, 
abrasions were categorized under 13 different time 
intervals i.e. ≤12 hours, 13 to 24 hours, 25 to 36 hours, 
37 to 48 hours, 49 to 60 hours, 61 to 72 hours, 73 to 
84 hours, 85 to 96 hours, 97 to 120 hours (5th day), 
121 to 144 hours (6th day), 145 to 168 hours (7th day), 
169 to 336 hours (8-14 days), and more than 336 hours 
(2 weeks). Relevant details of the abrasion such as 
site, size, and color were noted. 

Data was analyzed using SPSS version 20.0 
software. P<0.05 was considered significant. 
Descriptive data were expressed as frequency. For 
the age group of abrasions (quantitative data), mean 
and SD were calculated. Pearson’s chi-square test of 
independence was used to compare the gross changes 
in abrasion with the age of infliction of abrasion.

Results and Discussion

In this cross-sectional study sample size was 
102 cases. The sample size in our study was higher 
compared to other studies [4–10] except the study 
conducted by Sandhu et al. (N=150). [11] 

In this study, of 102 cases, 84 (82.35%) were male 
and 18 (17.65%) were female. Our study showed a 
male preponderance (M:F::4.67:1), similar to other 
researches. [4,5,7–11] The observed male preponderance 
may mainly be attributed to the fact that men are 
more prone to injuries since they are more involved 
in outdoor activities such as driving vehicles, labor 
workers, etc. Sharma et al. [6] in their study, did not 
distribute the cases by gender.

The age range of the study subjects in this study 
was from 4 to 80 years. The age range of subjects 
in other research was from 1 year to more than 
60 years,[4,7,9–11] except in the study by Saxena et al. [8] 
and Siddiqui et al., [5] where the subjects of age groups 
of 18 to 60 years and 20 to 60 years, respectively, were 
included.

We observed the abrasions were most common 
in the age group 31 to 40 years (25/102, 24.51%), a 
similar finding was reported by one researcher. [7] The 
second most common age group sustaining abrasion 
was 21 to 30 years (24/102, 23.53%). The reason for 
the age group of 21 to 40 years being more prone to 
injuries could be that this age group forms the major 
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workforce and is susceptible to injuries due to road 
traffic accidents, falls, assaults, etc.

We found road traffic accidents (88/102, 86.27%) 
to be the most common cause of abrasion, a similar 
observation was reported in one study. [4] Fall 
(13/102, 12.75%) were the second most common 
cause of infliction of abrasion.

Of 102 cases, 59 (57.84%) cases had a history 
of hospitalization and 43 (42.16%) cases were non-
hospitalized.

In our study, bright red abrasions were the most 
common (54/102, 52.94%) and reddish scabbed 
abrasions were the least common (3/102, 2.94%) 
observations.

We observed, the majority (50/54, 92.59%) 
of bright red abrasions were ≤12 hours old and 4 
(7.41%) were 13-24 hours old. Our observations were 
in agreement with various textbooks and studies in 
which bright red abrasion was observed within the 
first 12 hours. [8,9,12–16] We observed the bright red 
abrasion earliest at 0.02 hours and the latest up to 20 
hours post-infliction. Research reported bright red 
abrasions as early as 10 minutes, and up to 5 hours 
[4,5,10] to 7 hours [6] old abrasions. In contrast, one 
researcher reported that most cases on the first day 
were dark red instead of bright red. [7]

We found 3 abrasions with reddish scab, of 
which one (33.33%) was ≤12 hours old and 2 (66.67%) 
were 25-36 hours old. Reddish scabbed abrasion was 
observed as early as 10 hours and latest up to 32 
hours. Various textbooks and studies found red scabs 
to form on abrasions from 12 to 24 hours. [8–10,12–16] 
One study reported that reddish scab formation in 
abrasions was observed mostly between 4 to 24 hours 
and seen latest up to 24 to 72 hours old abrasions. 
[4] A few authors observed reddish scab formation as 
early as 7 to 8 hours [6,17] and latest up to 24 hours. 
[17] We could not compare or draw any meaningful 
conclusion from our observations in respect to the 
formation of the reddish scab over abrasions with 
other studies and texts since the number of cases in 
this study group is too small (3/102).

Among 11 cases with brownish scabbed abrasion, 
2 (18.18%) were 12-24 hours old, 4 (36.36%) were 25-
36 hours old, 2 (18.18%) were 37-48 hours old, and 

one abrasion (9.09%) was observed to be in each age 
group of 49-60 hours, 61-72 hours and 73-84 hours. 
Brownish scabbed abrasions were observed from 16.5 
to 72.17 hours post-infliction. Standard textbooks and 
research differ at the age of the appearance of brownish 
scab in abrasions. Textbooks quote brownish-red 
scabs to be present in 24-48 hours old abrasions [14] to 
48-72 hours abrasions. [12,13,15] However, researchers 
reported the abrasion to be covered with brown scab 
in 24 to 72 hours after injury. [4,5,8,10,17] One study 
[6] reported brownish scab as early as 19 hours old 
abrasions, which is close to the observation made by 
us i.e. 16.5 hours. In contrast to other studies, Kumar 
et al. [7] observed that on the 3rd day, the majority of 
injuries were dark red instead of brownish.

In our study, dark brown scab was observed in 
13 abrasions. Among these, one (7.69%) abrasion was 
observed in each age group of 25-36 hours, and 61-72 
hours old; 2 (15.38%) cases were 73-84 hours old; 4 
(30.76%) were 85-96 hours old; 3 (23.08%) were 97-120 
hours old; one (7.69%) case was observed to be 121-
144 hours old; and one (7.69%) case was 145-168 hours 
old. The maximum number of dark brown scabbed 
abrasions (n=10) were observed between 73 hours to 
144 hours. The earliest dark brown scab was observed 
at 35.5 hours and the latest at 157 hours. Our findings 
are supported by various textbooks that quote dark 
brown to form over abrasions in 2 to 7 days. [12–16] One 
study reported an earlier appearance, at 27 hours, 
of dark brown scab in abrasion. [6] Other authors 
observed dark brown scab earliest in 3 to 4 days, [8,17] 
and latest up to 5 to 7 days [8,9] old abrasions. These 
observations are different but are within the purview 
of our observations. On the contrary, Kumar et al. 
[7] found a dark red scab instead of a dark brownish 
scab on the 5th day. A few studies [4,5,10] observed 
dark brown scab in the majority of cases between 4-6 
days, however, any meaningful conclusion could not 
be drawn by their study due to the less number of 
study samples.

