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Sexual Crimes Against Women in India
- A Critical Analysis
W Sandhya Manohar
Associate Professor of Forensic Medicine, Kamineni Institute of Medical Sciences,
Narketpally District Nalgonda, State Andhra Pradesh

ABSTRACT
Background: The semantic meaning of crime against women is direct or indirect physical or mental
cruelty to women. Latest figures from the National Crime Records Bureau show that a crime was
recorded against women every three minutes. Every hour, at least two women are sexually assaulted
and every six hours, a young married woman is beaten to death, burnt or driven to suicide.
Material and Method: The present study was carried out by retrospective evaluation of Sexual crimes
against women; all the cases of Sexual crimes against women reported during the year 2012 to 2014
were selected for the study.
Results: Total of 3,37,922 cases of crime against women were reported in the country during the year
2014. The IPC component of crimes against women has accounted for 93.91% of total crimes and the
rest 6.08% were SLL crimes against women. Rape under section 376 of IPC accounts for maximum
83.4 % whereas custodial rape accounts for 0.48% and Gang Rape accounts for 5.7% in the year 2014.
A�empt to commit Rape account for 10.3% in this year. 19.89% of the total victims of rape were girls
under 15 years of age, 44.1% were women in the age-group 18-29 years. It is to be noted that 29.5% of
incest rape victims were in age group of 12-15 years.
Conclusion: The result of the study clearly points to the enactment of laws alone against sexual crimes
against women cannot offer a sure remedy for these social evils. Early intervention and prevention
may be the most effective way to address this constellation of disadvantage. The complex issue can be
tackled by providing comprehensive care pro-actively.
Keywords: Sexual crimes against women, Rape, Incest, Modesty, Laws

INTRODUCTION
The crime was in existence from the beginning
of civilization. The idea that the traditional Indian
Society was characterized by harmony and absence
of violence, conflict is self hallucinatory myth. Rape,
kidnapping, dowry death, molestation, sexual
harassment has figured in Indian life from the time
immemorial. The nature and extent of the crime
Author for Correspondence:
Dr. W Sandhya Manohar
Associate Professor of Forensic Medicine
Kamineni Institute of Medical Sciences, Narketpally,
District Nalgonda- 508254 State Telangana
Country: India.
Email ID: drwsandhyamanohar333@gmail.com

may be regarded as a barometer of social health.
Violence occurs in about 35 per cent of women
globally in their lifetime . In a study done in India,
on about 10000 women, 26 per cent reported having
experienced physical violence from spouses during
their lifetime2.
1

Latest figures from the National Crime Records
Bureau4 show that a crime was recorded against
women every three minutes. Every hour, at least two
women are sexually assaulted and every six hours, a
young married woman is beaten to death, burnt or
driven to suicide. It is appalling to learn that 28.4 per
cent of pregnant women suffer domestic violence3.
As a result of violence, women suffer social isolation,
unemployment, income loss, poor self-care and fail to
provide childcare, which is a grave concern. United
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Nations defines ‘violence against women’ as “any act
of gender-based violence that results in, or is likely to
result in, physical, sexual or mental harm or suffering
to women, including threats of such acts, coercion or
arbitrary deprivation of liberty, whether occurring in
public or in private life” .
4

Almost every women has experienced the feeling
of being mistreated, trivialized, kept out, put down,
ignored, assaulted, laughed at or discriminated
against because of her gender5. The alarming rate
in the crimes against women can to a large extent
be a�ributed to the lack of infrastructures for single
working women who have to leave their families
at an early age to work away from home. Crimes
against women are rising at an alarming rate. The
authorities failed to curb high levels of sexual and
other violence against women and girls, even as
reports of such incidents increased. In modern world
where we talk of a civilized society, women liberty
and empowerment, every day the pace of crime
against women is rapidly increasing.

Sexual Crimes against seems to be a common one
in India. Rape is a social disease. Hardly a day passes
without a case of rape being reported in Indian
newspapers and media. Women belonging to lower
castes and tribal communities are seems to be more
at risk. What seems to be sad about rape in India is
the lack of seriousness with which the crime is often
treated. Women‘s groups a�est that the strict and
conservative a�itudes about sex and family privacy
contribute to ineffectiveness of India‘s rape laws.
Victims are often reluctant to report rape.

MATERIAL & METHOD
The present study was carried out by retrospective
evaluation of Sexual crimes against women, data was
procured from National Crime Records Bureau,
India 2014 Ministry of Home Affairs, Government
of India New Delhi; 2014. All the cases of Sexual
crimes against women reported during the year 2012
to 2014 were selected for the study. The observation
are tabulated, figured and discussed. A statistical
analysis was undertaken to understand the trend
and pa�ern of such cases with an intention to assist
criminal investigation.

OBSERVATION AND DISCUSSION
Table No1: Crime against women during 2012 to 2014 Source NCRB2014
Sl No.

Crime Head

1.

Year
2012

2013

2014

Rape (Sec 376IC)

24,923

33,707

36,735

2.

Kidnapping & Abduction (Sec 363 to 373IPC)

38,262

51,881

57,311

3.

Dowry death (Sec 302/304BIPC)

8,233

8,083

8,455

4.

Cruelty by Husband or his relatives (Sec 498-A IPC)

1,06,527

1,18,866

1,22,877

5.

Assault on women with intent to outrage her modesty (Sec
354IPC)

45,351

70,739

82235

6.

Insult to the modesty of women (Sec 509 IC)

9,173

12,589

9735

7.

Importation of Girl from Foreign country (Sec 366-B IPC)

59

31

13

A.

Total IPC Crime against women

2,32,528

2,95,896

3,17,361

8.

Commission of Sati Prevention Act 1987

0

0

0

9.

Immoral Traffic (Prevention) Act 1956

2,563

2,579

2070

10.

Indecent Representation of Women (P) Act 1986

141

362

47

11.

The Dowry Prohibition Act 1961

9,038

10,709

10,050

B.

Total SLL Crime against women

11,742

13,650

12,167

2,44,270

3,09,546

3,29,528

Total (A+B)

2
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Only the crimes which are directed specifically
against women are characterized as ‘crimes against
women’. Various new legislations have been brought
and amendments have been made in existing laws
with a view to handle these crimes effectively. These
are broadly classified under two categories, Crimes
under Indian Penal Code (IPC) and crimes under the
Special & Local Laws (SLL). As per table no 1 & 2,
total of 3,37,922 cases of crime against women (both
under various sections of IPC and SLL) were reported
in the country during the year 2014 as compared to
3,09,5465 in the year 2013, thus showing an increase
of crime against women during the year 2014. These
crimes have continuously increased in reporting
during 2012 – 2013 with 2, 44,270 cases 2012 and 3,
09,546 cases in the year 2013. The IPC component
of crimes against women has accounted for 93.91%
of total crimes and the rest 6.08% were SLL crimes
against women.
Table No 2: Sexual Crimes commi�ed against
women during 2014 Source NCRB 2014
S.
No

Sexual Crimes Against Woman

No of Cases
Reported

1.

Rape (376IPC)

34192 (83.4%)

2.

Custodial Rape

197(0.48%)

3.

Gang Rape

2346(5.7%)

4.

A�empt to commit Rape

4234(10.3%)

Total

40969

As per Table no 2 an increasing trend in the
incidence of rape has been observed during the
periods 2012 – 2014. Rape under section 376 of IPC
accounts for maximum 83.4 % whereas custodial rape
accounts for 0.48% and Gang Rape accounts for 5.7%
in the year 2014. A�empt to commit Rape account for
10.3% in this year. Rape is a crime not only against
the person of a woman it is a crime against the entire
society. It destroys the entire psychology of a woman
and pushes her into deep emotional crisis. Rape is
therefore the most hated crime. It is a crime against
basic human rights and is violation of the victim‘s
most cherished right, namely, right to life which
Includes right to live with human dignity contained
in Article 216.
Custodial rape is a form of rape which takes place
while the victim is “in custody” and constrained from
leaving, and the rapist or rapists are an agent of the
power that is keeping the victim in custody.

Gang rape occurs when a group of people
participate in the rape of a single victim. Rape
involving at least two or more violators is widely
reported to occur in many parts of the world.
However systematic information on the extent of the
problem, is scant.
Table No3: Victims of Rape (Including Incest)
under different Age Groups during 2014 Source
NCRB 2014
S. No

Age Groups

No of Victims of Rape

1.

<6 Years

524(1.4%)

2.

6-11 Years

1407(3.8%)

3.

12-15 Years

5424(14.6%)

4.

16-17 Years

6747(18.2%)

5.

18 – 29 Years

16317(44.1%)

6.

30-44 Years

5782(15.6%)

7.

45 – 59 Years

683(1.8%)

8.

>60 Years

84(0.2%)

Total

36968

As pet table no 3, there were 36,968 victims of
rape out of 36,735 reported rape cases in the country
during the year 2014. 19.89% (7,355 out of 36,968) of
the total victims of rape were girls under 15 years of
age, 44.1% (16,317 victims) were women in the agegroup 18-29 years. However, 15.6% (57828 victims)
victims were in the age-group of 30-44 years while
1.8% (683 victims) was over 45-59 years of age.
Alarmingly, young girls bear the brunt of crime
against the women. The young victims often have
to live with stigma throughout their life. “Given the
social norms, their parents and family members too
have deal with the shame. This is something that
has to be addressed and must be the priority of both
Centre and state governments7.
Table No 4: Victims of Incest under different
age groups during 2014 Source NCRB 2014
S.
No
1.
2.
3.
4.
5.
6.
7.
8.
Total

Age Groups
<6 Years
6-11 Years
12-15 Years
16-17 Years
18 – 29 Years
30-44 Years
45 – 59 Years
>60 Years

No of Victims of Incest
Rape
23(3.2%)
84(11.7%)
211(29.5%)
115(16.1%)
203(28.4%)
64(8.9%)
7(0.9%)
6(0.8%)
713
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As per table no 4 Incest rape cases have increased
by from 536 cases in 2013 to 713 cases in 2014. It is to
be noted that 29.5% of incest rape victims (211 out of
713 victims) were in age group of 12-15 years. Incest
is sexual activity between family members and close
relatives. This may include sexual activity between
people in a consanguineous relationship (blood
relations), or related by affinity, such as members of
the same household, step relatives, those related by
adoption or marriage, or members of the same clan
or lineage8, 9.
Despite several initiatives taken by the Centre
and state governments to empower women, statistics
on rapes in the country shows how more than two
women are raped every hour10, 11, 12.
Table No 5: Assault on women to Outrage her
Modesty during 2014 Source NCRB 2014
S. No

To Outrage Modesty of
Women

No of Cases
Reported

1.

Sexual Harassment (Sec
354A IPC)

21938(26.6%)

2.

Use of Criminal force to
women with intent to
Disrobe
(Sec 354BIPC)

6412(7.7%)

3.

Voyeurism (Sec 354C IPC)

674(0.8%)

4.

Stalking (Sec 354D IPC)

4699(5.7%)

5.

Others

48512(58.9%)

Total

82235

As per table no 5, Incidents of assault on women
with intent to outrage her modesty in the country
have increased during 2014(82235 cases) over the
previous year (45,351 cases). Sexual harassment
under sec 354 A IPC accounts to 26.6% whereas as
use of criminal force to women with intent to disrobe
under sec 354B of IC amounts to 7.7%. The offence
under Section 354 of IPC is commi�ed only when a
person assaults or uses a criminal force to a woman,
intending to outrage or knowing it to be likely that
he will outrage her modesty .The section mentions
the pronoun ‘he’ which implies that offences are
commi�ed only by a man.

4

CONCLUSION
The result of the study clearly points to the
enactment of laws alone against sexual harassment,
dowry related crimes, cruelty by husband and dowry
deaths cannot offer a sure remedy for these social
evils. It is quite obvious that the women have not
yet established the real status in the society. Early
intervention and prevention may be the most effective
way to address this constellation of disadvantage.
Current strategies to minimize the occurrence of
crime against women should be complemented
by interventions to build personal capacity and
resources because these offer the potential to
improve the immediate circumstances of women. In
short responsibility of solving these heinous crimes
lies with victim, public, law enforcement agencies
and judiciary. In conclusion, violence against
women creates a sense of insecurity and fear in the
community. The complex issue can be tackled by
providing comprehensive care pro-actively.
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ABSTRACT
Human identification procedures have undergone a huge amount of progress in recent times, from the
application of general characters to Bertillon system of anthropometry and onwards to fingerprints and
DNS analysis. Cheiloscopy refers to the study of lip prints in aiding identification in civil and criminal
spheres. In this study a subject population comprising of males from hilly and plain areas were asked
to give their lip prints which were subsequently analyzed. The results showed that no two lip prints
showed identical characteristics and there were significant differences between the predominant
pa�ern in hilly and plain subjects, which can further aid in identification and geographic localization.
Keywords: Lip Prints, Identity, Males, Hilly and Plain.

INTRODUCTION
“Identity” is a set of physical characteristics,
functional or psychic, normal or pathological, that
define an individual.(1) Human identification is of
paramount importance and it is indeed challenging
considering the fact that every individual has
distinctive trait. This requires a combination of
different procedures to individualize a person or an
object. Cheiloscopy, (from the Greek words cheilos:
lips, eskopein: see) is the name given to the lip print
studies. The importance of cheiloscopy is linked
to the fact that lip prints are unique to one person,
except in monozygotic twins.(2)
Like fingerprints and palatal rugae, lip grooves
are permanent and unchangeable. It is possible to
identify lip pa�erns as early as the sixth week of in
uterine life. From that moment on, lip groove pa�erns
rarely change, resisting many afflictions, such as
herpetic lesions. In fact, only those pathologies that
damage the lip subtract like burns, seem to rule out
cheiloscopic study (3,4,5).
Corresponding author:
Dr Atul Saxena,
Postgraduate, Dept of Forensic Medicine and
Toxicology, Shri Ram Murti Smarak Institute
of Medical Sciences, Bareilly, Ph: 9319928623/
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Suzuki and Tsuchihashi developed a study
which resulted in a new classification for lip prints.
This study, made over a long period of time, enabled
the authors to confirm not only lip print singularity,
but also lip response to trauma; in fact, these authors
observed that after healing, the lip pa�ern was
equal to that before the injury occurred(6). The most
commonly used classification scheme of lip-prints
invented by Suzuki and Tsuchihashi are: Type I; a
clear-cut groove vertically across the lips, type I’; a
partial length groove of type I, type II; a branched
groove, type III; an intersected groove type IV; a
reticular pa�ern and finally type V; other types.(6,7)
The lip prints, which are normal lines and
fissures in the form of wrinkles and grooves present
in the zone of transition of human lip between the
inner labial mucosa and outer skin. The appearance
of lip prints, like fingerprints vary from persons to
persons.(8)
The use of conventional methods such as use
of fingerprints, lip prints etc. are of paramount
importance, since personal identification by other
means such as DNA analysis is sophisticated and not
available in rural areas and in developing countries.
The use and further proliferation and rapid,
inexpensive methods such as cheiloscopy shall
hopefully prove to be a valuable tool for identification
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however a detailed study on the subject is essential
for validation as a science.
The lip prints can give some individual chance
of personal identity in case other methods fail or not
available and are of paramount importance in solving
criminal cases.
The present study was conducted to evaluate
differences if any among the lip print pa�erns among
males in the plain regions of Bareilly and the hilly
region of Haldwani, U.K.

MATERIALS & METHOD
The aim of the study is to observe and interpret
differences in the lip prints pa�erns among study
subjects in state of U�ar Pradesh and U�arakhand.
The above mentioned aim shall be met by collecting
the lip print pa�erns among medical students and
studying the lip print pa�erns in hilly and plain area
population.
The study was conducted among medical students
of Shri Ram Murti Smarak Institute of Medical
Sciences, Bareilly, U�ar Pradesh and Government
Medical College Haldwani, U�arakhand India over a
period of one year after obtaining clearance from the
Institutional ethical commi�ee. The sample consisted
of 159 males in which 78 from Plane area and 81 from
hilly area. For the collection of lip prints, Lipstick,
lipstick applicator, adhesive transparent tape, white
office copy paper and magnifying Glass was used. A
dark-colour, non-glossy, non-persistent lipstick was
used to get clear print. White office copy paper was
used to record impressions.
An informed consent was taken from all the study
subjects. Lipstick was applied on the lips of subjects
with a single stroke and the subject asked to rub their
lips to spread the lipstick. Then with the help of the
paper centre portion of the lips were dabbed first and
then left and right corners of the lips were pressed,
applying uniform pressure.
The prints will be carefully sealed with standard
transparent adhesive tape. The lip prints were then
be studied with the help of a magnifying lens to
analyse quadrant-wise distribution, denoting the
type according to Suzuki’s classification, which is as
follows.
–Type I: Vertical, comprising of complete
longitudinal fissures.

–Type I’: Incomplete longitudinal fissures.
–Type II: Branching ‘Y’ shaped pa�ern.
–Type III: Criss-cross pa�ern.
–Type IV: Reticular, typical chequered pa�ern,
fence like.
–Type V: All other pa�erns.
Quadrant wise representation of lip prints was
recorded as follows
Right Upper Quadrant (Q1)

Left Upper Quadrant
(Q2)

Right Lower Quadrant (Q3)

Left Lower Quadrant
(Q4)

Each Lip print was compared manually with
others using a magnifying glass to test the uniqueness
of lip prints. Comparison was done by studying the
number and position of different pa�erns in all four
quadrants. Statistical analysis was done using the
SPSS (Version 14.0) software package in consultation
with institutional statistician.The chi-square test was
applied and a p-value of < 0.05 was considered as
statistically significant.

RESULTS
The observations as derived from the study are
as follows. The distribution of lip prints was first
deciphered in the entire population of males under
study.
In Whole Subject Population: The lip prints
were found to be almost equally distributed in
all four quadrants over the lips on the upper and
lower aspect. There was no statistically significant
difference in their distribution among the quadrants.
Among the entire male subject population
the most frequently occurring lip prints was in
type I holding a percentage of 33.57 % of the total
population. The above includes male gender and
both population sub groups.
The Other lip prints in respect to appearance
were I > I’ > III > IV > II > V. Type V being the least
commonly appearing Lip Print region, as depicted in
table 1 and fig 1.
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Table 1: Lip Print Frequencies in entire male
population
Pa�ern

I

I’

II

III

IV

V

8

Chi square test between the lip prints of males
in hilly and plain regions revealed a value of 6.1657,
with a P value of 0.013025. The result was deemed
significant at p< 0.05.

DISCUSSION
Percentage

33.57

4.9

23.54

27.04

7.46

3.5

In Male Plains Subject Population:
The males in the plain constituted 78 individuals.
Their lip prints showed the following observations.
Table 2: Lip Print Frequencies in male
population from plains
Pa�ern

I

I’

II

III

IV

V

Percentage

31.63

27.91

24.65

6.51

4.65

4.65

When looking at the appearance of lip prints in
all 4 quadrants among the entire male population
of plain region the observations are that the most
frequently occurring lip prints was in type I holding
a percentage of 31.63 % of the total population. The
Other lip prints in respect to appearance were III > I’
> II > IV = V .Type IV and Type V were both the least
commonly appearing Lip Print pa�ern.
In Male Hilly Subject Population:
The males in the plain constituted 81 individuals.
Their lip prints showed the following observations.
Table 3: Lip Print Frequencies in male
population from Hilly region
Pa�ern

I

I’

II

III

IV

V

Percentage

35.51

29.44

3.27

19.16

10.28

2.34

When looking at the appearance of lip prints in
all 4 quadrants among the entire male population
of plain region the observations are that the most
frequently occurring lip prints was in type I holding
a percentage of 35.51 % of the total population. The
Other lip prints in respect to appearance were I’ > III >
IV > II > V .Type V was the least commonly appearing
Lip Print pa�ern.

The present study was conducted to evaluate
and identify if there were any significant differences
among the pa�ern of lip prints among the males
living in plain areas and hilly areas.
No two Lip prints studied in the sample
population were found to be similar in terms of
distribution in all four quadrants.
Of the 78 individuals living in the plain areas,
it was found that the Type I lip print pa�ern was
commonest. This was seen in the plain population
also, however it was noted that there was a difference
when considering that there occurs a difference in
the pa�ern of type II lip prints among the two sub
groups. In plain population, the males had a 24.65
% occurrence of Type II lip prints which constituted
to occurrence in almost every fourth lip print, while
among the males from the hilly areas, the percentage
of Type II lip prints drops radically to constitute a
meager 3.27 %.
A Koneru et al, in 2013 conducted a study to
determine differences in two populations consisting
of Manipuri and Kerala origins and concluded that
there was noticeable difference in pa�ern of lip prints
which exists between two geographically separate
populations. In this study, the author concluded
that Type I pa�ern was the commonest type in both
population sub groups (9).
This finding was found to be consistent with our
observations. However in the findings of A Koneru,
it was also observed that there were a symmetrical
distribution in terms of percentages in all types of lip
prints, however in our study we found a significant
difference in the percentage of Type II prints among
the two sample groups.
Vijay Kautilya D, in 2013 conducted a similar
study to outline lip print pa�ern and predominance
of particular print type in males and females as
well as focusing on the pa�ern identification and
subsequent use in the identification of an individual
if a partial lip print is received. In his study conducted
with a sample size of 100 student comprising 50 each
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of males and females , he concluded that considering
whole lip together, the most common pa�ern found
in males was Type III (25%), followed by Type
I(22%), Type II(21.3%), Type I’(15.3%), Type V(8.3%)
and Type IV(8.1%) as compared to females, where
the commonest was Type I (30%), followed by Type
II (21%), Type I’ (19.3%), Type III (13%), Type V
(12%) and Type IV (8%). Thus in his sample size the
commonest pa�ern among males and females was
Type III and Type II, while the least common was
Type IV, which is not in concurrence of the data from
our sample set.(10)
A variety of studies conducted in a assorted
number of population sub groups revealed finding
in a different manner, with one general consensus
among them, stating that in fact the lip prints found
were unique in an individual. There were differences
ascertained between males and females and also
among two population groups which was concurrent
with our study.(11-14)
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Sciences 2012:44( 2);109-116.
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a�empt of personal identification by means of
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1971;49(7):50-1.
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Koneru A, Surekha R, Nellithady GS, Vanishree
M, Ramesh D, Patil RS. Comparison of lip prints
in two different populations of India: Reflections
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CONCLUSION
The authors wish to acknowledge that in
the limited sample set, it was found that no two
individuals possessed the same type of lip prints and
lend credibility to the fact that lip prints can be used a
marker of identification. Though the use of lip prints
in identification is not an accepted legal fact in Indian
judicial system it is hoped that there will be a time
when it is accepted as a scientific fact and utilized in
the scientific evidence.
In the given sample set, it was ascertained that
in fact there were found statistically significant
differences in the lip print pa�erns in the males of
plain and hilly regions. It was evident from the fact
that the pa�ern of Type II and Type IV Lip prints
showed a variation in both the population sub
groups.
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ABSTRACT
Corrosives are a group of chemicals that have the capacity to cause tissue injury on contact by a
chemical reaction. They most commonly affect the gastrointestinal tract (GIT), respiratory system
and eyes. Corrosives and caustics are synonyms, both mean ‘something that eats away’. Injury to
upper gastrointestinal tract due to corrosive acid ingestion either accidentally or intentionally is more
common in India. We report a case of accidental fatal corrosive acid ingestion with literature.
Keywords: Corrosives, Accidental, Upper gastrointestinal tract, Sulphuric acid.

INTRODUCTION
Caustics and corrosives cause tissue injury by
a chemical reaction. The vast majority of caustic
chemicals are acidic or alkaline substances that
damage tissue by accepting a proton (alkaline
substance) or donating a proton (acidic substance)
in an aqueous solution. The severity of tissue injury
from acidic and alkaline substances is determined by
the duration of contact; the amount and state (liquid,
solid) of the substance involved; and the substance’s
physical properties, such as its pH, concentration,
ability to penetrate tissue, and its titratable reserve.
Exposure to corrosive agents continues to be a
leading toxicological source of injury for children
and adults. An average home contains a dozen
different cleaning products. These account for a large
number of accidental and intentional poisonings. The
estimated prevalence of corrosive poisoning is 2.5-5%
while the morbidity is above 50% and the mortality
is 13%. Eighty percent of corrosive poisoning occurs
in children below five years1. But, adult exposure
has more morbidity and mortality due to significant
volume of exposure and possible co-ingestion.
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Medicine, Madurai Medical College,
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Sulphuric acid is used in households as a major
content of acid drain cleaners and is also obtainable
as ba�ery acid. It readily decomposes proteins and
lipids through amide hydrolysis and ester hydrolysis
upon contact with living tissues. It exhibits a strong
dehydrating property on carbohydrates, liberating
extra heat and causing secondary thermal burns.
The strong oxidising property may also extend its
corrosiveness on the tissues. When people intend to
poison themselves, they generally use the household
available products for the purpose. Schaffer and
Herbert stated that household products containing
alkalis, acids and detergents are responsible for most
injuries, with each having varying histological injury
pa�ern and anatomic distribution2.

CASE REPORT
A 40 year old adult, watchman by profession
admi�ed in hospital for accidental ingestion of a
corrosive which was kept in his room to clean toilets.
During admission the patient was in severe pain the
throat and abdomen with difficulty in breathing and
sweating with cold extremities. There was rigidity
and tenderness on palpating the abdomen. He was
intubated and humidified oxygen was administered.
Intravenous fluids and antibiotics were given as
required. Inspite of all the efforts the patient died
within 24 hours of admission. The body was sent for
medicolegal autopsy. On autopsy brownish black
discoloration was seen at the angle of mouth on the
right side. Similar blackish discolorations were seen
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in the oral cavity. The nail beds were cyanosed and
the conjunctiva was congested. On dissection blackish
discoloration of the greater curvature region of the
stomach was noted with multiple impending rupture
points. On opening the stomach blackish colored
fluid with acid digested blood was noted adhering
to the mucosa. All the other internal organs were
congested. Stomach with its contents, a loop of small
intestine, 500 grams if liver and half of both kidneys
were preserved and sent for chemical analysis. The
chemical examiner’s report was found to be positive
for sulphuric acid in the viscera.

Fig 1: Shows partly blackened stomach with multiple
impending rupture points

DISCUSSION
In the present case the patient accidentally
ingested diluted sulphuric acid which was kept
in a water bo�le for toilet cleaning. He mistakenly
ingested the acid for drinking water. Ingestion
of corrosive substances either accidentally or
intentionally for the purpose of suicide is a common
form of poisoning in India because of easy access
to acids as they are used as cheap toilet cleansers3,4.
Solutions with pH smaller than 2 or greater than
12 are highly corrosive and can cause severe
chemical burns in the upper gastrointestinal tract.
The most serious lesions occur in the oesophagus
and the stomach since the poison remains there a
long time5,6. Agents of alkaline pH usually result
in oesophageal injury, and agents of acid pH often
cause gastric damage. Squamous epithelium lining
the oesophagus is sensitive to alkaline agents;
however, alkaline agents upon reaching the stomach
are rapidly neutralized by the gastric acidity of
the stomach. Conversely, oesophageal mucosa is
resistant to acid agents, which in turn produce severe
inflammatory changes throughout the gastric wall.

Corrosive agents regardless of their pH acidity can
be destructive in some instances to both oesophagus
and stomach. Acid induces coagulation necrosis with
scar formation and this may limit tissue penetration,
but this does not appear to be a major variable in
determining the extent of injury. Corrosive injuries
are common in children, and are mostly accidental in
general. Due to their curious nature, young children
tend to explore household items which may include
corrosive cleaning products. They accidentally ingest
these substances resulting in corrosive injuries. This
is especially true in developing countries where
overcrowding and insanitary living conditions
combined with poor regulatory control expose
children to such chemicals. In sub-Saharan Africa,
corrosive ingestion accounts for 0.3% of paediatric
admissions in the Gambia and for 0.5% in Nigeria,
thus amounting to 0.84% of total childhood
mortality in these countries. Death rates, especially
in underprivileged countries, may reach as high as
12%7.
The most reported corrosive agent was caustic
soda, followed by kerosene, sodium hypochlorite and
other alkaline household chemicals. The ingestion
of acid was more common in India than in other
countries8. A large Indian study among children
showed that corrosive ingestion accounts for 7.6%
of all cases of acute poisoning admi�ed to a tertiary
care centre, the leading agents being kerosene, drugs
and pesticides9. A multicentric study of children
showed that corrosive poisoning accounted for
1.7%–9.3% of all cases of poisoning in various centres
in India ranking behind kerosene, drug and pesticide
poisonings10.
In Havanond’s research, suicidal gesture was
the most common reason for ingestion (89.2%)11.
Ingestion of acid substances and ingestion
associated with suicide a�empt had the most severe
consequences12. Comparing the study of Zamir
and co-workers, ingestion of acid often causes
severe damage to the stomach. Early complication
of acid ingestion eg: massive gastric haemorrhage
or perforations are unusual as per them, which is
also our autopsy finding. Gastric perforation is a
rare but major complication of corrosive ingestion.
In their study 6.6% of cases had gastric perforation
following corrosive ingestion13. Chibeshev et al
classified injuries of the upper gastrointestinal
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tract simulating to the classification of thermal skin
burns. First degree was superficial damage with
mucosal oedema and erythema. Second degree was
caustic penetration through the sub mucosa into the
muscular layer of the organ, after 1-2 weeks deep
ulceration and granulation tissue develop on wall of
oesophagus and stomach. Perforation of the wall of
the oesophagus and stomach was categorised under
third degree14.
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From the related literature studies, it can be
inferred that the severity of such burns depends
on several factors like the nature, quantity and
concentration of the corrosive ingested, the duration
of exposure and the existing condition of the
stomach during ingestion. The mortality of oral
corrosive substance intake cases could decrease by an
aggressive multidisciplinary approach including an
early surgical intervention14.
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CONCLUSION
Corrosive ingestion is an important cause of
morbidity in developing countries, where a large
proportion of ingestions are suicidal. Parents or
adults should be made aware of the need to keep
household corrosives safely away from adults to
prevent such accidental deaths. Also, stringent
legislation is necessary in developing countries to
curtail unrestricted access of adults to dangerous
corrosive chemicals.
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ABSTRACT
Impression of the finger on any surface is called as Fingerprint. Study of finger prints as a method of
identification is known as Dactylography or Dermatoglyphics. Fingerprints are very effective means of
establishing identity of the individual. In forensic anthropology, gender classification from fingerprints
is an important step when identifying the gender of a suspected criminal. The present study was
conducted on 50 males and 50 females of Patan region. Rolled fingerprints were obtained using inked
strips, and their pa�erns were taken on fingerprint card. Each type of fingerprint pa�ern and their
subtypes were identified and analyzed for differences and compared with previous author studies.
Keywords: Fingerprint, identification, fingerprint pa�ern.

INTRODUCTION
Fingerprints of an individual have been used as
one of the vital parts of identification in both civil
and criminal cases because of their unique properties
of absolute identity1. Fingerprints are impression of
pa�erns formed by papillary or epidermal ridges
of fingerprints. The ridge pa�ern of fingerprint
appears between 12 to 16 weeks of intrauterine life
and the formation is completed by 24 weeks. 2 Since
700 AD, this science of fingerprint has been used
for the purpose of identification3. The system was
first used in India in 1858 by Sir William Herschel
to prevent impersonation, but the credit is given to
Sir Francis Galton for having it systematized for the
identification of criminals. His system was officially
adopted in England in 1894, and was further
modified by Sir Edward Henry. 4 Afterwards the
studies have been conducted on fingerprint ridges
mainly its types, classification, methods of lifting
fingerprints, recording of fingerprints and materials
used to develop fingerprint.
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Finger prints are classified into four types. :1) Loop :- Ulnar loop
Radial loop
2)

Whorl :- Concentric/Circular
Spiral
Double spiral
Almond shaped

3) Arch :- Plain
Tented
4) Composite :- Central pocket loop
Lateral pocket loop
Twinned loop
Accidental

MATERIALS AND METHOD
50 males and 50 females were selected for this
study, brought for autopsy at GMERS Medical
College, Dharpur – PATAN from Jan 2014 to Dec
2015. Fresh, identified dead bodies brought for
autopsy of the persons above 16 years of age were
selected for study with exclusion of any kind of
injury, scars or any alterations of fingertips and other
than those from Patan region. Study is done with use
of Inked strips, Magnifying lens, transparent film
strip and Pointer.
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Hands were washed and dried to make them suitable for print and to remove any material on it. By using
pre-inked strip, rolled finger prints were obtained of all the ten fingers of all subjects.

RESULTS
Fingerprints of all ten fingers of all the 100 subjects were taken thus a total of 1000 fingerprints were
obtained, which were analyzed and their pa�erns and subtypes were described. From 1000 fingerprints
obtained, 620 were loops, 286 were whorls, 67 were arches and 27 were composites.
Table 1: Distribution of Different Pa�erns of Finger Prints
Pa�ern

Case

%

Loop

620

62

Whorl

286

28.6

Composite

27

2.7

Arch

67

6.7

Total

1000

100

For both males and females the distribution of fingerprints was analyzed. (Table 2)
Table 2: Fingerprint Pa�erns and Gender Distribution
Pa�ern

Male

Female

No.

%

No.

%

Loop

300

60

320

64

Whorl

154

30.8

132

26.4

Composite

32

6.4

35

7

Arch

14

2.8

13

2.6

Total

500

100

500

100

Out of the 620 loop pa�erns, 585 were ulnar loops (94.35%) and 35 were radial loops (5.65%). Similar
distribution was observed in both males and females. (Table 3)
Table 3: Types of Loop Pa�ern
Type of loop

Males (%)

Females (%)

Total

Ulnar loop

280(93.3)

305(95.3)

585

Radial loop

20(6.7)

15(4.7)

35

Total

300(100)

320(100)

620

Out of the 286 whorl pa�erns in this study, 158 were spiral whorl (55.2%), 75 were concentric whorl (26.3%),
35 were double spiral whorl (12.2%) and 18 were almond shaped whorls (6.3%). In both males and females,
almost same distribution was observed. (Table 4)
Table 4: Types of Whorl Pa�ern
Type of whorl

Males (%)

Females (%)

Total

Spiral

80(51.9)

78(59.1)

158

Concentric

42(27.3)

33(25)

75

Double spiral

21(13.7)

14(10.6)

35

Almond shaped

11(7.1)

07(5.3)

18

Total

154(100)

132(100)

286

15
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Out of the 27 composite pa�erns, 11 were twinned loops (40.7%), 9 were lateral pocket loop (33.3%), 5 were
accidental type (18.5%) and 2 were central pocket loop (7.5%). (Table 5)
Study showed that in males, the most common type of composite pa�ern was twinned loop, followed by
lateral pocket loop, followed by accidental pa�ern and last central pocket loop. In females, the most common
type was lateral pocket loop, followed by twinned loop, accidental pa�ern, and central pocket loop. (Table 5).
Table 5: Types of Composite Pa�ern
Type of composite

Males (%)

Females (%)

Total

Central pocket loop

1(7.7)

1(7.1)

2

Lateral pocket loop

3(23.1)

6(42.9)

9

Twinned loop

7(53.9)

4(28.6)

11

Accidental

2(15.3)

3(21.4)

5

Total

13(100)

14(100)

27

Out of 67 arch, 63 were plain arch (94%) and 4 was tented arch (6%). In both males and females, plain arch
was the predominant type. (Table 6)
Table 6: Types of Arch Pa�ern
Type of Arch

Males (%)

Females (%)

Total

Plain

27(90)

36(97.3)

63

Tented

3(10)

1(2.7)

4

Total

30(100)

37(100)

67

DISCUSSION
Aim of this study was to study different
pa�erns of fingerprints and distribution in the
Patan population. Most common pa�ern was loop
and the least common was composite. Prevalence of
fingerprint pa�erns as given by other authors and in
the present study is compared. (Table7).
It is found that
1) Prevalence of loop pa�ern is between 60 and
65% as per study of other authors, whereas it 62% is
in this study which is about same.
2) Prevalence of whorls is 28.6% which also
corresponds to that quoted by other authors (25 to
30%).
3) Prevalence of composite pa�ern is between
1 to 3% by other authors, this study shows 2.7%
composite.