We found, 8 abrasions with black scab, of which, 
one (12.5%) abrasion was 73-84 hours old, 2 (25%) were 
97-120 hours old, 2 (25%) were 121-144 hours old, and 
3 (37.5%) were 145-168 hours old. After 96 hours (4 
days), the majority (7/8, 87.5%) of abrasion showed 
black scab. The earliest black scab was observed 
at 73 hours and the latest at 165.67 hours. Similar 
observations were reported in one study where black 
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scabbed abrasions were seen from 3 days to 7 days. 
[8] Textbooks differ significantly in the formation of 
black scabs over abrasions that vary from 4-7 days, 
6-8 days [17] to 7-14 days [4,5,9,10] post-infliction. Two of 
the researchers [4,5] observed that the black scab was 
seen only after 5 days, and was seen at 21 days in a 
deceased who had no comorbidity, and was in the leg 
(less vascular area). Presence of multiple comorbidity 
delays formation of black scab which was observed 
on 35th day. [4]

In this study, 8 abrasions showed scab fallen 
off at the margin. Among these, one (12.5%) was 
145-168 hours (7th day) old and the majority i.e. 7 
(87.5%) were 169-336 hours (8-14 days) old. Scab 
falling at the margin was observed earliest at 145.83 
hours and latest up to 333.33 hours. Textbook, and 
research support our observation. [4-6,10,17] They also 
observed that falling off of scab was delayed in 
healthy individuals where the injury was located 
in the lower extremity (knee). In cases experiencing 
septicemia, there was a significant delay in the fall 
of scab observed up to 45 days. In contrast, an earlier 

separation of scab at the margin was noted by some 
authors. [8,14] They quoted shrinkage and falling off of 
scab by as early as 5 days and latest up to 7 to 8 days 
after sustaining abrasion.

We found 5 abrasions with scab fallen off 
completely exposing hypopigmented skin. All were 
more than 336 hours old. The complete falling off 
of scab was observed earliest at 344.5 hours and the 
latest at 1203.42 hours. A few researchers reported 
similar observations. [4,5,10] In non-agreement with 
our observations, various textbooks quote that scab 
falls off completely in more than 7 days old abrasions. 
[12,13,15,16] Bigger scabs take a few days more to  
fall off.[17]

In this study, the relationship between age group 
of infliction and color of abrasion was assessed and 
found to be statistically significant (X2

72=387.59, 
P<0.001). A similar statistical significant relationship 
between the age and color of abrasion was reported 
by Vinay J et al. (X2

36=2.32, P<0.001). [4]

Table 1. Distribution of cases by Age Group and Gender

Age Group of 
cases (years)

No. of Cases
Female (n) Male (n) Total N (N%)

1-10 3 5 8 (7.84%)
11-20 1 11 12 (11.76%)
21-30 2 22 24 (23.53%)
31-40 4 21 25 (24.51%)
41-50 4 12 16 (15.69%)
51-60 2 6 8 (7.84%)
61-70 1 5 6 (5.88%)
71-80 1 2 3 (2.94%)
Total 18 (17.65%) 84 (82.35%) 102 (100%)

Table 2. Distribution of cases by Age of Abrasion and Color of Abrasion

Age of Abrasion No. of 
cases (n)

Age of Abrasion

Mean (SD) (hours)

Color of Abrasion No. of 
cases (n)

≤12 h 51 3.36 (2.91) Bright red 50
Reddish scab 1

13 to 24 h 6 16.82 (3.22) Bright red 4
Brownish scab 2

25 to 36 h 7 31.06 (3.54) Reddish scab 2
Brownish scab 4
Dark brown scab 1
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37 to 48 h 2 38.67 (3.06) Brownish scab 2
49 to 60 h 1 59.5 (0) Brownish scab 1
61 to 72 h 2 65.25 (6.01) Brownish scab 1

Dark brown scab 1
73 to 84 h 4 75.25 (5.51) Brownish scab 1

Dark brown scab 2
Black scab 1

85 to 96 h 4 89.53 (1.93) Dark brown scab 4
97 to 120 h

(5th day)

5 105.57 (6) Dark brown scab 3
Black scab 2

121 to 144 h

(6th day)

3 126.86 (7.78) Dark brown scab 1
Black scab 2

145 to 168 h

(7th day)

5 156.09 (9.55) Dark brown scab 1
Black scab 3
Scab fallen off at margin 1

169 to 336 h

(8th to 14th day)

7 240.33 (70.98) Scab fallen off at margin 7

>336 h

(>2 weeks)

5 664.88 (345.89) Scab completely 
fallen off exposing 
hypopigmented skin

5

Total 102 79.48 (166.06) 102

Conclusion

We found:
1.	 The most common age group that sustained 

abrasion (49/102, 48.04%) was 21-40 years.
2.	 Male preponderance (M:F::4.67:1) across all 

age groups.
3.	 Accident to be the most common cause of 

infliction of abrasion (86.27%).
4.	 On gross examination, bright red color was 

seen in abrasions aged <24 hours; reddish 
scabbed abrasion from 10 to 32 hours; 
brownish scabbed abrasion from 16.5 to 
72.17 hours; dark brown scabbed abrasion 
from 35.5 to 157 hours; and black scabbed 
abrasion was observed only after 72 hours 
(3 days). Abrasions with scab fallen at a 
margin were seen from 7th to 14th days, 
and scabs completely falling off exposing 
hypopigmented skin were observed in 
abrasions aged >336 hours (>2 weeks).

5.	 A statistically significant relationship 
(X2

72=387.59, P<0.001) between age of 

abrasion and gross changes in abrasion 
observed.

Limitation

In individuals with dark brown complexion, the 
early color changes are difficult to appreciate clearly, 
and more so, this type of naked-eye observation 
is subjective. Observations were made by a single 
observer; however, due to the subjective nature of 
interpretation of color inter-observer bias may arise. 
Because of the random sampling of the cases, the 
majority of samples were from cases brought within 
6 hours of infliction of abrasion.

Recommendation

In Indian scenario, for dating of injuries, we rely on 
naked eye examination (subjective) of gross changes, 
which are owing to limitations and confounding 
factors as discussed, gives only a rough estimate 
regarding the age; thus, subjecting the samples to 
histopathology examination for corroboration is 
recommended, particularly in sensitive cases that 

Continue....
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demand more accurate determination of the age 
of the injury. In cases with multiple injuries over 
different sites, the healing process may vary because 
of various factors such as type, size, location of the 
wound, vascular supply, infection, movements, 
nosocomial infections, ionizing radiation, U.V. light, 
circulatory status, metabolic status, and hormones, 
and thus, opining the age of the injury would be 
difficult and would not correlate accurately with the 
time of infliction of the injury as alleged by the police 
or relatives. Hence, the autopsy surgeons are well 
advised to exercise caution while opining the age 
of abrasion solely based on naked eye examination 
(subjective) of gross changes.
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Abstract

Valproic acid and meropenem is generally co-administrated in neurosurgical cases. Meropenem potentially decreases the 
valproic acid position, which may beget perioperative turn like seizure. Such serious adverse effect through potential interaction 
should be taken seriously and made aware by clinicians. Among various neurological emergencies status epilepticus is one of 
the most important and as it progresses, therapeutic control becomes difficult. Patients receiving antiepileptics and carbapenem 
group antibiotics concomitantly should be closely monitored due to possible drug interaction between these agents. The 
authors report a case of a 39-year-old male patient who was admitted with C4-C5 type C injury with neurological deficit due 
to road traffic accident. His Glasgow Coma Scale score was E4M2V1 and graded ‘A’ on Asia Impairment Scale. Patient was 
on treatment with valproic acid for existing schizophrenia. He was empirically treated with meropenem as cover antibiotic for 
infection due to phrenic nerve palsy that allowed secretions to be retained and increase the chance of infection. On third day 
of admission, he developed 2 episodes of breakthrough seizure in less than 5 minutes. Post status epileptic, Inj. Meropenem 
was stopped as cover antibiotic and he was treated with Inj. Fosphenytoin, Inj. Midazolam and Inj. ‎Levetiracetam after which 
no such seizures were observed.

Keywords: Meropenem, Valproic acid, Seizures and Drug interaction.

Introduction

A continuous, generalized, convulsive seizure 
lasting longer than five minutes or two or more 
seizures during which the patient doesn’t regain 
baseline consciousness is known as status epilepticus 
(SE), a serious medical emergency that is linked 
to severe morbidity and mortality.(1) Numerous 
neurological or systemic illnesses, including stroke, 
traumatic brain injury, brain tumor, central nervous 
system (CNS) infections, electrolytic and metabolic 
conditions, and anoxic encephalopathy, can also 
cause epileptic seizures(2,3). Infections can also cause 
hospital admissions for people with epilepsy, or 

they can contract infections while hospitalized. The 
management of infectious illness comorbidities 
in patients with epilepsy is thus complicated by 
medication interactions between AEDs and antibiotics 
(4). For instance, rifampicin improves the clearance 
of lamotrigine, erythromycin, clarithromycin, and 
isoniazid raise the serum levels of carbamazepine, 
ethosuximide, and phenytoin(4,5).

An AED frequently used to treat both partial 
and generalized seizures is valproic acid (VPA). 
The drug is extensively metabolized in the liver 
and is known to interact with other AEDs and non-
AEDs(6). Additionally, the use of carbapenems or 
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oral contraceptives causes a decrease in serum 
levels of VPA whereas the use of chlorpromazine 
causes an increase (5). A class of antibiotics known as 
carbapenems is effective in treating illnesses brought 
on by bacteria that are resistant to a variety of drugs 
(7). In case reports by Coves-Orts FJ and retrospective 
investigations by Spriet I and Haroutiunian S, 
carbapenems have been demonstrated to lower 
serum levels of VPA. (8,9,10) The intricate processes 
governing the interaction between VPA and 
carbapenems have not yet been thoroughly analyzed 
(11). However, it has been suggested that combining 
these drugs is best avoided because the decrease in 
serum VPA levels brought on by carbapenems may 
worsen seizures (8,9). 

According to the majority of findings, VPA 
and carbapenem combination therapy should be 
avoided unless absolutely essential (8,12). When co-
administering VPA and carbapenems, other AEDs 
should be temporarily added when simultaneous 
use is unavoidable. We provide a case report of a 
patient who experienced epileptic seizures as a result 
of a potential pharmacokinetic interaction between 
meropenem and an antiepileptic drug.

Case Presentation 

A 39-year-old male patient was admitted with 
C4-C5 type C injury with neurological deficit due to 
road traffic accident. His Glasgow Coma Scale score 
was E4M2V1 and graded ‘A’ on Asia Impairment 
Scale; Physical examination revealed consciousness 
tend to fall asleep, closed eyes and normal-sized, 
normally reactive pupils. Patient was presented with 
phrenic nerve palsy and brought into intensive care 
unit with diaphragmatic paralysis. Blood cultures, 
Procalcitonin, complete blood count, C-Reactive 
Protein, blood chemistry and CSF samples were 
obtained where procalcitonin levels were extremely 
high. He is a known case of Ankylosing spondylitis, 
Schizophrenia and Hypothyroidism and on treatment 
with Tab. Valproic acid 750mg, Tab. Levothyroxine 
100 µg, Tab. Clozapine 50mg and Tab. Etorcoxib 
120mg. The patient was consulted with neurology 
and infectious disease doctors. Meropenem was 
started as cover antibiotic for infection due to 
copious, yellow secretions suggesting the same. On 
3rd day of the antibiotic therapy status epilepticus 

seizures were observed where he developed 2 
episodes of breakthrough seizure in less than 5 
minutes.Inj. Fosphenytoin 750mg over a period of 
2-3 hours followed by 150mg TDS.intravenous (IV) 
was started. Also, the patient was intubated and 
mechanically ventilated. EEG revealed generalized 
epileptiform activity. Inj. Midazolam and Inj. 
Levetiracetam were added for treatment respectively 
after which no such seizures were observed and the 
reaction stopped on the same day. The patient was 
consulted with neurology and infectious disease 
doctors daily. Anti-biotherapy with Inj. Meropenem 
was discontinued after reaction on the same day. On 
day 21 he was extubated; no seizures had occurred 
over the following 48 hours. He was discharged from 
the ICU post stabilization.

Discussion

Due to its broad-spectrum action against 
both gramme positive and gramme negative 
bacteria, meropenem, one of the antibiotics in 
the carbapenem family, is used in the empirical 
treatment of nosocomial infections. Meropenem, one 
of the various carbapenem antibiotics, is frequently 
used in neurosurgical facilities because it doesn’t 
contain the seizure-causing compound cilastatin 

(13). Antiepileptic medication called valproic acid is 
frequently used to treat seizures, including partial 
seizures, generalised seizures, and status epilepticus. 
Valproic acid is frequently used for prophylaxis 
against seizures in brain injury and neurosurgery 
due to its broad-spectrum epileptic control (14). The 
glucuronide molecule, which is produced by the 
enzyme uridine diphosphate glucuronyltransferase 
(UDPGT), is expelled in bile up to 50% of the time 
(glucuronidation) (15). To convert this substance into 
a free form of valproic acid that can be reabsorbed 
through enterohepatic circulation, the gut bacterial 
flora is crucial (15,16). Only 10% of the remaining 
valproic acid is metabolised by cytochrome P450, 
with the majority of the remaining half being broken 
down by β-oxidation (16). 