4) Prevalence of Arch is 6.7% n this study, which
is same as shown by other authors (5 to 7%).
On analyzing pa�erns in either sex, Loops were
the most common pa�ern in both genders, followed
by whorls, arch and composite respectively.
Subtypes of each of the four fingerprint pa�ern
were identified and their distribution is given below:
Loops: In both males and females, Ulnar loop
is the commonest type and Radial loop is the least
common.
Whorls: In both males and females, Spiral whorl
is the predominant type and Almond shaped whorl
is the least common one.
Arches: In both males and females, Plain arch is
the most common, Tented arch the least.
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Table 7: Comparison
Fingerprint Pa�erns

of

Distribution

of

Distribution
in present
study (%)

Fingerprint
pa�ern

Distribution given by
other Authors (%)

Loops

60 [5]
65 [1,6,8]
60 to 70 [2,7]

62

Whorl

25 [1,6,8]
25 to 35 [2]
30 to 35 [7]

28.6

Arch

5 [5]
7 [1,6,8]
5 to 10 [7]

Composite

1 to 2 [2,7]
2 to 3 [1,6,8]

16
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CONCLUSIONS
This study shows distribution of types of
fingerprints and their subtypes.
Loop pa�ern is the predominant and most
common type, and composites are the least common
type. Ulnar loop is the commonest fingerprint
pa�ern, in both males and females.
Spiral whorls are common in both males and
females.
Central pocket loop (subtype of composite) is the
least common type in both males and females.
Tented arch is least common in both males and
females.
No
statistically
significant
gender-based
differences could be established in the distribution of
fingerprint pa�erns.
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ABSTRACT
The objective of this study was to find out pa�ern of cranio-cerebral injuries in medico-legal cases of
fatal head trauma with regards to age, sex, survival period, causes and complications leading to death
of the victim. Materials were collected from 48 medico-legal cases of fatal head injury which were
brought for autopsy at the mortuary of PCMS & RC, Bhopal from 01 Jan 2011 to 31st Dec 2011. It was
found that most commonly involved age group was 21-40 with male outnumbering the female in a
ratio of 4.9 to 1. Vehicular accident was the leading cause for fatalities in 91.66% cases. 18.75% died
on the spot while 45.83% of the remaining survived for 0-12 hrs. Fractures of the skull had occurred
in around 81.25% of the cases. Among whole of skull cap temporal bone was most prone to fracture
(22.91%) while linear/fissured fracture was the commonest type (35.41%). SDH was noted in 31.25% of
cases. 18.75% deaths had occurred on the spot while 45.83% of the remaining had survived for 0-12 hrs.
Traumatic cranio-cerebral injury was the primary cause of death in slightly more than the half of the
victims (52.08%) indicating that timely intervention could have saved the lives of unfortunate hapless
victims.
Keywords :- Cranio- cerebral injuries , Vehicular accident, . Traumatic cranio-cerebral injury

INTRODUCTION
Cranio-cerebral injuries (also known as head
injuries), one of the most important regional
injuries, were known to human beings since time
immemorial. [1] Of all the regional injuries, it is craniocerebral injuries which are most important in forensic
practice, as the incidence and severity of head injuries
are increasing with burgeoning industrialization and
more rapid methods of transportation.[2]
Head injuries are rapidly becoming a social
problem too because they frequently leads to loss
of intellectual and other faculties, placing a great
burden on both the family of the deceased and
on society. Additionally, cranio-cerebral injury
is a source of major disability and psychological
burden, especially in the younger and reproductive
age group. From a medico-legal point of view, it is
Corresponding author:Dr. Sandip Bhowate
Assistant Professor, Peoples College of Medical
Sciences & Research Centre, Bhanpur Bye Pass Road,
Bhanpur, Bhopal – 462010
Mail- drsandip26@gmail.com

essential to determine whether death occurred due
to head injury or its complications, and whether any
resultant intracranial lesions were due to natural or
unnatural causes. The main purpose of conducting
the present study was to collect data on pa�erns
of head injury due to trauma and to catalogue the
circumstances under which they were sustained. It
was also considered necessary to determine whether
factors such as age, sex, time of incidence etc play
any role in contributing or predisposing to such fatal
cranio-cerebral injuries. [1]

MATERIALS & METHOD
The study was conducted at the postmortem
centre of Peoples College of Medical Sciences &
Research centre, Bhopal from 01 Jan 2011 to 31st Dec
2011.The subjects for the study were all cases of head
injury due to fatal trauma whether admi�ed to the
hospital or not, brought for medico-legal autopsy
during this period. Information was gathered from
the relatives of the deceased or accompanying
persons, police personnel, police inquest, hospital
records and postmortem findings. History of the
incidents were studied in detail and a complete
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meticulous medico-legal autopsy was conducted on each of these victims. When indicated, histopathological
examination of stained sections of organs/tissues had done and blood along with routine viscera sent for
chemical analysis and the results were analyzed.
1.

Age and Sex Distribution :-

Sex

Age (years )
0-10

11-20

21-30

31-40

41-50

51-60

61-70

>70

Total

%

Male

05

06

13

07

07

00

02

00

40

83.33

Female

02

00

00

04

01

00

01

00

08

16.66

Total

07

06

13

11

08

00

03

00

48

100

Percentage

14.58

12.5

27.08

22.91

16.66

00

6.25

00

100

OBSERVATIONS

peak in the 4th decade onwards. The same feature
was observed when victims of both sexes were taken
into account. However, if females were considered
individually (2 yrs to 68 years), their mean age was
32.5 years, with the major peak at 31-40 years. Males
outnumbered females (83.33% vs 16.67%, a ratio of
4.9 to 1).

1. Age and sex distribution:
The age of the victims ranged from 2 1/2 months
to 70 years, with an overall mean of 29.42 years. The
mean age of male victims was 56.21 years, with a
major peak in the 3 rd decade and a slightly lesser
2.

Types of victims and their age distribution

Age grp in years

0-10

11-20

21-30

31-40

41-50

51-60

61-70

>70

Total

Pedestrians

02

02

05

09

2

2

03

-

29 (60.41)

Motor cyclist

-

1

2

4

4

-

1

-

12 (25)

Passenger of motor vehicle

1

1

-

1

-

1

-

-

4 (8.33)

Driver of car /bus

-

-

-

-

1

-

-

-

1 (2.08)

Fall from running bus

-

-

1

1

-

-

-

-

2 (4.16)

Train accident ( Passenger
in train )

-

-

-

-

01

-

-

-

01 (2.08)

Assault

-

-

01

01

-

-

01

-

03 (6.25)

Total

03

04

09

16

08

03

05

0

48 (100)

Type of Victim

Pedestrians and riders of two wheelers in the age group of 31- 40 years were most commonly the victims of
road traffic & motor vehicular accidents, followed by passengers. Assault were also noticed in our study along
with some of the instances of train accidents .The least incidence of head injury was among drivers of motor
vehicles.
3. Circumstances leading to head injury
Circumstances

Male

Female

Total

Accidental

37 (92.2 %)

08 (100 %)

45 (93.75 %)

Homicidal

3(7.5 %)

-

3 (6.25 %)

Suicide

1(2.5 %)

-

1 (2.08)

Total

40 (100%)

08 (100 %)

48 (100)
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Accidents constituted the most common
circumstance under which head injury was sustained
(93.75%), followed by homicides (6.25%) and suicides
(2.08 %).
4. Location of fractures in different cranial
bones
Bones Involved

Number of
victims

%

Fracture to temporal
bones

11

22.91

Parietal bones

08

16.66

Occipital bones

3

06.25

Frontal bone

6

12.50

Anterior Cranial Fossa

3

06.25

Middle Cranial Fossa

4

08.33

Posterior Cranial Fossa

2

04.16

Crushed Skull

2

04.16

Intact skull with no
fracture

9

18.75

Total

48

100

5. Distribution of type of fracture of skull
bones
Type of Injury

No. of
victims

%

Linear or Fissured fracture

17

35.41

Depressed fracture

05

10.41

Comminuted fracture

09

18.75

Pond or intended fracture

1

2.08

Gu�er fracture

3

06.25

Perforating fracture

1

2.08

Sutural or diastatic fracture

1

2.08

Ring / Foramen fracture

2

4.16

No fracture

9

18.75

Total

48

100

Above figure shows Fractures of the skull had
occurred in around 81.25% of the cases. Among
whole of skull cap temporal bone is most prone to be
fractured (22.91%) while linear/fissured fracture was
the commonest type (35.41%). Frequency of different
types of skull bones fracture are shown in table-IV
and other locations are shown in table-V

6. Distribution of cases according to type of
intra cranial hemorrhage: Intracranial Haemorrhage
Type

No. of
Cases

% of Cases

Extradural Haemorrhage
(EDH)

1

2.08

Subdural Haemorrhage
(SDH)

15

31.25

Subarachnoid Haemorrhage
(SAH)

12

25

Intracerebral
Haemorrhage(ICBH)

05

10.41

Intraventricular
Haemorrhage (IVH)

07

14.58

Mixed type

08

16.66

Total

48

100

Isolated intracranial hemorrhages were present in
83.34% of the cases altogether while in combination,
they were found in 16.66%, with the most common
type being a combination of subdural hemorrhage
(SDH) & subarachnoid hemorrhage (SAH). EDH
was noted in 2.08% of the total cases. Fractures
were found in this case of EDH in combination with
other intracranial hemorrhages. SDH was noted in
31.25% of cases. It was found in combination with
others (16.66%). Isolated SDH was unilateral in all
instances. Fractures were associated with SDH in
most of the instances, whether this hemorrhage had
occurred alone or in combination with others. SDH
was associated with cerebral injury in 31.25% of the
cases. Subarachnoid hemorrhage was noted in 25%
of the total cases. It was present in combination with
others (16.66%). Whether alone, or in combination, it
was associated with fractures in most of the instances
and with cerebral injury in 69.46% of the cases.
Intracerebral hemorrhages was noted in 10.41% of
cases. It was present in combination with others
in 16.66% of cases. Intraventricular hemorrhage
was present 14.58% of cases while it was present in
combination with others in 16.66% of cases.
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7. Distribution of cases of head injury
according to the duration of survival period
Duration of Survival Period

No. of
Cases

% of
Cases

Spot Dead

09

18.75

0 to 12 hours

22

45.83

12 to 24 hours

08

16.66

1-7 days

07

14.58

7-15 days

02

4.16

Total

48

100%

The overall period of survival ranges from 0
to more than a week. In the first extreme, 18.75%
deaths had occurred on the spot, or on the way to
the hospital, or in peripheral health care facilities
and some of the victims were brought dead. Of the
remaining 83.34% , 45.83% had survived for 0-12 hrs,
16.66% % for 12 - 24 hrs, 14.58 % % for 1- 7 days and
Only 4.16 % of the cases survived for 7- 15 days after
sustaining injury. The survival of patients of head
injury varies as per the severity of the trauma and
availability of emergency treatment and response of
the patient to the same.
8. Complications causing or contributing to
death After Head Injury
Sr No.

Cause of Death

No. of cases

1

Head Injury Alone

25(52.08)

2

Head Injury with pneumonia

18 (37.5)

3

Pyogenic meningitis as a
complication of head injury

2 (4.1)

4

Head injury , Shock and
Hemorrhage

2 (4.1)

5

Sepsis following head injury

1(2.08)

Total

48(100)

Head injury was the sole cause of death in
52.08 % of the cases. Pneumonia which developed
subsequent to head injury was a contributory cause
of death in 37.5%. Head injury associated with shock
and hemorrhage in 4.1%. Pyogenic meningitis as a
post traumatic complication was the cause of death in
4.1% while sepsis following head injury had caused
death in only 2.08%.

20

DISCUSSION
The observations and results of the present
study were compared with the work of preceding
researchers. Among the cases studied; males
outnumbered females (83.33 % vs 16.66 % a ratio
of 5.01 to 1). Male preponderance was observed;
a finding that has been reported in previous work
conducted by various researchers [3, 4, 5, 8, 11] and is
a�ributed to the fact that males are more exposed to
the outer world than females.
In the present study the highest number of
victims who suffered head injury were in the
fourth and third decades of age which shows slight
variations as compared to other studies like [3, 7, 8].
The high mortality observed in this age group may be
because of 1) this being the most active period of life,
persons in this age group are the most frequent users
of roads, vehicles and other modes of transportation
and 2) they are more involved in outdoor activities.
The low incidence observed at extremes of age can
be a�ributed to the fact that both children and old
people are confined to their homes hence the risk of
exposure to the outer hazardous environment is low.
The highest number of head injuries was accidental
in nature (93.75%) followed by homicides (6.25%)
and suicides (2.08 %).
Majority of the head injury had been caused by
motor vehicle accidents (91.67%) followed by assault
(6.25%) and railroad accidents (2.08 %). Pedestrian
involvement (60.41%) was characteristic of motor
vehicle and road traffic accidents. In the city of
Bhopal where development and industrialization
is increasing day by day 1) pedestrians are the
frequents road users, 2) footpaths meant for their
use are occupied by hawkers to such an extent that
pedestrians are forced onto the roads, 3) traffic rules
are: zebra crossings and waiting for green lights
are ignored, and 4) drivers of vehicles flout signal
and lane discipline, and exceed prescribed speed
limits. Motorcyclists accounted for 25% of victims,
passengers of motor vehicle for 8.33%, those who fell
from running buses for 4.16% and drivers of motor
vehicles for 2.08%. These findings correlate with the
works of other researchers. [3, 4, 5, 8,9,10].
Skull fractures were noted in 81.25% of cases.
These observations were concordant with those of
other researchers. [4, 8,9] The fissured fracture was the
most common type of fracture observed (35.41%),
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Indian Journal of Forensic Medicine & Toxicology, July-December 2016, Vol. 10, No. 2

followed by combinations of fractures (31.2%),
depressed fractures (10.41%) and sutural fractures
(2.08%). The above observations were consistent with
the work of other authors. [7]
Of the primary intracranial lesions, isolated
intracranial hemorrhages were seen in 83.34%. Of
these, SDH was the commonest (31.25%) followed
by SAH (25%), ICBH (10.41) and IVH (14.58%).
Combinations of intracranial hemorrhages were
observed in 16.66%, the commonest being SAH
& SDH (59.6%). The above observations were in
accordance with the studies of other researchers.
[6, 7, 8] EDH was seen in 2.08%. As per KSN
Reddy Extradural H’age is the least common type
of meningeal bleeding and seen in 1-3% of cases
of head injury. [12] SDH was found in 31.25% of the
total number of cases which were unilaterally and
bilaterally located. SAH was observed in 25% of cases
including unilateral and bilateral situations. These
findings compared well with those of others. [7, 8]
The overall period of survival ranges from 0 to
more than a week. In the first extreme, 18.75% deaths
had occurred on the spot, or on the way to the hospital,
or in peripheral health care facilities and some of the
victims were brought dead. Of the remaining 81.25%,
45.83% had survived for 0-12 hrs, 16.66% % for 12 - 24
hrs, 14.58 % % for 1- 7 days and only 4.16 % of the
cases lived for 7- 15 days after sustaining injury. Only
14.58 % cases survived for more than a week which
is similar with the observation of Akhilesh Pathak et
al. [13]
With regard to the cause of death, traumatic
cranio-cerebral injury was the primary cause of death
in slightly more than the half of the victims (52.08%).
If deaths due to the complication of head injury are
included, the percentage increases to 56.18%. Both
figures differ significantly from the results of Tyagi
et al [8]; it was not possible to identify the reason for
this.

SUMMARY AND CONCLUSION
The current study was conducted and the
data generated were compared with the work
done by previous researchers. The observations of
the present tallied in almost all respects with the
studies conducted by previous researchers, which
recognized motor vehicle and road traffic accidents
as the predominant cause of fatal head injury due
to blunt trauma. Cranio-cerebral trauma was the

predominant cause of death identified in this study
which needs urgent a�ention due to its vitality. This
study also revealed pneumonia, pyogenic meningitis
and other septic conditions are contributory
causes of death. The possible explanation for the
high occurrence of these complication may be the
continuous recumbent posture in these (unconscious,
comatose & bedridden) victims, which helps in the
development of this hypostatic condition and sepsis
which needs further research.
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ABSTRACT
Background: Flame burn cases always have top priority for treating doctors and medico legal
personnel. Aims & Objectives : To determine the prevalence of age and sex variation, surface area
involved, manner of injuries among the burned patients.
Method: The study was conducted in Department of Forensic Medicine, in association with Department
of Burn and Plastic Surgery, Jawahar Lal Nehru Medical College, Ajmer and data of all burn victims,
were collected from the Jawahar Lal Nehru hospital Ajmer and data collected during the period from
May 2014 to Apr. 2015.
Results: Out of the 221 burn patients the sex ratio found in this study was 1:1.2; out of them mortality
of married males were 50% & mortality of married females were 58%. Female were having higher
mortality than their male counterpart. Maximum incidences were seen among the age between 21-30
yrs of age group. Major bulk (26.69% of all cases) sustained burns involving 81-100% body surface
area. There was gradual decrease in mean survival period in patients where 41-60, 61-80 and 81- 100
body surface area was involved. As a whole mean survival period of the expired subject was 5.41
days with Standard Deviation of 5.16. The commonest manner was accidental 204 (92.24%), and the
2nd commonest was suicidal 14 (6.46%) and homicidal burn was reported 3 (1.37%). Majority (92.24%)
of the incidences were accidental in nature. The most common cause of death was septicemia 67
(59.82%) and 2nd most common cause of death was shock 40 (35.71%) and the 3rd common cause of
death found was Toxemia 5 (4.46%).
Conclusion: Females and Males in the age of 21-30 years are more susceptible to burns. Accidental
flame burns are most common cause of burns. Highest mortality of male and female were found in
surface area involved 81-100%. Septicemia was found the most common cause of death.
Keywords: Flame Burn, Age, Survival period, Surface area, MLC aspect.

INTRODUCTION
Flame is goddess till it is under the frame of
vigilance. Though fire has become the most useful
agent, yet it has proved to be one of the most
destructive enemies of man. Fire destroys property,
wipes out thousands of lives every year and thereby
cause wastage of human resources. Burn cases
are among most emergent andpriority situation
for treating doctors and medico-legal personnel.
Intimation to police about incident and condition
of patient for enabling them to record the statement/
dying declaration, preparing the wound certificate

report, is some of the important duties of medicolegal personnel. Various evils of society like
dowry deaths are also linked with burn incidence.
Evaluating the gravity of flame burn accurately
will be assistance in police investigations.
Negligence in the part of treatment is usually
raised in the courts and by public. Forensic
personnel having experience in dealing burns
cases can explain the various questions rise in
courts or by relatives in such incidence.

MATERIAL & METHOD
The

present

study

was

prospective
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observational study that was carried out in the
Department of Forensic Medicine Toxicology along
with association of Department of Burns and Plastic
Surgery at JLN Medical College, Ajmer, Rajasthan.
Aim of the study is to provide various data to
the forensic personnel & other treating doctors
who may predict about the vulnerable group,
mode of incidences, period of peak incidences,
cause of death, period of survival, etc. After
intimation to the ethical commi�ee, all the cases
informed to us by bum department or causality
department during the period of one year from
lit May 2014to Apr 2015 were studied in detail.
The cases associated with electrical injury, scalds
and corrosive burn were excluded from the target
group. In flame burn deaths, factors affecting
mortality includes age, sex, surface area, effect of
various antibiotics, steroids, and other treatment
modalities, various type of nursing
care,
effect
of
external environmental factors
like temperature, humidity etc., but in present
study we will confined only on the factors which
are related to medico-legal significance. In all the
cases information about age, sex, marital status,
surface area involved, survival period before death,
etc. were obtained from the clinical records
and post-mortem reports. Surface area of burn
was calculated by the rule of nine and Lund &
Browder chart. Basic statistic evaluation was
carried out with the help of computer.

RESULTS
Out of the 221 burn patients the sex ratio found
in this study was 1:1.2 (Table -1); out of them
mortality of married males were 50% & mortality
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of married females were 58% (Table-2). Female were
having higher mortality than their male counterpart.
Maximum incidences were seen among the age
between 21-30 yrs of age group (Table-3). Major
bulk (26.69% of all cases) sustained burns involving
81-100% body surface area (Table-4). There was
gradual decrease in mean survival period in patients
where 41-60, 61-80 and 81- 100 body surface area
was involved. As a whole mean survival period of
the expired subject was 5.41 days with Standard
Deviation of 5.16. The commonest manner was
accidental 204 (92.24%), and the 2nd commonest
was suicidal 14 (6.46%) and homicidal burn was
reported 3 (1.37%) (Table-5). Majority (92.24%) of
the incidences were accidental in nature. The most
common cause of death was septicemia 67 (59.82%)
and 2nd most common cause of death was shock 40
(35.71%) and the 3rd common cause of death found
was Toxemia 5 (4.46%) (Table-6).
Table – 1 : Sex distribution
Total cases

Male

female

221

100

121

The sex ratio between 221 notified cases female
cases are outstandingly higher then there counterpart.
The female case are of about 54.75% covering 121
cases where as male are carrying 100 cases (45.24%).
The male female ratio is 1:1.21. Total 112 patients
expired during one year study period out of them the
difference between male and female further increases
as out of total notified death cases the male were 44
(39.28%) and female were 68 (60.71%.), those not able
to survive.

Table – 2 : Mortality according to Marital Status
TOTAL

MM

MMEXP

UMM

UMMEXP

FM

FMEXP

FUM

FUM EXP

221

70

35

30

9

100

58

21

10

50%

30%

MM- Married male, MMEXP- Married male
expired, UMM- Unmarried male, FM-Female
Married, FMEXP-Female married expired, FUMFemale Unmarried.
Mortality is not same in each marital status e.g.
married male were 70 in number out of them 35
expired it means mortality was 50% in married male
where as mortality is least in unmarried male which

58%

47.61%

were only 30 in number even out of them only 9 were
not able to survive that is 30% mortality. Similarly
in female out of total 121 female patients unmarried
subjects were having less mortality in comparison
with married female. Married female were100 in
number out of them 58 were expired leading to 58%
mortality but in unmarried cases were 21 out of
them 10 cannot sustain life hence the mortality was
47.61%.
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Female in married as well as unmarried state having higher mortality then their respective male
counterpart.
Table – 3: Mortality according to age group
SN

AGE

NO. OF CASES

SURVIVED

EXPIRED

MORTALITY

1

0-10

18

13

5

27.77%

2

11-20

40

19

21

52.5%

3

21-30

86

37

49

56.97%

4

31-40

51

25

26

50.98%

5

41-50

14

10

4

28.57%

6

51-60

5

3

2

40%

7

61-70

6

2

4

66.66%

8

71-80

1

0

1

100%

9

81-90

0

0

0

0

1-10 yrs age group total 18 cases were notified, however the actual number of incidence might be much
higher than the cases notified to our department but now what so ever resources made available to us the
male and female have equal incidence at 1-10 age group total 18 cases the male and female case were 9:9 cases
each but here mortality is seen higher in male cases total 5 deaths cases 3 (33.33%) were male and 2 (22.22%)
were female. La�er on incidences are more in female case then seen in male in 20-40 age group. Male mortality
increases as the age progresses. This pa�ern is followed up to age group of 0-40. La�er on as the number of
incidence reduces this increase in the mortality became insignificant. Initial 0-10 age group female mortality is
less then male group but la�er on the mortality rises up very steeply up to age of 30 la�er on it step down up
to age of 50 then because of few incidence, the mortality pa�ern became insignificant. Especial point of interest
is the between age group 11-30 female mortality is significantly high is observed.
Table – 4: Survival Period in relation to Body surface area involved
SN

SURFACE
AREA

TOTAL
CASE

TOTAL
MALE

EXPIRED
MALE

Male
mortality

TOTAL
FEMALE

EXPIRED
FEMALE

Female
mortality

1

1-20

52

26

NILL

0

26

NIL

0

2

21-40

39

18

4

22.22

21

7

33.33

5.65

3

41-60

34

17

8

47.05

17

13

76.47

10

4

61-80

37

15

11

73.33

22

14

63.63

5.06

5

81-100

59

24

21

87.5

35

34

97.14

3.75

The progressive increase in mortality is slightly
higher side in female cases.0-20 surface area involved
the total cases were52 (23.52%). Male and female are
equal in number 26 each cases with nil mortality. 2140 % surface area involved 39 cases (17.39%) male
were 4 and female cases were 7 with mortality found
is 29.41% and 33.33%. in 41- 60% surface area involved
cases total cases were 37(16.74%) male were17cases
out of them8 expired with mortality of 47.05% and in

Survival
period

female 21cases 13 not able to survive with mortality
61.90%. 61-80% involved surface area total cases were
34 (15.38%) male were 15 out of them 11 expired with
mortality 73.33 and female 18 cases 14 expired and the
mortality was 77.77%. Major bulk is seen in 81-100%
surface area involved cases total 59 cases26.69% cases
male were 24 out of then 21 expired and the mortality
was found as 87.50% and female were 35 out of them
34 expired 97.14% mortality is observed.
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Table – 5: Distribution of cases as per mode of
incidence
SN

Mode of incidence

No of cases

1

Accidental

204 (92.24%)

2

Suicidal

14 (6.46%)

3

Homicidal

3 (1.37%)

Table – 6: Distribution of cases as per cause of
death
SN

Cause of death

No. of cases

1

Shock

40 (35.71%)

2

Toxemia

5 (4.46%)

3

Septicemia

67 (59.82%)

DISCUSSION
Incidence of burns whether accidental, homicidal
or suicidal are not uncommon in our society.
Incidence, etiology and nature of burn vary from
one community to another and depend mainly upon
age, sex, customs, economic status, environmental
and social circumstances.1,2 In the present study, out
of 221 burnt victims, females were 121 (54.75%) and
males 100(45.24%). The reason for the predominance
of the female may be for most of the housewives,
kitchen and kitchen related activities place them at
high risk of fatal burn accidents. Accidental burns are
common in females as compared to males in India
because working in kitchen is the prime responsibility
of females. So they are more prone to burn accidents
at home3. Total 221 cases are notified in Department
of Forensic Medicine, J.L.N. Medical College, Ajmer
during one year study period. Mode of incidence is
relied upon the statement given by the victim/relative
during wound certificate preparation or history
mentioned in panchnama. Majority of the incidences
are due to accidental in nature present study it is 210
(92.04%) incidence registered as accidental in nature
in of Forensic Medicine, J.L.N. Medical College,
Ajmer.8 cases (3.61%) registered as suicidal and 3
(1.35%) cases are registered as homicidal in origin.
Male and female have equal incidence at 1-10 age
group total 18 cases the male and female case were 9:
9 cases each but here mortality is seen higher in male
cases total 5 deaths cases 3 (33.33%) were male and 2
(22.22%) were female. La�er on incidences are more
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in female case then seen in male in 20-40 age group.
The progressive increase in mortality is slightly
higher side in female cases. 0-20 surface area involved
the total cases were 52 (23.52%).Male and female are
equal in number 26 each cases with nil mortality. 2140 % surface area involved 39 cases (17.39%) male
were 4 and female cases were 7 with mortality found
is29.41% and 33.33%. in 41- 60% surface area involved
cases total cases were 37(16.74%) male were17cases
out of them8 expired with mortality of 47.05%and in
female 21cases 13 not able to survive with mortality
61.90%. 61-80% involved surface area total cases were
34 (15.38%) male were 15 out of them 11 expired with
mortality 73.33 and female 18 cases 14 expired and
the mortality was 77.77%. Major bulk is seen in 81100% surface area involved cases total 59 cases26.69%
cases male were 24 out of then 21 expired and the
mortality was found as 87.50% and female were35
out of them 34 expired 97.14% mortality is observed.
The mean surface area involved in all cases is 54.69
and SD is +/-31.51. the mean surface area involved is
non fatal case is 32.42with SD is +/-24.42 and in fatal
cases mean surface area involved is 76.56 and SD is
+/- 21.95is observed. ‘
The sutdy done in foreign countries like Kuwait,
Saudy Araibia, Isrieal, turkey 4,5 is also comparable
with our study but in Nigerian study shows highest
mortality in the 71-80 yr of age group and higher
mortality in males as compared to females due to
flame burns. 6 lsrail study shows Survivors’ mean
burn size was 14 ± 15 percent of the total body
surface area (range from 5 to 90 percent). American
Burn Association Multicenter Trials Group from
1993 to 2003 showing that elderly patients over
the age of75 have a higher mortality as compared to
other age groups, while in present study there was
negligible number of cases above 75 yrs and hence no
comparesion can be made in this regard. Interesting
pa�ern was shown instudy done at Turkey in which
most of the cases were related with scalds making
the insignificant comparision with our observations.
The study of epidemiology of adult burns in north
Trinidad was done by Ramcharan et al.7 and they
found that the most common etiology was hot
liquid scald, which is not matching with findings of
oue study. The present study shows that the death
due to burns in married females were outstandingly
higher then their counterparts especially in victims
of 21-50 yrs of age. The septicaemia due to accidental
burns was the most coomon cause of death and
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these findings were also observed by other
authors in difiierent regions of India.8-11 Out of 221
male were 100 in number and female were 121. Total
subjects not able to survive are 112 out of them 44
were male and 68 were female.

4.

Aldemir M, Kara IH, Girgin S, Giiloglu
C. Factors affecting mortality and
epidemiological data in patients hospitalised
with bums in Diyarbakir, Turkey. SAfr J Surg.
2005;43(4):159-62.

CONCLUSION

5.

Daniel M. Caruso,Karen J. Richey, Rn.
Factors influencing mortality in elderly bum
patients. bum mortality in patients age 75 or
greater burns, Turkish J of Geriatrics. 2003;6(2):
55-58.

6.

Obalanji JK, Oginni FO, Banko1e JO, Olaside
AA. A ten-year review o�um cases seen in a
Nigerian Teaching Hospital. J Burns Wounds.
2003;2:1.

7.

Ramcharan R, Dass S, Romany S,
Mohammed F,Ali T, Ragbir M. Epidemiology
of Adult Burns In North Trinidad.: The
Internet Journal of Caribbean andThirdWorld
Medicine. 2003;1(1):88-92.

8.

Bilwani PK, Gupta R. The epidemiological
profile of burn patients in 2.6 Hospital
Ahmedabad Indian JBurns.2003; 11:63-4.

9.

1. Married women having major bulk in total
number of expired cases with highest mortality.
2.
cases

21-30 age group having highest number of

3. As the involved surface area increases
mortality is constantly increases similarly there is
decrease in mean survival period as the surface area
increases
4.

Septicemia is major cause of death

5. We can confirm that more then 30% surface
area involved can be labled as grievous injury
endangering the life as total subjects having more
then 30% surface area involved were 145 in number
out of them 106 not able to survive thus leading to
mortality as 73.10% significantly very high to be
labeled as dangerous to life.

1.

Med
2009;30:10-4. Available
from h�p://
medind.nic. in/jal/t08/i1/jalt08i1p10.pdf .

Kumar P, Chaddha A. Epidemiological study
of burn cases and their mortality experiences
amongst adults from a tertiary level care
center. Indian J Commun Med. 1997;22:16067.

2.

Ambade VN, Godbole HV, Kukde HG. Suicidal
and homicidal deaths: a comparative and
circumstantial approach. J Forensic Leg Med
2007;14(5):253-60.

10. Singh D, Sing A, Sharma AK, Sodhi L.Burn
mortality in Chandigarh zone: 25 years
autopsy experience from a tertiary care
hospital of lndia. Burns. 1998;24:150-56.

3.

Yasti AC, Tumer AR, Atli M, Tutumcu T, Derinoz
A, Kama NA. A clinical forensic scientist in burn
unit: necessity or not? A prospective clinical
study. Burn 2006;32(1):77-82

11. Gupta RK, Srivastava AK. Study of fatal
burn cases in Kanpur, India. Forensic Sci Int.
1988;37:81-89.

REFERENCES

DOI Number: 10.5958/0973-9130.2016.00056.6

Case Study and PMI Estimation of Male Corpse from
Ludhiana, Punjab, India: An Implication of ADH Method
Anika Sharma1, Madhu Bala2
Research Scholar, 2Assistant Professor, Department of Zoology and Environmental Sciences,
Punjabi University, Patiala

1

ABSTRACT
Forensic entomology is the study of how insects consume decomposing human remains and provide
data which can aid medical/legal investigations. Common questions answered through the use of
forensic entomology include time since death, movement of a body from one location to another,
determination of environmental conditions to which a body has been exposed, location of traumatic
wound sites, identification of toxicological deaths, and location of drug trafficking. Present case study
deals with the estimation of Postmortem interval (PMI) by using Accumulated degree hour (ADH)
method. 45 years old male corpse was recovered from house in residential area of Ludhiana, Punjab,
India on 5 April 2015. Wounds resulting from sharp- edge weapon were found on the head. Numerous
second instar larvae were collected from the body. The larvae were reared and identified as Chrysomya
megacephala (Fabricius). Temperature and humidity data was taken from Meterological Department of
Punjabi University, Patiala.
Keywords: Forensic entomology, Accumulated Degree Hours (ADH), Chrysomya megacephala, Temperature,
Larvae, Postmortem Interval

INTRODUCTION
The major contribution normally made by
forensic entomologists in death investigation is the
estimation of time between death and discovery
of corpse. This is referred as Postmortem Interval
(PMI)[1]. The PMI estimation is based on the time
needed for the fly larvae to develop upto the oldest
growth stage after they were collected from the
corpse [2]. Developmental stage and species of larvae
collected from the corpse facilitate PMI estimation [3].
Over the past several years, there has been a
renewed interest in estimation of Post- mortem
interval by entomological techniques. This renewed
interest has resulted in the publication of results
of decomposition studies[4, 5] and various case
studies demonstrating application of these results
[6-10]
. The basic reason for using insects in criminal
investigations, resides in the fact that insects are
the first one who detect and locate cadaver and
are present during all stages of decomposition
and furthermore. Another important point to be
considered is that oviposition can occur minutes after
death [11] . It is interesting to point out that insect of

forensic importance are those that do not just visit
the corpse in the adult form but also breed in these
substrate because, by knowing the developmental
time of their larvae, it is possible to estimate the
time of death. For short- term PMI estimation, one
approach is based on the measurement of the thermal
input (Accumulated Degree Hours or Accumulated
Degree Days) necessary for each insect species to
complete its life cycle [12].
Temperature is the main factor influencing the
rate of development of insects. It is therefore essential
to estimate the temperatures under which the insects
were developing at the scene. This can be done by
placing an electronic data logger at the scene for 7-10
days. Temperature data is obtained from the nearest
weather station for the same period and also for the
preceding period, since the last known sighting of the
victim, i.e. for the potential period during which the
insects were developing on the body, An analysis of
the advanced stage of insect on the corpse and the
temperature of the region in which the body was
discovered leads to an estimation of day or range of
days in which the first insects oviposited or laid eggs
on the corpse. This, gives an assessment about a day,
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or range of days, during which death occurred. For
example, if the oldest insects was 7 days old, then the
victim has been dead from 7 days.
CASE REPORT
On 5th April 2015, a corpse of 45 years old male
was found in his house (Ludhiana) and was in
bloated stage of decomposition. The cause of death
was head injury. The remain was severely bloated,
blackened with partial skin loosening on the arm,
fingers and legs. Facial features were partially
identified with protruding tongue (Fig. 1) Nibbling
marks were present on both feet. Lacerated wound
5 X 1/2 cm was on middle of frontal area of head.
Surrounded area was reddish brown, discolored
and swollen (Fig. 2) An oblique incised wound 16
X 1/2 cm was present on outer middle of left thigh
with reddish discoloration (Fig. 3) Numerous second
instar larvae of Chrysomya megacephala were crawling
over the body (Fig. 4)

Fig 1. Protruding tongue

Fig. 2 Head injury

Fig 3. Wound on Left thigh Fig 4. Larvae crawling over
the body of corpse

MATERIAL & METHOD
I. Collection, Rearing and Identification of
Entomological evidences :
The second instar larvae of Chrysomya
megacephala collected from the body were brought
to the laboratory. Some samples were preserved
immediately in 70% ethanol after killing them in hot
water for identification. Other larvae were reared
in a rearing jar provided with pig meat. Rearing jar
were placed in incubator with constant temperature
of 23 o C and photoperiod of 12L : 12D. Observation

for emergence were made from10 am to 5 pm. Once
emerged, few adult flies were killed and preserved in
70% ethanol for identification. The identification was
done in the laboratory at Punjabi University, Patiala,
India by using taxonomic keys.
II. Collection of temperature data:
The temperature data were collected from
Meteorological department of Punjabi University,
Patiala, India. PMI is calculated by using
Accumulated Degree Hour (ADH) method. The rate
of development of the immature stages is a function
of the ambient temperature, so the age of specimens
is positively correlated with the summed thermal
input they accumulate during growth.