Meropenem and valproic acid interact with 
uncertain full mechanism of action (16,17,18). Two 
hypotheses account for the decreased valproic 
acid levels with meropenem co-administration 
(19,20). According to Kojima’s study, meropenem’s 
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broad-spectrum antibacterial effect reduces the 
gastrointestinal flora, which in turn slows the 
conversion of valproic acid’s glucuronide compound 
form to the free form, which can then be reabsorbed 
via enterohepatic circulation (21). According to the 
second idea, meropenem increases glucuronidation, 
which raises the amount of glucuronide molecules 
that are excreted by the liver. It also causes less 
hydroxylation, which reduces the amount of 
gastrointestinally re-absorbable valproic acid (22).

In this case, we report we describe a patient who 
was admitted to the intensive care unit with a C4-C5 
type C injury, neurological deficit graded ‘A’ on Asia 
Impairment Scale, and other injuries as a result of an 
automobile accident. Blood samples were taken for 
blood cultures, complete blood counts, C-Reactive 
Protein, Procalcitonin, blood chemistry, and CSF tests 
where his Procalcitonin levels were elevated. He is 
currently receiving treatment with Tab. Valproic acid 
750 mg, Tab. Levothyroxine 100 g, Tab. Clozapine 
50 mg, and Tab. Etorcoxib 120 mg for his known 
cases of Ankylosing Spondylitis, Schizophrenia, 
and Hypothyroidism. Doctors who specialize in 
infectious diseases and neurology both spoke with 
the patient. As a preventative measure against 
infection, meropenem was empirically administered 
to him. On the third day after being admitted, he 
experienced 2 breakthrough seizures in less than 
5 minutes. Following his diagnosis of post-status 
epilepticus, the cover antibiotic Inj. Meropenem was 
stopped, and he was treated with Inj. Fosphenytoin, 
Inj. Midazolam, and Inj. Levetiracetam. Over the 
ensuing 48 hours, no more seizures were noted. After 
stabilization, he was released from the ICU.

After the administration of carbapenems, serum 
VPA levels drop to subtherapeutic levels, according 
to a study by Chi-Ren Huang. Within 24 hours 
of starting therapy with either high or low doses 
of carbapenems, the levels of VPA were reduced. 
Carbapenems have the potential to cause seizures 
and may also cause antiepileptic medication serum 
levels to decrease (23). Clinicians need to be aware 
of this potential combination since it could have 
major negative consequences. This case report offers 
compelling evidence of the potential epileptic activity 
of meropenem and the possibility for pharmacological 
interactions with antiepileptic medications. This 

relationship needs to be managed by clinicians due to 
the clinical and financial implications. Antiepileptic 
drug serum levels should be monitored in patients 
taking carbapenem antibiotics and antiepileptic 
medications concurrently. The concurrent use of these 
two medications should be avoided if at all possible.

Conclusion

One of the most significant neurologic 
emergencies is status epilepticus, and as its 
duration lengthens, therapeutic control becomes 
increasingly challenging. Due to a potential drug 
interaction between antiepileptics and antibiotics 
from the carbapenem group, patients receiving both 
medications at the same time should be continuously 
watched.
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Abstract

Background: Identification of an individual becomes essential in a dead body more than when he is alive. Identity 
becomes a problem in a dead person when the body is decomposed, mutilated, in skeletal remains or in mass 
causality death. The foremost essential thing in medico legal cases, becomes identity of the dead , rather than 
opinion about the cause of death, time since death or manner of death. The aim of this study was to arrive at the 
regression formula for assessing the age of the dead, based on the number of osteons in the sternal rib bone. 

Methods : The study involved  41 sternal ribs taken from 20 to 50 years old persons from the  south Indian 
population at Institute of Forensic Medicine Department Madras Medical College. After autopsy a portion of rib 
bone was removed from the shaft of the fourth sternal rib near their anterior ends. A slide from the bone section 
was placed in the light microscope to study the number of  osteons in full thickness of the compact bone of the rib. 

Result & Conclusion: In this study, age was plotted in the  X– axis and the number of osteons were plotted in the 
Y – axis. A correlation coefficient (r) is derived. It summarizes the significance in the relationship of two variables. 
This study illustrates the estimation of age at death by counting the number of osteons in the rib bone from the age 
group of 20 to 48 years. It was proved that the number of osteons increases with age.

Key Words: Identification,skeletal remains,mass disaster, number of osteons, sternal rib and regression formula

 Introduction

Identity or identification is defined as the 
recognition of the individuality of a person, in both 
live or dead. It is vital in both the cases. The results 
of trials, in court of law, often depend upon the 
exact identity of the deceased. Another important 
situation for identity is during mass disasters in 
natural calamities like Earth quake, bomb blast or 

conflagration of a crowded building. Where ever the 
skeletal remains have been recovered, they should be 
submitted for experts’ opinion. The most elemental  
thing is to distinguish human from non-human 
remains. 

The first and foremost task for the autopsy 
surgeon is to establish the identity of the corpse. 
When a skeletonized body is subjected for autopsy, 
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the first duty of forensic anthropologists is  “doing 
the big four” that is identifying age, sex, stature and 
race.. For the living - the following features are useful 
for the identification : Photography, Handwriting, 
Speech, Finger Prints etc. To identify the dead one, 
we have to look for  the following demographic 
features: Age, Sex, Stature, Race and Religion, 
Communal Characters, Hair, Dentition and dental 
records, Tattoo marks, Moles, Scars, Finger, Foot 
and Lip Prints, DNA Profile and Finger  Printing. 
Dental records are used by the developed countries 
for identity. Personal identification is the traditional 
goal in the recovery of human skeletal remains. 
These identification processes may be carried out 
through several levels like anatomical, biological and 
circumstantial.

Materials and Methodology

After getting proper permission, concurrence 
and clearance well in advance, the samples were 
selected randomly from the autopsied bodies with 
known age group ranging from 20 years to 50 years of 
age, The bone samples, used in this study composed 
of sections which have been taken from the shaft 
region near the anterior ends of fourth sternal ribs 
from 41 South Indian Population. The materials are 
mostly from the male bodies and few from the female 
bodies. The sample materials were taken from the 
already known age group. Samples with suspicious 
pathological conditions were positively omitted from 
the study.

As mentioned earlier, the age ranged between 20 
years and 50 years with a mean age of 34 years. The 
range of age for male gender was between 22 and 48 
with mean age of 28.22 years. The range of age for 
female gender was between 20 and 42 with mean age 
of 29.66 years. There was a good representation of all 
the categories of age. After completion of autopsies of 
an known age group individual, the portion of bone 
was removed from the shaft of the fourth sternal rib 
near their anterior ends because near the anterior 
end, the bone has maximum breadth. And the sternal 
ends of the fourth rib change as people get older. The 
bone was cut across the longitudinal axis of the bone.

Histological analysis of bone slides: (Bone slides 
were prepared by the method proposed by Maatetal 
(2003)

A slide  of the bone section was placed in the well 
illuminated ordinary transmission light microscope. 
With 10 X objective and 10 X ocular lens, the section 
of the bone focused the osteons of the bone. After 
focusing the osteons, the entire cross section of the 
bone was scanned completely. This would enable 
us  to study the distribution of the osteons in full 
thickness of the compact bone of the rib. Then, the 
number of osteons per single field was counted. The 
counting field was selected in such a way that the 
number of osteons should be relatively maximum in 
number. Two fields were selected randomly to count 
the number of osteons. Then, the average number of 
osteons was taken for the  analytical purpose.

Observations and Results

Statistical analysis was done in SPSS (Software 
Package for Social Science) for the study of regression 
analysis. Regression analysis offers the mathematical 
formula used to predict one variable. Observed data 
has been documented in the Scatterplot diagram. We 
can get  a visually analyzable relationship between 
the variables.

In this study, age was plotted in the x – axis 
and the number of osteons were in the y – axis. A 
correlation coefficient (r) is derived. It summarizes 
the significance in the relationship of two variables. 
The following observations were obtained.

R    In the statistical studies, if ‘r’ value ranged 
from 0.75 to 0.99, the study was considered as having 
a  high correlation value. And if  the values ranged 
from 0.5 to 0.74, it was considered as having moderate 
and if the values were  0.25 to 0.49, then considered as 
having low correlation values.

The limitation of the ‘r’ value is the dependency 
of the sample size. So, the best way to determine 
the relationship is the  calculation of r2. “ r2” is the 
coefficient determination. If the “r2”is closer to 1.0, 
then the study is for positive relationship and if away 
from 1.0, negative for relationship.In this study simple 
linear regression analysis method was applied.

Table 1: Over all Mean, Median and S.D. for both the 
genders.

Mean 28.63
Median 26.00

Std. Deviation 7.172
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In this study, over all mean was 28.63, median 
26.00 and S.D. was 7.17

Table 2: Frequency of distribution of osteons

Sl. 
No.

Distribution 
of age

Frequency of 
distribution of 

Osteons

Percent

1 20 -28 26 63.4

2 28-48 15 36.6
3 Total 41 100.0

Table 3: Frequency of gender distribution of osteons

Sl. No. Characteristics Male Female
1 Total samples 35 6
2 Distribution of 

osteons (%)
85.4 16.6

This table indicates, out of 41 cases, 24 cases 
(58.5%) have 4 – 7 osteons per field. 26.8% cases (11 
samples) have only 1 – 3 osteons. Maximum number 
of osteons perfield is 8 – 10 and only 6 cases (14.6 %) 
have 8 – 10 osteons per fields.

Table 4: ANOVA

Sum of 
Squares

Df Mean 
Square

F Sig.

Regression 31833.259 2 15916.629 161.622 .000
Residual 3840.741 39 98.481
Total 35674.000 41

The independent variable is Osteon_Avg.

The equation was estimated without the constant 
term.

From this study, p-value is measured as 0.001. It 
indicates satisfactorily significant in age estimating 
formula.

Table 5: Quadratic Model Summary*

R R 
Square

Adjusted R 
Square

Std. Error of 
the Estimate

.945 .892 .887 9.924

The independent variable is Osteon_Avg.

*The equation was estimated without the 
constant term.

The r2 is 0.89, that is 89% of the variance in age 
estimation from the sample can be explained by 
counting the number of osteons.

Table 6: Coefficients
Unstandardized 

Coefficients

Standardized 

oefficients
B Std. 

Error

Beta t Sig.

Osteon_Avg 11.086 .975 2.067 11.366 .000
Osteon_Avg2 -.933 .136 -1.247 -6.857 .000

Regression equation: Y= ax2+bx+error

(Y= Age; A and B = No of osteon’s average; X= 
2.067; X2= -1.247)

Graph 1 showing distribution of osteons for both 
genders:

(Total number of samples, n = 41)

____	 Linear Regression

------	 95% Confidence Level

This linear regression graph showing that the number 
of osteons is increasing viz. 20 years – 4.8 osteons; 22 
years – 5 osteons; 32 years – 5.5 osteons; 42 years – 6 
osteons and 48 years – 6.5 osteons.

Conclusion

The study showed that the number of osteons is in 
increasing trend as the age advances. It is supporting 
the other studies using the microscopic analysis of 
rib bone  to estimate age. The number of osteons is 
increasing in such a way that, the number of osteons 
- at  20 years – 4.8 osteons; 22 years – 5 osteons; 32 
years– 5.5 osteons; 42 years – 6 osteons and 48 years 
– 6.5 osteons. The equation for detecting age at death 
using osteons, is derived as -
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Regression equation: “Age = Y= ax2+bx+error” 
in which Y= Age; A and B = No of osteon’s average; 
X= 2.067; X2 = -1.247. In this study, the ‘r2’value is 
estimated as 0.892. And so, the study concluded that, 
the study is positively correlated with the similar 
previous studies and as the age advances, the number 
of osteons also increases.

This study also indicates, that the distribution 
of osteons within a given cross-section of rib do not 
follow a consistently dispersed pattern, despite the 
fact that, remodeling can occur on any bone surface 
not covered by cartilage or osteoid. This study 
correlates well with the study done by Martin et al., 
1998 and Pankovich et al., 1974. These estimates have 
proven most accurate when analyzing individuals 
between the third to fifth decades of life.

Limitations of the study:
1.	 While taking bone samples from the rib 

cage, there are chances to get unevenly 
broken bone with partial thickness of the rib. 
This may have been overcome by selecting 
the adequate thickness of the bone while 
selecting the piece of bone.

2.	 While grinding the bone sample, there were 
chances for the bone to get thinner than the  
adequate or to get broken. 