RESULTS
ADH method is utilized to calculate PMI of
corpse. The formulae for calculating ADH is:
ADH = Time (hrs.) X (Average temp. – Minimum
development threshold temp.)
The development time of Chrysomya megacephala
from egg to pupae at temperature of 23 o C was
utilized to calculate Accumulated Degree Hours
for estimation of PMI [13] [Table 1]. Accumulated
Degree Hours for Chrysomya megacephala life cycle
was calculated according to temperature obtained
from Meteorological Department Punjabi University,
Patiala from 31st March to 14th April 2015 [Table 2, 3].
Accumulated degree hours (ADH) was calculated
for different developmental stages of Chrysomya
megacephala reared under laboratory conditions at
constant temperature of 23oC [Table 4]. Chrysomya
megacephala takes 888 hrs. (ADH) at 23o C to reach
2nd instar stage from egg stage. and total ADH was
1185.5 [Table 6].
So, the calculated PMI was 4.5 days and his death
may occurred on 1st April 2015 [Table 6].
TABLE 1. Development time (hrs.) of
Chrysomya megacephala at constant temperature of
23 o C (Bharti et al. 2007)
Development stage

Development time (hrs.) at 23o C

Egg

19

1 Instar larvae

18

2 Instar larvae

33

st

nd

3 Instar larvae

44

Post- feeding

92

Pupae

168

Egg to Adult

374

rd
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TABLE 2. Meteorological data from 31- 3-15 to 14- 4- 15 comprising Maximum and Minimum Temperature
and relative humidity
Meteorological Data from 31- 3- 15 to 14- 4- 15
Date

Temperature

Relative humidity

Max.

Min

Average

8:30 (Morning)

17:30 (Evening)

31- 3- 15

28.8

18.2

23.5

088

090

01-4- 15

29.6

17.5

23.55

072

065

02- 4- 15

32.2

19.6

25.9

077

060

03- 4- 15

28.6

19.0

23.8

094

087

04- 4- 15

27.0

18.2

22.6

094

086

05- 4- 15

30.0

16.2

23.1

085

090

06- 4- 15

29.0

16.5

22.75

096

074

07- 4- 15

21.9

17.6

19.75

086

091

08- 4- 15

31.2

14.9

23.05

096

083

09- 4- 15

32.2

16.6

24.4

088

085

10- 4- 15

34.2

18.6

26.6

081

072

11- 4- 15

35.2

17.5

26.3

084

058

12- 4- 15

29.6

19.4

24.5

067

075

13- 4- 15

32.6

20.2

26.35

085

075

14- 4- 15

32.6

20.1

26.35

082

074

TABLE 3. Accumulated Degree Hours (ADH) for Chrysomya megacephala from 31-3-15 to 14- 4- 15

Date

Average temp.

Threshold temp C

Growing Degree Day
Value (DD)
(Avg.temp.- Threshold
temp.)

31- 3- 2015

23.5

10

13.5

324

01-4- 2015

23.55

10

13.55

325.2

02- 4- 2015

25.9

10

15.9

381.6

03- 4- 2015

23.8

10

13.8

331.2

04- 4- 2015

22.6

10

12.6

302.4

05- 4- 2015

23.1

10

13.1

314.4

06- 4- 2015

22.75

10

12.75

306

07- 4- 2015

19.75

10

9.75

234

08- 4- 2015

23.05

10

13.05

313.2

09- 4- 2015

24.4

10

14.4

345.6

10- 4- 2015

26.6

10

16.6

398.6

11- 4- 2015

26.3

10

16.3

391.2

12- 4- 2015

24.5

10

14.5

348

13- 4- 2015

26.35

10

16.35

392.4

14- 4- 2015

26.35

10

16.35

392.4

o

Accumulated Degree
Hours
(DDX 24 hrs.)
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TABLE 4. Accumulated degree hours (ADH) for different developmental stages of Chrysomya
megacephala reared under laboratory conditions at constant temperature of 23oC.
Development stages of Chrysomya
megacephala

Accumulated Degree Hours
(ADH) in development stages of
Chrysomya megacephala

Dates

Egg

-

1st Instar Larvae

-

2nd Instar Larvae

5- 6/4/2015

620.4

3 Instar Larvae

7- 8/4/2015

547.2

Pre- pupae

9/4/2015

345.6

Pupae- Adult emergence

10-14/4/2015

1922.6

rd

TABLE 5. Time taken by 2nd instar larvae of Chrysomya megacephala to reach adult stage in laboratory
Developmental stage
Egg
1 Instar larvae
st

Time spent in stage (Days)
-

2nd Instar larvae

2 (5 to 6- 4-2015)

3rd Instar larvae

2 (7 to 8 -4-2015)

Prepupae
Pupae- adult emergence

1 (9- 4- 2015)
5 (10 to 14- 4-2015)

TABLE 6. Calculation of Post-mortem Interval (PMI) of male corpse by using ADH method.
Accumulated Degree Hours Method
Collection of maggots

On 5th April at 1 pm

ADH taken by Chrysomya megacephala to reach 2nd
Instar at 23oC

(19+18)24= 888 ADH

Total ADH of 5th April, 4th April, 3rd April, 2nd April

ADH= Development time (hrs) X Growing Degree
Day value (DD)
13X13.1 + 24X 12.6 + 24X 13.8 + 24X 15.9 = 1185.5

Total ADH of 5th, 4th, 3rd, 2ndApril 2015 -Difference
between ADH taken by Chrysomya megacephala to
reach the 2nd instar at 24oC

1185.5-888 = 297.5 ADH

Dividing 297.5 ADH by the Growing Degree Day
Value (DD) of 1st April 2015

297.5/13.55 = 21.9 hrs

Determination of PMI:

The female Chrysomya megacephala might have laid
its egg on male corpse on 9:59 pm of 1st April 2015.

Recovery of body

5th April, so total PMI is 4.5 days
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DISCUSSION
C. megacephala also known as the Oriental latrine
fly, is a species of medical importance [14] and has
been identified as playing an important role in
forensic cases[11]. To estimate PMI, the developmental
data of the known insect species collected from
the corpse under the constant temperature similar
to that of death scene should be accessible. On 1st
April 2015 the victim was killed and dead body
was recovered after 4.5 days. This leads to a PMI
of approximately 108 h. The victim was stabbed to
death and had several wounds which would act as
a�ractant to the blow flies. Blow flies were the first
insect who started ovipositing eggs after death [15] .
Each developmental stage takes a known amount of
time, depending on the temperature and availability
of food. Temperature is especially important since
insects are ‘cold-blooded’ - meaning their metabolic
rate increases (and the duration of development
decreases) as the temperature rises, and vice-versa.
Looking at the oldest developmental stage of insect
and the temperature of the region, time of death can
be estimated.
Kashyap and Pillay [16] suggested a formula T=
A+B (cd); Where T is PMI, A is the time of invasion
of fly species , B is the most advanced stage of insect
recovered from the corpse and cd is the climatic
correction factor, if any. They presented some
case studies and PMI was estimated by measuring
length of maggots which determine there age. The
association and relationship of insects with dead body
has great importance in obtaining appropriate clues
to solve criminal case. The earliest occurring species
have shortest and lastly occurring have longest life
cycles. In early stage of decomposition of dead body
insect develop faster than later stages. Liquefaction
of corpses becomes fast in presence of insects and by
dissemination of bacteria.
The first evidence of insect in French courtroom
was accepted in 1850 [17] when skeletonized remains
of a child were found behind a chimney by workman
during redecoration. According to Williams &
Villet [18] entomological forensic evidence has been
used in Southern Africa for decades but explicity
forensic research began only 26 years ago. Several
South African entomologists consulted medico-legal
investigations and critically evaluated the forensic
cases with South African police and Courts. In 2000,
a murder case was solved with the help of partial
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entomological evidence and it was the first South
African case. In 2005 entomological evidence was
provided in court in South Africa.
Goff and Flynn [19] estimated postmortem interval
of 34 to 36 days of male corpse recovered on the
island of Oahu, Hawaii, based on interpretations
of pa�ern of arthropod succession on the remains.
This interval was primarily based on the presence
of adult specimens of Philonthus longicornis (family
staphylinidae), mature larvae of Piophila casei (family
Piophilidae) and empty puparial cases of Chrysomya
rufifacies (family Calliphoridae). A study conducted
by Lee et al.,[20] noted that among the large numbers of
fly species found on human cadavers, Chrysomya sps.
were the most dominant from all of them. As a result,
their larvae are usually collected to be reared to adults
and some to be preserved in order to determine the
PMI of the victim [21-22]
Babu et. al., [23] estimated the Postmortem Interval
(PMI) of a headless corpse of a 9 months old male
foetus found in the Forest nursery at Jagdalpur,
District Bastar, State Chha�isgarh, India. The PMI
was determined on the basis of developmental
period of 2nd instar larvae of Chrysomya rufifacies
(Macquart).
The estimated PMI for present study was 4.5
days, which is similar to the interval indicated by
the autopsy report. ADH was calculated in order to
estimate the age of the insect or the time when the
eggs were first deposited on the corpse. Laboratory
data and the weather data was combined to calculate
ADH of the reared larvae, which is used to calculate
PMI of corpse.
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ABSTRACT
Firearm injuries pose great health burden and presents enormous challenge for health and national
economies. This study was undertaken to analyze the characteristics of fatal gunshot injuries, their
pa�ern, associated factors, and postmortem findings in Hyderabad to provide data for such fatalities
in this region, which has not been reported earlier. The male victims predominate the female victims
i.e. 98% were male. 53.77% of the victims were civilians (28.29% were killed by unknowns, 21.23% by
militant & 4.25 by securities). 50.56% were of the age group of 31 to 40, followed by theage group of
21 to 30 years years (20.51%).Chest was involved in 40% followed by head 20% in homicide cases.70%
were victims of homicidal a�acks, 20% suicidal, and 10%accidental.The commonest motive for firearm
injury deaths was real estate business disputes followed by criminal activity observed in this study it
is contrast to other studies.
Keywords: Firearm injuries, illegal, homicide, suicide, Hyderarabad, India.

INTRODUCTION
A firearm is a weapon which projects either single
or multiple projectiles at high velocity through rapid,
confined burning of a propellant1. Weapons – as we
know are the protective devices of man since ages.
Protection from wild animals and from enemies.
As the time changed – weapons transformed into
ammunition and guns, which are used in warfare.
But later again, man made it a status symbol and for
hunting passion. Now these guns are being misused
in the modern world of emotional instability. It has
been a dangerous tool rather than a useful instrument.
This statement can be supported by various incidents
recently occurred in Hyderabad City. These tools or
weapons are misused for personal grudges, in private
se�lements by people in real estate/land mafia and
gangsters with low morality. If we analyses these
different incidents, it is clear that these weapons in
wrong hands are threat for the society and humanity.
The majority of casualties, of abuse of authority
and of indiscriminate killings are caused by easy
availability and accessibility and use of small arms.
Firearms injuries one of the top ten causes of death
in the U.S. The number of firearms-related injuries in
the U.S., both fatal and non-fatal, increased through

1993, declined to 1999, and has remained relatively
constant since.
However, firearms injuries remain a leading
cause of death in the U.S., particularly among youth
(CDC, 2001)2. From 1999 to 2008 the total number
of reported deaths from firearms in India, including
suicides and accidents, fell by nearly half, from 12,147
in 1999 to 6,219 in 20083.Murders by gunfire in India
totalled4,101 in 2008, or 12.2 percent of all 33,727
murders that year. Just three states—Bihar, Jharkhand
, and U�ar Pradesh—accounted for almost two-thirds
(62.4 per cent) of all victims reportedly murdered by
firearms in 20084. The present study is undertaken
with the aims: 1.To assess the injury specific features
for easy identification of fire arm injury.2.To study
the associated blast effects apart from the missile
injuries.3.To assess the bodily markers, suggestive
of manner of death.4.To assess the limitation
features affecting the manner of death.5.To assess the
procedures required beyond the routine autopsy.

MATERIAL & METHOD
A comprehensive study of deaths due to
Firearm injuries based on Post Mortem Examination
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conducted at Mortuary, Osmania General Hospital,
Hyderabad, during the period 2009 to 2011 has been
made. A study of ten cases were selected, which
are brought dead or spot dead at Osmania General
Hospital, Hyderabad, and conducted Post Mortem
Examination at Mortuary. A detailed information
and data pertaining to Firearms injury death cases
were collected from the Police Case Diary and
Inquest Reports Circumstantial evidences and Eye
witnesses.

the commonest motive for firearm injury deaths was
real estate business disputes followed by criminal
activity observed in this study it is contrast to other
studies.
Table No.1 Age wise distribution of fire arm
injury death with sex
Age
(in yrs)

Male

Female

No.of
Cases

%

No.of
Cases

%

RESULTS

0 – 10

0

0

0

0

Among the total number of 10 cases, casualty
preponderance shows that, excessive male
preponderance of 100% in the incidence of sex and
it shows that maximum incidence of deaths due to
fire arm injuries are seen50% in 21-30 years followed
by30%31-40 age group(Table 1). This incidence of
age and sex in the present study is almost in similar
with the other studies 6,8,9,10,11. (Table2) chest was
involved in 40% followed by head 20% in homicide
cases 9. (Table3)In present study, it is observed that
the maximum number of firearm death cases having
the exit wound with hand gun12. (Table4)70% were
victims of homicidal a�acks, 20% suicidal, and
10%accidental. This is quite different to the pa�ern
observed in other countries where suicides were the
predominant group and homicides accounted for a
small number of cases6,8,12,13.(Table 5) It is observed
that the higher number of firearm deaths are occurred
with hand gun in homicides and suicides7.(Table 6 )

11 – 20

0

0

0

0

21 – 30

5

50

0

0

31 – 40

3

30

0

0

41 – 50

1

10

0

0

51 – 60

0

0

0

0

> 61

1

10

0

0

Table No. 2 Entry wound wise distribution with
site
Site of Entry
wound

Homicide

Suicide

Accidental

Head

2(20%)

2(20%)

1(10%)

Trunk

4 (40%)

0

0

Extremities

1(10%)

0

0

Table 3: Exit wound distribution
Exit Wound

Type of Fire Arm

Body parts

Range

Present

Absent

Hand Gun

6(60%)

2(20%)

Head, Chest & Abdomen

Contact, Close & Near

Shoulder Gun

1(10%)

1(10%)

Head & Chest

Close & Distant

Table: 4 Manner of fire arm injry deaths
Manner of death

Male

Female

Total

No.of Cases

%

No.of Cases

%

No.of Cases

%

Accidental

1

10

0

0

1

10%

Suicidal

2

20

0

0

2

20%

Homicidal

7

70

0

0

7

70%

Indian Journal of Forensic Medicine & Toxicology, July-December 2016, Vol. 10, No. 2

36

Table: 5 Types of gun and distribution with range
Type of Fire Arm

Body parts

Hand
Gun

Shoulder
Gun

Head & Neck

Chest

Abdomen

Contact

Close

Near

Distant

Homicide:

6

1

3

4

2

0

2

5

1

Suicide:

2

0

1

0

0

1

0

0

0

Accident:

1

0

1

0

0

0

1

0

0

Table 6:

Range

Motive of the firearm injury deaths
Male

Motive

Female

Total

No.of Cases

%

No.of Cases

%

No.of Cases

%

2

20

0

0

2

20

2

20

0

0

2

20

Real estate Business disputes

4

40

0

0

4

40

Accidental

1

10

0

0

1

10

Self-defence

1

10

0

0

1

10

Domestic&Health problems
Criminal activity

DISCUSSION
In this study, the most of the victims were the
males in their twenties and thirties. This finding is
consistent with most of the studies in regards of
homicide as a whole. As firearm is a
licensed
weapon, it is seen with the high profile people as a
status symbol, individuals with personal security
threat, for gaming purpose etc. As an illegal weapon,
it is widely used in real estate, mafia, enmity,
gangwars, landfeuds, terrorizing acts etc. In all these
cases the handlers and targets will be invariably male
sex only. These fatalities come under the category
of self defense, homicides and accidents. The use of
firearms by criminal gangs for robbery and dacoity
is also a new feature either to instead of traditional
weapons like swords, rods ,stones, and sticks etc. to
subjugate and subdue the victims. The distribution of
entry wounds over the head in suicidal cases, whereas
in Homicidal and accidental cases there is no such
discrimination. However, the involvement of head
and extremities is a rarity in homicidal and accidental
cases, unless multiple rounds are fired or a shot gun
is used. the contact range is the preferred choice in
the suicidal cases, whereas near range is the preferred

choice in homicidal cases. The presence of associated
injuries over the body of the victim from the struggle
or scuffle is more common in homicidal cases when
fired from close range. This is not a hard and fast
rule and they may be absent if the victim is taken by
surprise. in 80% of cases the instrument is the hand
fire arm and in 20% of cases a shoulder fire arm.70%
of the cases are reported homicides followed by
20% suicides and 10% as an accidental cases.As said
above firearm is preferred homicidal instrument in
se�ling the scores, for criminal activities like dacoity
and robbery. In majority of cases these weapons are
unlicensed and with unlawful possession. In cases
where licensed weapons are used the plea of self
defense is made. The firearm trauma is not preferred
modality of suicides in India.

CONCLUSIONS
Fire Arm is a weapon mostly handled by males
and the victims are also of males. Unlike other
forms of violent trauma in gunshot fatalities, spot
deaths are more common due to the involvement
of visceral organs with minimal surface trauma..In
suicidal cases the licensed weapons are commonly
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used, where as in Homicidal cases, the weapons
are, usually illegal and unlicensed..The motives for
gunshot fatalities are centered on wealth. Firearm is
the preferred weapon to commit homicide followed
by suicides. Accidental deaths are rare. In suicidal
cases the head is the target area and the wounds are
made at contact range. Where as in homicidal cases
the trunk is the targeted area preferably the chest
and wounds produced are at near and closed shot
range. Hand Fire Arms are the preferred instrument
in suicidal and homicidal deaths. To prevent such
killings, there should be combined effort from all
sections of the society. Strict implementation of law
for sale and use of illegal fire arm weapons. Constant
vigilance of susceptible areas where illegal weapons
are made.
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ABSTRACT
Introduction: Needle stick injury (NSI) is one of the commonest and dangerous professional health
care hazards for transmi�ing blood-borne diseases in persons working in a hospital.
Objective: To determine the awareness and prevalence of needle stick injuries amongst postgraduate
residents.
Methods: In cross sectional study self-administered questionnaire was introduced to 100 post graduate
residents at our hospital from October to November 2015. Data was collected in form of demography
and questions related to needle stick injury. Data was entered in MS Excel 2007 and analyzed.
Results: The outcome of NSI among post graduate residents within last one year was 56% (N=100). Out
of all, NSI was highest among 1st year residents (78.95%). Most common cause for NSI was recapping
(48.21%) and collecting blood sample or IV cannulation (30.37%). Among the injured residents 46%
suffered NSI during night duty and emergency work. Among NSI 75% of injuries were superficial.
Nearly 44.64% of injuries were not reported because the residents didn’t know where or to whom the
injury should be reported. Only 21.4% (N=12) took Post Exposure Prophylaxis.
Conclusion: Incidence of needle stick injuries among residents was high and often not reported and
most of them did not take any post exposure prophylaxis after injury. These finding raise the need for
implementation of strategies to prevent or reduce such injuries. Also institutional reporting system and
post-exposure prophylaxis should be improved. Training and institutional programme or workshop
should be organized at start of clinical terms for undergraduate and repeated at start of internship and
residency to minimize needle stick injury and its hazards.
Keywords: Needle stick injuries, post graduate resident doctors, post exposure prophylaxis

INTRODUCTION
Needle stick injury (NSI) is one of the most
serious threats to health care workers caused by
accidental needle puncture to the skin. Needle stick
injury is at higher risk of transmission of bloodborne diseases through the passage of Hepatitis B
Address for Correspondence:
Dr Harsha D Makwana
2, Radhakrishna Society, Opp. Gita Maternity Home,
Isanpur, Ahmedabad, Gujarat 382443
Mobile No. 09824370482
Mail ID- drharsham@gmail.com

virus (HBV), the Hepatitis C virus (HCV), and the
Human Immunodeficiency Virus (HIV). Despite their
seriousness, needle stick injuries have been neglected
and not reported6. Annually more than 1,00,000 such
injuries are reported in hospitals of United Kingdom
and 6,00,000- 8,00,000 in United States of America12.
According to WHO, out of all injured, 16,000 cases
of Hepatitis C, 66,000 of Hepatitis B and 1000 of HIV
have occurred in year 20008. WHO reports in 2002,
shows that out of 2 million health-care workers
exposed to infectious diseases, suffered from
Hepatitis B (37.6%), Hepatitis C (39%) and HIV/AIDS
(4.4%) due to needle stick injuries7, 13. Most of the NSI
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occur during collection of blood, administering an
intramuscular or intravenous drug, or performing
procedures involving sharp needles transmi�ing
viruses from source person to the recipient.
Therefore this study was conducted to determine
the prevalence of needle stick injuries among the
residents and to assess the measures undertaken by
them after the needle stick injuries.

AIM & OBJECTIVES
To study about:
1. Awareness of needle stick injury among
postgraduate medical students
2. Prevalence of needle stick injuries among
post graduate medical students
3. A�itude and practices of residents before
and after needle stick injury

MATERIAL AND METHOD
Study design: Cross-sectional Study
Study group: Post graduate students pursuing
MD/MS/MCH course in clinical department
Sample size: 100
Period of study: October to November, 2015

Study area: Tertiary care hospital
Study material: self-reported questionnaire set
Inclusion criteria: All post graduate residents
who willingly participated in this study
Exclusion criteria: Residents not willing to
participate in this study
Statistical analysis: The data collected was
entered in MS Excel 2007 worksheet and analyzed by
using appropriate software.
Confidentiality of the information reports was
assured and consent was obtained in form of sign in
the questionnaire form. Anonymity was maintained
by no names being wri�en on the questionnaire
form.

RESULTS
Table-1 shows demographic data. As shown
in table-1, 68% were male while 32% were female
residents amongst all who participated in study.
Most of them were below the age of 28 years (88%)
and 38% were doing 1st year residency. Out of all
affected residents, 78.95% were the 1st year residents
who do most of the clinical and investigative work of
patients.

Table: 1
Distribution of NSI by characteristic of Post Graduate Resident
Needle stick injuries
Variables
Sex

Age group

Designation

Present n(%)

Absent n(%)

Male

37 (54.41)

31(45.58)

Female

19 (59.37)

13 (40.62)

<25

35(74.46)

12(25.53)

26-28

13(31.7)

28(68.29)

>28

8(66.66)

4(33.33)

1st year

30(78.95)

8(22.12)

2nd year

15(46.87)

17(53.12)

3 year

8(34.78)

15(65.21)

super speciality

3(42.85)

4(57.14)

rd

PREVALENCE
In our study we addressed important aspects
of NSI and found that nearly 56% of the resident
doctors had NSI during the last one year at some
point which is comparable to 60% of Massachuse�s

P Value
p > 0.80

P < 0.05

P < 0.05

surveillance system data4 (Table-2). Our data is low
compared to 84% in a study done by S. Muralidhar9.
The study of Sh. Praveen10 (39.4) and Jessica1 (12%)
had low prevalence compared to us. In our study
the prevalence was high among the 1st year residents
(78.95%).
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Table-2: Prevalence of NSI
Study

Prevalence %

Our

56

Jessica

12

Massachuse�s sur. Data

60

S. Muralidhar

84

Sh. Praveen

39.4

Table: 3 Needle stick injury related to activity (n= 56)
Activity

Frequency

(%)

Our study

Jessica

M.
Askarian

Massachuse�s Sur.
Data

S. Muralidhar

Sh.
Praveen

Recapping needle

48.21

25

10.8

-

-

14.5

Collecting blood/
IV cannulation

30.37

-

28.6

-

55

33

Suturing

5.35

-

27.2

43

20

27.3

During Injection

10.72

-

-

16

-

16.6

Multistep
procedure

5.35

-

-

-

-

-

As shown in Table-2 most of the residents were
injured while recapping the needle (48.21%) which
is high compared to studies of other authors (Table3). Collection of blood and IV cannulation resulting
in NSI were accounted for 30.37% in our study. It is
comparable to study of M. Askarian2 (28.6%), but low
to study done by S. Muralidhar9 and Sh. Praveen10.
Nearly 75% of injuries were superficial. There was
low incidence of NSI during suturing and while
giving injection compared to other studies.
Table: 4 Needle stick Injury related to duty
Period
Duty period

Frequency (%)

Day

10 (17.8)

Evening

20 (35.5)

Night

26 (46.7)

Most of the needle injury occurred in evening
(35.5%) or night (46.7%), while doing emergency
work (Table-3). The rate of NSI during emergency
work was 56.1% in study of Sh. Praveen10.

Table: 5 Reason for not reporting NSI
Reason

Frequency

(%)

Our study

M. Askarian

Don’t know it should
be reported

35.71

28.6

Don’t know to whom
and where it should
be reported

44.64

27.2

Believe reporting
would not influence
the outcome

7.14

12

Forget to report

12.5

-

As shown in Table-4, 35.71% residents did not
know that such injury should be reported. Ignorance
related to whom and where the injuries should be
reported is high in our study compared to others.
7.14% residents compared to 12% of M. Askarian,
believed that reporting will not influence their
outcome while 12.5% forget to report their injury
because of their continuous engagement with patient
management in emergency.
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Table: 6 Preventive measures taken by post
graduate residents
Study

Our study
Jessica

Preventive

Measures taken (%)

Yes

No

59.93
100

41.07

the risk of exposure and prevention of secondary
transmission to others. We assessed only resident
doctors because they are at higher risk for needle
stick injury. It does not represent our tertiary care
hospital doctors as a whole but still our study gives
some important information regarding NSI.

CONCLUSION

-

S. Muralidhar

72.5

27.5

Sh. Praveen

54

46

The rate of preventive measures taken by
residents in form of universal precautions was 100%
in study by Jessica1. It is low in our study compared
to S. Muralidhar9 and high to Sh. Praveen10.
Table 7: Post exposure prophylaxis after Needle
stick Injury
Post exposure prophylaxis

Frequency (%)

Yes

12 (21.43)

No

44 (78.57)

Total

56

In our study out of 100 residents, 56 had needle
stick injury but only 21.43% had received postexposure prophylaxis, compared to 8.8% of Sh.
Praveen10.

DISCUSSION
Needle stick injury is a significant occupational
hazard for health care providers. The most effective
mean is to prevent the exposure to blood and body
fluids. Though the efficacy of universal precaution is
controversial, it remains a valuable way to prevent or
minimize it.
Most of the injuries occurring during night and
in first year residents (78.95%) are indicative of lack of
experience in many procedures, work overload and
fatigue that led to such injuries.
The risk of under reporting and thus delaying
the treatment is significant. HIV, Hepatitis B and
Hepatitis C are quite prevalent in our country
and hence the chances of being infected by these
diseases are high as our study indicates that most
needle pricks went unreported and untreated by
Post-exposure prophylaxis. Reporting the injury to
an authorized centre enables counseling regarding

Needle stick injuries in post graduate residents
are common and often not reported and majority of
them did not take post exposure prophylaxis. These
findings warranted the need for ongoing a�ention
to implement strategies to prevent or reduce
such injuries in a systematic way. It also focused
importance and improvement of institutional
reporting system and post-exposure prophylaxis to
appropriate measures.

RECOMMENDATIONS
• Residents should be properly educated
for universal precaution of using gloves, personal
protective equipment, clothing and disposing of
sharps.
• They should be aware of reporting Needle
stick injury to an appropriate person to manage for
post-exposure prophylaxis in time.
• Training and institutional programme or
workshop should be organized at start of clinical
terms for undergraduate and repeated at start of
internship and residency to minimize Needle stick
injury and its hazards.
• Infection commi�ee members of the institute
should play a role of leadership so that safe practices
are ensured and any issues related to it can be
resolved.
Acknowledgement: We are thankful to Dr. S. T.
Malhan, The Medical Superintendent of our hospital
and Dr. Pankaj R Patel, The Dean of our medical
college for allowing and helping us to carry out our
study. I am also thankful to postgraduate residents
of our institute for helping us in completing our
study.
Ethical Clearance: Permission from Authority
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academic purpose and photo of it is a�ached.
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ABSTRACT
Introduction: Fall from height leads to many serious and fatal injuries every year. This study was
conducted to identify the pa�ern of injuries after a fall from height. Materials and Method: 73 victims
were considered into the study based on the suspicious deaths with an allegation of fall from height.
Post mortem report, first information report, inquest report, any a�empts at resuscitation, chemical
reports and other forensic reports wer taken into consideration in the study. Results: Out of the 73
cases studies, 59(80.8%) were males and 14 (19.2%) were females. The most common age group was
21-30 years followed by 31-40 years. Of the victims, most common profession was construction workers
with 37 victims followed by 11 toddy collectors. Head injury was the most common site of primary
impact followed by fall to side of the body. The most common bone to be injured was the skull as that
was the primary contact area in most of the cases followed by rib and vertebrae. Conclusion: Fall from
height can be prevented by taking proper measures and care as most of the accidents are caused due to
negligence and inexperience during work.
Keywords: Fall from height, pa�ern of injury, fractures, fatal injuries

INTRODUCTION
Death occurring due to a fall from a height is
not uncommon in the urban areas especially since
there are many high rise buildings. Nevertheless,
there are many cases of falls in the rural areas too
as modernization is developing everywhere. Fall
from height normally leads to many serious and fatal
injuries. In urban se�ings the numbers are higher due
to more construction work and high rise buildings.
Fall from height leads to many serious and fatal
injuries every year. This is more so due to the fact that
there are many activities which involve working at
height. Many workers work in maintenance, window
cleaners, painters, construction and other such jobs
who are at risk of falling from heights. Falling from
heights refers to fall from one higher level to another
level2.
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Accidental injuries play a major role in the
morbidity and mortality rate, out of which, fall from
height plays a significant role. If the height is less,
there may be involvement of disability which may
leave the victim unable to do his normal routine
work.
The severity of injuries depend upon the height
of fall, body weight, velocity, nature of surface
impacted, orientation of body at the time of impact
and the elasticity and viscosity of tissue of body
region, the contact body region, out of which height
of fall is the major determining factor3.
The pa�ern of injury in vertical falls like falls
from height is different from those of horizontal falls
such as road accidents.
Vertical deceleration injuries (VDI) commonly
involve the major weight bearing structures with
forces transmi�ed through foot, leg pelvis, vertical
column or head4. Injuries of the extremity are mostly
unilateral because of the force of impact.
The pa�ern of impact in falls from height has not
been documented from our area and as a result, we
have tried to report the same in our region.
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MATERIALS & METHOD
This study was conducted by the department
of Forensic Medicine at Kakatiya Medical College
and Hospital based on the suspicious deaths with
an allegation of fall from height. 73 cases which
were subjected to medico legal autopsy at the
mortuary over a period of Two years were taken into
consideration into the study.
A detailed post mortem examination report was
made. Other information which was gathered for the
study was the first information report (FIR) lodged
by the relatives of the victim, the Inquest report, any
treatment or resuscitation a�empts which were made
on the patients in the hospital prior to death, chemical
analysis of the viscera and the other forensic reports
of the victim were methodically taken. Any other
data regarding the mishap which could be gathered
from the relatives at the time of post mortem were
also taken into consideration.Panchnama was also
collected and include into the study.

RESULTS
Out of the 73 cases studies, 59(80.8%) were males
and 14 (19.2%) were females. The most common age
group was 21-30 years followed by 31-40 years, where
most of the people are of the working category.

Fig:2 : Profession of the victims

Head injury was the most common site of
primary impact followed by fall to side of the body
(table; 1).
Table: 1 : Site of primary impact
Site

Number

%

Head

37

50.7%

Upper limb

7

9.6%

Lower Limb

9

12.3%

Pelvis

1

1.4%

Front of body

1

1.4%

Back of body

4

5.5%

Side of body

14

19.2%

The most common bone to be injured was the
skull as that was the primary contact area in most of
the cases. The next most common bones to be affected
were the ribs, wherein multiple fractures were seen,
followed by the vertebrae. Most of the people who
fell on their backs had damaged vertebrae resulting
in damage to the spinal cord. Many of the skull
fractures resulted in brain damage, while there were
minor cracks in a few of the cases. Fractures ribs
resulted in the involvement of the heart and lungs
(table: 2).
Table 2: Involvements of bones and soft tissues
in injuries.

Fig: 1 : Age wise distribution of fatalities

Most of the deaths (94.5%) were accidental in
nature while 4 (5.5%) were suicides. All the suicides
were females between the ages 18-35.
Of the victims, most common profession was
construction workers with 37 victims followed by 11
toddy collectors (Fig:2). Other important professions
were farmers and factory workers. 6 students had
a fall of which 4 were female. Out of them 2 were
suicides, 1 presumably due to love failure and l due
to less marks in exams. 8 were housewives, out of
which 2 were suicides due to marital discord.