3.	 If the bone had not ground adequately, 
difficulties may be encountered not only in  
counting the osteons and also in visualizing 
the osteon itself.

4.	 There was possibility of getting pricked by 
the uneven fractured edges, in the grinding 
finger, when the bone sample is becoming thin 
and in turn there is occupational hazards. To 
overcome this, the analyzer may use double 
gloves when grinding. Once again, grinding 
the bone sample by using of double gloves 
may lead to lesser grip in grinding.

5.	 Age dependent variables that have been 
associated with increasing age include 
cortical area and osteon density. Some 
studies have suggested using mean osteon 
size as an age dependent variable though it 
remains controversial.

6.	 The number of samples should be increased. 
And, the selection of bone samples should 
be concentrated from the 20 – 60 years of 
age group.For developing the study further, 
more than one variable should be taken 
instead of using only one like osteon number.
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Abstract

Introduction: Atlas Vertebra (1st cervical vertebra) is called “atypical vertebra” and has unusual shape and 
architecture. The dimensions of atlas vertebra are most essential in the technique of cranio-vertebral region 
stabilization. The Retroarticular canals and foramina transversaria are important for transoral transpalatinal 
approaches to clivus, atlas and axis.

Aim and objectives: To study the incidence of Retroarticular canals and symmetry of foramina transversaria.

Materials and Methods: The material for the present study consists of 100 adult intact human atlases of unknown 
sexes. They were collected from the department of anatomy, MS Ramaiah Medical College.

Results: Total number of incidences of retroarticular canals were 10 , 6 were present on right and 4 were on left, Out 
of 6 on right side 3 were complete and 3 were incomplete ,on left side 2 were complete and 2 were incomplete. The 
foramina transversaria are more prominent on right side in 29 vertebrae as compared to left prominence, which 
was observed only in  15 atlas vertebrae. But in majority of cases (60 atlas vertebrae) the foramina transversaria 
are equal in size.

Conclusion: The study was conducted in 100 atlas vertebrae The observations on retroarticular canals and 
symmetry of foramina transversaria did show significant results. This study will be useful for the forensic 
anatomists, forensic anthropologists, radiologists, neurosurgeons and orthopedic surgeons.

Key words: Atlas vertebra, Retroarticular canals, symmetry of foramina transversaria.

Introduction

Atlas vertebra is the first cervical vertebra, which 
supports the cranium and helps in the transmission 
of weight to the axial skeleton.1 

A three-dimensional understanding of the 
anatomy is crucially important for any kind of 
surgery, many authors have been studied about 
retroarticular canals, where the vertebral artery 
passes over the posterior arch of atlas vertebrae. 
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These canals are unilateral or bilateral. When present, 
they reduce space available for the vertebral artery 
and   compromise the blood flow in the vessel2 

The retroarticular canal has been implicated in 
compression of the vertebral artery, where it passes 
over the posterior arch of the atlas vertebra, during 
extreme rotational movements of the head and neck3

The Data on variations in the foramina 
transversarium will be valuable particularly for 
orthopedic surgeons to manipulate during surgery in 
this region.

Aims and Objectives

•	 To study the incidence of Retroarticular canals 
and symmetry of foramina transversaria
 Materials and methods

The material for the present study consists of 100 
adult intact human atlases of unknown sexes. They 
were collected from the department of Anatomy, MS 
Ramaiah Medical College

Sample size: In the present study the sample size 
is 100. It is estimated based on precision. Precision 
consists of significance levels and the allowable error. 
In this study, 5% significance level and various levels 
of significance are considered

Exclusion Criteria
1.	 Broken, undeveloped and porous bones. 
2.	 Macerated bones
3.	 Bones exhibiting variations were not 

included in taking measurements.

Results

Table 1: Incidence of retroarticular canals

Incidence Retroarticular canals
Right Left

Nil 94 (94.0%) 96 (96.0%)
Complete 3 (3.0%) 2 (4.0%)
Incomplete 3 (3.0%) 2 (2.0%)
Total number 
of incidence of 
retroarticular canals

6 (6.0%) 4 (4.0%)

Total number of incidences of retroarticular 
canals were 10 , 6 were present on right and 4 were 

on left, Out of 6 on right side 3 were complete and 
3 were incomplete,on left side 2 were complete and 
2 were incomplete.

Table 2: Symmetry of foramina transversarium

Symmetry of foramina 
transversarium

Wider 
Number

Percentage 
95%CI

Right. Prominence 15 15.0 
(9.31-23.28)

Left. Prominence 29 29.0 
(21.01-38.54)

No changes 56 56.0

The foramina transversaria also are more 
prominent on right side in 29 vertebrae as compared 
to left prominence, which was observed only in 15 
atlas vertebrae. But in majority of cases (60 atlas 
vertebrae) the foramina transversaria are equal in 
size.

Discussion

In the present study an observation was made 
on retro articular canals. 94 vertebrae on the right 
side (94%) and 96 vertebrae on the left side (96%) 
did not show the presence of retro articular canals, 
whereas 5 atlas vertebrae showed presence of retro 
articular canal on the right side (5%) and 3 atlas 
vertebrae showed presence of retro articular canal 
on left side (3%) unilaterally. The bilateral presence 
of retro articular canal was observed in 1 atlas  
vertebrae (1%). 

The observations on retroarticular canals were 
made by Gupta et al in 1979 and they found 14 
unilateral (11.40%) and 9 bilateral (7.33%) canals 
which are higher as compared to our study.

Mitchell J3., made observations in 1354 atlas 
vertebrae, in which 9.8% of left or right sides were 
classified as having complete retro articular canals out 
of which 11.7% were right only, 24.6% were left only 
and 31.8% showed bilateral canals. The incidence did 
not increase with age and was lower in whites than in 
blacks with white males having the lowest and white 
and black females having the highest incidence of the 
canal. The observation in the present value coincides 
with the values in the whites. The difference in the 
dimensions of retro articular canals will decrease 
the cross-sectional area of the space available for 
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the vertebral artery passing through it and may 
compromise blood flow in the vessel.

Mahdi Hasan4 in 2001 stated that the presence of 
retroarticular canals is a normal feature in monkeys 
and the other lower animals but its presence in 
human atlas vertebrae for the 3rd part of vertebral 
artery is not reported as normal. Mehadi Hasan et 
al4 made an observation on 350 dried and macerated 
North Indian atlas vertebrae of either sex and found 
a partial canal in 34 vertebrae and complete canal in 
28 vertebrae, thus coinciding with the values of the 
present study.