Involvement
of Bones:

Involvement
of soft tissue

Area
Skull
Vertebrae
Ribs
Sternum
Pelvis
Humerus

Number
43
21
36
15
12
17

Percentage
58.9%
28.8%
49.3%
20.5%
16.4%
23.3%

Radius /ulna

14

19.2%

Femur
Tibia/Fibula

9
5

12.3%
6.8%

41

56.2%

17
16
13
6
5

23.35%
21.9%
17.8%
8.2%
6.8%

2

2.7%

Brain & spinal
cord
Heart
Lungs
Liver
Kidneys
Spleen
Stomach/
Intestines
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DISCUSSION
The falls of vertical deceleration injuries (VDI)
and the pa�ern of injury differ fron those that involve
road accidents (Horizontal deceleration injuries)4.
The pa�ern of the injuries can help to find out the
cause and manner of death5. In an abrupt vertical
fall, the tissue damage is caused by the absorption
by the body od the energy accumulated during the
free fall. {atietns sustain a unique injury pa�ern that
is different from that seen with other forms of blunt
multiple trauma6.
Males were more prone to accidental falls from
heights than women, more due to their occupation.
This male preponderance was reported by Gulati et
al, who reported 72.2% males7, Kiran Kumar et al
with 86.6%8, and Jagannath SR with 86.6%1. Similar
results were observed in other studies also9-11.
The most common age group for these accidents
was 21-30 years followed by 31-40 years. This is
probable as most of the working age belongs to this
age group. This was corroborated by other studies.
Gulati et al reported 11-30 years age group to be
more prone to accidental falls, with more than 75%
of the victims being less than 40 years of age. Murthy
et al 34.61% in 21-30 age group, with the incidences
decreasing with increase in age12, while 31-40 year
age group was the most common age group in falls in
a study conducted by Jagannatha et al1.
Most of the victims were construction workers,
working in high rise buildings. Toddy collectors were
the next common occupation where the falls were
during work, from the trees. Many of these people
were inexperienced young workers. Similar case was
with electricians. Construction workers was the most
common occupation to have a fall from height with
fatality in many studies7,12.
During the fall, head injury was the most
common site. Injuries of skeletal muscles , single or
multiple was very common resulting in fractures
and injuries to the soft tissues, with brain being the
most common soft tissue to be injured. Fractures of
the ribs most commonly resulted in the injuries to
heart and perforation of lungs. Similar results were
observed by Jagannatha et al where skull injuries
were highest followed by ribs, femur and vertebrae.
The soft tissues injured were brain in maximum
cases, followed by liver and lungs.

It is said that if a person falls on the head, both
the vault and the base of the skull can fracture, with
extrusion of the brain. But in case of a fall to the side
of the body, severe abdominal and thoracic injuries
occur13. Cardiac injuries (54%) are found in falls from
height which exceed 6m most of which are due to
injuries caused due to fractured ends of the ribs o
sternum which pierce the heart13.

CONCLUSION
Most of the deaths due to fall from height occurred
in males rather than females due to occupational
hazards. Construction site falls were more common
place of death followed by falls from toddy trees.
Head was the most common site of injury effecting
the brain, followed by fracture to the ribs. These
injuries are mostly preventable, if the Government
takes proper measures during the construction of the
buildings. The public also should be made aware of
the hazards of working, so that proper care can be
taken during work.
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ABSTRACT
Since ancient times snake bite is a rural and occupational public health problem in many countries. In
the present study variety of microorganisms, including both aerobic and anaerobic organisms has been
isolated from snake oral cavity. Snake bite may result in venom toxicity and secondary infections due
to microorganisms from snake oral cavity. Since few snake oral cavity did not show any growth and
the antibacterial activity of snake venom makes to reconsider the use of prophylactic antibiotics. Use of
antibiotics is be�er supported with culture sensitivity examination.
Keywords:- snake bite, snake oral cavity, microbial flora, management

INTRODUCTION
Humans know the poisoning due to snakebite
since ancient time and various methods of treatment
have been utilized which evolved the present
management of snakebite poisoning. The history of
snakebite indicates that it is a public health problem in
many countries from ancient times. Chippaux in his
report on global situation of snakebite states that it is
difficult to be precise about the actual number of cases
and estimated true incidence of snake envenomation
could exceed 5 million per year with about 100,000 of
these develops severe sequelae. In Maharashtra, the
snakebite rate is highest in India, with reported 70
bites per 100,000 population and mortality of 2.4 per
100,000 per year4. Parrish 15 and many others say that
the incidence of snakebite shows a distinct seasonal
pa�ern closely related to rainfall and temperature,
which compels the reptiles to come out of their
shelter. In these months the snakes are abundant
in number and more active and the same period
corresponds with the increased outdoor activities
of human beings. Studies report that large number
of bites does occur in fields and most individuals
are unable to spot the snake due to tall grass and
crops. Further complicating to this is the patients are
unable to identify the snake species either because
of ignorance or poor visibility in darkness. People
involved in occupations and/or lifestyles requiring
movement in dense undergrowth or undeveloped

land, are the worst affected. These include residents
from rural areas and with agriculture as occupation.1
Important feature of snakebite as evidenced by
different authors is that the morbidity and mortality
resulting from snakebite envenomation depends on
the species of snake involved, since the estimated
“fatal dose” of venom varies with species. In
the Indian se�ing, almost two-thirds of bites are
a�ributed to saw-scaled viper, as high as 95% in some
areas like Jammu2, to a lesser proportions to cobra
and kraits. The true fact about treatment of snakebite
shows eighty percent of the victims first consult
traditional healers before visiting medical center,
4 which worsens the situation. Further snakebite
frequently induce severe polymicrobial infections
in the site of bite, requiring antibiotic therapy.10,11
With this background the health care workers in the
rural areas should be well versed with the snakes, the
snakebite and its treatment to reduce the morbidity
and mortality.
In this study a�empt was made to know the
bacterial flora of snake oral cavity from this rural
region on random sampling. The results to aid in
improved and successful management of snake bite
cases by deciding the roll of antibiotics.

MATERIAL & METHOD
A study of microbial flora of snake oral cavity
was carried out in Shri Vasantrao Naik Government
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Medical College & Hospital Yavatmal, a tertiary care
center for the rural district of Maharashatra. Culture
examination of snake oral cavity swabs was done in a
total of 68 (sixty eight) snakes. Swabs from oral cavity
of snakes were collected from snake park in the city
run by Kobra Adventure & Nature club of Serpamitra
Sanghatana, Yavatmal. Selection of snakes was done
randomly for collection of swabs from amongst those
captured by the members of the Kobra adventure
& Nature Club. These included all snakes collected
from the district.
Sample collection from snakes
The snake oral cavity was held wide open by
the professional snake handler. Oral cavity & fangs
swabbed with swab stick, separately for both aerobic
& anaerobic cultures.
The samples so collected from snake oral cavity
were transported immediately to microbiology

laboratory in ice. For anaerobic culture samples,
Robertson’s cooked meat media was used as a
transport media. These samples were subjected to
culture and sensitivity examination.
Culture examination: 6,7,13
These samples were inoculated simultaneously
for aerobic & anaerobic cultures. Aerobic culture
samples were inoculated on blood agar & Mackonkeys
agar plates. The plates were incubated for overnight.
Smear examination of swabs stained with Gram’s
Method was done for presumptive identification
of bacteria. For anaerobic culture samples were
inoculated on blood agar plates & plates were kept
in gas pack anaerobic jar providing anaerobiosis.
Colonies grown on culture were examined
for identification of bacteria by conventional
microbiological testing. Antibiotic sensitivity testing
was done by disc diffusion method.

OBSERVATIONS
Table 1: Snake oral cavity bacteria (N=68)
Sr. No.

Organisms

Number of
Isolates

Antibiotic Sensitivity
Sensitive to

18

48

Ceftazidime
NalidixicAcid
Cephotaxime

Ofloxacin
Pefloxacin
Ciprofloxacin

Resistant to
Cefuroxime
Tetracycline
Ampicillin
Cloxacillin
Penicillin
Cefuroxime
Cloxacillin
Norfloxacin
Cefuroxime
Cloxacillin

01

Pseudomonas

02

Staphylococci
Coagulase negative

08

03

Proteus

04

04

Klebsiella

06

05

E coli

04

06

Micrococci

01

07

Citrobacter

04

Cephotaxime
Cefuroxime

Pefloxacin
Ciprofloxacin

Cloxacillin

08

Enterobacter

02

Pefloxacin
Ciprofloxacin

Norfloxacin
Gentamicin

Cloxacillin

09

Clostridium
perfringes
septicum
tetani

03
03
01

10

B. subtilis

02

11

No Growth

15

Tetracycline
Amikacin
Erythromycine
Gentamicine
Ofloxacin
Pefloxacin
Ciprofloxacin
Cefuroxime
Norfloxacin
Ceftazidime
Nalidixic Acid
Cephotaxime
Ciprofloxacin
Cefuroxime

Chloramphenicol
Pefloxacin
Ciprofloxacin
Cephotaxime
Chloramphenicol
Pefloxacin
Cephotaxime

Cephotaxime
Ofloxacin
Ciprofloxacin
Ciprofloxacin
Cephotaxime
Ofloxacin
Pefloxacin
Ceftazidime
Cefuroxime
Norfloxacin

Ampicillin
Cloxacillin
Ampicillin
Amikacin
Ampicillin
Amikacin

Amikacin
Penicillin
Amikacin

49
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Of 68 snakes, 53 showed growth on culture,
15 showed no growth, 16 snakes revealed two
organisms.

DISCUSSION
The microorganisms isolated in the present
study from the oral cavity of snake include both
aerobic and anaerobic organisms. The aerobic
ones are Pseudomonas species, coagulase negative
Staphylococci, Klebsiella species, Proteus species,
E coli, Micrococci, Citrobacter, Enterobacter, with
Pseudomonas species being the most common
organism. The anaerobic ones include Clostridium
perfringes, Cl.septicum, Cl. Tetani and B. subtilis.
Goldstein et al 9 isolated the aerobic organisms
that are coagulase negative staphylococcus,
Acinebacter calcoaceticus var. anitratus, Hofnia
alvei, Arizona hinshawii, Salmonella, Shigella,
Klebsiella, Pseudomonas, Citrobacter, Edwardsiella
tarda, E coli, Proteus, Providencia, Morgnella species
and unidentified gram negative rods from Garter
snakes in New York. The common species found by
Goldstein et al and present study include coagulase
negative staphylococcus, Pseudomonas, Citrobacter,
and E coli, Proteus while others differ. Goldstein et
al isolated only the aerobic organisms and not the
anaerobic ones.
Ledbe�er14 isolated Aerobacter, Alakaligenes,
Arizona, Bethesda, Citrobacter, Enterobacter, E
coli, Herellea, Klebsiella, Proteus, Pseudomonas,
Salmonella, Seratia species of aerobic gram positive
bacteria and Micrococci, Enterococci, Viridans the
gram negative ones. The only anaerobic species
was Clostridia. These findings can be closely
correlated with present study except for Aerobacter,
Alakaligenes,
Arizona,
Bethesda,
Herellea,
Salmonella, Seratia & Viridans isolated by Ledbe�er
and B.subtilis and coagulase negative staphylococcus
in present study.
Jorge et al12 cultured group D streptococci,
Enterobacter sp., Providencia re�geri , Providencia
sp., Escherichia coli , Morganella morganii and
Clostridium species from Bothrops jararaca oral
cavity, fangs and venom in Sao Paulo. The common
organisms found in both present study and Jorge et
al are Enterobacter, Escherichia coli and Clostridium
species, while others differ.
Theakston et al 16 isolated gram-negative rods

Enterobacter and pseudomonas species and some
staphylococci and Clostridia from Malayan pit vipers
(Calloselasma rhodostoma) in southern Thailand.
All these organisms have been found in present
study. But Klebsiella species, Proteus species, E coli,
Micrococci, Citrobacter and Enterobacter were not
found in his study.
Blaylock3 cultured Proteus species, Pseudomonas
species, and Salmonella arizona and Staphylococcus
epidermidis from southern African snakes. With
present study these findings can be correlated with
only Proteus species, Pseudomonas species and not
the others.
Draper et al5 isolated Corynbacterium species
and coagulase negative Staphylococcus from healthy
snakes while those snakes with infectious stomatitis
yielded predominantly gram negative bacteria that
include Pseudomonas aeuroginosa, Providentia
re�egeri and P maltophilia. In the present study
selection of snakes was done randomly while Draper
et al separated infected ones from non-infected ones.
Only common organisms are coagulase negative
Staphylococcus and Pseudomonas.
Goldstein et al 8 revealed both aerobic and
anaerobic organisms from ra�le snake venom
including Pseudomonas aeroginosa, Proteus species,
Coagulase negative Staphylococci, Clostridium
species and Bacteroides fragilis. This differs with
present study that Klebsiella species, Proteus species,
E coli, Micrococci, Citrobacter, Enterobacter,and the
anaerobic B subtilis have been not isolated.
Gonzalez 10 isolated Mycobacterium ulcerans,
E coli, Pseudomonas, Aeromonas, Proteus,
Staphylococcus, Bacillus, Aerobacter, Citrobacter,
Salmonella species, C.bifermentas, C. perfringens,
C.septicum, C.cadaveris
& Negative plasma
coagulase from European snakes. The organisms
of present study Klebsiella species, Micrococci,
Citrobacter, Enterobacter and the anaerobic ones
include Clostridium perfringes, Cl. tetani and B.
subtilis have been not isolated by Gonzalez while
Aeromonas, Salmonella, Bacillus, Aerobacter,
Cl. Bfermentas, C.cadaveris & Negative plasma
coagulase could not be found in present study.
Thus it can be stated that the microbial flora
of snake oral cavity vary with the snake, species of
snake, geographical situation, season of the year,
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health of snake, captivity and prey.
This indicates that during treatment of
snakebite one should be aware of the secondary
infections that do occur at bite site and snake oral
flora may contribute for the same. By knowing the
oral microbial flora of the area one can decide the
antibiotics to be used as supportive care for be�er
management of the patients.

CONCLUSIONS
The microbial flora of snake oral cavity varies with
the snake, species of snake, geographical situation,
and season of the year, health of snake, captivity
and prey. Variety of microorganisms, including both
aerobic and anaerobic organisms has been isolated
from snake oral cavity. So use of definite antibiotics
cannot be stated. The use of antibiotics in snakebite
should be well supported with culture sensitivity
examination. Anti-tetanus prophylaxis against Cl.
welchi becomes necessary. Since few snake oral
cavity did not show any growth and the antibacterial
activity of snake venom makes to reconsider the use
of prophylactic antibiotics.
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ABSTRACT
Estimation of time since death is a fundamental problem in medico-legal investigation because it
helps in predicting the approximate time of offence. Time since death can be made out from various
postmortem changes like rigor mortis, algor mortis, livor mortis, decomposition etc. In the present
study histological changes in the liver tissue are studied at various postmortem intervals amongst
medico legal autopsies conducted at our institute. Materials for the present study are liver taken
directly from the dead bodies during postmortem examination. Only the cases where the time of
death is known and verified either by the doctor’s notes or by relatives & friends present at the time
of death & also supported by the postmortem changes have been taken for the study. In this study the
degenerative changes in liver progresses sequentially as the time since death increases up to 24 hrs post
mortem. After 24hrs, there are no significant changes seen microscopically to determine post mortem
interval.
Keywords: Time since death, liver histology.

INTRODUCTION
Determination of time since death is requested
very often by the police. Evidence for estimating
time since death may come from three sources i.e,
Corporal, Environmental and Anamnestic.1 The
existing methods are mostly based on gross visual
post mortem changes 2,3,4,5, gastric emptying, urine
in the bladder, biochemical changes in body fluids
6,7,8,9
, electrical or mechanical stimulation of skeletal
muscles and chemical stimulation of pupils 7 and
radio carbon analysis for skeletal remains10. It is the
need of the hour to develop new techniques which
are more objective, that can help to determine post
mortem interval with a fair accuracy. Histological
demonstration of post mortem interval in various
organs has been demonstrated by many a
authors.11,12,13,14 This is based on degenerative changes
Author for Correspondence:
Dr. Umesh Babu R
Professor & Head, Forensic Medicicne & Toxicology
Kannur Medical College, Anjarakandy,
Kannur, kerala, India.
E-mail; umeshbabu_r100@rediffmail.com

that occur post mortem in various organs11. These
changes usually progress in a well designated
manner and can help forensic pathologists to
estimate time since death with reasonable accuracy.
In this study we have focused on histological study
on degenerative changes in liver tissues. This study
has a known post mortem interval (hospital death)
and a known temperature profile which helps to
avoid confounding bias in the form of environmental
factors.

MATERIALS & METHOD
The study is undertaken in the department of
Forensic Medicine and Toxicology, with the help
and support of department of Pathology. In the
present study sections from liver (100 cases) were
taken from medico legal autopsies conducted at
our hospital aged between 20 and 50 years of both
gender. Mean age is 36 years with standard deviation
of 8. Only the cases where the time of death was
known and death that occurred at the hospital
were taken for the study. Livers with degenerative
changes affecting the architecture of hepatocytes
were excluded from the study. We collected livers
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from 100 cases for histological study. Bits from right
and left lobes and one bit from deeper areas of liver
was taken. Processed tissue section was stained with
haematoxilin and eosin (H&E) stains. The cases were
divided under two temperature groups viz, group
A - temperature between 22 oC & 27oC and group B
- temperature between 28oC & 33 oC. The cases were
analyzed by descriptive statistics. The H&E stained
slides were graded as per the grading of kushwaha
etal 11 into 4 groups (table 1 and fig 1).

Table 1: Grading of the histological changes
Grade

Histological appearance

Grade – 0

No change
Architecture maintained, mild cloudy
swelling
Architecture maintained, severe cloudy
swelling
Architecture disturbed, degenerative
signs are more and disturbed hepatic
lobule
Complete disturbance of the lobular
architecture

Grade – 1
Grade – 2
Grade – 3
Grade – 4

Figure 1: Grading of the histological changes and normal histology of Liver.
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The cases were grouped based on time interval as shown in table 2.
Table 2: Grouping of the cases based on time since death
Group

TSD

No of cases

TSD - 1

< 06hrs

20

TSD - 2

O6 – 12 hrs

20

TSD - 3

13 – 18hrs

20

TSD - 4

19 – 24 hrs

20

TSD - 5

>24hrs

20

RESULTS
The degenerative changes are seen mainly in portal triad, cytoplasm and nucleus of the hepatocytes. In the
present study, the age ranged from 20 to 50 years. Mean age was 36 years. Majority of patients belonged to the
4th decade of life, followed by 5th decade.
Table 3: DEGENERATIVE CHANGES ACCORDING TO TIME SINCE DEATH (TSD)
TSD

G0

G1
A

B

G2
A

B

G3
A

B

G4
A

B

A

B

TSD-1 <6hrs

02

-

2

15

4

11

03

1

2

00

-

-

00

-

-

TSD-2 6-12hrs

00

-

-

12

5

7

05

1

4

03

3

-

00

-

-

TSD-3 13-18hrs

00

-

-

00

-

-

15

7

8

05

1

4

00

-

-

TSD-4 19-24hrs

00

-

-

00

-

-

18

11

7

02

-

2

00

-

-

TSD-5 >24hrs

00

-

-

00

-

-

09

1

8

09

5

4

02

-

2

P value- 0.000
A- Average temperature of the day - between
22 C and 27 oC
o

B- Average temperature of the day - between 28
C and 33 oC

o

The histology slides revealed mild degenerative
changes (G0) in only 2 of the cases. 15 cases showed
cloudy swelling with normal cellular architecture
within 6 hrs postmortem and 12 cases between 6 to

12 hrs post mortem. Severe cloudy swelling was seen
among 3 cases within 6hrs, 5cases between 6 to 12hrs,
15 cases between 13 to 18 hrs, 18 cases between 19
to 24 hrs and 9 cases more than 24hrs post mortem.
Features of disturbed architecture and hepatic lobule
with severe degenerative changes were seen in 3
cases between 6 to 12hrs, 5 cases between 13 to 18
hrs, 2 cases between 19 to 24 hrs and 9 cases more
than 24hrs post mortem. Complete disturbance of
the cellular architecture was seen in 2 cases after time
interval of 24hrs postmortem.

Table 4: DEGENERATIVE CHANGES ACCORDING TO TIME SINCE DEATH (TSD)
TSD

G0

G1

G2

G3

G4

TSD-1<6hrs

10%

75%

15%

00%

00%

TSD-2 6-12hrs

00%

60%

25%

15%

00%

TSD-3 13-18hrs

00%

00%

75%

25%

00%

TSD-4 19-24hrs

00%

00%

90%

10%

00%

TSD-5 >24hrs

00%

00%

45%

45%

10%
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TABLE 5: CROSS TABULATION OF DIFFERENT TSD IN EACH HISTOLOGY GROUP
Histology
grades

TSD
<6hrs

7 – 12 hrs

13 – 18 hrs

19 – 24 hrs

> 24hrs

G0

100%

00%

00%

00%

00%

100%

G1

55.6%

44.4%

00%

00%

00%

100%

G2

6%

10%

30%

36%

18%

100%

G3

00%

15.8%

26.3%

10.5%

47.4%

100%

G4

00%

00%

00%

00%

100%

100%

Cases with minimal degenerative changes and
gross loss of lobular architecture are seen in 100%
cases of under 6hrs time interval and over 24 hrs time
interval respectively. Mild cloudy swelling is seen in
100% cases with post mortem interval less than 12 hrs.
Severe cloudy swelling and disturbed architecture of
hepatic lobule is seen in 84% and 85%cases of time
since death respectively.
There is no association between sex and age with
changes in histology of liver. As incidental finding
a few gross anomalies were noted viz absence of
caudate lobe in 3 cases and quadrate lobe in one case.
Nutmeg liver was seen in 10 cases. Laceration/raw
areas were seen in 8 cases with road traffic accidents.
Also there were two notches on the external surface
on the right lobe of liver each ms 4cm x3cm in one
case could be rib impressions. Age related changes
which were observed included increased in the
number of binucleated cells and increased number of
lipofuscin pigment

DISCUSSION
Estimating time since death is often an important
information in medicolegal investigation. A few
studies have been done on histological methods of
time since death determination. In a study conducted
by Chandra N and Naresh M, granularity of liver
cell cytoplasm was the first change seen after 12hrs
postmortem. Pyknosis of nuclei was seen after 36
hrs and loss of alignment of hepatic cells after 48
hrs postmortem14. Kushwaha etal observed that
the rate of microscopic changes increases as the
temperature and duration increases upto 24 hrs post
mortem at 31 oC to 35 oC . but with further increase
of temperature and duration mild to moderate
changes are observed11. Their study shows – Upto
12hrs 60% 0f cases had G1 features and 40% cases G3
features , in the present study 5% had G0 features,
67.5% G1 features, 20% G2 features and 7.5 % G3

Total

features. Between 13 to 18hrs 77% had G2 features
and 23% had G3 features almost similar to present
study where in 75% had G2 features and 25% had G3
features. Between 19 t0 24 hrs 79% had G2 features
and 21 % G3 features, in the present study 90% had
G2 features and 10% G3 features.. Between 25 to 30
hrs 89% had G2 features and 11% G3 features, 45%
had G2 features and 45% G3 features and 10% had
G4 features. The differences in these two studies may
be due to unequal distribution of cases in various
time interval groups, presence of some degenerative
diseases and small sample size. Also as mentioned
different environmental conditions in the two studies
may influence the degenerative changes in the two
studies.

CONCLUSION
This paper has presented some histological data
of liver at various time intervals after death. This study
shows a positive association between time since death
and degenerative changes in liver as demonstrated
by the histological sections of liver. The limitation of
the present study is that this is applicable only in the
early postmortem interval (24hrs) and environmental
factors are not controlled totally. Further studies
have to be done in temperature, humidity and other
confounding factors controlled environment by
having a larger sample size.
Conflict of Interest : None
Source of Funding: Self
Ethical Clearance: Obtained
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ABSTRACT
Background: The human orbit is a complex anatomic region, which plays predominant role in the
evaluation of craniofacial complex. In the present study an a�empt has been made to determine the
sex by taking the measurements of transverse diameter and vertical diameter of the orbital openings
in the dead bodies.
Materials and Method: The study was done on 158 bodies (96 –males, 62-females) which were
available in the Mortuary of Madurai medical college, Govt.Rajaji Hospital, Madurai.
The vertical diameter (orbital height) was measured as the straight distance between the upper and
lower margins of the orbital cavity, taken at right angle to the orbital breadth. Transverse diameter
(Orbital breadth) was measured as the straight distance between maxillo frontal (mf) and ecto conchion
(ecto) must be marked before the measurement. The diameter should cut the orbital cavity in almost
two equal halves.
Maxillo Frontal (MF) – The point where the prolongation of the anterior lacrimal crest crosses the
maxillo-frontal suture.
Ecto conchion (ECTO) – The point on the lateral margin of the orbit making the greatest breadth,
measured from maxillo frontal.
Orbital index (OI) was calculated by using the following formula,
OI = orbital height / orbital breadth x 100
The data obtained were tabulated and analysed statistically by computing descriptive statistics.
The results were considered significant when p value < 0.05 and was considered highly significant
when p value < 0.001.
Results: In males 19 out of 96 fall in the group of mesoseme and 77 out of 96 fall in the group of
microseme. The mean orbital index in male orbits is about 79.90. In case of females 26 out of 62
individuals fall in the category of megaseme. 33 out of 62 individuals fall in the category of mesoseme.
Only 3 out of 62 individuals fall in the category of microseme.
Conclusion: This study confirms that the determination of sex can be made by taking the measurements
of transverse and vertical diameter of the base of the orbit or orbital opening.
Keywords: Orbital index, Dead bodies, Sex Determination, orbital parameters.
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BACKGROUND
Traditionally skull is the single most studied
bone in physical anthropology. Archaeologists have
concentrated on excavating and preserving skulls
and much of our knowledge of human evolutions
based on cranial remains. Equally traditionally, the
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sexing of skulls has been based on an anatomical basis
(osteological), so that descriptive features (traits) have
ruled rather than dimensions (size, proportions). The
bony orbit which forms the subject of this work,
lodges the visual apparatus is important not only for
anatomists but also for ophthalmologists, oral and
maxillofacial surgeons and forensic experts. In the
present study an a�empt has been made to arrive at
the determination of sex by taking the measurements
of transverse diameter and vertical diameter of the
orbital openings in the dead bodies. The orbital
index is the length of the orbit as compared with its
breadth1.
OI = orbital height / orbital breadth x 100
Table 1: Taking the orbital index as the standard,
three classes of orbit are recognised 1.
Category

OI

Race

1. Megaseme
(Large)

89 or
over

Yellow races, except
the Esquimaux.

2. Mesoseme
(Intermediate)

83-89

European (87),
English (88.4)

3. Microseme
(Small)

83 or
less

Black

the upper and lower margins of the orbital cavity,
taken at right angle to the orbital breadth. Transverse
diameter (orbital breadth) was measured (Picture 2)
as the straight distance between maxillo frontal (mf)
and ecto conchion (ecto) must be marked before the
measurement. The diameter should cut the orbital
cavity in almost two equal halves.
Maxillo frontal (mf) – The point where the
prolongation of the anterior lacrimal crest crosses the
maxillo-frontal suture.
Ecto conchion (ecto) – The point on the lateral
margin of the orbit making the greatest breadth,
measured from maxillo frontal.
Care has been taken while selecting the specimens
that there are no deformities or diseases of the orbits
present. The age of the individuals were noted.
All the measurements were taken by using a
sliding vernier caliper.
Orbital index (OI) was calculated by using the
following formula,
OI = orbital height / orbital breadth x 100
The data obtained were tabulated and analysed
statistically by computing descriptive statistics.

MATERIALS & METHOD
The study was done on 158 bodies (96 –males,
62-females) which were available in the Mortuary
of Madurai medical college, Govt.Rajaji Hospital
Madurai.
The vertical diameter (orbital height) was
measured (Picture 1) as the straight distance between

The results were considered significant when p
value < 0.05 and was considered highly significant
when p value < 0.001.
The statistical analysis was done using Statistical
Package for Social Sciences.

RESULTS
The results of this study are presented in the table below
Table 2: Summary of orbital indices
Parameter
Vertical diameter (Ht)
Transverse diameter
(Br)
OI

Male

Mean
(mm)
26.45

Female

30.06

Male

33.15

Female

33.83

Male

79.69

Gender

SD *

Z

P-Value

0.2149

16.75

<0.01*

0.2141

2.8024
15.609

Table 2 shows the mean orbital index of females is more compared to males.

<0.01*
<0.01*
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Table 3: Distribution of orbital index- sex wise
OI

Male

Female

Total

Megaseme >89

0

26

26

Mesoseme 89-83

19

33

52

Microseme 83 or less

77

3

80
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The importance of Orbital index lies in its use for
the interpretation of fossil records, skull classification
in forensic medicine and the explanation of trends in
evolutionary and ethnic differences 8.

DISCUSSION
Among modern human groups there is
considerable variability in the characteristics of
the orbit 2.The orbital index (OI), the proportion of
the orbit height to its breadth multiplied by 100 is
determined by the shape of the face and varies with
race, regions within the same race and periods in
evolution 3.
From this study it is observed that the orbital
index of female is higher compared to males. And also
a glaring feature is that there are some millimetres
of difference in vertical diameter to the transverse
diameter of a male orbit. This might be the one of the
reasons that the male orbit is square or rectangular in
shape. In majority of the observations made in this
study, it is pointed out that there is difference of more
than half centimetre to the transverse diameter to that
of vertical diameter of the male orbit. In the case of
female orbit the difference of the transverse diameter
and vertical diameter is half centimetre in majority
of cases. This may be one of the reasons to state that
male orbits are square in shape and female orbits
are round in shape. Dr. K. S. Narayana Reddy also
stated in his book that the orbit is square and female
orbits are round in shape 4. In males 19 out of 96 fall
in the group of mesoseme and 77 out of 96 fall in the
group of microseme. The mean orbital index in male
orbits is about 79.90. In case of females 26 out of 62
individuals fall in the category of megaseme. 33 out
of 62 individuals fall in the category of mesoseme.
Only 3 out of 62 individuals fall in the category of
microseme. In Sayee Rajangam et al 5 study the orbital
index of both males and females are microseme
category. In Mekala et al 6 study the orbital index
of both males and females are mesoseme category.
In JaswinderKarur et al 7 the orbital index of Indian
population is 81.65 [microseme]. Though these
studies were done on Indian population, the results
are different compared to our results. This variation
could be due to the previous studies were done on
dry skulls.

Picture 1: measurement of vertical diameter

Picture 2: Measurement of transverse diameter

CONCLUSIONS
This study confirms that the determination of
sex can be made by taking the measurements of
transverse and vertical diameter of the base of the
orbit or orbital opening.
The present study is confined to the examination
of the bony orbits of the dead bodies. This study
also limited to a particular sector of population. This
study has suggested that a good amount of further
work on this topic from different segments of the
state will certainly give a broader and recognisable
status for this parameter.
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ABSTRACT
A specific method to detect fipronil in postmortem samples with solid phase extraction is presented.
For sample clean up a simple but selective solid phase extraction is chosen. Elution was done with 1:
1 mixture of dichloromethane and ethyl acetate. Fipronil was detected in stomach tissue and in blood
sample. For LCMS gradient elution with a mixture of acetonitrile and water was used. The column was
Hypersil Gold. This method is applied to a suicidal case involving intoxication with Fipronil.
Keywords: Fipronil, Liquid Chromatography Mass Spectrophotometer, Solid Phase Extraction

INTRODUCTION
Fipronil
(5-amino-1-[2,
6-dichloro-4(trifluoromethyl)
phenyl]-4[(trifluoromethyl)
sulfinyl]-1H-pyrazole-3-carbonitrile) is a member
of relatively new, relatively small class of pesticide,
the phenyl pyrazole which are principally chemicals
with a herbicidal effect1. It is a white powder with
mouldy odour. Fipronil is available in a range of
formulations including water dispersible granules
(WG), micro granules (GR), flowable solid(FS),
soluble concentrate(SC) and ultra low volume(ULV).
The molecular formula of fipronil is C12H4Cl2F6N4OS,
Molecular weight is 437.1 and melting point is 2030C.
The structure of fipronil is shown in fig 1. It is stable
at room temperature but is degraded by sunlight
to produce a variety of metabolites, one of which
(fipronil-desufinyl) is extremely stable and more
toxic than the parent compound.
It is a new generation insecticide because its
mode of action differs from the classical insecticide
such as organophosphates and carbamates. Fipronil
interferes with the function of y amino butyric acid
(GABA )—gated channels, disrupts normal influx
(eg passage of chloride ion ) by targeting the GABA—
gated chloride channel and at sufficient doses ,
Corresponding author:
Dr. S. R. Jameela,
Junior Scientific Officer, Chemical Examiner’s
Laboratory, Red Cross Road, Thiruvananthapuram-35

causes excessive neutral excitation, severe paralysis
and death1-3. Fipronil is low to moderately soluble
in water, prefers lipophilic matrices such as organic
solvents and is stable at room temperature3.
Detection methods for insecticides belong to
the class of organophosphates, organochloro and
carbamates are well described by different authors.
But li�le literature is available on the analysis of
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neonicotinoid insecticide such as fipronil. This paper
describes an analytical method for the detection
of fipronil from postmortem samples like stomach
tissue and Pm blood. Solid phase extraction method
was used for sample clean up and detection was
performed using LCMS.

EXPERIMENT
Chemicals and Materials
All the chemicals used were of analytical reagent
grade/ MS grade
Fipronil was purchased from Bayer CropScience.

METHOD
Calibration Curve
The stock standard solutions of the pesticide
were prepared in acetonitrile. From this different
dilutions were prepared and used for making
calibration curve.
Extraction of of fipronil
5 g of the stomach tissue was homogenized
(Tissue Homogeniser- IKA -T10 basic) with 10 mL
acetone. Centrifuged ( eltek, TC 4100 F) at 2000
rpm for 5 min. and acetone layer was decanted and
undergone for further clean up.
5 mL blood was treated with 1 mL of 10 % sodium
Tungstate and 2 mL 5 N sulphuric acid. This is kept in
water bath to get it deproteinised. It was subjected to
further clean up.
Clean up Procedure
Cartridge ( Bond elute- C18, Agilent
Technologies) was first conditioned with 5 mL
methanol followed by 5 mL water. The sample was
loaded. Washed with 5 mL water followed by 5
mL Ethanol: water (1:1 v/v) mixture. Elution was
done with ethyl acetate: DCM mixture in 1:1 ratio.
The elution solvent was evaporated under nitrogen
(Concentrator, Kemi). The extract residue was
reconstituted in 2 mL
acetonitrile: water (80:20)
mixture and 5uL was injected into LCMS (Dionex,
Ultimate 3000, Thermo Scientific LTQ XL).

the following gradient conditions at a flow rate of 0.3
mL/min.
Time(min)

B(%)

0

80

1

80

2

70

3

70

4

50

5

10

6

10

MS Conditions
Heater temperature

200 0C

Capillary temperature

1000C

Sheath gas flow rate

40

Auxiliary gas flow rate

20

Sweep gas

1

Spray Voltage (kV)

4

Capillary temperature

100 0C

Capillary Voltage (V)

-69

Tube lens (V)

-39

FINDINGS
Accidental human poisoning with a neonicotinoid
insecticide, imidacloprid, a rare case report from
rural India with a brief review literature is described
by Alok Kumar et al4.
A simple and fast method for the detection of
fipronil in postmortem samples of stomach and
blood is depicted here.
Linearity of detection
Linearity was evaluated by analyzing the
standard solutions in four different concentrations
ranging from 2 ppm to 8 ppm. Calibration curve
generated for fipronil is shown in Fig. 2.