Belodi AK et al5 (2005) reported that the retro 
articular canals were observed in  3 out of 34 atlas 
vertebrae, one atlas vertebra had unilateral canal and 
2 bones had bilateral canals.18 This indicates a higher 
value compared to present study.

The foramina transversaria were studied for the 
symmetry and duplication. None were found among 
the duplications whereas asymmetry was noticed in 
many. Among the 100 atlas vertebrae left foramina 
transversaria are prominent on left side in 29% of 
cases and right prominent in 15 atlas vertebrae (15%) 
foramina transversaria are equal in size on both sides 
in 60 atlas vertebrae (60%).

Tiatz et al (1978) have discussed at length the 
causation of the absence of foramina transversaria 
and correlation with the size of the foramen 
transversarium and the vertebral artery. They have 
also discussed the implications in case of duplicated 
foramen. The present investigations do not offer any 
additional information on these aspects.6 However; 
it was observed that foramen transversaria is not 
always round in shape.

Conclusion

The study was conducted in 100 atlas vertebrae The 
observations on retroarticular canals and symmetry 
of foramina transversaria did show significant results. 
This study will be useful for the forensic anatomists, 
forensic anthropologists, radiologists, neurosurgeons 
and orthopedic surgeons.
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Abstract

Crime scene serves as the starting point for forensic science and can generate valuable data that must be 
meticulously, methodically, scientifically, and lawfully gathered. If the crime scene is not handled appropriately, 
it can become misleading and render crucial information useless, leading to an investigation on the wrong path. 
Forensic science has undergone a revolution thanks to the use of DNA technologies. Many times, due to the 
investigator’s lack of scientific expertise regarding the proper collection, preservation, storage, and transportation 
of biological evidence, the investigator is unable to acquire accurate DNA analysis results, which reduces the value 
of the evidence in court. Purity, quantity, and rate of DNA degradation are just a few of the many variables that 
go into creating a decent DNA profile from a biological sample. We highlight and provide useful strategies and 
recommendations to assist medical, forensic, and law enforcement professionals in handling biological evidences 
for DNA analysis to prevent contamination, deterioration, and loss of biological evidence’s value.

Keywords: Crime Scene, Biological evidence, Contamination, Forensic Science.

Introduction

The disciplines of forensic science and criminal 
investigation have undergone radical change since 
the development of DNA profiling technologies. In 
criminal and civil situations such as homicide, sexual 
assault, missing person identification, accidents, birth 
concealment, mass disaster, paternity/maternity 
determination, inheritance cases, immigration issues, 
etc., DNA evidence provides conclusive evidence. 
However, several requirements for the evidence must 

be met for the DNA profiling results to be successful. 
The scientist’s downstream analysis is meaningless 
because these pieces of evidence were not properly 
collected, packaged, and preserved. Due to microbial 
development and environmental factors, all biological 
evidence is susceptible to degradation.To ensure that 
this evidence is retained so that relevant information 
may be gleaned from its analysis, meticulous 
collection and preservation are therefore necessary. 
Hundreds of different kinds of physical evidence 
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are frequently brought into forensic science facilities 
for evaluation. The only kinds of evidence that can 
be exposed to DNA analysis are often those that are 
biological in origin.1,2

DNA analysis does not apply to other biological 
evidence types, including tears, sweat, serum, and 
other bodily fluids devoid of nucleated cells. Blood, 
semen, bodily tissue, bone, hair, urine, and saliva 
(Fig.1) all can be directly transmitted to a person’s 
body or clothing, as well as to an item or crime scene. 
Liquid biological samples that have been deposited 
turn into stains and stick to the substrate or surface. 
By direct touch and deposit, non-fluid biological 
evidence like tissue, bone, or hair can also be conveyed. 
Through an intermediary medium, blood, semen, 
body tissue, hair, saliva, or urine could be transported 
to a victim, suspect, witness, object, or location. There 
isn’t any direct contact between the primary source 
and the target surface during a secondary transfer. 
The intermediary for the flow of data could be a 
person, thing, or place. A secondary transfer does 
not always provide conclusive evidence of a person’s 
involvement in a particular crime. Biological evidence 
that has been delivered directly or indirectly will stay 
on the target surface either through absorption or by 
adhesion. In general, solid-state evidence will stick 
while liquid biological evidence will be absorbed. 
The collection technique is heavily influenced by 
the status and quality of the biological evidence. In 
general, a sizeable amount of material should be 
gathered to guarantee the recovery of enough DNA 
for testing needs. However, as many chemicals are 
known to negatively impact the DNA typing process, 
it is crucial to limit the gathering of extra dirt, oil, 
fluids, and other material from the surrounding 
area. Each biological specimen must be stored under 
accepted forensic procedures. The samples should be 
delivered as soon as possible to the forensic lab after 
they have been collected. Items should be kept in a 
cool, dry area until they are submitted for testing to 
reduce specimen deterioration.3,4

Despite some published protocols and guidelines, 
few nations have formally adopted evidence 
management guidelines from the perspective of 
forensic intervention. Even after they are adopted, 
guidelines may differ between institutions, regions, 
and even the same nation.5

Fig. 1. Biological pieces of evidenceson the crime 
scene have been shown in the diagram.

In order to preserve integrity throughout all 
stages of the investigation and litigation, biological 
evidence and materials should be gathered in a way 
that avoids contamination and deterioration. Tools 
and materials used to collect samples must be devoid 
of human DNA in order to prevent contamination. 
Due to the manufacturing process, disposable latex 
examination gloves, individually wrapped swabs, 
and other separately wrapped items are free of 
human DNA.6

Blood and bloodstains

Blood and seminal fluid can be highly likely 
matched back to an individual when employing the 
DNA profiling method of analysis. Currently, blood 
and some body fluids can be claimed to originate 
from a specific demographic group to which the 
individual belongs if employing the PCR method of 
DNA analysis or traditional serological procedures.
Reference samples must always be taken from victims 
and suspects. These samples typically consist of 
liquid blood in most circumstances. A person’s liquid 
blood should be taken from them by trained medical 
experts. If the subject had recently received any type 
of blood transfusion, the crime lab should be notified. 
In vacutainers using EDTA as an anticoagulant, two 
tubes of blood of approximately 5 ml each should be 
collected. A blood sample from a non-body cavity 
location, such as the heart or main internal blood veins, 
should be taken when collecting reference samples 
from postmortem people. The date, time, subject’s 
name, location, collector’s name, case number, and 
exhibit number should all be written on each tube.7
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Blood on Crime Scene 