LC Conditions
The column used was Hypersil Gold
(100mmx2.1mmx1.9um).
The
autosampler
temperature was set at 15 0C, the column oven at 35
0
C. The autosampler needle was rinsed before and
after sample injection to avoid carryover. The mobile
phase consisted of water with 0.1 % formic acid (A)
and acetonitrile (B). The negative SRM method had

Fig. 2. Calibration curve for fipronil.
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As it can be observed linearity of the analytical response across the studied range is good with a correlation
coefficient of 0.981
Fig. 3 shows the LCMS chromatogram and MS-MS spectrum of 4 ppm standard solution of fipronil.
Product ion monitored was 330 and the analyte eluted at 3.7 min.

Fig 3. LCMS Profile for 4 ppm fipronil standard solution

Comparable chromatogram and MS-MS spectrum were obtained for the extracts of stomach tissue and PM
Blood. (Fig 4 and 5)

Fig 4. LCMS Profile for stomach extract.
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Fig.5 LCMS Profile for PM blood

CONCLUSION
A method was developed for detection of fipronil
in forensic samples such as stomach and PM blood.
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ABSTRACT
Context: The real medical emergency of snake bite is a primary problem of rural population, A recent
study estimates 2,00,000 of snake bite cases and 35,000-50,000 deaths per year across the globe. The
highest burden is in south Asia and sub-saharan Africa. In this study we have done clinical study
of patients admi�ed in our emergency medicine department. Material and Methods: Total 63 cases of
snakebite poisoning were included in our study. They were treated as per standard treatment. Results:
In present study, only one patient died who arrived in cardiorespiratory arrest. , 41 patients were
having neurotoxic manifestations while 17.5% were asymptomatic shown increased awareness about
snake bite among general population. Maximum numbers of victims (40) are in monsoon season of
July to October. Most of the patients with mild to moderate envenomation shown marked subsidence
in symptoms within 3 hours after commencement of treatment. Discussion: Snakebite poisoning is an
occupation related medical emergency in India because more than 70% of people live in rural area
having agricultural activity. The morbidity and mortality of snake bite can be reduced by several
timely steps. Conclusions: Snake bite can be treated well by timely treatment and awareness in general
population. This can be achieved by cooperation from local health care system and government
sector.
Keywords: Snake bite, ASV, Neurotoxic, Hematotoxic, Myotoxic

INTRODUCTION
Snake bite, a primary problem of poorer rural
populations said to affect persons involved in
farming activities. Lack of availability of health
care facility and anti-venom leads to poor outcomes.
Many victims first seek treatment from traditional
healers and when fail then seek medical care after a
considerable delay. Some even die before reaching
hospital. So hospital statistics does not show real
data. Some victims may survive with permanent
physical disability due to local tissue necrosis. As
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Dr Nilay N Suthar,
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Municipal Medical College, Address: 9/A,
Asoaplavnagar, Near Anandvadi Bus Stop, Isanpur
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most of the victims are young, economic impact i s
also considered.
The major groups
of snakes
causing
envenoming are the elapids (cobras, kraits,
mambas etc.) and vipers, and in some regions, sea
snakes. Snake venom is a complex mixture of many
different compounds. The composition and effects
of venom varies considerably between species to
species.
Venomous species do not always cause
symptoms. The clinical features include, local
tissue damage ranging from swelling of the bi�en
limb to skin and muscle necrosis, abnormal blood
clo�ing and bleeding, hypotension and shock,
neurotoxicity leading to paralysis of respiratory
muscles requiring assisted ventilation, and renal
toxicity.

Indian Journal of Forensic Medicine & Toxicology, July-December 2016, Vol. 10, No. 2

AIMS AND OBJECTIVES

2.

This study was undertaken to study prevalence,
role of different demographic factors, management
and outcome in snake bite poisoning.
Objectives are:
1. To know the incidence of snake bite poisoning
in urban/ rural areas of Ahmedabad (central Gujarat)
region including the place of incidence, time and site
of bite and incidence among various sex and age
groups and seasonal variation.
2. To suggest measures to prevent deaths from
snakebite poisoning.
3. To emphasize importance of
administration of ASV in snakebite victims.

early

MATERIAL & METHOD
Total 63 cases of snakebite poisoning were
included in our study. The data was collected from
information of victims or relatives or a�endants
regarding snake bite, treatment taken and personal
details. Patient’s case records were also used for it.
The statistical analysis of data collection was done
and presented as observations and result, from time
of admission till discharge from hospital.

64

Patients with age less than 12 year.

At time of admission inquiry is done for
confirmation of snake bite or suspicion was made
depending on presentation of patients excluding
other conditions. Physiological stability in t h e form
of ABCDE is evaluated and stabilized, if required.
Demographic data in form of age, sex, occupation,
marital status and domicile were recorded. Site,
time and place of snakebite were recorded. We also
recorded activity of victim at time of bite. Signs
and symptoms suggesting type of snake and any
first aid measures if taken were recorded. In most of
the cases, history is elicited by patient himself but
in some cases it was elicited from closed relatives or
accompanying person.
General examination like vital signs i e : pulse
rate, blood pressure, respiratory rate and level of
consciousness were noted. The site of snakebite
was examined for any local tissue reaction, such
as swelling, erythema, and necrosis along with
bleeding from bite site (Figure-2).

Inclusion criteria:
1. Patients of either sex with history of snakebite
admi�ed to emergency department.
2. Patients in whom there is no history of
snakebite but clinically suspected snakebite (Figure1) and improved after giving ASV.

Figure-1 Ptosis in snake bite

Exclusion Criteria:
1. Patients with definitive history of scorpion
bites, bee sting.

Figure-2 Skin necrosis at bite site

An attempt was made to locate the presence
of bite marks. A Systemic detailed examination
of central nervous system, cardiovascular system,
respiratory system, abdomen and local part was
carried out in all cases. 20-minute Whole Blood
Clotting Time (WBCT) was done at bed side.
The routine hematological investigations with
a detail study of coagulation profile including
Creatinine Phosphokinase (CPK) total and urine
for myoglobin, were done. RBS, ECG, Chest Xray, Arterial Blood Gas Analysis (ABGA) and
Ultra Sonography (USG) of abdomen and pelvis
were done.
The treatment was instituted in the form of
immediate resuscitative measures. Anti-snake venom
5-30 vials in dextrose 5% 500 ml over 30 to 60 min.
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Injection Tetanus Toxoid (TT) 0.5 ml intramuscular
were given to each patient. Prophylactic antibiotics
(Metronidazole,
Piperacillin-Tazobactum,
Cefaparazone, Augmentin) were administered as
per clinical indications. Symptomatic and supportive
treatments in the form of injection Diclofenac
Sodium 75 mg or Tramadol 50 mg IV slowly was
administered, if required. Trypsin-chymotrypsin
were also given for inflammation or marked
swelling.

RESULTS
In our study minimum age was 12 years while
maximum was 67 years with mean of 30.7 years.
Most of the patients were less than 40 years of age
(52 patients) and are actively involved in outdoor
activities similar to study of Lal P, Viramani SK and
Du�1.
Table-1: Age Wise Distribution
Age in years

No. of patients

12-20

18

21-30

22

31-40

12

41-50

7

51-60

3

>60

1

Total

63

Results shows twice the number of victims were
male, correlating with studies of Lal P1, Banerjee RN2
Bakshi SA3, Bambery P4. Out of 21 females 2 were
pregnant at time of bite. Out of 63, 26 patients were
related to farming consistent with study conducted
by Lal P1.

clothes for their safety. Twelve patients had snake
bite while sleeping on ground with poor housing
(Kachcha house) conditions. Four victims were bi�en
in a�empt to catch or kill snake and one had it in his
shop while cleaning. Six patients do not have history
of any bite.
Result shows that maximum victims are from
rural area (77.77%) as snakes are in abundance in
rural area and frequently come across them. Our
study correlates with study of Bhat RN5 (92%) and
Kularatana SAM6 (96%). This shows that snakebite
poisoning still remains a major public health
problem in rural population.
Table-3: Location of Bite Site
Location of bite site
Lower limb
Upper limb
Front of chest and abdomen
Back of chest and abdomen
Head/neck/face
More than one bite
Not seen
Total

No. of patients
33
20
00
01
02
01
06
63

Lower extremities were the most observed
bi�en part of body (52.38%) in present study and
common site was foot. Other sites are upper limb
(31.74%) suggests accidental or inadvertent contact
of reptile during activities. Our findings are similar
to Virmani SK7 and Bhat RN5. In our study 6 victims
do not had history of any bite and bite marks were
also not found at any site.

Table-2: Activity of Victim, at the Time of Bite
Activity
Farming
Sleeping
Walking
Washing clothes
Killing or catching snake
Defecation
Other or not known
Total

No. of patients
24
12
09
01
04
02
11
63

Farmers and farm workers (24) were main
victims, because they are still not using proper
protective measures like whole shoes and thick

Figure-3 Distribution of Victims According to Clinical
Manifestation

As shown in Figure-3, 41 patients were having
neurotoxic manifestations while 17.5% were
asymptomatic, which has shown increased awareness
about snake bite among general population.
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In present study, asymptomatic victims may be
due to non-poisonous snake bite or dry bite. Highest
non-poisonous snake bite cases were observed
in study by Bhardwaj et all8 (90.5%) followed by
Bakshi3 (61.59%) and Bawasker9 (49.5%) Kulkarni
and Anees10 reported 24.3% of asymptomatic snake
bite cases. Difference in occurrence of asymptomatic
bite is may be due variation in geographic distribution
of poisonous and non-poisonous snakes in various
parts of country.
Table-4: Number of Victims Received First Aid
First aid

No. of patients

Herbal powder application

5

Local tantric ‘vidhi’

4

Tourniquet

4

Immobilization

2

Sucking

1

Cut with sharp object

1

Not received

46

Total

63

In present study, 46 patients were reached to
hospital without any first aid treatment. Among
those who received first aid treatment, maximum
followed application of herbal product at bite site
(5 victims) and local tantric ritual by four victims.
O n e patient cut his bite site with sharp object in
order to drain out poison, and one victim a�empted
to suck out poison from bite site as a tradition. Only
two victims were brought immobilized, shows lack
of awareness of first-aid regarding snakebite in our
society.
Same form of first aid treatment was observed
by other authors like Bambery P4 Lahori UC11
and Kulkarni and Anees10. First aid done in form
of local incision, tourniquet application is not the
substitute for Anti-snake venom therapy when
systemic envenomation has already started, so it
should not delay transport of patient to medical care.
It is recommended that a thorough gentle cleaning
of bite site with immobilization of affected part and
reassurance should be the only first aid treatment.
Maximum numbers of victims (40) were in
monsoon season of July to October. Rainfall in
monsoon season, forcies snakes to venture out of
their water-filled pits along with increased human
activity in fields during sowing season leads to
increased number of bites in monsoon. A similar
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trend was observed by Viramani SK and Du� OP7.
In our study 33 patients had bite in darkness,
i.e. 6:00 PM to 6:00 AM while 24 patients bi�en in
day time. In six patients, as there was no history
of snakebite, time was not noted. This reflects that
people in rural areas still working at night or
sleeping on ground without any protection. Similar
findings were observed by other authors Bakshi SA3
, Bambery4 and Lahori UC11. It is due to combination
of nocturnal habit of some species of snake, along
with working in dark without any protection.

Figure-4 Time Interval between Bite and Definitive
Treatment

In 49.2% of patients, definitive treatment started
with in three hours of snake bite. Lahori UC11 and
Kulkarni and Anees10 have reported that 78%
cases were admi�ed within 24 hour after bite and
only 6.6% cases were admi�ed within first hour.
This reflects the fact that persons in rural areas are
also aware about snake bite and early treatment.
Free ambulance services and availability of good
quality of roads even in remote areas may be the
contributing factors. Early transport and admission
to our hospital helped in early assessment of
severity of envenomation, and administration of
anti-snake venom as signs and symptoms develop
in this vulnerable period. This observation was also
made by Hati AK et al12.
Table-5: Amount of ASV Required
ASV
(No. of vial)
Not required
1-10
11-20
21-30
31-40
41-50
>50
Total

No. of patients
02
07
13
13
18
07
03
63
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Minimum 5 and maximum 75 ASV were given
to the patients, while 2 patients were not given any
ASV with a mean use of 29.76 vials13. 75 vials of ASV
were used in a patient of hematotoxic snakebite.
In the present study, majority of cases (61 patients)
were administered ASV within half an hour of
admission and most of them survived. It indicates
that management must be started immediately to
be effective. Only one patient died in our study as
he had come nearly 24 hours after snakebite. First
h e wa s taken to a quack, and when he developed
respiratory arrest brought to the institute. He
required Cardio-Pulmonary Resuscitation (CPR)
immediately.
It was noted that most of patients with mild to
moderate envenomation shown marked subsidence
in symptoms within 3 hours after commencement of
treatment. Patients with severe envenomation took
more time for subsidence of symptoms. Study of Lal
P 1 at JIPMER, Pondicherry suggested 15-20 vials of
ASV initially for coagulopathy. Literature suggested
that dose of ASV depends on clinical effects, rather
than on age or weight.
Maximum duration of hospital stay was 17 days
in a patient. The majority of cases were discharged
(96.82%) in the present study. Even Virmani SK
and Du� OP7 recorded similar findings. Most of
them were discharged on 3rd to 6th day (66.75%), only
three patients (4.76%) had hospital stay of more
than 10 days. One of them developed myocardial
toxicity required inotropes for eight days and one
had Organophosphorus poisoning along with snake
bite. In one patient, renal failure occurred with
hematotoxicity and required noninvasive positive
pressure ventilation (NIPPV) for renal failure
induced pulmonary edema.
We could discharge nearly all patients while one
patient died during resuscitation, who presented late,
after 24 hour of snakebite. In present study, only one
patient died who arrived in cardiorespiratory arrest,
as it was a case of snakebite, CPR was provided
nearly for one hour but ultimately died. One patient
took Discharge against Medical Advice (DAMA), so
outcome could not be evaluated. Our mortality rate
is much lower than that reported in other studies
of Kulkarni and Anees10 and Hansdak14. This may
be because of increased awareness among general
population, be�er and early transport, early
administration of ASV, be�er ventilator care, etc.

However, mortality rate after snake bite depends
upon various factors like type of snake bite, amount
of venom injected, site of bite (serious if bi�en on
head, neck, and face, or directly over vein), species
and size of snakes.

CONCLUSION
Snakebite poisoning is majorly an occupation
related medical emergency in India because
more than 70% of people live in rural area having
agricultural activity. Mortality is high, but numbers
are not absolute as large number of cases goes
unnoticed and a�ributed to treatment by local quacks
or witch doctors or may be bites by non-poisonous
snakes requiring no treatment or people may be
afraid of legal or postmortem issues.
To reduce the incidence of snakebite poisoning,
following remedial measures are suggested:
1. Wearing of full length, thick clothed (Jeans)
and whole shoes, while working in fields.
2. People should be very cautious to avoid
stepping on the snake while working, especially in
rainy season.
3. Try to avoid working during night. Use torch
and lantern while working in dark.
4. Get rid of holes or gaps in house to prevent
nesting of snake in indoor and to clear bushes
surrounding the house.
5. Avoid sleeping on ground.
6. Don’t try to catch or kill the snake and be
careful while playing with snake.
7. Save time by avoiding treatment from quakes
and tantric.
8. Spreading awareness regarding snakebite
through Gram-sevaks, local social workers and
agricultural market.
Mortality due to snakebite poisoning can be
reduced by taking certain steps:
1. Administer first aid in any case of snakebite
poisoning but don’t delay transport.
2. Rush the patient to nearest health care facility
for early treatment
3. If possible identify the snake and report it
without fail.
4. Immediate measures are ABCDE approach.
5. Coagulation study should be done in all the
cases if possible.

Indian Journal of Forensic Medicine & Toxicology, July-December 2016, Vol. 10, No. 2

6. Administer anti-snake venom as early as
possible whenever required.
Role of government:
1. Awareness programs like that of malaria and
dengue should be carried out specially when no, of
cases are more.
2. Provide protective measures free of cost.
3. ASV should be made freely available even at
remote primary health centre.
4. Staff working at primary health centre should
be updated frequently for immediate management
and early transport of snakebite victims.
6. Any death due to snake bite should be recorded
for prevalence in that area.
Role of media:
Telecast the programs about snakebite frequently,
regarding:
a) How and why snake bites.
b) Difference between poisonous and nonpoisonous snake.
c) DO’S and DONT’S to avoid snakebite.
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ABSTRACT
After femur, tibia is the most reliable bone for stature estimation. While examining skeletal remains
for medico legal purposes, in some cases, only fragment of the tibia may be available which poses a
problem for the forensic experts to estimate stature. In this study, we examined 50 intact tibial bones
to calculate the relationship between the total length and various segments. Eight different points
are identified as reference points on the tibia and from these points, 27 segments are identified. For
each segment individual regression formula is derived using linear regression analysis. By using the
linear regression formulae, total length of the tibia can be estimated if a specific segment of the tibia
is available. We can use the total length of tibia derived in any of the stature formulae and complete
stature can be estimated.
Keywords: Stature estimation, skeletal remains, fragment of tibia, stature, regression formula, regression
analysis, stature formulae.

INTRODUCTION

AIM OF THE STUDY

Estimation of stature is an important aspect of
medico-legal practice. Stature reconstruction from
skeletal remains is one of the important Forensic
anthropological examinations for the purpose
of identification 4,6,7,8. Intact long bones give the
stature of an individual with reasonable accuracy
by using the linear regression formulae4 that were
derived in different previous studies. However, in
forensic practice, fragments of long bones are often
presented as the case material for identification. Tibia
is only next to femur in estimating the stature of an
individual with high correlation and accuracy 1,2.

The present study is aimed at obtaining
regression formulae to estimate the total length of
tibia from its different segments.

Karl Pearson4 developed the first formal
regression formulae for estimating stature from
total length of long bones4 viz, femur, tibia, humerus
etc. Tro�er and Gleser8 studied racial differences
in stature from intact long bones and derived
regression formulae for three major races. Fragments
of long bones were studied, by Muller in 1935in
European population by employing proportion
of segment length to the total length of long bone,
Steele and Mc Kern5 in 1970in whites and blacks by
deriving regression formulae and Simmons et al in
American population and Bidmos in South African
population3.

MATERIAL & METHOD
50 intact adult tibia of both sexes are taken from
the departments of Forensic Medicine and Anatomy
of Dr PSIMS & RF. The measurements of lengths of
different segments are taken by using osteometric
board. The following 8 landmarks are selected and
given alphabets ‘a’ to ‘h’ as shown in figure 1.
a. Most proximal point of the inter condyloid
eminences.
b. Proximal epiphyseal line
c. Through the most elevated point of the
tuberosity.
d. The proximal end of the anterior tibial crest.
e.

At the level of minimum circumference.

f.

On the distal epiphyseal line

g. At the level of the distal articular surface
h. At the most distal point on the medial
malleolus.
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Table-1: Showing multiplication factor (b),
constant (a), correlation constant (r) of all 27
segments

Figure 1: Showing the landmarks taken on the Tibia7.
(Photo from Krogman)

27 segments are identified and named based
on their relation to the landmark identified. Linear
regression formulae are derived for each segment by
plo�ing the length of each segment of the 50 tibiae
against their total length and correlation coefficients
for the regression formulae are also derived and
studied the correlation between each segment and
the total length.

RESULTS
Total lengths of 50 tibia and lengths of each of
the 27 segments of 50 tibia are measured. Linear
regression formulae for each of these segments,
multiplication factor (b), constant (a) and correlation
constant (r) for all the 27 segments are calculated
and drawn in table no 1. Correlation coefficients
are calculated to check the strength and direction of
relationship between two variables using the sample
data which is also shown in table no 1.
Linear regression formula y=a+bx
Where, y= total length of femur
x= segment length
‘a’ is a constant and
‘b’ is a multiplication factor.

Tibial
fragment

b

a

r

r-sqr

BA

5.2635

26.3906

0.5785

0.3347

CA

2.1238

29.6395

0.4155

0.1727

DA

0.9201

29.9892

0.4248

0.1804

EA

0.9005

14.9651

0.7258

0.5268

FA

1.0521

0.2379

0.9949

0.9897

GA

1.0262

0.0272

0.9964

0.9928

BC

0.9015

35.6257

0.1329

0.0177

BD

0.6042

33.5736

0.2850

0.0812

BE

0.8952

16.9079

0.6855

0.4699

BF

1.1024

0.7060

0.9844

0.9690

BG

1.0816

0.2143

0.9898

0.9797

BH

1.0541

0.1260

0.9945

0.9891

CD

0.4737

34.9515

0.2332

0.0544

CE

0.8811

18.4527

0.6673

0.4453

CF

1.0820

2.8891

0.9643

0.9299

CG

1.0724

2.0241

0.9749

0.9504

CH

1.0491

1.7676

0.9818

0.9638

DE

0.5561

27.5229

0.4660

0.2172

DF

1.0394

8.4728

0.8797

0.7739

DG

1.0088

8.2140

0.8821

0.7781

DH

0.9792

8.1060

0.8872

0.7872

EF

0.7762

28.7359

0.5242

0.2748

EG

0.8336

27.2284

0.5634

0.3174

EH

0.8601

26.0883

0.5963

0.3555

FG

3.3962

33.1977

0.3015

0.0909

FH

4.6720

27.2897

0.5264

0.2771

GH

4.1445

32.8741

0.3673

0.1349

DISCUSSION
While examining skeletal remains, important
characteristics to be identified include age, sex, race
and stature of the individual to whom the bones
belong. Of all these characteristics, stature will
increase the possibility of individualization. Stature
estimation can be done by using different long bones
like femur, tibia, humerus, radius, ulna etc 4,6,7,8, or by
using combination of these bones if they are available
in the case material to be examined 4,7,8. Of all these
bones, femur and tibia give an accurate measure of
stature when they are used individually for stature
estimation1,2,7.
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In this study, we have derived regression
formulae for each of the 27 segments for estimating
the total length of tibia from these segments. This
total length of tibia thus derived can be substituted in
any stature formula for tibia for obtaining the stature
of the individual.
Of all the segments used for calculating the
total length of tibia, the segments AE, AF, AG, BF,
BG, BH, CF, CG, CH, DF, DG, DH has an ‘r’ value
of more than 0.7 and have maximum correlation for
estimating the total length of tibia and thus will give
more accurate measure of the total length of the tibia
and thus the stature.
The segments AB, AC, AD, BE, CE, DE, EF, EG,
EH, FH, GH have the ‘r’ value between 0.3 to 0.7 and
have moderate correlation and the segments BC, BD,
CD, FG have ‘r’ value less than 0.3 and show very
li�le correlation to the length of the tibia calculated
when these segments / fragments are available and
thus less accurate in estimating the total length of the
tibia. It is obvious from this study that the larger the
fragment available more accurate will be the total
length calculated.
Very li�le work was done in this arena and further
studies have to be done in different populations.
There should be consultation and co-operative
working arrangement among the specialists working
in this area.
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CONCLUSION
Stature can be estimated from long bones like
femur, tibia and humerus with reasonable accuracy
when they are found intact. But if tibial fragments are
available for examination, which is the case in many
Forensic and anthropological cases, total length of the
tibia can be estimated from its fragments by using the
regression formulae calculated from this study and
finally stature can be estimated by using the total
length thus obtained. But the accuracy with which we
can estimate stature is dependent on the segment of
tibia that is available for examination as was shown
in the study.
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ABSTRACT
The present study is a prospective study of examination of 109 cases of accused of sexual assault
coming at Department of Forensic Medicine and toxicology, Indira Gandhi Medical College Nagpur.
Period from October 2014 to September 2015. It was aimed to study the socio-demographic profile of
accused of sexual assault, analysis of its findings in clinical examination and its co-relation with the
history as stated by accused with the reports of investigating police officer. 55 % accused were between
age group of 21 -30 yrs. 67% of the accused were unmarried single, 32% were married. 78% accused
were residing in urban and semi-urban areas and 22% from rural area.
Out of the 62 accused who gave history of sexual relationship with victim, 48 accused 77.41% of them
stated that it was consensual and the victim was known to them.
5.5% of the accused was examined within 24 hours of incidence, 15.59% were examined between 1-2
days of incidence. 78.89% of the accused were examined after 48 hours, leading to loss of important
clinical evidence of recent sexual intercourse. Genital injury was found in one accused, while 7.34%
accused had minor injuries over significant part of body, which can mostly be related with the
incidence of sexual assault.
Smegma was present in 22 accused (20.18%) of the accused, out of which 6 accused was examined
within 24 hours of sexual incidence and these accused had history of not taken bath. Presence of
smegma in accused examined within 24 hours of alleged sexual assault, is a finding which may be
considered as favorable for defense of such accused. Absence of smegma in accused of sexual assault is
not necessarily a conclusive proof of the fact that recent intercourse having been commi�ed.
Keywords:-Rape, Accused, sexual assault, smegma, recent sexual intercourse.

INTRODUCTION
Rape is the fourth most common crime against
the women in India. According to the National Crime
Records Bureau 2013 annual report, 24.923 rape cases
were reported across India in 2012, N.C.R.B. 20131
Females of all age groups are at risk of sexual assault
but the most vulnerable are the adolescents, children
and the physically and mentally handicapped,
Samuel .O.2
Corresponding author:
Dr. P.G. Dixit.
Professor and Head of Department,
Department of Forensic Medicine and Toxicology,
Indira Gandhi Medical College and Hospital,
Nagpur

Sexual assault is not peculiar to any particular
race or socio-economic class. Garcia-Moreno C 3. The
World Health Organization reports that one in every
five women is a victim of sexual assault and globally,
35% of women have experienced either physical and
or sexual intimate partner violence or non-partner
sexual violence, WHO 2013.4
Sexual assault is a traumatic event affecting
adolescent and young adult women with
psychological, physical and social distress, with
lifelong effects on physical and mental health.
Research has demonstrated that victims who
experience sexual assault during childhood are more
likely to engage in risky behaviors later in life, such as
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smoking, alcohol and drug use, which may increase
the risk of developing venereal infection or chronic
disease, Santaularia et al.5
Rape is not a medical diagnosis. It is a legal
term for even slightest penetration of penis into the
victim’s vagina, mouth, or anus without consent is
rape offence. Other types of sexual assault include
forced vaginal or anal penetration by any other body
parts or object; fondling breast or genitalia; or being
forced or coerced to touch another person’s genitalia.
It involves lack of consent; the use of physical force,
coercion, deception or threat; and/or the involvement
of a victim that is mentally handicapped, Akinlusi et
al.6 Sexual violence (SV) can occur at any age including
childhood and can be perpetrated by parents,
family members, teachers, peers, acquaintances and
strangers, as well as intimate partners, Rebecka L et
al 12

MATERIALS & METHOD
The study was a prospective study conducted
by clinical examination of accused 109 cases of
sexual assault coming to the Department of Forensic
Medicine and Toxicology, at Indira Gandhi Medical
Collage, Nagpur, from October 2014 to September
2015. Informed consent was taken along with proper
explanation of the procedure of clinical examination
so a make accused feel free to reveal appropriate
history and cooperate for the examination. Detailed
general, systemic and genital examination along
with documentation of all clinical findings with
collection of blood samples, pubic hair samples,
fingernail clippings, penile swab, or perianal swab,
undergarment examination, examination of oral
cavity and external examination of whole body to
find out any injury was done.

FINDINGS:Out of 109 cases, 60 cases (55%) were between
age group of 21 -30 years.
73 accused (67%) was unmarried and 35 accused
32% were married.
81 accused (74%) were living in urban and semiurban area, and 28 accused
(26 %) were from rural areas. 55 cases (50%)
accused belong to Hindu religion, 11 (10%) were
from Muslim community, 25 (22.9%) belong to
Buddhist religion, 4% were from other religion, one

accused was a Christian.
50 accused (45.87%) were literate knowing how
to read and write, 55 accused (50.45%) were well
educated up to higher secondary or graduate, 4
accused (3.67%) were illiterate.
Out of 62 cases where history of sexual
intercourse was present 48 cases (77.41 %) gave
history that it was a Consensual Sexual Intercourse.
14 cases (12.8%) were against the will, without the
consent, or victim was put on threat.
3 cases (2.7%) cases were of gang rape and 1 case
was of rape with murder.
Out of total 96 victims one victim was mentally
retarded, 8 victims
(7%) were small female child between 1- 8years,
51 victims (53 %) were in adolescent age group of 918 years age. 17 Victims (18%) were young females
between 19-25years. Youngest victim was of 18
months, who was thrown in lonely place after the act,
she had sustained serious genital and perianal tear.
There were 7 victims of sodomy, out of which
2 victims (1.83 %) were male child victims, one was
of 7 years, other was 10 years and the third victim
of 30 years was a psychopath murderer. Police was
suspecting that person who was murdered by this
psychopath, may have commi�ed anal intercourse
with him.
4 victims (3.67%) were married female victims, in
which the accused was their husband.
10 accused (9.17 %) had injuries present over the
body out of which 8 accused (7.34 %), where it can be
stated that, they had significant injury over the body,
which can be positively correlated with the history
as stated by accused that, there was no consent taken
and with the investigation report of the police, that
it was against the will of victim or victim was put
to threat. The injuries were present over neck, tip of
shoulder, scapular region, forearm, inguinal region,
suprasternal region. These were found over the part
of body which is likely to be inflicted by the victim
during opposing sexual act. 2 accused (1.83%) had
old scar injury over other part of the body which
cannot be definitely co-related with the incidence of
sexual assault.
Out of the 8 accused (7.34%) having significant
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injury, 2 accused (1.83%) were examined within 24
hours, 2 accused was examined on the 7th days of
incidence, 1 was examine on 14th day. Rest of the 3
accused who were involved in gang rape on a single
victim, out of these 3 one accused was examined on
23rd day and 2 of them were examined on 45th day of
incidence. Out of the 2 accused which were examined
within 24 hours, one accused was examined at the
15th hour, he had injury over the genitals, there was
a small abrasion present over the frenulum and his
undergarment was stained with blood and semen,
in which there was history that he tried for sexual
intercourse on the victim who was a small child of
5 years old. Out of all the 109 accused examined, 7
accused (6.4%) gave history of using condom. There
was Phymosis present in one case where opinion that
complete act of penetration cannot be possible was
given. One accused was father of the victim.
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examined after 10 days.
Out of 109 accused, Smegma was present in 22
accused (20.18%). 6 out of these 22 accused of sexual
assault was brought by police for examination within
24 hours, also these accused had not taken bath.
Smegma is absent in recent sexual intercourse or
if glance penis is cleaned during bath. Presence of
smegma in 6 accused arrested within 24 hours of
incidence may be evidence supportive for accused.
7 accused (6.4%) gave history of occasional
consumption of alcohol, one out of all the accused,
one was the father of the victim, he did not remember
the exact incidence as he was under the influence of
alcohol. 5 of the accused (4.5%) of them were taking
some medications, 2 of them were using antiepileptic
drugs, 1 was on drugs for treating peptic ulcer, one
was taking treatment for bronchial asthma, one
accused was taking calcium supplements, 4 cases
(3.6%) of them had history of previous operative
treatment. 3 of them had treatment for fracture,
1 accused had history of operative treatment for
inguinal hernia.

Out of all the 109 cases 6 accused (5.5%) accused
were examined within 24 hours. 17 accused (15.59%)
were examined in 1-2 days. 29 accused (26.60%) were
examined in 3-10 days, 57 accused (52.29%) were

TABLE 1. SHOWING AGE WISE DISTRIBUTION IN ACCUSED
Age in years

15-20 years

21-25 years

26- 30 years

No of cases

25

35

25

%

23%

32%

31-35 years
8

23%

36-40 years

Above 40 years

12

4

7.3%

11%

3.6%

In present study youngest accused was 14 Years and oldest accused was of 64 Years of age
TABLE2. SHOWING AGE WISE DISTRIBUTION IN VICTIMS.
AGE IN YEARS

1-8

9-14

15-18

19-25

26-35

>35

NO OF CASES

16

19

32

18

8

4

Percentage

14.67%

17.43%

29.35%

16.51%

7.3%

3.36%

TABLE 3 A.HISTORY AS PER STATED BY THE ACCUSED
NO HISTORY OF SEXUAL INTERCOURSE
NUMBER OF CASES

PERCENTAGE

NOTHING DONE

24

22%

FONDLED

10

9%

KISSED

6

5.5%

ONLY STAYED TOGETHER

7

6.4%

TOTAL

47
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TABLE 3B. HISTORY AS PER STATED BY THE ACCUSED
HISTORY OF SEXUAL INTERCOURSE

LOVE AFFAIR
CONSENSUAL
MARRIED WITH VICTIM
PAID MONEY
TOUCHED VAGINA
VICTIM SMALL CHILD
AGAINST THE WILL
RAPE AND MURDER
MENTAL RETARDATION
TOTAL

NUMBER OF CASES
10
25

PERCENTAGE
9.17%
23%

6

5.5%

4

3.7%

3

2.6%

8

7.3%

4

3.7%

1

0.9%

1

0.9%

62

TABLE 4 HISTORY AS PER POLICE INQUEST

CASES

PERCENTAGE.

CONSENSUAL WITH PROMISE TO MARRY

45

41.3%

OTHER CONSENSUAL

6

5.5%

THREATENED TO KILL

13

12%

THREATENED TO REMOVE FROM JOB

1

0.9%

THREATENED TO BREAK MARRIGE

1

0.9%

THREATENED TO COMMIT SUICIDE

1

0.9%

SMALL CHILD UP TO 7 MONTHS

10

9.17%

AGAINST THE WILL

10

9.17%

VICTIM UNDER INFLUENCE OF SEDATIVE

2

1.83%

MALE VICTIM OF SODOMY

3

2.75%

FEMALE COMPLAINING OF SODOMY

4

3.67%

PREGNANT VICTIMS

2

1.83%

HISTORY OF ABORTION

1

0.9%

OTHER CASES

6

5.5%

NO HISTORY

4

3.67%

TOTAL

109

Chart 1 showing the marital status of accused

Chart 2 Religion wise distribution of accused.
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the time taken by investigating agency and delay in
reporting the offence.
In present study 52.29% were examined
after 10 days. This finding is similar with Shrikantet
al.9 where 56% accused were examined after six days
of incidence.

Chart 3. Residence wise distribution of accused.

Tabe 5. Showing frequency distribution of time
interval between incidence and time of examination
of accused
within 24
hours

1-2
days

3-10
days

10-30
days

more
than 30

not
app

Cases

6

17

29

21

33

3

percentage

5.5%

16%

26%

19.26%

30.27%

2.7%

Most of the accused are brought for examination
between 3rd day to 30 days or more.