Small items with wet bloodstains should be left to 
air dry before being retrieved. When being packaged 
and transported, care should be taken to protect the 
integrity of any bloodstain pattern. Wet bloodstains 
may be present on big, immovable objects at a crime 
scene. A clean gauze/cotton cloth should be used to 
transfer the blood. Cotton that has been stained with 
blood needs to air dry before being packaged in a 
paper container. Each item and container must have 
the appropriate label A clean (ideally sterile) syringe 
or disposable pipette should be used to collect liquid 
blood, which should then be transferred to a clean 
(preferably sterile) test tube. A clean spatula can be 
used to move a blood clot to a clean test tube. Blood 
clots or liquid blood can be absorbed by a fresh gauze/
cotton cloth and need to air-dry. If obtained, wet blood 
samples must be maintained in a refrigerator and 
preserved in a suitable anticoagulant. These samples 
need to be delivered as quickly as possible to the lab. 
The case number, item number, date, time, location, 
and the name of the evidence collector should all be 
written on the specimens.8

Dried bloodstains

Weapons, clothing, and other mobile objects with 
dried bloodstains should be collected individually by 
gathering the full item. Each item must be put in its 
own (paper) container, which must be securely sealed 
and labeled.Relevant documentation and sketches of 
the bloodstain pattern should be made. The tape can 
be used to lift the stain or it can be scraped off the item 
and onto fresh paper. The blood-stained paper or 
tape lifter can then be folded in a “druggist” fashion 
and placed inside a sealed envelope. The right labels 
must be on each item. If the bloodstain cannot be 
scraped off and the support object cannot be cut, the 
bloodstain may be eluted onto a clean cotton switch 
by rubbing the switch on the stained area while it is 
damp with sterilized saline or water. The switch is 
then placed in a paper pouch and given time to dry. 
The packet is then placed in a sealed, appropriately 
labeled envelope. Always get control by conducting 
the operation again on a nearby, blood-free section 
of the surface. If the bloodstain is on a material that 
can be cut, it can be removed by cutting a piece of 
the stained material with a clean, sharp object. Each 
cutting needs to be boxed and labeled separately. It’s 

important to gather and package a piece of the item 
that isn’t soiled as a control.9

Semen and seminal stain

Semen evidence should be documented with 
notes, photos, videos, and sketches. Liquid semen 
should be transferred to a clean, sterile test tube using 
a clean syringe or disposable pipette. Maintain the 
specimen’s temperature in the refrigerator, and send 
it to the lab as soon as you can. As an alternative, 
liquid semen can be absorbed and transferred to 
clean cotton fabric. The cloth is then air-dried before 
being appropriately packaged, sealed, and labeled. 
Seminal stains on underwear, clothing, bed sheets, 
pillows, and other mobile things must be gathered in 
their current state. If an article has a wet stain on it, 
the stain must be allowed to completely air dry before 
the object is collected. The stained area should be cut 
using a scalpel or scissors if the stain is on a large, 
cutable object. If the stain is on an inflexible, non-
absorbent surface, it should be scraped onto clean 
paper with a clean scalpel before the paper is folded 
into a druggist-fold container. A fresh paper container 
should be used to package each item separately. The 
packing of each item must be appropriately labeled 
and sealed.10

The victim of a sex offense should be sent to the 
hospital very away, and an examination should begin 
right away. Any wounds the person has should be 
documented with photographs. If required, oral, 
vaginal, and/or anal swabs should be collected from 
the victim as quickly as possible, and they should be 
air-dried for an hour in a moving air source. Since the 
body starts dissolving the different parts of seminal 
fluid through drainage, enzyme activity, pH, etc., 
they should be taken as soon as possible. The swabs 
need to air dry for at least an hour while being blown 
by a fan. This can be done by the hospital’s doctor, or 
after the investigator picks up the kit from the doctor, 
they should take it right away to a safe location and 
let it air dry. The reason for this is that the moisture 
in the swabs encourages the growth of germs, which 
might reduce their usefulness as evidence.8,11

Muscle Tissue, Organ, or Bone

Each piece of evidence needs to be noted down, 
photographed, sketched, or recorded on video. With a 
spotless set of forceps, you can pick up such pieces of 
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evidence. Place each item in a tidy container without 
any additional fixatives. Each container needs to be 
carefully labeled, sealed, and kept in the freezer. 
The laboratory should get the evidence as quickly as 
possible. If the body has decomposed when reference 
samples are being taken from postmortem subjects, 
in addition to the blood sample, try to gather as many 
of the following specimens: a piece of deep muscle 
tissue, tissue from a specific organ (such as the heart 
or brain but not the liver or kidney), 2-4 intact molar 
teeth (if identification is a problem, make sure mouth 
x-rays have been taken), and a sample of compact 
bone (e.g., femur). The specimens should be taken far 
from the area of the damage (i.e., if head injury, do 
not take sample of brain tissue). Samples should be 
frozen right away and should not be preserved in any 
way (e.g., formalin). The same guidelines apply to the 
collection of urine, saliva, and other bodily fluids as 
they do to blood and blood stains. 12

Strands of Hair

Humans lose 100 head hairs on average per 
day, and as hair is easily transferred during physical 
contact, it is frequently used as forensic evidence 
to establish connections between individuals and a 
crime scene. If a root sheath is present, DNA testing 
using PCR technology can determine that this hair 
originated from a specific subset of the suspect’s 
population. Microscopically, it can be determined 
that the hair shares traits with the suspect’s hair 
and is comparable to that if there isn’t a root sheath. 
Hair discovered at the scene should go in a paper 
packet and then an envelope. 15-20 representative 
hairs from the suspect must be delivered to the lab 
for comparison if a microscopic investigation is 
necessary.13

Conclusion

The success of DNA profiling depends on a 
number of factors, including the rate and degree 
of DNA degradation, the quality of the DNA 
in the sample, and other factors. The scientist’s 
downstream analysis is meaningless due to 
the inappropriate collecting, packaging, and 
preservation of the evidence. Therefore, additional 
care must be taken to avoid contamination problems 
when locating, gathering, and safeguarding DNA 

evidence. In the past few decades, there has been a 
significant increase in the use of DNA technology 
in criminal investigations. DNA testing has 
been shown to be a very effective tool for both 
prosecution and defense. DNA evidence has made 
the crucial connections that have led to numerous 
convictions all around the world. The ability 
of DNA to exclude is also noteworthy. DNA 
evidence that is not positively identified, recorded, 
gathered, and kept, might not eventually be useful 
to a criminal inquiry. If evidence collection and 
preservation are not prioritized more, the forensic 
community may not be able to use this tool to 
further the interests of justice.
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