DISCUSSION
In the present study 55% accused were from
age group between 21-30 years of age. This finding
is coherent with the finding by Kucuker H 8 where
48.1% of the assailants were between 21-30 years
of age. Similar finding was seen by Shrikant S.S,
Shirigiriwar M.B.9 where 58.5% accused belong to
age group 21-30 years and by Uchendu J.O.10 where
75% of the accused were from 19-30 years. Finding
is also similar with study of Sarkar et al 7 where 39%
accused were from 21-25 years age group.
In the present study unmarried accused were
66.97 % and married accused 32.11%. Similar finding
was seen by Kucuker8 where 62.3% were single and
33.6% were married accused. Similarly Shrikant et al
9
observed that 58.5% accused were unmarried and
41.4% were married.
In present study 5.5 % accused were examined
within 24 hours. 15.59% within 48 hours and 26.60%
within 3-10 days. In study carried out by
Shrikant et al 9 19.51% accused were examined
within 24 hours of incidence. This depends upon

In this study in 78.89% cases accused was
brought for examination after 3 days of incidence.
Similar finding was reported in the U.S Department
of Education’s Office for civil rights April 2011,
where the victim and the perpetrator were in a
romantic relationship and slightly higher rate ofdelay
when the victim and perpetrator werein a dating
relationship. Nearly 60 percentof the victims in this
subgroup did not immediately report their sexual
assault to the institution and only came forward after
the relationship ended.11
In present study 10 accused (9.17 %)
had injuries present over the body out of which 8
accused (7.34 %), had significant injury over the
body. Shrikant et al 9 in his study found most of the
injuries over extra-genital areas, while genital injury
was found in one case. In our study also we had
found genital injury in one case which was examined
within 24 hours,which might have occurred due
to disproportion in size of penis and vagina and
forceful intercourse. The reason for low incidence
of significant injury may be delay in reporting of
offence, or consensual sexual intercourse, where the
victim was known to them.
In our study 78.89% cases were examined after 3
days, which is similar to finding in study of shrikant
et al 9where 71% cases were examined after 3 days.
In present study there was history of sexual
intercourse in 62 of the cases. Out of these cases in
77.41 % cases there was history of consensual sexual
relation. Similar history of consensual sexual relation
was seen in 43.33% cases. by Sarkar S.C. et al.13

CONCLUSION
Sexual Assault is a serious crime against women.
Because of easily available of information on digital
media, sex provocation and a�raction towards
opposite sex, incomplete knowledge and immaturity,
practice of sex is common in unmarried adolescent
age group between 15 to 25 years.
Most of which are residing in urban and semi-
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urban areas. Most of the cases were of consensual
sexual intercourse where victim was known to them.
. Religion as such has no role with the incidence
of sexual assault, it is based on the distribution
of population of that religion in a particular
geographical area.

[4]

Injuries were present in those cases where there
was history of sexual assault against the will, or
under threat. Suggesting that in the sexual assault
incidence, if victim applies some restrain against
the act, and if the accused is examined within 24
hours then chances of finding important evidence of
restrain are more while examining the accused.

World Health Organization Global and
regional estimates of violence against women,
prevalence and health effects of intimate
partner violence and non-partner sexual
violence
WHO2013
h�p//www.who.int/
reproductive
health/publications/violence/
9789241564625/en/accesseed5/10/2013.

[5]

Santaularia et al BMC Public Health 2014 14:
1286.
h�p://www.biomedcentral.com/14712458/14/1286

[6]

Akinlusi et al. BMC Women’s Health 2014,14:
115
www.biomedcentral.com/147-6874/14/
115.

[7]

Sarkar S C et al Prospective study of victims
and offender of sexual assault. The Malaysian
Journal of Forensic Pathology and Science,
June 2008, 3(2);10-47.

[8]

KüçükerH. Afyonkarahisar, The Turkish
Journal of Pediatrics • July -August 2008

[9]

ShrikantS.S.Medico-legal Examination of
Accused of Alleged Rape cases, A Prospective
study, J Indian Acad Forensic Med. OctoberDecember 2013.Vol. 35, No.4.

[10]

Obiorah J.U.IOSR Journal of Dental and
Medical Science (IOSR_JDMS) e-ISSN:
2279-0853,p-ISSN:2279-0861.Volumn
13,Issue 10 Ver.II (Oct.2014), PP 37-40.
www.iosrjournals.org

School based interventional programs involving
young adolescent show emerging evidence for
improving gender equitable a�itudes and increasing
self-report, likely to intervene in situations of sexual
assault. Suggesting that creating an environment to
make sexual violence unacceptable to the society may
be more effective than placing burdens on the girls
to protect themselves by self-defense against such
situations.
A recent evaluation of comprehensive programs
in united states included school safety, classroom
interventions, health education, addressing dating
norms, found significant reduction in sexual
violence, and have come with strong evidence that
such programs are effective in preventing physical,
sexual and emotional violence in adolescent dating
relationship. Such interventions should be replicated
elsewhere in other part of the world.[12]
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women: an urgent public health priority. Bull
World Health Organ 2011, 89:2.

[11] Confronting Campus Sexual Assault: An
Examination of Higher Education Claims U.S.
Department of Education’s Office for Civil
Rights (ORC) issued its April 4, 2011.
[12]

Rebecka L et al, Addressing intimate
partner violence and sexual violence
amongstAdolescent:Institute for reproductive
Health, Georgetown University, Washington,
Journal of Adolscent health 56(2015)542-550.
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ABSTRACT
Background- Aluminium phosphide poisoning continues to claim so many lives.More so the
researches in this area has virtually come to a standstill, hence this study. Aluminium phosphide(ALP)
is one of the most fatal poison with phosphine as the toxic factor . AIMS AND OBJECTIVE--1. To
determine the clinical profile of Aluminium phosphide poisoning.2. To study the effect of Aluminium
phosphide poisoning on myocardium.3 To study the outcome of Aluminium phosphide poisoning.
MATERIAL AND METHODS- This is a prospective study conducted in patients with alleged history
of aluminium phosphide ingestion. In addition to Electrcardiogram,routine biochemical examination
creatinine phosphokinase (CPK-MB), SGOT, SGPT was done in all the cases. Management was mainly
supportive.. Adequate renal perfusion and urine output was maintained to enhance phosphine
excretion..Intavenous magnesium sulphate was administered for stabilization of myocardial
membrane. RESULTS- 30 cases were enrolled for the study. Males 23 (76.67%) outnumbered females
7(23.33%) Pain abdomen was present in 25 (83.33%).19 (63.3%) patients presented with hypotension.
Renal profile was deranged in 10 (33.3%) cases. Elevated liver enzymes was observed in 16 (53 .3%)
cases. Raised CPK-MB levels were seen in 20 (66.6%). ECG changes were present in 28 (93.33%). Pleural
effusion was noted in 4 (13.3%). Mortality was 9 (30%) .CONCLUSIONS- Aluminium phosphide
poisoning presents with cardiovascular manifestations. Phosphine virtually affects all the organs in the
body and, therefore, early identification of impending organ damage is essential to reduce morbidity
and mortality.
Keywords - Aluminium Phosphide, Myocardium, Phosphine

INTRODUCTION
Aluminium phosphide (ALP) is an ideal
fumigant pesticide as it is low in cost, easily
available, and has high efficacy. It is one of the most
fatal poison. Phosphine is the toxic factor which
inhibits cytochrome oxidase and thereby hampers
cellular oxygen utilization. Aluminium phosphide
in particular are potent insecticides and rodenticides.
Correspondence
Dr. Neelima Singh
“Kamla Bhawan”
Dal Bazar Tiraha, Lashkar, Gwalior-474009(M.P)
Phone no-07514045929 Mobile--9977641964
Email-neelimajadon@yahoo.com

These are commercially used for protection of
crops during storage.1 Phosphine gas liberated by
ingestion of ALP is rapidly absorbed by gut and
lungs, producing the toxic effects. Acute poisoning
with these compounds may be direct due to ingestion
of the salts or indirect from accidental inhalation of
phosphine generated during their approved use. 2
The breath of patients who have ingested ALP
have a characteristic garlic-like odor. Confirmation of
diagnosis is based on clinical suspicion and positive
silver nitrate paper test to phosphine or by chemical
analysis of blood or gastric acid for phosphine. 2
ALP, when ingested, liberates a lot of phosphine
(PH3) gas in the stomach, which has a very pungent
smell. Phosphine gas is rapidly absorbed from the
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gastric mucosa and, once it reaches the bloodstream,
it reaches various tissues and at cellular level inhibits
the mitochondrial respiratory chain and hence leads
to cell necrosis and death. It has been suggested that
phosphine leads to non-competitive inhibition of the
cytochrome oxidase of mitochondria, blocking the
electron transfer chain and oxidative phosphorylation,
producing an energy crisis in the cells.2
No definitive anbtidote is available, and the
treatment remains largely supportive. The most
common presentation is shock with cold and clammy
skin, a weak thready pulse and severe hypotension
often refractory to vasopressors.
In significant poisoning, hypotension and
shock develops invariably in 30 min to 2 h. Signs
of sympathetic overactivity such as sweating and
tachycardia are common.. If the patient survives
shock, acute renal failure may develop. Patients
generally remain mentally clear though restless till
cerebral anoxia due to shock supervenes, resulting in
drowsiness, delirium and coma.
Treatment includes early gastric lavage with
potassium permanganate, administration of charcoal,
and supportive care. Specific therapy includes
intravenous magnesium sulphate. Magnesium
sulphate has membrane stabilizing action on the
myocardium. 3
Acidosis can be treated with early intravenous
sodium bicarbonate, cardiogenic shock with fluid
and vasopressors. Some authors claim beneficial
effect with oral administration of sodium bicarbonate
and coconut oil .4
Mortality is primarily due to early haemodynamic
failure and multi-organ dysfunction.The main factor
which guides the management is the treatment of
shock/hypo tension with appropriate measures.
Hemolysis and methemoglobinemia may
complicate the course of phosphine poisoning that
seems resistant to methylene blue and ascorbic acid.
Therefore, other treatments may be needed including
hyperbaric oxygen therapy and exchange blood
transfusion.5
Aluminium phosphide is reported to be highly
toxic when consumed from a freshly opened
container and the fatal dose for an average sized

individual is believed to be 150 to 500 grams.Death is
reported to result from profound shock, myocarditis
and multiorgan failure. 6

AIMS AND OBJECTIVE
1. To determine the clinical profile of Aluminium
phosphide poisoning.
2. To study the effect of Aluminium phosphide
poisoning on myocardium.
3. To study the outcome
phosphide poisoning.

of Aluminium

MATERIAL & METHOD
The approval of Ethics Commi�ee of the institute
was taken for the study. This is a prospective study
which was conducted in patients with alleged
history of aluminium phosphide ingestion admi�ed
in Intensive care unit (ICU) GRMC Gwalior. Patients
of aluminium phosphide poisoning who were
brought dead were not included as subjects. Patients
who left against medical advice were also excluded.
Primary survey was done to restore effective
oxygenation, ventilation and circulation.
After
a brief history and quick clinical examination
for hemodynamic status
intravenous line was
secured for unstable patients. After gastric lavage
electrocardiogram (ECG )was recorded and all the
patients were put on cardiac monitor. Patients
were catheterized to measure the urinary output
and detect renal involvement. In addition to routine
biochemical examination creatinine phosphokinase
(CPK-MB), Aspartate amino transferase (SGOT),
Alanine amino transferase (SGPT) was done in all
the cases.
Management was mainly supportive. Potassium
permanganate was used for gastric lavage. This was
followed by administration of activated charcoal.
Intravenous fluid administration and inotropic
support with dopamine and dobutamine was given
to those with shock. Adequate renal perfusion and
urine output was maintained to enhance phosphine
excretion..Intavenous magnesium sulphate
was
administered for stabilization of myocardial
membrane.
At the end of the study, all the data were compiled
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systematically and statistical analysis was carried out
using SPSS software.

RESULTS
30 cases were enrolled for the study. Males 23
(76.67%) outnumbered females 7(23.33%). Patients
were grouped into various categories depending on
the age groups.14 (46.5%) cases were in 15-24 years
age group.14 (46.5%) in 25-34 years age group and 2
(7%) in > 35 years age group.
Pain abdomen was present in 25 (83.33%)
Nausea and
(96.67%).

vomiting

was observed in 29

19 (63.3%) patients presented with hypotension
out of which 10 (52.6%) survived and 9 (47.36%)
expired. Table-1
Renal profile was deranged in 10 (33.3%) cases.
Elevated liver enzymes was observed in 16 (53 .3%)
cases. Table-2
Raised CPK-MB levels were seen in 20 (66.6%).
Out of 20 patients with raised CPK-MB levels,11
(55%) patients survived and 9 (45%) patients expired.
Table-1
ECG changes were present in 28 (93.33%) Table-2.
Common ECG abnormalities detected were T wave
inversion and non specific ST-T changes. Table-3
Pleural effusion was noted in 4 (13.3%)
Mortality was 9 (30%) in patients of Aluminium
phosphide poisoning.

DISCUSSION
Majority of the patients 28 (93.3%) were males
between 15-34 years age group .
Immediately after ingestion, almost all patients
developed nausea, vomiting, retrosternal burning,
epigastric discomfort and in significant poisoning,
hypotension and shock.
All those who expired presented with
hypotension.P-value 0.006367. However those
hypotensives who survived for > 24 hours showed
features of hepatic, renal or central nervous system
dysfunction.
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Significant elevation of CPK-MB levels as well
as deranged liver function tests were remarkable.
Table-1
Hypotension at admission was the most
significant predictor of death. The mortality rates
from Aluminium phosphide poisoning vary
from 40-80%.6 High mortality is primarily due to
hemodynamic failure.7
Mortality was 9 (30%) in our study which was
much less compared to previous studies.This was
because of exclusion of cases who were brought dead
as well as those who left the hospital against medical
advice .All patients who died presented with shock
and had elevated cardiac markers. 8 (38.1%) patients
had deranged liver function tests in the survived
group whereas the figure was 8 (88.9%) in the expired
group P value 0.0106 . Table -1 Deranged LFT is a
poor prognostic factor.
Myocardial involvement and hemodynamic
instability are important features, and most of the
deaths in ALP poisoning have been reported to be
due to cardiovascular failure.8
Patients remain mentally clear till cerebral anoxia
due to shock supervenes resulting in drowsiness,
delirium and coma.
Several ECG changes have been observed. Table-3
Elevated CPK-MB levels with ECG changes confirms
myocarditis.All patients of AlP poisoning require
continuous invasive hemodynamic monitoring and
resuscitation with fluid and vasoactive agents. Fluid
therapy should be guided by central venous pressure
(CVP) or pulmonary artery wedge pressure (PAWP)
monitoring. Adequate tissue perfusion is crucial to
prevent multiorgan failure and give time to recovery
of myocardial tissue from phosphine-induced
injury.8
Minimal pleural effusion was found to be present
in 4 (13.3%) cases. Similar findings were reported
earlier.9,10 It regressed on its own.

LIMITATIONS OF THIS STUDY
Patients with ALP ingestion who were brought
dead were excluded. Addition of such cases would
have revealed much higher mortality.
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Further studies should include echocardiographic
assessment in all patients with aluminium phosphide
ingestion as it is one of the most cardiotoxic poison
freely available.
Years of researches have not yielded any positive
outcome. More so the researches in this area have

virtually come to a standstill. Even with supportive
management mortality continues to remain high.
More such deaths will be witnessed in future because
there will be no ban on such products. As ALP
ingestion is highly toxic further research in this area
by making a fumigant which is toxic to pests but nontoxic to human appears to be the only solution.

TABLE-1
PARAMETERS

TOTAL
NO.. OF
CASES
30

SURVIVED
NO..OF CASES
(n=21)

%

DEATH
(n=9)

%

P VALUE

HYPOTENSION/SHOCK

19

10

47.62%

9

100%

0.0063

UREMIA

10

6

28.57%

4

44.44%

0.398

16

8

38.1%

8

88.9%

0.0106

20

11

52.38%

9

100%

0.011

DERANGED HEPATIC
FUNCTION
ELEVATED CPK- MB
LEVELS

Legend-1- Table showing corelation of various biochemical parameters with mortality in aluminium
phosphide poisoning.
TABLE-2
S.No

INVESTIGATIONS

TOTAL NO.. OF
CASES

NORMAL

%

ABNORMAL

%

1

UREA CREATININE

30

20

66.6

10

33.3

2

SGOT, SGPT

30

14

46.6

16

53.3

3

CPK-MB

30

10

33.33

20

66.67

4.

ECG

30

02

6.67

28

93.3

Legend-2 - Biochemical derangements and ecg abnormalities observed in
poisoning.

aluminium phosphide

TABLE-3
ECG PATTERN

TOTAL NO.. OF CASES OF
CELPHOS INGESTION 30

PERCENTAGE %

Normal
Bradycardia
Tachycardia
T wave inversion
Tall T waves
QTc shortening
QTc prolongation
Atrial Premature Complex
SVT
VT
ST Elevation
ST-T Changes

02
03
03
07
01
04
00
01
01
02
00
06

6.67
10
10
23.33
3.33
13.33
00
3.33
3.33
6.67
00
20

Legend-3- Various ecg changes seen in aluminium phosphide poisoning

Indian Journal of Forensic Medicine & Toxicology, July-December 2016, Vol. 10, No. 2

CONCLUSION
Myocarditis and shock are characteristic of
Aluminium phosphide poisoning . Phosphine
virtually affects all the organs in the body and,
therefore, early identification of impending organ
failure and appropriate supportive therapy is
extremely important as multiple organ damage may
play a role in increasing morbidity and mortality.
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ABSTRACT
Fire was perhaps, man’s first double-edged sword, for throughout history, it has served as well
destroyed mankind. Burns have tremendous medicolegal importance as they may be considered to be
the commonest cause of unnatural death in India1.Women are victims of iniquity not only outside but
inside home too. In this study total 270 cases of female deaths were explored. Most commonly affected
age group was of young aged Female of 21-25 yrs (31.11%) followed by 26-30 yrs (25.55%). Most of
the victims were young adults in their early married years. Most of them were housewives of Hindu
families of lower middle socio-economic class. Burns due to flame were commonest involving (66.30%)
of the cases, followed by kerosene burns (31.11%). 82.6% cases were of married females and most of
victims (57.41%) survived for a period of 1-7 days. The most of victims (44.81%) sustained 51-75%
burns followed by 76-100% burns (43.33%). Most common manner of death was accidental burns 198
(73.33%) followed by Suicide deaths i.e. 64 (23.70%).
Keywords:-Unnatural death, fires, thermal burns, manner of death.

INTRODUCTION
Often, the circumstances of Burns are enveloped
in mystery, obscurity and unreliable statements. The
reason behind this action may be personal, domestic,
occupational or social tragedy and more recently
dowry death.1
Unfortunately women were not only given a
lower status in society but they also came to be used
as an object of enjoyment, pleasure and work force.
In recent times there has been a phenomenal
spurt in violence and crimes against females in the
age group 14 yr to 40 yr and this has not only been
the concern of the contemporary society, but also is
present since time immemorial. Working women are
at immense risk of being exploited. They have to go
through various vital events of life such as marriage,
change of social environment, job responsibility,
bearing and rearing children. For which she has
to face mental, physical, psychological and social
stress.

Burns injuries in females were most important
as they were commonest cause of unnatural death in
India. Dowry deaths by burns was most common in
India & at the same time accidental burns in females
also occur often while cooking food in their kitchen2.
The present study was undertaken to study the
pa�ern of burns injuries in relation to demographic
factors; marital status and dowry deaths; manner of
death and period of survival; types of burns and total
percentage of burns sustained.

MATERIAL & METHOD
The present study was carried out during
the period from August 2012 to July 2014 in the
Department of Forensic Medicine at Lokmanya Tilak
Municipal Medical College & General Hospital, Sion
Mumbai.
Socio-demographic data were collected from
post mortem reports, statements of relatives and
police inquest. The data required for this study was
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collected in a predetermined proforma and it was
analysed and presented for the discussion.

OBSERVATION AND RESULT
Out of the total unnatural female deaths and
autopsies conducted during this study period, 270
burns cases of the age group of 14-40 years were
collected and analysed.
Table No. 1 Described Socio demographic profile
of victims. Female victims of Age group 21-25 yrs
were most commonly affected (31.11%) followed by
26-30 yrs (25.55%).
Most of the victims (57.41%) belonged to lower
middle class. 82.60% cases were of married females
followed by unmarried females (11.85%). Most of
victims of this study have education upto middle
school (26.67%) followed by high school (26.30%).
Housewives (81.48%) were most common victims of
burns injury.
Table No. 2 showed that Flame burns (66.30%)
were most common, followed by kerosene and other
burns (33.70%). The most common manner of death
in such cases were accidental (73.33%) followed by
suicide (23.70%).
In Table No. 3 most of the victims survived for
period of 1-7 days i.e. 155 (57.41%).
Most of the victims sustained 51-75% burns
(44.81%) followed by 76-100% burns (43.33%)
mentioned by Table no 4.
Table No. 5 illustrated that the most common
cause of burns were due to flame (66.30%) in which
61-80% body surface area was involved in majority of
cases i.e. 72.
On evaluating the marital status of victims
57.14% cases died within 7 yr after marriage and
dowry death were 20 (8.40%). (Table No. 6)
In table no. 7 Out of the total burn victims 20 were
pregnant. Of these cases 13 were accidental deaths, 03
were homicidal and 4 were suicidal.

DISCUSSION
Burns injury occur universally and has plagued
mankind since antiquity. In all societies including
developed or developing countries, burns constitute
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a medical and psychological problem. It has also
severe economic and social consequences not only
to the victims, but also to their family and society in
general.1
In the Indian society, dowry related deaths either
suicidal or homicidal remain the most common cause
for female’s deaths and burning is common mode
used for commi�ing suicide and homicide.5
The most commonly affected victims in this study
were between the age group of 21-25 yrs (31.11%)
followed by 26-30 yrs (25.55%).
This is the productive age and they are generally
active and exposed to hazardous situations both at
home and work.6
These findings and reasoning were consistent
with that of Pathak and Sharma4, and Buchade et al2.
As per Dere and Rajoo3 most common age group
involved was 26-30 years (24.53%) followed by 21-25
years (21.93%). Zanzad and Godbole5 showed peak
incidence in age 21-30 yrs (39.5%). Gadage et al6
found that 68% cases were in age 21-40 yrs. Pandey
and chaurasia6 revealed same that predominant age
group was 21-30yr (45.13%). While Vaghela10 study
most common vulnerable group was 21-30 yr i.e.
344 (33.7%). Gupta et al11 found that most common
group was in age 15-30 yr (59.6%).
Considering the marital status of the victims,
most common victims were married females
(82.60%). The findings were in accordance with the
studies of Vaghela et al10, Buchade et al2 , Pathak and
Sharma4 , Pandey and Chaurasia7.
This study revealed that most of victims were
housewives belonging to Hindu families and were
from lower middle class socio-economic status. Most
of victims of this study have education upto middle
school (26.67%) followed by high school (26.30%).
Pathak and Sharma4 showed that most common
religion was Hindu consisted 398 (82.91%) while
Gadge et al6 & Chawla et al9 concluded that most
common victims were housewives i.e. 179 (57.6%)
and 28 (56%) respectively.
Memchoubi & H. Nabachandra8 (53.84%),
Vaghela et al10 (46.58%) showed that most of cases
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were in low socio economic status.
Gadage et al6 concluded that most victims had
middle school level of education (31.6%) while Gupta
et al11 showed that the most of cases had done their
education upto primary school level(49.2%)
In this study most common cause of burns
were due to flame burns cases (66.30%) followed by
kerosene burns (31.11%).
The study of Usama B. Ghaffar et al1 found that
kerosene stove burns were most common (32.3%).
Buchade et al2 showed thermal burns were most
common (77.63%). While Zanzad & Godbole5 found
kerosene burns (33.2%) followed by clothes catching
fire (31.9%) were most common in female victims.
Gadge et al6 denoted that fall of lamp in (48.2%)
cases followed by Kerosene stove burns (29.6%)
cases. Rahul Chawala9 found stove burst were most
common cause of burns.
The most of the victims survived for period of 1-7
days (57.41%).
Buchade et al2 showed that most of the victims
survived for period of 12 to 24 Hours (25.74%) while
Memchoubi & H. Nabachandra8 commonly found
period of survival of less than 1 Hour (49.23%).
Zanzad & Godbole5 found that most of victim
survived upto 1-2 weeks after the sustaining the
burns injury (21.7%) while Gadge et al6 showed most
common period of survival was 4-7 days (29.9%)
In the present study most of victims sustained
51-75% burns (44.81%) followed by 76-100% burns
117 (43.33%)
Buchade et al2 showed most of victims sustained
51 to 75% burns (56.12%) while Zanzad&Godbole5
showed (41.4%) of > 80 % burns which were more
common in female victims. Gadge et al6 found that
cases of burns involving body surface area 80-100%
were most common (51.4%). Memchoubi & H.
Nabachandra8 found that (73.84%) cases involved
in > 80 % of burns. Rahul Chawla9 showed 91-100%
burns cases were most common (32%). Only study
of Usama B. Ghaffar et al1 where burns upto 25%
was most common (32.5%) followed by 26 to 50%

burns (28.8%) was most commonly affected the burns
victims
In this study of burns death in females most
common cases belonged to accidental manner of
death (73.33%) followed by Suicide (23.70%).
Buchade et al2, Dere and Rajoo3 , Pathak and
Sharma4 , Memchoubi & H. Nabachandra8 , Vaghela
et al10; Zanzad & Godbole5 all studies found that most
common manner of death were accidental in nature.

CONCLUSION & RECOMMENDATIONS
Though high urbanisation in metropolitan city
like Mumbai, rural population specially married
females in reproductive age group are still at risk
of accidental burns injuries at their home in which
kerosene flame burns was most common cause.
Lower middle class is more likely to suffer this
domestic burns injury. Dowry remained black spot
on Modern society of India.
For planning and implementing prevention
programs the approach have to be multi-disciplinary
and coordinated and may be largely accomplished
by providing immense amount of education so as to
build awareness in the mind set of general population,
school education programs, male concerning risk in
work locations, the family especially the
housewives and parents. Steps should be taken
not only to minimize burn mortality but also to
prevent and reduce their incidence at least in cases
where human error and human greed plays a role.
Safety precautions to be adopted to prevent
domestic accidents should be given to the families
through government and non-government agencies.
More stringent laws should be implemented which
would take care of the torture of housewives by their
husbands and In-laws.
The purpose of the present study was to analyse
the present situation of Burns female deaths in
Mumbai as compared to that of other cities in India
and to find out the possibilities of decreasing the
incidences of Burns female deaths in the state.
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Table No. 01:- Socio demographic factor of Burns death in females.
Character

Age (in Years)

Socio economic status

Marital status

Education

Occupation

Region

Number (n=270)

Percentage

14-20 yr

56

20.74

21-25 yr

84

31.11

26-30 yr

69

25.55

31-35 yr

36

13.33

36-40 yr

25

9.25

Upper

5

1.85

Upper middle

15

5.56

Upper lower

83

30.74

Lower middle

155

57.41

Lower

12

4.44

Married

223

82.59

Remarried

09

3.33

Divorced

03

1.11

Widow

03

1.11

Unmarried

32

11.85

Illiterate

57

21.11

Primary school

46

17.04

Middle school

72

26.67

High school

71

26.30

HSC & above

24

8.89

Housewife

220

81.48

Student

24

8.89

Unemployed

9

3.33

Employed

17

6.30

Mumbai

125

46.30

Non-Mumbai

145

53.70

Table No. 02:- Relationship of Causes of Burns with Manner of Death
Manner of Death (n= 270)

Total

Sr. No.

Causes of Burns

Suicide

Homicide

Accident

1

Flame Burns

1

0

178

179

2

Kerosene & other burns

63

8

20

91

64

8

198

270

Total

χ2= 185.1

d.f.=2

p=<0.0001

86

87
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Table No. 03:- Period of survival in case of Burns
Period of Survival

Burns

Percentage

<6 hr

13

4.82

6- 24 hr

20

7.40

1-7 Days

155

57.40

> 7 days

82

30.37

Total

270

100

Table No. 04:- Percentage of Burns

Percentage of Burns

TBSA

Number

Percentage

25%

01

0.37037

26-50%

31

11.48148

51-75%

121

44.81481

76-100%

117

43.33333

270

100

Total

Table no. 5:- Relationship of causes of burns with Percentage of Burns
Sr No

Causes of Burns

2

Percentages of Burns (n=270)

Total

21-40%

41-60%

61-80%

81-100%

Flame Burns

4

47

72

56

179

3

Kerosene

1

17

30

36

84

4

Scalds

2

1

1

0

4

5

Factory Blast

0

2

0

1

3

7

67

103

93

270

Total

Table No. 06:- Duration of marriage & Relation to Dowry
Characters
Duration since marriage

Relation to dowry

Number

Percentage

< 7 yr

136

57.14

>7 yr

102

42.85

Dowry cases

20

8.40

Non dowry cases

218

91.60

238

100

Total Married Females

Table No. 07:- Uterine status In burns death of females with Manner of Death
Uterine status

Accident

Homicide

Suicide

Total

Non gravid

185

05

60

250

Gravida

13

03

04

20

Total

198

08

64

270
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ABSTRACT
Objective : This study was aimed to estimate age from epiphyseal fusions at shoulder joint in the local
population of Tirupati area in the age group of 14-16 years.
Method: 90 subjects (both male and female) between the age of 14 to 16 years in and around Tirupathi
were studied. X-rays of the right shoulder joint was taken in the Anterior posterior view. Observations
regarding the degree of epiphyseal union were recorded for each subject and tabulated in age groups.
Results: Overall mean height of adolescents was found to be between 152± 8.02 cm and 149.71±6.12 cm
in Adolescent males and females ,respectively. Ossification was progressive with age in males of 14 to
16 years age and fusion of epiphysis with diaphysis was completed in about 46.6% of males of 16-years
age group. In females, ossification was much more rapid that in males and by 16 years of age 93.4% of
the female subjects showed fusion of the epiphysis with diaphysis.
Conclusion:The ossification at the Shoulder joint is completed in all instances at the age groups of 1718 year. It was progressive in both sexes.
Keywords: Epiphyseal Union, Shoulder Joint, Proximal end of Humerus.

INTRODUCTION
The determination of age in adolescents is
important in medicolegal work. It arises in relation
to fixing up of criminal responsibility, rape,
kidnapping, awarding judicial punishment and
employment. Determination of age is much more
important in homicidal cases where only skeletal
remains are available for analysis. Sometimes,
bones are found disposed off in jungle, in the open
in ditches or rubbish dumps, etc., or may be found
while digging foundations for buildings or skeleton
may be exhumed. In cases of mass disaster, where
many persons die in the same area and same time
from fire, air crashes, etc., the help of forensic expert
is sought in identification 1-3.
Correspondence author:
Dr Karnam Mamatha
Associate Professor, Department of Forensic
Medicine, Sri Venkateswara Medical College,
Tirupati, Andhra Pradesh
Email ID : thesisusm@gmail.com

Generally, ossification activities earlies in our
Indian population than in western population 57
. The activities are generally earlier in females
than in males. Radiological examination is a must
as the courts give more importance to it, hence
radiological examination of various bones is most
valuable investigation with certain limitations, as
the union of Epiphysis with diaphysis differs from
region to region. Even in normal individuals the
appearance and fusion of ossification centres of bone
shows variations in relation to sex, race, region and
nutrition.So, it is in this context, this study was aimed
to estimate age from epiphyseal fusions at shoulder
joint in the local population of Tirupati area in the age
group of 14-16 years.

METHOD
This study was carried out between May 2004
–July 2005, in the Department of forensic medicine
and Radiology, S.V.Medical College, Tirupati. The
material for this study consisted of 90 subjects (both
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male and female) between the age of 14 to 16 years.
Subjects were from various schools of local area.
The total number of cases studied for the present
study is 90 (both male and female) between 14-16
years. The cases were divided into 3 groups in each
sex.
Group I : 14 to 15 years (14 years to 14 years 11
months 29 days)
Group II : 15 to 16 years (15 years to 15 years 11
months 29 days)
Group III : 16 to 17 years (16 years to 16 years 11
months 29 days)
Total number of cases included in this study is 90
(both males and females).
Radiological Technique
X-rays of the right shoulder joint was taken in the
Anterior posterior view (A.P. view). The epiphyseal
appearance and Union was divided into nine stages

90

RESULTS
Table 1: Age group by Mean weight (Male
Adolescents)
Age (Years)

Total number

Weight (Mean ±
SD)

14

15

36.78 ± 2 88

15

15

39.00 ± 5 22

16

15

44.75 ± 5.61

Total

45

40.97 ± 5.47

The overall mean weight of adolescents was
found to be 40.97 ± 5.47Kg. There was a study
increase in the mean weight with increase in the age
evidently due to the growth spurt in puberty which
is also statistically significant (table 1) .The overall
mean height of adolescents was found to be 152.08
± 8.02 Cm.

Table 2: Ossification of Humerus by age Upper end (Common epiphysis) (Male adolescents)
Age (Years)

G(i)

G(iii)

H(i)

I

Total

14

8 (57.1)

7 (42.9)

0 (0.0)

0 (0.0)

15 (100.0)

15

2 (13.3)

11 (73.3)

0 (0.0)

2 (13.3)

15 (100.0)

16

0 (0.0)

6 (53.3)

5 (33.3)

2 (13.3)

15 (100.0)

Total

10 (22.2)

26 (57.8)

5 (11.1)

4 (8.9)

45 (100.0)

Overall, 22.2% were in G(i) Stage, 57.8%in G(iii) Stage, 11.1% in H(i)Stage and 8.9% in I Stage. In the lower
age group of 14 years, all were in the earlier stages of ossification [G(i) and G(iii)]. In the group of 16 years,
46.6%were in higher level of ossification [H(i) and Istages]. The difference among the various age groups were
also statistically significant (table 2).
Table 3 Ossification of Acromion Process by age (Male adolescents)
Stage of Ossification

Age of years
14

15

16

Total

A

8 (53.3)

3 (20.0)

0 (0.0)

11 (24.4)

B

6 (40.0)

4 (26.7)

1 (6.7)

11 (24.4)

C

0 (0.0)

2 (13.3)

1 (6.7)

3 (6.7)

E2(Eii)

0 (0.0)

0 (0.0)

1 (6.7)

1 (2.2)

F

1 (6.7)

3 (20.0)

2 (13.3)

6 (13.3)

G(i)

0 (0.0)

0 (0.0)

5 (33.3)

5 (11.1)

G(iii)

0 (0.0)

1 (6.7)

0 (0.0)

1 (2.2)

Hi

0 (0.0)

1 (6.7)

4 (26.7)

5 (11.1)

I

0 (0.0)

1 (6.7)

1 (6.7)

2 (4.4)

Total

15 (100.0)

15 (100.0)

15 (100.0)

45 (100.0)
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In all 24.4% were in Stage A and 24.4% were in Stage B level of Ossification. In the 14-years age group, 53.3%
were in Stage A and 40.0% were in Stage B. In the 16-years age group 33.3% were in the Stage G1, and 26.7%
were in Stage H of ossification (higher level of ossification). The differences among various age groups were
also statistically significant (table 3).
Table 4. : Age group by mean weight (Female Adolescents)
Age (Years)

Total number

Height (Mean ± SD)

14

15

38.46 ± 3.72

15

15

39.73 ± 3.91

16

15

42.26 ± 7.04

Total

45

40.15 ± 5.25

The above mean weight of adolescents was found to be 40.15 ± 5.25 years. These was a study rise in the
mean weight with increase in the age evidently due to the growth sport in puberty which is also statistically
significant (table 4). The overall mean height of adolescents was found to be 149.71 ± 6.12 cm.
Table 5. Ossification of Humerus by age (Upper commonepiphysis) (Female Adolescents)
Age (Years)

Staging of ossification

Total

D(i)

E(ii)

G(i)

G(iii)

Hi

I

14

1 (6.7)

1 (6.7)

5 (33.3)

4 (26.7)

4 (26.7)

0 (0.0)

15 (100.0)

15

0 (0.0)

0 (0.0)

1 (6.7)

5 (33.3)

4 (26.7)

5 (33.3)

15 (100.0)

16

0 (0.0)

0 (0.0)

0 (0.0)

1 (6.7)

4 (26.7)

10 (66.7)

15 (100.0)

Total

1 (2.2)

1 (2.2)

6 (13.3)

10 (22.2)

12 (26.7)

15 (33.3)

45 (100.0)

Overall, 26.7% of subjects were in stage H(i) and 33% were in stage ’I’ level of ossification. ln the age group
of 14 years, 26.7% were in stage ’H’ and none of them were in stage ’I’ level of ossification. ln the 16-years age
group, 26.7% were in stage H and 66.71% were in stage ’I’ level of ossification. The differences among the
various age groups were also statistically significant (table 5).
Table 6: Ossification of Acromion process by age (Female Adolescents)
Stage of Ossification

Age in Years

Total

14

15

16

A

2 (13.3)

1 (6.7)

0 (0.0)

3 (6.7)

B

3 (20.0)

1 (6.7)

0 (0.0)

4 (8.9)

C

0 (0.0)

2 (13.3)

0 (0.0)

2 (4.4)

E(iii)

1 (6.7)

0 (0.0)

0 (0.0)

1 (2.2)

F

1 (6.7)

0 (0.0)

0 (0.0)

1 (2.2)

G(i)

4 (26.7)

4 (26.7)

1 (6.7)

9 (20.0)

G(iii)

0 (0.0)

2 (13.3)

0 (0.0)

2 (4.4)

H(i)

4 (26.7)

4 (26.7)

8 (53.3)

16 (35.6)

I

0 (0.0)

1 (6.7)

6 (40.0)

7 (15.6)

Total

15 (100.0)

15 (100.0)

15 (100.0)

45 (100.0)

In all, 35.6% were in stage ‘H’ and 15.6% were in stage ‘I’ level ofossification. In the 14-years age group,
26.7% were in stage ‘H’ and none ofthem were in stage ‘I’ level while in 16-years age group 53.3% were in ‘H’
level and 40.0% were in stage ‘I’ level of ossification. The differences among various age groups were also
statistically significant (table 6).
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DISCUSSION
Study of fusion of the ossification centres around
shoulder joint as visualised on radiograph has been
time tested method. Numerous workers both in India
and others have proved age ranges relevant to their
population,
Stewart et al, observed that head of the humerus
separated from Diaphysis under 20 years, partially
united with diaphysis between 19 to 20 years, united
with diaphysis but joint was visible between 20 to
21 years and completely united with diaphysis at
about 21 years and above. The findings of present
study showed that the union was progressive in 16
years of age group (males) as 46.6% were in higher
level of ossification (H (i) and I stages) compared
to 14 years of age STOUP Where all were in earlier
stages of ossification (G, & G3 stages).According to
Flucer (1932) the age of fusion was around 17 years in
females and 19 years in males 9.
The present study showed that fusion was
progressive in 16 years of age group is males where
46.6% were in higher level of ossification (Hi & I
stages) when compared to 14 years of age group
where all were in early stages of ossification (GI
& G3 stages). In females, fusion was much more
progressive than males in 16-year group where 93.4%
were in higher level of ossification (in stages H(i) & I)
compared to 14 years of age group where 26.7% were
in stage H and none of the them were in stage I level
of ossification.
Davies and Parsons recorded the age of fusion
was occurring between 19 to 21 years of age in
English subjects (both boys and girls). They did not
give separate figures for males and females, so it is
not possible to correlate present observations with
their study.
The findings of present study showed that the
union was early and progressive in both sexes, when
compared to the findings of Davies and Parsons.
Gelstaun (1937) showed the age of union in
Bengali girls as 14 to 16yrs. This study in females,
fusion was much more progressive than males
especially in 16-years age group where 93.4% were
inhigher level of ossification (in stages (Hi) and I)
Compared to 14 years of agegroup where 26.7% were
in stage H and none of them were in stage I levelof
ossification.
Lall and Twonsend studied the union in males of
U.P as 19 years. Present study showed that the union
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was progressive in 16 years of age group in males
as 46.6% were in higher level of ossification (H(i)
and I stages) compared to 14 years age group where
all were in earlier stages of ossification (G1 and G3
stages). According to them the union in females was
around 18 years of age.
This study showed that fusion was much more
progressive than males in 16-years age group
to females, where 93.4% were in higher level of
ossification (in stages H(i) and I) compared to 14years of age group where 26.7% were in stage H and
none of them were in stage I level of ossification.
Apurba Nandi (1995) noted that fusion occurs as
16 to 17years in males 10. Present study showed that
the union was progressive in 16 years of age groups
in Males as 46.6% were in higher level of ossification
(H(i) and I Stages) compared to 14 years of age group
where all were in earlier stages of ossification (G1 and
G3 stages).
According to them fusion in females occurs
between 15 to 16 years of age. Present study revealed
that the union was much more progressive in females
around 16 years of age where 93.4% were in higher
level of Ossification than 14-years age group where
26.7% were in stage H and none of them were in stage
I level of ossification. According to flecker (1932) the
age of appearance was around 14 years in females
and 15 years in males. Fusion of Acromial Centre
with body of scapula was around 17 years in both
sexes 12.
The present study showed that the fusion of
acromial ossification centre with body of scapula was
progressive in 16 years of age group in male where
33.3% were in stage G1 and 26.7% were in stage H
of higher level of ossification when compared to 14
years of age group where 53.3% were in stage A and
40.0% were in stage B level of ossification.
According to the present study in females also,
fusion of the ossification centre is progressive in 16
years of age group, where 53.3% were in stage H and
40.0% were in I level of ossification when compared
to 14 years of age group Where 26.7% were in stage H
and none of them were in stage I level of ossification.
Gal Staun (1937) recorded the age of appearance
of the Acromion ossification centre as 12 to 14 years
in females and 14 to 17 years is males. fusion of the
Acromion centre with body of scapula was between
13 to 16 years in females and 14 to 19 years in males
14.

The present study showed that the fusion of
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Acromial ossification centre was progressive in 16
years of age group in males where 33.3% were in state
G1 and 26.7% were in stage H level of higher level of
ossification when compared to 14 years of age group
where 53.3% were on stage A and 40.0% were in stage
B level of ossification.
In females also, fusion is progressive in 16 years
of age group, where 53.3% were in stage H and 40.0%
were in I level of ossification when Compared to 14
years of age group where 26.7% were in stage H and
none of them were in stage I level of ossification.
Apurba Nandy (1995) noted that the ossification
centre of Acromion appears between 12 to 14 years
of age in females and between 14 to 15 years of age
in Males. Fusion with body of scapula was between
13 to 16 years of age in females and between 14 to 19
years of age males 15.
This study showed that the appearance and
fusion of acromial ossification centre was progressive
in 16 years of age group in Males were 33.3% were in
stage G1 and 26.7% were in stage H of higher level of
ossification when compared to 14 years of age group
where 53.3% were in stage A and 40.0% were in stage
B level of ossification.
The present study in females also showed fusion
of the ossification centre is much more progressive
in 16 years of age group ,where 53.3% were in stage
H and 40.0% were in I level of ossification when
compared to 14 years of age group where 26.7% were
in stage and none ofthem were in stage I level of
ossification.

CONCLUSION
Ossification was progressive with age in males
of 14 to 16 years age and almost group and fusion of
epiphysis with diaphysis was commenced complete
in about 46.6% of males of 16-years age group. In
females, ossification was much more rapid that in
males and by 16 years of age 93.4% of the female
subjects showed fusion of the epiphysis with
diaphysis.
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Injuries due to Explosion – A Case Report
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ABSTRACT
In Forensic practice the examination of injuries is to identify the causing agents. This helps the police
to investigate further. Explosion Injuries have atypical pa�ern which will help to identify the type
of explosion. Commonly any injuries to the heart will usually be associated with the corresponding
external injuries either in the form of stab injuries to the chest, penetrating injuries or fractured rib
piercing the heart etc. In this particular case of explosion, there was laceration of the heart in the right
ventricle without any corresponding external injuries. Because of the rarity of the possibility that case
is discussed.
Keywords: Shock wave. Blast lung. High order explosion. Low order explosion. Cardiac tamponade.

INTRODUCTION

BLAST INJURES…REVIEW

All energies are invisible; they leave their effects
when they pass through the medium, depending on
the susceptibility of the medium. X-rays, u-v rays,
gama rays, infra red rays, electro-magnetic waves are
all examples of energy waves. These energy waves
are invisible to the naked eyes,but will produce their
effects. Likewise shock waves of blast explosion will
produce significant effects on the human body.

A blast injury is a complex type of physical
trauma resulting from direct or indirect exposure
to an explosion.[1] Blast injuries occur with
the detonation of high-order
explosives as
well
as the deflagration of low order explosives. These
injuries are compounded when the explosion occurs
in a confined space.

During June 2015, Port Blair witnessed, deaths
of two young adults who were engaged in collection
and disposal of city garbage in the Municipal office,
due to explosion injuries.
Deceased persons were engaged in dumping
garbage at Brookshabad dumping ground on 03/
06/2015, at about 2.30pm. Suddenly explosion took
place at garbage dumping site where in, the deceased
sustained grievous injuries and were brought dead at
GB Pant Hospital.
In this paper the injuries that were noticed during
Post-Mortem Examination are discussed.
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Blast injuries are divided into four classes:
primary, secondary, tertiary, and quaternary.
Primary injuries
Primary injuries are caused by blast overpressur
e waves, or shock waves. These are especially likely
when a person is close to an exploding munition,
such as a land mine.[2] The ears are most often
affected by the overpressure, followed by the lungs
and the hollow organs of the gastrointestinal tract.
Gastrointestinal injuries may present after a delay of
hours or even days.[2] Injury from blast overpressure
is a pressure and time dependent function. By
increasing the pressure or its duration, the severity of
injury will also increase.[2]
In general, primary blast injuries are
characterized by the absence of external injuries; thus
internal injuries are frequently unrecognized and
their severity underestimated.According to the latest
experimental results, the extent and types of primary
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blast induced injuries depend not only on the peak
of the overpressure, but also other parameters such
as number of overpressure peaks, time lag between
overpressure peaks, characteristics of the shear fronts
between overpressure peaks, frequency resonance,
and electromagnetic pulse, among others. There is
general agreement that spalling, implosion, inertia,
and pressure differentials are the main mechanisms
involved in the pathogenesis of primary blast
injuries. Thus, the majority of prior research focused
on the mechanisms of blast injuries within gas
containing organs/organ systems such as the lungs,
while primary blast induced traumatic brain injury
has remained underestimated. Blast lung refers to
severe pulmonary contusion, bleeding or swelling
with damage to alveoli and blood vessels, or a
combination of these.[3] It is the most common cause
of death among people who initially survive an

EXPLOSION[4]
Secondary injuries
Secondary
injuries
are
caused
by fragmentation and other objects propelled by
the explosion.[5] These injuries may affect any part
of the body and sometimes result in penetrating
trauma with visible bleeding. At times the propelled
object may become embedded in the body,
obstructing the loss of blood to the outside. However,
there may be extensive blood loss within the body
cavities. Fragmentation wounds may be lethal and
therefore many anti-personnel bombs are designed
to generate fragments.
Most casualties are caused by secondary
injuries.[5] Some explosives, such as nailbombs, are
deliberately designed to increase the likelihood of
secondary injuries.[5] In other instances, the target
provides the rawmaterial for the objects thrown
into people, e.g., sha�ered glass from a blasted-out
window or the glassfacade of a building.[5]
Tertiary injuries
Displacement of air by the explosion creates
a blast wind that can throw victims against solid
objects.[2] Injuries resulting from this type of traumatic
impact are referred to as tertiary blast injuries.
Tertiary injuries may present as some combination
of blunt and penetrating trauma, including bone

fractures and coupcontre-coup injuries.
Young children, because they weigh less than
adults, are at particular risk of tertiary injury.[5]
Quaternary injuries
Quaternary injuries, or other miscellaneous
named injuries, are all other injuries not included in
the first three classes. These include flash burns, crush
injuries, and respiratory injuries.[5]
Traumatic amputations quickly result in
death, and are thus rare in survivors, and are often
accompanied by significant other injuries.[5] The
rate of eye injury may depend on the type of
blast.[5] Psychiatric injury, some of which may be
caused by neurological damage incurred during
the blast, is the most common quaternary injury,
and post-traumatic stress disorder may affect people
who are otherwise completely uninjured.[5]

MECHANISM
High-order explosives produce a supersonic ov
erpressure shock wave, while low order explosives
deflagrate (subsonic combustion) and do not produce
an overpressure wave. A blast wave generated by an
explosion starts with a single pulse of increased air
pressure, lasting a few milliseconds. The negative
pressure (suction) of the blast wave follows
immediately after the positive wave. The duration of
the blast wave, i.e., the time an object in the path of
the shock wave is subjected to the pressure effects,
depends on the type of explosive material and the
distance from the point of detonation. The blast
wave progresses from the source of explosion as
a sphere of compressed and rapidly expanding
gases, which displaces an equal volume of air at a
very high velocity. The velocity of the blast wave in
air may be extremely high, depending on the type
and amount of the explosive used. Indeed, while
a hurricane-force wind (approximately 200 km/h)
exerts only 0.25 PSI overpressure (i.e. 1.72 kPa), a
lethal blast-induced overpressure of 100 PSI (i.e.
690 kPa) travels with a velocity of approximately
1500 mph (i.e. 2414 km/h). An individual in the path
of an explosion will be subjected not only to excess
barometric pressure, but to pressure from the highvelocity wind traveling directly behind the shock
front of the blast wave. The magnitude of damage
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due the blast wave is dependent on: 1) the peak of
the initial positive pressure wave (bearing in mind
that an overpressure of 60-80 PSI or 414-552 kPa is
considered potentially lethal); 2) the duration of the
overpressure; 3) the medium in which it explodes;
4) the distance from the incident blast wave; and
5) the degree of focusing due to a confined area or
walls. For example, explosions near or within hard
solid surfaces become amplified two to nine times
due to shock wave reflection. As a result, individuals
between the blast and a building generally suffer two
to three times the degree of injury compared to those
in open spaces.[6]

SHOCK
Explosive shock waves can cause situations such
as body displacement (i.e., people being thrown
through the air), dismemberment, internal bleeding
and ruptured eardrums.
Shock waves produced by explosive events have
two distinct components, the positive and negative
wave.
The positive wave shoves outward from the point
of detonation, followed by the trailing vacuum space
“sucking back” towards the point of origin as the
shock bubble collapses. The greatest defense against
shock injuries is distancefrom thesource of shock.

HEAT
A thermal wave is created by the sudden release
of heat caused by an explosion. Military bomb tests
have documented temperatures of up to 2,480 °C
(4,500 °F). While capable of inflicting severe to
catastrophic burns and causing secondary fires,
thermal wave effects are considered very limited in
range compared toshock and fragmentation. This
rule has been challenged, however, by military
development of thermobaric weapons, which employ
a combination of negative shock wave effects and
extreme temperature to incinerate objects within the
blast radius. This would be fatal to humans, as bomb
tests have proven.

CASE REPORT
On 4th June 2015, received requisition from
the Inspector of Central Crime Station PortBlair, to
conduct post mortem examination on the bodies of

1.

S. Ganesh S/O Sethuram, 21 years

2.

S. Yogaraj S/O V. Sundaram,22 years .
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History: As per the police, the deceased
persons were engaged in dumping the garbage at
Brookshabad dumping ground on 03/06/2015. At
around 2.30pm ,suddenly explosion took place at the
garbage dumping site wherein the above mentioned
deceased persons sustained grievous injuries and
were brought dead atGB Pant Hospital .
PM examination(PM no 84/2015) of S.Ganesh, on
external examination revealed;length was 170cms;
dark brown complexion;body stained with dried
blood over the face chest and legs; soot particles seen
all over the body at places.
External injuries; Abrasions, lacerations, fracture,
were all together 20in number. Right leg traumatically
amputated, compound fracture of both upper arms
and both bones of the left leg;right hand was crushed,
lacerated and fragmented.
Internal examination revealed contusion of both
the lungs.
Cause of death:Shock and Haemmorrhage
consequent to multiple injuries sustained during the
blast of the explosion.
PM Examination (PM no 85/2015) of Yogaraj;on
external examination revealed –length was 173 cms;
light brown complexion; body was stained with
dried blood and soot.
External injuries;There were totally16 injuries
in the form of abrasions ,lacerations penetrating
injuries and crushed lacerations of both hands with
superficial burns and compound fracture of left leg.
Internally brain was covered with sub arachnoid
hemorrhage, metallic fragment was seen embedded
in theC6 vertebra after piercing through the supra
sterna notch,food pipe and wind pipes. Both lungs
were contused and heart showed a hole of 1*0.5cms
over the right ventricle. Surprisingly pericardium
was intact and about 100 ml of blood was seen the
pericardial sac.
Cause of death was Shock and Hemorrhage
consequent to injuries to the heart and spinal vertebra
during blast
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1. Abrasions, lacerations, contusions,burns…..

2. Contusion ofthe lung. (Blast Lung)

3. Contusion ofthe lung. (Blast Lung)

4. Penetrating injuries, burns, abrasions,lacerations……

5. Crushed lacerated and fragmented hand

6. Traumatic amputation of the right leg

7. Compound fracture of the left leg with burn injuries

8. Penetrating injury through the trachea

9. Heart showing laceration and contusion in the
rightventricle(here pericardium was intact without any
corresponding injury)

10. Metallic piece found embedded in the 6thcervical
vertebra
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CONCLUSION
Explosion injuries present with unique pa�ern.
Primary blast injuries are characterized by the
absence of external injuries; thus internal injuries
are frequently unrecognized and their severity
underestimated. Cardiac tamponade can occur as
primary blast injuries with intact pericardium and
chest wall.Blast lung indicates high order explosion.
Ethical Clearance: Not required
Acknowledgement: My sincere thanks to Maj.
Gen. (Rtd) Dr. R.P Choubey Director,ANIIMS.
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ABSTRACT
Aim: Stature estimation among native adult population of Dakshina Kannada district by percutaneous
measurement of upper arm length
Objectives of the study:
1. To find out the correlation between stature and upper arm length
2. To derive a statistical model to estimate stature for native adult population of Dakshina Kannada
district, Karnataka.
Materials and method: Upper arm length and stature of 200 adult subjects comprising of 100 males
and 100 females in the age group of 19-39 years were measured separately on left and right side of each
individual with sliding calipers and stadiometer respectively. The collected data was analysed using
SPSS software to obtain the results.
Results: The statistical analysis indicated that the correlations between the upper arm length and the
stature in both males and females were statistically significant (p<0.001). Linear regression equations
for stature estimation were formulated separately for left and right sides in both sexes.
Conclusions: Upper arm length and stature are positively correlated with each other. Linear regressions
equations derived from upper arm length can be reliably used for the estimation of the stature in the
native adult population of Dakshina Kannada district and neighbouring regions. From this study, left
upper arm length is the best parameter for estimation of stature in both males and females.
Keywords: Stadiometer, Stature estimation, Upper arm length.

INTRODUCTION
Establishing individuality is an imperative aspect
in any investigating procedure. The individuality
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of a person can be established to great extent by
determining the four parameters of biological profile
such as stature, age, sex and race.1 Estimation of
stature forms an important criterion for establishing
the individuality and requires special a�ention in
cases where dead bodies are found in mutilated
state or when only comingled skeletal remains are
discovered at the scene. The need to establish the
identity of dismembered, mutilated or otherwise
unidentified human remains may arise in cases of
mass disasters and in cases of criminal mutilation
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and dismemberment.2
Stature is the height of an individual in an
upright posture.3 Stature is estimated by employing
either the anatomical or the mathematical method.
Anthropologists and forensic experts while dealing
with skeletal remains have very li�le choice to use
anatomical method for stature reconstruction due to
non-availability of complete skeleton from the scene
of occurrence in most of the cases. In such a situation,
mathematical method of stature reconstruction
is used, which is possible even if a single bone is
available. The mathematical method uses regression
equations based on the correlation of individual
skeletal elements to living stature.4 Stature has a
definite and proportional biological relationship with
every part of the body. Typically, anthropologists
estimate stature from the measurement of long bone
length.5 For stature estimation, many researchers have
succeeded in formulating regression equations using
percutaneous measurements of different body parts
in the living and dead.6-16 Stature estimation studies
based on bone or body dimensions are reported to
be both population specific and gender specific.17,
18
Long bone regressions produce the most accurate
estimations. Many stature estimation studies have
been reported based on forearm length16,19-28 but only
a few studies have been studied using upper arm
length.25, 29-31,
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Three anthropometric measurements were
recorded on the study sample namely stature, right
upper arm length and left upper arm length. Stature
is the vertical distance from the vertex (the highest
point on head in mid-sagi�al plane) of an individual
to the platform of stadiometer. Upper arm length
is the distance between the inferior border of the
acromion process of scapula to the external superior
border of the head of the radius (Position: arm
adducted and elbow flexed).
All the measurements were recorded twice and
then their mean was calculated for accuracy. All the
measurements were taken at a fixed time between
09 am and 11.30 am to eliminate diurnal variation.
The measurements from the female subjects were
recorded in the presence of a female assistant.
Figures 1& 2 Show the instruments used and the
technique of taking the measurements.

A regional anthropological study was undertaken
to investigate the relationship of stature with the
upper arm length in the native adult population of
Dakshina Kannada district of Karnataka.

MATERIALS & METHOD
It was a cross sectional study involving 200 (100
male and 100 female) Native adult population of
Dakshina Kannada district of Karnataka state aged
between 19 and 39 years.

Figure 1: Measurement of
Herpenden portable stadiometer

stature

using

Individuals who are non-natives of Dakshina
Kannada district, aged less than 19 years and more
than 40 years, too short and too tall, with congenital
deformities of spine, upper and lower limbs, with
recent or old history of fracture long bones or spine,
orthopaedic surgery on limb bones or spine, were
excluded from the study.
The study was conducted from February 2013 to
April 2014 after obtaining wri�en informed consent
of participants.

Figure 2: Measurement of upper arm length
using Sliding calipers
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The data were subjected to statistical analysis using SPSS software.

RESULTS
The following results were tabulated after statistical evaluation of the data.
Table 1: Mean, standard deviation, median and range of study parameters

Male

Female

Mean(SD)

Median(Q1-Q3)

Range

Stature

169.06(6.10)

169.95(165.55-173.80)

150.5-182.0

Left upper arm length

31.64(1.80)

31.93(30.42-32.99)

27.08-34.80

Right upper arm length

31.72(1.83)

32.13(30.59-33.02)

27.21-34.83

Stature

155.82(5.15)

155.00(152.00-160.00)

147.0-170.0

Left upper arm length

29.64(1.60)

29.66(28.55-30.84)

Right upper arm length

29.68(1.63)

29.89(28.57-30.77)

26.55-33.32
26.29-32.70

It is observed than mean values for males are higher (table 1).
Table 2: Comparison of stature and upper arm length between males and females
Sex

Mean(SD)

Male

169.06(6.10)

Female

155.82(5.15)

Left upper
arm length

Male

31.64(1.80)

Female

29.64(1.60)

Right upper
arm length

Male

31.72(1.83)

Female

29.68(1.63)

Stature

#

Independent sample t test

Mean
difference

95% CI of difference

t#

df

p-value

Lower

Upper

13.24

11.66

14.82

16.581

198

<0.001*

2.00

1.52

2.477

8.291

198

<0.001*

2.03

1.55

2.52

8.305

198

<0.001*

*p<0.001 statistically significant

To assess the statistical differences in the parameters between the observations of males and females,
Independent sample t-test was performed. Statistical analysis indicated that statistically significant differences
(p<0.001) existed between males and females (Table 2).
Table 3: Pearson correlation co-efficients and p-values for upper arm lengths related to stature
Sex

Male (n=100)

Female (n=100)

Combined (n=200)

Parameters

Left upper arm length

Right upper arm length

Pearson coefficient (r)

0.703

0.648

p-value

<0.001*

<0.001*

Pearson coefficient (r)

0.634

0.591

p-value

<0.001*

<0.001*

Pearson coefficient (r)

0.762

0.735

p-value

<0.001*

<0.001*

*p<0.001 statistically significant
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It is observed that all the parameters have
statistically significant (p<0.001) positive correlations
with stature (table 3).

Figure 3: Sca�er plot depicting linear correlation
between stature and left upper arm length in males.

Figure 4: Sca�er plot depicting linear correlation
between stature and left upper arm length in females.

Sca�er plots of upper arm length versus stature
show that the individual values of study parameters
have sca�ered along a straight line demonstrating
linear positive relationship of study parameters with
stature (figure 3&4).
Simple linear regression analyses for stature
estimation using study parameters were performed.
The derived regression equations with standard error
of estimate (SEE) for males, females and combined
population are tabulated.
Males:
Stature =100.573+2.159 (right upper arm length) ± 4.671
Stature = 93.663 + 2.383 (left upper arm length) ± 4.363

Females:
Stature = 95.609 + 2.031 (left upper arm length) ± 4.006
Stature=100.527+1.863 (right upper arm length) ± 4.177

Combined:
Stature= 59.524 + 3.359 (left upper arm length) ±
5.560
Stature= 64.753+ 3.181 (right upper arm length)
± 5.919
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DISCUSSION
Although several other Indian studies have been
conducted for stature estimation from ulna length, 16,
19-28, 32, 33
the studies using upper arm length are very
few.25, 29-31 The lack of study in reference to stature
estimation from upper arm length in this region
underlines the importance of the present study.
The measurements of upper arm length is taken on
both sides in males and females. When the sidewise
analysis was done for both the sexes, no statistically
significant difference (p>0.147 in males and p>0.338
in females) was observed between left and right
upper arm length in both sexes in this study which
is supported by a study conducted by by Chikhalkar
BG, Mangaonkar AA, Nanandkar SD and Peddawad
RG33 and Ahmed A, Mohammad F and Farooque I 25
who report bilateral symmetry.
In the present study males showed statistically
significant (p<0.001) higher mean values when
compared with females in all the parameters studied.
In studies conducted by Thummar B, Patel ZK,
Patel S and Rathod SP,23 Ozaslan A, Koc S, Ozaslan
I and Tugcu H 34 and Chikhalkar BG, Mangaonkar
AA, Nanandkar SD and Peddawad RG 33 similar
statistically significant higher values for males are
obtained. These statistically significant differences
may be due to the early maturity of girls than boys
and which necessitate generating separate regression
equations for males and females.
The independent variables (left and right upper
arm lengths) showed statistically significant positive
correlation with dependent variable (stature) in
the present study with the Pearson correlation coefficient ranging from 0.591 to 0.762. The Pearson’s
correlation co-efficient was highest (r=0.762) for left
upper arm length in combined data for both sexes.
The lowest correlation co-efficient (r=0.591) obtained
was for right upper arm length in females. Left upper
arm length exhibited higher correlation co-efficient
with stature in both the sexes, and thus it is the best
parameter for estimation of stature in both the sexes.
In a study conducted by Ozaslan A, Koc S, Ozaslan I
and Tugcu H 34 on Turkish population, they obtained
Pearson correlation co-efficient of 0.73 and 0.66 for
upper arm length in males and females respectively
which are higher compared to the present study.
In the present study the SEEs obtained for various
regression equations obtained was in the range of 4.006
to 5.919. As the values of SEE are less, more narrow
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stature estimate can be given based on the regression
equations derived in the present study. Ozaslan A,
Koc S, Ozaslan I and Tugcu H 34 obtained SEE of 4.575
and 4.876 for males and females respectively using
upper arm length. Gadekar S, Vaishnani H, Vikani S,
Gujaria IJ, Bondre KV and Shah GV 32 derived stature
formulae for Gujarat population with SEE valves of
4.5 and 5.4 in males and females respectively. The
values mentioned in these two studies are higher
compared to the present study. However, the value
of SEE is 2.998 for the regression equation obtained
by a study conducted on Mumbai population by
Chikhalkar BG, Mangaonkar AA, Nanandkar SD and
Peddawad RG 33 which gives a more narrow stature
estimate compared to this study. The variations in the
SEE in different studies can be explained by sample
size taken. The SEE can be reduced by increasing the
sample size.
The present study confirmed that there exists
a population based difference in stature and body
dimension proportion, and thus the necessity of
separate regression equations for different regions.
The results of the present study shows that the upper
arm length can be successfully used for estimation
of stature by law enforcement agencies and forensic
scientists. The only precaution to be taken into
consideration is that these formulae are applicable
to the population from which the data has been
collected, due to inherent population variation in
these parameters as observed in this study.

CONCLUSIONS
The present study was carried out to investigate
the possibility of estimating the stature of a person
from upper arm length by application of regression
analysis to native adult population of Dakshina
Kannada. The following conclusions were drawn:
1. Measurements of upper arm length and
stature are positively and significantly correlated
with each other (p<0.001).
2. The present study observed that there exists
gender difference regarding stature and the upper
arm length (p<0.001).

for the estimation of the stature in the native adult
population of Dakshina Kannada district and
neighbouring regions.
Steady decline in stature with advancing age was
not taken into consideration in the present study.
The standard error of estimate was slightly high in
the present study which could have been reduced if
larger sample size was taken.
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ABSTRACT
Estimation of time since death from potassium ion concentration levels in CSF (cerebrospinal fluid)
was carried out in 100 medico legal autopsies with known time of death in the Dept. of Forensic
Medicine IGGMC Nagpur. CSF was aspirated from lateral ventricles after opening the skull and dura,
and concentration of K+ ion was estimated over dimention xpand plus autoanalyzer .
Results revealed the potassium ion concentration increased with increasing PMI and showed a positive
significant correlation of r= 0.944 (p<0.001), the least square regression equation derived is found to be
y=1.705x + 18.83, where y= potassium ion concentration (independent variable) and x= time since death
(dependent variable)
There is no significant difference between calculated PMI and actual PMI
The CSF potassium ion concentration is useful to estimate time since death however further study
required to correlate the concentration with cause of death.
Keywords: K+ concentration, time since death, PMI (Post mortem interval

INTRODUCTION
Cerebrospinal fluid is well isolated from
the intrinsic environment of the blood and its
decomposing factors and also from the extrinsic
environment being inside the brain which is enclosed
with in a rigid skull. Soon after death the volume of
CSF amounts to about 150ml. After 24-48 hours it
gradually disappears. Since chemical changes in the
body have less disturbing influence on the CSF than
on the blood, many have hoped that the solution to
the problem of timing death would be found in the
changes taking place in CSF possibly in a diffusion
reaction which is poorly sensitive to temperature.

MATERIAL & METHOD
100 medico legal autopsies were selected where
the exact time of death was known and the body had
Corresponding author:
Dr. Rajesh S Chintalwar
Department of Forensic Medicine and Toxicology
Indira Gandhi Medical College, Nagpur,
Maharashtra – 440018, Phone no. 09767408101
E- mail: rchintalwar03@gmail.com

been kept in prevailing room temperature
Inclusion criteria
1) Only those cases are included in the study
whose time of death is known
Exclusion criteria
1) Any case of head injury, brain pathology,
bleeding diathesis were excluded.
2) Decomposed bodies were excluded.
3) Cases of diabetes and if during postmortem
examination kidney and liver shows gross
pathological abnormality those cases were excluded
The cranial cavity was opened in usual way and
the vault will be removed to expose the brain and
dura. Dura is gently cut from the vault region of the
brain, both cerebral hemispheres are separated apart
from midline by left hand to expose corpus callosum,
10 ml plastic disposable syringe with wide bore
canula (18 gauge) is inserted on the posterior and
depended part of corpus callosum for 1.5cm depth.
The needle is directed posteriorly, downwards
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and slightly laterally in each hemisphere and
cerebrospinal fluid was withdrawn and immediately
centrifuged and analyzed for potassium ion on
Dimension Xpand plus automatic analyzer ( indirect
ion selective method) after centrifugation, in the dept.
of biochemistry in our college.
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The potassium ion concentration increased with
increasing PMI and showed a positive significant
correlation of r= 0.944 (p<0.001)

OBSERVATION AND RESULTS
In the present study out of 100 cases 68 cases
were males 32 cases were females, 37 cases were
studied in summer, 38 cases were studied in rainy
days, 25 cases were studied in winter. Environmental
temperature ranges from 30-460C in summer, 22-390C
in rainy days and 18-330C in winter. Alleged cause
of death was poisoning in 24 cases, blunt trauma to
chest in 11 cases, coronary artery disease in 16 cases,
burns in 13 cases, hanging in 9 cases, snake bite in 1
case, electrocution in 5 cases, alcoholic intoxication
in 3 cases, septicemia in 10 cases, drowning in 2
cases, peritonitis in 3 cases and 3 bilateral pulmonary
consolidation cases, The cases were grouped into four
groups on the basis of postmortem interval (PMI) i.e.
0-6, >6-12, >12-18, >18-25. The least PMI observed was
2 hours and maximum was 25 hours.

The mean value is found to be 37.63 mEq/L with
standard deviation of ±12.12 mEq/L. values ranges
from 13.7mEq/L to 60.3mEq/L. The least square
regression equation derived is found to be y=1.705x
+ 18.83, where y= potassium ion concentration
(independent variable) and x= time since death
(dependent variable)
There is no significant difference between
calculated PMI and actual PMI

Table : Table showing distribution of cases in different postmortem interval, with mean values and
standard deviation, and range of values of K+ ion in that postmortem interval
PMI Group

0-6

>6-12

>12-18

>18-25

Mean ±S.D.
Values of K+

24.71±5.3

34.52±5.92

44.5±3.71

53.39±2.85

Ranges
From

13.7 to 31.8 mEq/L

23.1 to 44.6 mEq/L

39.6 to 53.6 mEq/L

48.7 to 60.3 mEq/L

The above table and graph is showing increase
in potassium ion concentration with PMI, and shows
positive coefficient correlation r= 0.944 (p<0.001).
The 95% limits of confidence interval of CSF
potassium, at 0-6 hour postmortem interval are
24.714 ±1.84mEq/L, at >6-12 postmortem interval are
34.52±2.69 mEq/L, at >12-18 hour postmortem interval
are 44.5± 1.6033 mEq/L, at >18-25 hour postmortem
interval are53.39±1.26 mEq/L

DISCUSSION
Mason, Klyne, & Lenox (1951) were first to
observe the postmortem rise of CSF potassium. They
noted that the concentration of potassium increased

in proportion to its logarithm of the time up to 70
hours after death, they got statistically significant
slop p<0.001,in the plot potassium concentration
against the logarithm of time. 3
Naumann H.N. (1958) had analyzed 157 samples
of postmortem CSF. The cases were selected based
on pathological changes unrelated to electrolyte
imbalance. At 10.5 hours postmortem, the potassium
ranged from 5.6 to 40meq/L with an average of 21meq
/L, and standard deviation of 6.1. 5
Fraschini F., Muller E., & Zanoboni A.
(1963) observed that potassium moved into CSF
progressively. 7

107

Indian Journal of Forensic Medicine & Toxicology, July-December 2016, Vol. 10, No. 2

Paulson G. W. and Stickney D. (1971) noted
that there was an increase of CSF potassium in
postmortem state. 6
Karkela J.T. (1993) studies the 40 different adult
cadavers, the samples taken at 2, 4. 10, and 24 hour
after death. He observed potassium concentration
increase linearly after death. 1
Bardale R. V.and Dongre A.P. (2004) found that
there was an increase in potassium concentration
in the postmortem interval with the time, the rise
statistically significant (p< 0.001) and relatively
linear. 2
Results of Yadav J et al (2007) revealed a
significant correlation of potassium ion in CSF up to
25 hours of time since death. 4
My findings are consistent with Mason, Klyne, &
Lenox, Yadav J et al, Bardale R. V.and Dongre A.P.,
Karkela J.T., Fraschini F at al., Paulson G. W. and
Stickney D, Naumann H.N.

CONCLUSION
The CSF potassium ion concentration is useful
to estimate time since death however further study
required to correlate the concentration of K + with
cause of death.
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ABSTRACT
DNA methylation is an epigenetic mechanism which plays a vital role in the control and regulation
of gene expression. In the past few years DNA Methylation was widely investigated in Medical field
to understand complex diseases, but of late there has been a surge in studies exploring its potential
use in Forensic Science. The present review discusses the application of DNA methylation to decipher
regularly encountered query faced by a criminalist which includes DNA authentication, Body
fluid identification, paternity dispute, Ancestry, gender and age estimation and Identification of
monozygotic twins. The review also gives an insight about DNA methylation limitations.
Keywords: DNA Methylation, Body fluid identification, Ancestry estimation, Age Estimation, Gender
determination

INTRODUCTION
Epigenetics
encompass
the
complex
modifications of the genomic DNA imparting unique
cellular and developmental identity1. Though in
broad perspective, epigenetic could be defined as a
bridge between genotype and phenotype, changing
the final outcome of locus or chromosome without
disturbing the underlying DNA sequence2. The
three mechanism underlying Epigenetics includes
DNA Methylation, Histone Modification and RNA
silencing. DNA Methylation is the most common
epigenetic process discovered by Holliday and
Pugh in the year 1975 and found to be associated
with X Chromosome inactivation and imprinted
genes3-4. In DNA Methylation methyl groups is
added at 5’ position of cytosine at CpG islands
and other CpG regions resulting in reduced gene
expression. Recently there has been plethora of
studies associating DNA Methylation with complex
diseases, including Cancers, neurological disease,
autoimmune disease and Cardiovascular diseases57.
In addition to this DNA methylation based assays
Corresponding author
Suchita Rawat
Ph.D. Scholar, Department of Anthropology,
University of Delhi, Delhi 110007, India
suchitarawat1990@gmail.com

could be used in Forensic science for authentication
of the DNA sample, Age prediction, Tissue sources
and body fluid identification and differentiating
monozygotic twins8. Hence the present paper aims
to systematically review the available literature on
Forensic application of DNA methylation.

GENDER, AGE, AND ANCESTRY
DETERMINATION
Determination of gender from biological samples
using DNA Methylation have fascinated researchers
round the globe. It was in the year 1993 that Naito
and colleagues proposed female sex determination
using the Hypomethylation status of X chromosome
specific repetitive sequence DXZ4 9. In 2007, Study
by Maori and colleagues found a higher Global
Methylation pa�ern of DNA repetitive elements
(LINE 1 and Alu) and two loci (Xq28, 19q13.4) among
males than females. Though this was not simulated
for tDMRs (tissue- specific differentially methylated
regions) of imprinted genes (H19, NESP55 and
PEG3) also considered in the study 10. 2 years later,
a study by a research group led by Boks observed
hypermethylation of X chromosomal probes among
females than males further autosomal CpG sites
displayed differential Methylation pa�ern 11. In a 2011
study by Zhang and colleagues observed lower LINE
1 methylation among women than compared to men
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Their results were in concordance with a study by
Zhu conducted in 2012 according to which higher
LINE 1 while Lower Alu repeat Methylation among
males than females13. Further, in 2012, Lee found
higher methylation of tDMRs of HOXA4 gene among
male saliva samples than compared to females
though statistically it was insignificant. Further, this
was not found in other biological sample, i.e. blood,
therefore, it is not appropriate to be used for as
gender differentiation 14.
12.

Further studies by various researchers
successfully employed Epigenetics as tool for age
estimation. In 2008, Igrashi and the group found a
linear correlation between age and Methylation 15.
3 years later, Bocklandt and colleagues deduced
regression model for age estimation with an accuracy
of 5.2 years. They observed that Methylation status
of TRIM58 and EDARADD gene decreased with age,
while for the third site NPTX2 game an opposite
trend was obtained16. Similarly, in 2011, Koch and
Wagner obtained DNA Methylation profile of 5
tissues (T cells, dermis, epidermis, cervical smear and
monocytes) and used GRIA2, KCNQ1DN, GRIA2,
NPTX2 and TRIM58 gene differential Methylation
status to estimate age with precision of 9 years 17.
Research studies by various scientists have also
utilized the differential Methylation pa�ern for
ancestry determination. The first a�empt was in
2011 by Zhang and group, they found lower LINE
1 methylation among Non-Hispanics, Black than
Non-Hispanics, whites and Hispanics 12. Study by
Terry in 2013 also found lower Methylation among
blacks than compared to Hispanics and whites 18.
In 2012, Lam found that 30% difference in CpG
sites Methylation pa�ern of lymphoblastoid cell
lines obtained from trios of European and African
ancestry19.

IDENTIFICATION OF MONOZYGOTIC
TWINS
Identification of Monozygotic twins has baffled
forensic geneticist for quite some time 20 but now
DNA Methylation has been identified as a promising
method to differentiate them 21. In 2005, Fraga and
group analyzed DNA Methylation pa�ern of 40 pairs
of monozygotic twins ( 15 female pair and 25 males
pair) and found that 19 % of female twins displayed
differential X chromosome methylation pa�ern while
overall 35 % of twins displayed Differential DNA

Methylation 22 .In another study conducted in 2011
, Li and colleagues found 377 candidate CpG sites
which was differential methylated among 22 pairs of
monozygotic twins 23 .This was in concordance with
study by research group led by Li who found 92 CpG
sites with differential Methylation pa�ern among 22
pairs monozygotic twins 24.

PATERNITY DISPUTE
Paternity Dispute is another predicament which
has been solved by DNA Methylation . In 2005
, Zhao proposed Methylation status of imprinted
SNP(rs 220028) for determination of parental origin of
alleles 25. Further three studies proposed application
of Methylation status of imprinted gene H19 in
paternity determination 26-28. Additionally studies
have also proposed differential methylation pa�ern
of imprinted genes (H19, HYMA1, SNRPN,PEG3)
29-31
.

DNA VERIFICATION AND BODY FLUID
OR TISSUE IDENTIFICATION
Sometime DNA could be planted in crime
scene to frame an innocent but a milestone was
achieved with a study by Frumkin in 2005 which
observed consistent unmethylated status of invitro
synthesized DNA while natural DNA showed a
combination of methylation and unmethylated
pa�ern at 2loci (NT18 and ADD6) and of 2 loci
(MS53 and SW14) respectively 32. Apart from the
aforesaid application of DNA methylation, it is also
efficiently used for Body fluid or tissue identification
encountered in a crime scene. Semen is recognized by
unmethylated USP49, DACT1 33-34, PFN3 tDMR while
hypomethylated VASA tDMR 35, ZC3H12D 33 and
L91762 loci 36 while hypermethylated L81528 tDMR
37,
FGF7 33 and L68346 loci 36. Blood and saliva are
characterized by hypermethylated USP49, DACT1,
HOXA4 34, PRMT2 tDMR 38, ZC3H12D 33 and
L91762 loci 36. Vaginal fluid and menstrual blood
are characterized by hypomethylated of PFN3 tDMR
37
and HOXA4 tDMR while hypermethylation of
PRMT2, USP49 and DACT1 tDMR 34. Further Skin
epidermis are characterized by hypermethylation of
ZC3H12D 33, L91762 loci, ratio of L91762 /L68346 and
L76138/L26688 36.

LIMITATIONS
Besides the abundant applications of DNA
methylation, certain challenges also exist. These
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include selection of the CpG sites which can either
be achieved through candidate regions (CpG islands
and promoter regions) screening or through genome
wide DNA methylation followed by validation
of DNA methylation and assay design. Since the
forensic specimen available to the laboratory is
limited both in quality and quantity, the Assay used
in DNA methylation should possess high specificity
and sensitivity 39. It is a well established fact that DNA
methylation status is altered due to extrinsic factors.
Recent studies have found that exposure to lifestyle
habits (Alcohol consumption, smoking, substance
abuse), diet (Folic acid, caffeine), prescription drugs
(Valproic acid, α hydroxybutyrate), Environmental
toxic and pollutants (Arsenic, lead, Mercury) and
stress or adverse life experience prior to birth
alters DNA Methylation pa�ern 40-41. Therefore it
is important to ensure that loci selected for DNA
methylation pa�ern are not influenced by these
factors. Another limitation of the use of DNA
methylation for forensic is its elevated cost which
would make it hard for developing countries to
perform such analysis on a routine basis. Forensic
epigenetic is in its infancy stage and require much
more research studies to consolidate and validate
prior research findings before being used by
criminalists. However, one cannot discredit it’s the
potential application in Forensic Science.

in cell and developmental biology. 2014;2.
2.

Goldberg AD, Allis CD, Bernstein E. Epigenetics:
a landscape takes shape. Cell. 2007 Feb 23;128(4):
635-8.
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Holliday R, Pugh JE. DNA modification
mechanisms and gene activity during
development. Cold Spring Harbor Monograph
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Yamanouchi H. Novel paternity testing by
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CONCLUSION
It is quite evident that DNA methylation could
be a potential tool of Forensic Science for solving
dynamic problem encountered in this branch of
science.
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ABSTRACT
Tooth eruption time and sequence are important factors in dental treatment planning especially in
orthodontics, but also in forensic dentistry to estimate age of a child. As the field of forensic dentistry
grows in India, there is a need to find a reference range for eruption times in specific geographical
regions of the country. In the present study study subjects were selected from schools in bareilly district
of U�ar Pradesh. The eruption of the permanent first molars were recorded and tabulated. It was found
that there are differences in eruption times as compared with other studies in India and abroad.
Keywords: Dentition, School Children, First Molar Central Incisor, Eruption Pa�ern

INTRODUCTION
Teeth are an important part of the
dentomaxillofacial complex. They are biological
markers of maturity and their eruption into oral
cavity is an important milestone in an individual’s life
(1)
. Tooth eruption time and sequence are important
factors in dental treatment planning especially in
orthodontics, but also in forensic dentistry to estimate
age of a child. As per Section 89 of the Indian Penal
Code, a child under the age of 12 years cannot give
valid consent to suffer any harm which may occur
from any act done in good faith and for his benefit.
As per Section 83 of the Indian Penal Code, a child of
7 to 12 years age, may or may not be held responsible
for his act of crime by the court depending upon
whether the child has obtained sufficient maturity
to understand the nature and consequence of the act.
From this we can derive that child above 12 years of
age is considered to have sufficient maturity to be
responsible for an act of crime by the courts of law.
(2)
Tooth eruption is a continuous biological process
by which developing teeth emerge through the jaws
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and the overlying mucosa to enter into the oral cavity
and contact the teeth of the opposing arch (3). Several
studies have shown that eruption of the permanent
teeth is orderly, sequential and age-specific event.
Generally, permanent teeth have been found to erupt
between the ages of 5 to 13 years, except the third
molars which do so between 17 and 21 years . (3,4)
Studies have also reported differences in
eruption of permanent teeth between ethnic groups,
gender, socioeconomic and nutritional factors,
carious condition, fluorides, congenital abnormalities
such as supernumerary teeth, Down’s syndrome,
cleidocranial dysplasia, and environmental and
secular trends (3,4).
The ability to age an individual with a degree
of objectivity and certainty is important in many
medicolegal circumstances.It has been reported that,
children as young as 4 years have been brought for
such age assessment with the issue in question being
whether the child has a�ained the age of 5 years or not.
This is because according to Section 6 (a) of The Hindu
Minority and Guardianship Act 1956, a minor who has
not completed the age of 5 years shall ordinarily be
in the custody of the mother, and a divorced mother
often wants to keep the child in her custody. At the
other end of the spectrum, people as old as 75 years
of age have come for a medicolegal opinion on their
age. Many of them allege that they are above 70 years
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of age in order to be able to qualify for some State
Government’s pension scheme for old people. Thus
virtually no age is irrelevant in its potential for an
aging dispute from a Medicolegal point of view. An
exhaustive list of these ages is available elsewhere
(Aggrawal 2000).The following list gives a glimpse
of the amazing range of ages which a practising
medicolegist may be asked to opine upon. This list
presumably differs from country to country and
even within the various states of the same country.
It would be helpful for a medicolegist of a particular
state or country to compile his own list in accordance
with its own laws.
The existing eruption schedules for permanent
and deciduous dentition are mainly based on studies
in the Western population. Since Indians differ from
Westerners racially, genetically, and environmentally,
these studies fail to provide relevant guidance on the
eruption schedule in the Indian population. (5,6,7)

MATERIAL & METHOD
The present study has been conducted on the
primary school going children of the schools in and
around Bareilly, U.P. for the period of one year (2014
- 15). Oral cavity was examined with sterilized mouth
mirror and probe under adequate illumination for
determining the status of eruption of the permanent
first molar and central incisor and the details were
entered in proper approved proforma. Informed
consent was obtained from the guardian/ school
authorities prior to the examination with proper
procedure explained to the guardian/ institutional
head and the subjects. Before starting the study
ethical clearance was obtained from institutional
Ethical Commi�ee Review Board. The study subjects
falling under the age group 5 – 9 years from both
genders were included. Exclusions were made on
individuals with prior dental treatment or extraction/
caries in the first permanent molar and central
incisor. Similarly subjects without a birth certificate
were excluded from the study.
The collection of data was done in subjects who
had erupted tooth. The criterion for the eruption
of tooth was “tooth is deemed to have erupted if
any part of the tooth is visible in the oral cavity” or
“tooth is said to have erupted when any part of the
crown has perforated through the alveolar mucous
membrane”.The data was collected and segregated
based on gender, age, location ( urban and rural)
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, type of school (private and public school) and
the resultant eruption pa�erns.The data collected
was entered in a Microsoft Excel Work Sheet. The
subsequent data was analyzed using SPSS statistical
software.

RESULTS
A total of 399 subjects were included in the study
ranging in age from 5 years to 9 years, from both
genders. The areas included were in 5 different parts
of the district of Bareilly, U�ar Pradesh, of which 3
were classified as urban/ semi Urban localities and 2
as rural localities.
Eruption pa�ern according to age
In the study population, it was observed that
the maximum number of subjects, with eruptions,
in terms of age were in the age of 8 years, having a
percentage of 29.8 % of the total subject population
and including both genders. This was closely
followed by age group 7 years having a percentage
of 28.8 %. The least number of eruptions were in the
9 year age group.

Figure 1
Eruption according to Location
Of the study subjects the eruption was divided
in mandibular teeth and maxillary teeth. In both
genders, the mandibular tooth eruption was earlier
as compared to maxillary tooth eruption in both the
permanent first molar and central incisor.
Of the subjects 83.7 % subjects had mandibular
first molar eruption prior to maxillary eruption,
whereas 58% subjects had central incisor eruption in
the mandibular part.
Gender differences
Of the total number of subjects, males constituted
a majority with the male: female ratio at 1.7:1.
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eruption the age of eruption was found to be 6.9
years. There was a standard deviation of 1.1 years
among the study sample. (8)
This was different from our study wherein we
found an mean eruption age of the first mandibular
molar at 7.1 years and mean age of eruption of canine
at 8 years.
Figure 2
In concurrence with previous studies and
standard textbooks it was found that females had
earlier age of eruption of both permanent first
molar and central incisor as compared to their male
counterparts. The mean age of eruption in females
was 7.4 years of age for permanent first molar as
compared to 7.5 years of age in males, with a standard
deviation of 0.9.
For the central incisor, in females the mean age of
eruption was 7.6 years whereas in males the age was
8 years with a standard deviation of 0.8.
Eruption Pa�ern in Public schools vs Private
schools
Among the schools selected for the study, out of
the 5 schools selected, two were in urban areas and
were private unaided schools. In these two areas the
dentition showed earlier eruption of permanent first
molar and central incisor. The mean age of eruption
in private school children was 6.6 years of age as
compared with public school children that displayed
an mean eruption age of 8.1 years.

DISCUSSION
Various studies carried out in Western
populations have reported the age of eruption of
deciduous and permanent teeth. This age range is
considered as the standard reference age for eruption
of human dentition and is quoted in all the standard
textbooks of oral physiology. Delayed or premature
eruption of teeth is defined based on this reference
age. Indians form one-sixth of the global population
and differ from the Western population genetically,
racially, and environmentally. Considering this, the
standard eruption age based on Western populations
cannot be applied to the Indian population. (6,7)
In a study among Pakistani Children, it was
concluded that the mean eruption time was 6.5 years
of the first mandibular molar. In respect to maxillary

Also in conflict with a Saudi study we found that
the first tooth to erupt was the mandibular molar as
against the study that reported maxillary first molar
as the first tooth to erupt.(4)
However, in Delhi, a study was conducted
by Agarwal K.N. et al who concluded after their
analysis that the mandiibular first molar was the first
permanent tooth to erupt.This is in concurrence with
our study and may lead to a hypothesis that possibly
geographical differences may play a role in eruption
times.(9)
In another study, Chunthuiliu Kamei and D.K.
Limbu who reported about eruption of permanent
teeth among gowda girls in Mysore district of
Karnataka found that in both the quadrants of
mandible, eruption of most of the teeth is either
similar or very close to the eruption timing of the
maxillary teeth. The earliest tooth to erupt is the first
molar of the right quadrant (5.9years), followed by
the mandibular central incisors of both the quadrants
and the mandibular first molars of the left quadrant
(6.0 years). (10)
This study is reporting differences with our study
and only focused on females in the study sample.
However it does lend credibility to the reports of
eruption times being earlier in females as compared
to males as was seen in our study.
In our study we found that the private school
children showed early eruption than the public
school. These findings is similar with the study done
by N Khan in Karachi, Pakistan (2011) who concluded
that the children from private schools showed early
eruption than public schools. In his study, seventeen
teeth showed significantly earlier eruption in private
school children. In Pakistan, the children of low socioeconomic classes usually enroll in the public schools.
Therefore, malnutrition could be a significant factor
in delayed eruption, as mentioned by the author .(8)

Indian Journal of Forensic Medicine & Toxicology, July-December 2016, Vol. 10, No. 2

CONCLUSION

116

2.

Ratanlal and Dhirajlal. The Indian Penal Code.
13th Edition, 2007. Wadhwa and Company,
Nagpur. Pg 641.

3.

Bailit HL, Sung B: Maternal effects on the
dentition. Arch Oral Biol 1968, 13:155–162.

4.

Khan NB, Chohan AN, AlMograbi B, AlDeyab
S, Zahid T, AlMoutairi M: Eruption time of
permanent first molars and incisors among a
sample of Saudi male school children. Saudi
Dent J 2006, 18:18–24.

5.

• In terms of geographical regions, there were
differences in the eruption times of permanent
teeth.

Holman DJ, Jones RE. Longitudinal analysis of
deciduous tooth emergence: parametric survival
analysis in bangladeshi, guatemalan, japanese,
and javanese children. Am J PhysAnthropol
1998;105(2):209-30.

6.

• Private school going children showed a earlier age
of eruption as compared to public school going
children.

Jaswal S (1983) Age and sequence of Permanent
Tooth Emergence Among Khasis. Am J
PhysAnthropol 62:177–186

7.

Lunt RC, Law DB. A review of the chronology of
deciduous teeth. J Am Dent Assoc 1974;89:872-9.

8.

Khan N. Eruption time of permanent teeth in
Pakistani children. Iranian Journal of Public
Health.2011,40(2): 63-73.

9.

Agarwal KN, Gupta R, Farida MM, Kalra N.
Permanent dentition in Delhi boys of age 5-14
years. Indian Paediatr 2004;41:1031-5.

After the collection, recording and subsequent
analysis of the population data and after statistical
analysis, we concluded that
• The mean eruption age for permanent first molar
among the subject population was 7 years with
the eruption being one year later (Approx) in
males.
• The mandibular permanent teeth erupt prior to
maxillary teeth.
• There were statistically significant differences
in the eruption ages of teeth in the subject
population.

• Further studies are needed on a larger sample size
for accurate assessment of the dentition pa�ern in
the region.
Conflict of Interest: There are no conflicts of
interest of the author.
Source of Funding: Self
Acknowledgement : Nil

REFERENCES
1.

Ash MM, Nelson SJ. Development and Eruption
of teeth. In: Dental Anatomy, Physiology and
occlusion. 8thEd. St Louis: Elsevier; 2003. p. 4951.

10. Kamei C, Limbu DK. Eruption of permanent teeth
among the Gowda girls of Kodagahalli Village of
Mysore District of Karnataka. Anthropologist, 16
(3): 731-734 (2013).

DOI Number: 10.5958/0973-9130.2016.00075.X

An Epidemiological Study of Suicidal A�empt
Victims at J N Medical College, Aligarh
Saadiya Saeed1, Mohammad Shuaib2
Associate Professor, 2Senior Resident, Department of Forensic Medicine, J. N. Medical College,
Aligarh Muslim University, Aligarh, UP, India

1

ABSTARCT
Suicide is the second most common cause of unnatural death. Every year three quarters of a million
take their own life in many countries. This is a leading cause of death in the most productive age group
(20 – 50 years). A�empted suicide is 4 – 8 times more common than suicide. The studies pertaining to
Socio-demographic characteristics are helpful in formulating suicide prevention strategies at the state
& National level.
The present study was conducted with the aim of studying the socio-demographic characteristics of
suicidal a�empt victims at J.N. Medical College Hospital, Aligarh Muslim University, Aligarh.
This study was conducted in the departments of Forensic Medicine and casualty over a period of 5
years between January 2007 till December 2011.
A total of 1164 suicidal a�empt victims reported to this Hospital. Data were collected in relation to the
demographic characteristics and other details and entered into a proforma specially prepared for this
study.
Data were analyzed by using SPSS 17.0 (Statical Package for social science) regarding the variables. The
following results were obtained in this study.
Age: Commonest Age group was between 20 – 29 years (37.28%).
Marital Status: Majority of the suicidal a�empt victims were married people (68.9%)
Religion: Hindu victims were 84.88%, Muslims 12.4% and Christians 0.6%.
Domicile: Most of the suicidal victims (66.41%) were form rural areas.
Educational Status: 50% of the victims were illiterates. Graduates and above constituted about 7.39%.
Occupation: 34.54% of the victims were unemployed.
Socio-economic Status: Majority of the victims were from lower socio-economic status 32.64%.
Location: Majority of the suicidal a�empts were made at the residence 83.5%.
Time of the day: 37.2% of patients a�empted suicide between 6 am to 12 noon.
Keywords: Suicidal a�empt victims, epidemiology, socio-economic status, Geographic Location

The term “Suicide” is derived from the Latin
words, Sui (“of oneself”) and cidium (“killing” or
“slaying”), it is an act of an individual causing its

own death(1). Suicide is the second most common
cause of unnatural death. Every year an estimated
three quarters of a million take their own life and in
many countries this is the leading cause of death in
most productive age group(2).
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A�empted suicides have been on the rise all
over the world and it is 4-8 times more common
than suicide; it carries significant social and medical
implications(3). The studies pertaining to social,
psychological and demographic factors are helpful in

INTRODUCTION
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formulating suicide prevention strategies at the state
and national level. With this background an a�empt
was made in the present study to study the various
epidemiological factors in victims of a�empted
suicide at JN Medical College, Hospital, Aligarh
Muslim University, Aligarh.
The aims and objectives of the study were the
following:
a) To
study
the
sociodemographic
characteristics of the victims of suicidal a�empt
including.
1)Age

2) Sex

3) Geographic location
4) Education

5) Socio– economic Status

6) Marital Status

7) Income

b) Various trends like
1) Time 2) Day 3) Month 4) Seasonal variation

MATERIAL & METHOD
This study was conducted at JN Medical College
and Hospital, AMU, Aligarh in the departments of
Forensic medicine and casualty, over a period of 5
years from January 2007 to December 2011.
The study included retrospective data from
January 2007 to December 2009. The prospective
component of the study was conducted between 2009
to 2011. For the purpose of the present study a case of
suicidal a�empt was defined as “A person who had
made deliberate act of self-harm consciously aimed
at self-destruction irrespective of his/her intention to
die.”
The present study included 1164 suicidal a�empt
cases that reported to the emergency department of
Jawaharlal Nehru Medical College, Aligarh Muslim
University, Aligarh during the study period.
For the period between January 2007 to December
2009, the data were collected from the case record
of patient. From January 2010 to November 2011
prospective data were obtained. After admission
to the hospital, a detailed history was obtained
from the relatives of the patient if the condition of
the patient was not satisfactory. Information was
obtained from the patient and also by his relatives, if
the patients were conscious and oriented. A detailed
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clinical examination was made. All the data related to
demographic characteristics and other details were
entered into a proforma specially prepared for this
study.
At the conclusion of the study the data were
analyzed by using SPSS 17.0(Statistical package for
social sciences, version 17.00) chi-square test was
applied to test the association between the sociodemographic variables.

FINDING
Age Groups :-The maximum number of suicidal
a�empt cases were in the age group of 20-29 years i.e.
434 (37.28%). The age specific a�empted suicide rates
decreased with increasing age.
Marital Status:- Majority of the suicidal a�empts
were made by married people 802 (68.90%) and the
least were in divorced/widow/widower group. i.e. 14
(1.20%). The proportion of married verses unmarried
a�empters was statistically significant (P<0.001)
Religion:- Hindus constituted the majority of the
suicidal a�empt victims; 988 (84.88%), Muslims 169
(12.4%) & Christians (0.6%).
Domicile:- Most of the suicidal Victims were
form the rural areas 773 (66.41%) compared to 391
(33.59%) from the urban areas.
Educational Status:- Illiterates constituted the
majority of the suicidal a�empt cases 582 (50%) and
the least number of cases were found in the graduates
and above 86 (7.39%). The association between the
illiterates and graduates and above was statistically
significant (P<0.001)
Occupation:- Most of the a�empted suicide
victims were from unemployed house wife group
accounting for 402 (34.54%) and the least were in
teacher and policeman group 04(0.34%)
Socio-economic status:- Most victims were from
lower and from upper lower socio-economic group,
380(32.64%) and 339(29.12%) respectively. The least
were 45(3.87%) from upper class group.
Location of suicidal a�empts: Majority of
the suicidal a�empts were made at the residence
972(83.50%) and the minimum on the railway track
24(2.06%). The association between the locations was
statistically significant.
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Time of the day or night:- Majority of the
suicidal a�empts were made between 6 am to 12
noon 433(37.20%) and the least number of suicidal
a�empts were made between midnight to 6:00 am
141(12.11%)

Month wise distribution:- Maximum numbers
of suicidal a�empts were made in the month of
May 117(10.05%) and minimum in the month of July
71(6.10%).
Year wise distribution: - The cases were evenly
divided throughout the five year study period. The
maximum number of cases were seen in the year
2009, 257(22.08%) and the minimum number in the
year 2010, 207(17.78%)

Day wise distribution:- The maximum suicidal
a�empts were made on Thursdays 182(15.64%) and
minimum 153(13.14) on Tuesdays.

Table-1 : age and sex wise distribution of suicidal a�empts cases
Age
(Years)

Males

Females

Total

No.

%

No

%

No.

%

<20

80

14.6

156

25.32

236

20.28

20- 29

172

31.39

262

42.53

434

37.28

30-39

146

26.64

106

17.21

252

21.65

40-49

82

14.96

46

07.47

128

10.99

50-59

30

05.48

16

02.60

46

03.96

60 & Above

38

6.93

30

04.87

68

05.84

Total

845

100.00

616

100.00

1164

100.00

Table- 2: Distribution of cases according to marital status
Males

Marital Status

Females

Total

No.

%

No

%

No.

%

Unmarried

146

26.64

202

32.8

348

29.9

Married

398

72.63

404

65.58

802

68.9

Divorced/Widow /Widower

04

0.73

10

1.62

14

01.2

Total

548

100.00

616

100.00

1164

100.00

Table- 3: Distribution of cases according to religion
Males

Religion

Females

Total

No.

%

No

%

No.

%

Hindu

472

86.13

516

83.77

988

87.88

Muslim

73

13.32

96

15.58

169

14.52

Christion

03

00.55

04

00.65

7

00.60

Total

548

100.00

616

100.00

1164

100.00

Table- 4: Distribution of cases according to Education
2q

Males
No.

Females
%

No

Total
%

No.

%

Illiterate

298

54.38

284

46.10

582

50.00

Primary

82

14.96

138

22.40

220

18.90

Secondary

42

07.66

98

15.91

140

12.03

Senior Secondary

76

13.87

60

09.74

1396

11.68

Graduate & Above

50

09.13

36

05.85

86

07.39

548

100.00

616

100.00

1164

100.00

Total
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DISCUSSION
suicide is not a simple issue for it hinges on a
spectrum of ethical, legal social and psychological
problems and it is yet to offer a satisfactory
answer to most questions raised by this perplexing
phenomenon(4).
A�empted suicide is a conscious and voluntary
act to injure himself and to which the individual
could not have been certain for surviving, but where
the injury has not led to death. Any activity that
involves acts of intentional self-injury with the object
of death, where the result in not death(5).
In the present study 79.21% of patients were in
the age range of 12 – 39 years. About 2/3rd of the
patients who a�empted suicide were below 40 years.
This shows that young people are more prone to
a�empted suicide. Our findings are in concondrence
with other studies (6,7,8)
The incidence of females who a�empted suicide
was slightly more than males in our study, 47.08%
males verses 52.92% females and the male female
ratio was 1:1.12. More female in the age group
between 12 – 29 years (67 – 85%) a�empted suicide
in our study, since this age group is related to early
marriage where dowry related problems are common
in this country(6,9).
In Japan Sato at al(10) have reported suicidal
a�empts more common between 50-59 years and
the reasons suggested by them for this finding is
that older people are more lonely and without family
support
In India females have more chance of a�empting
suicide, especially in young age (6, 11, 12). The reasons
may be related to fluctuating hormone levels and
dowry related problems. In the present study
20.45% of victims a�empted suicide due to dowry
related problems. In U.S. studies have suggested
that suicide a�empts were more common in gay,
lesbians and bisexual high school students compared
to heterosexual peers (13). In the present study married
people far (68.90%) outnumbered unmarried ones
(29.9%) in a�empting suicide, which is in contrast to
western studies (14,15). Married people are more likely
to come under stress due to family and financial
responsibilities leading to a�empted suicides.
According to WHO(16), divorced, widowed and single
persons are at a higher risk of a�empting suicide but
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this is at variance with our study. The Indian scenario
is different because of family ties and social support
very few people a�empt suicide in this category, in
our study only (1.2%) victims were from divorced,
widow and widower group.
Hindus (88.88%) far outnumbered Muslims
(14.52%) in a�empting suicide, although Aligarh
city and adjoining areas have a large Muslim
population. Similar observations were made in other
studies(17,18). Muslim nations throughout the world
have shown lower suicide rate. This difference is
because of the religious belief in which Muslims
are prohibited from commi�ing suicide, hence
strong belief in religion can be a factor in preventing
suicidal a�empts. In our study Rural population
accounted for 66.41% of suicidal a�empt victims
compared to 33.59% from urban areas. Our findings
are similar to those of Sharma et al and Gouda at
al(6,12). However Arun & Narang(2,19) observed greater
suicidal a�empted suicide by rural dwellers. Failure
of crops, social isolation, lower level of education and
easy availability of poisonous pesticides have been
suggested as possible factors.
50% of victims in the present study were
illiterates and least number of victims were graduates
and post graduates (7.39%). The findings of our study
are similar to other studies(2,12,19,20). Unemployed
individuals and house wives (34.5%) a�empted
suicide more commonly followed by students
(21.65%). These findings are similar to other Indian
studies. Lower socio-economic group had a higher
rate of victims with suicidal a�empt. This has been
observed all over the world (12,21,22). 83.5% of victims in
our study a�empted suicide at their residence. This is
similar to other studies (23,24). From this observation this
can be inferred that suicide victims usually choose the
surroundings familiar to them, where they have the
necessary materials needed for a�empting suicide.
The maximum number of suicides were a�empted in
the month of May (10.05%) and least in the month of
July (6.1%), all the other months had an equal share
of suicidal a�empts. Maximum numbers of suicidal
a�empts were made on Thursdays (15.64%) and
minimum number on Tuesdays (13.14%), though no
statistical difference was observed in any particular
day of the week in the present study. Maximum
number of cases a�empted suicide between 6am- 12
noon (37.2%) and the least number between midnight
and 6 am(12.11%). This observation is similar to that
of Ana Tonio Preti at al(15). However xio et al(25), found
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no difference in the diurnal pa�ern.

CONCLUSIONS
The present study has highlighted many
of the already known factors which make the
victims vulnerable for suicidal a�empts, the most
significant among them are young age, female sex,
poor socio-economic state, low educational status,
unemployment and rural background. Religious
belief and familiar surrounding where a�empting
suicide is easier are also important factors. Our
study has shown that in India, groups such as gays,
lesbians, windows widower etc. make less suicidal
a�empts in contrast to western world. No month or
day of the week was found to be having statistically
significant suicidal a�empts.
Acknowledgement: Prof. Javed Usmani,
Chairman, Dept. of Forensic Medicine, JNMC, AMU,
Aligarh.
Conflict of Interest :Nil
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History of Dental Radiographs in Forensics
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ABSTRACT
Radiography can play an important role in forensic dentistry, mainly to establish identification. This
takes the precise form of comparison of ante-mortem and post-mortem radiographs. There are many
radiographic views that can be used for identification. This article describes role of dental radiographs
in identification.
Keywords :- Radiographs, ante-mortem, post-mortem, frontal sinus.

INTRODUCTION

HISTORY

Radiographs are the essential factor to confirm
the identification in mass disaster cases. Dentofacial
radiography has become a routine procedure in the
dental, medical, and hospital clinics. The mostly used
radiographs are bitewing, but also include other
intraoral techniques such as periapical and occlusal
views. Extraoral projections like oblique views or
panoramic views may also be used.

Voluter (1960) suggested that comparison of
sphenoid bone, pituitary fossa, sinus and the osseous
structures and position of air cells around the sella
is useful. He claims that these points are as unique
as fingerprints when used as matching criteria in
antemortem and post-mortem films4. Schuller (1921)
pointed out that the frontal sinuses as observed
radiographically; were useful in identifications. The
frontal sinus in particular has been long established
as a unique feature in every individual5. Thomas
A. Poole (1931) stated that the frontal sinuses of no
two persons are alike. These are larger in males than
females6. Bostram (1973) used the shape of the frontal
sinuses and the sellaturcica as identification features8.
Kultman (1990) reported 100% success in comparison
with antemortem and post-mortem radiographs of
the frontal sinuses5.

Conventional Methods of Radiography used in
Forensics1,2,3
A. Intra oral views
i. Intraoral periapical radiographic techniques
ii. Bitewing technique
iii. Occlusal techniques:
• Maxilla
• Mandible
B. Extra oral views
i. Oblique lateral radiography
ii. Posteroanterior
and
anteroposterior
techniques
iii. Thirty degree fronto-occipital (Townes)
technique
iv. Occipitomental technique
v. Facial bones radiography techniques
vi. Vault of the skull radiography technique
vii. Orthopantomography
Corresponding author:
Dr. Kusum Singal
B.D.S , MSc. Forensic Science
Research Scholar, M.D.U Rohtak
Email Id. kusumsingal731@gmail.com

Sassouni have to subdivide the comparative
methods of identification into two different
categories. In the first category are included cases
where ante mortem records exist but were not taken
for purposes of identification. In the second category
are included cases in which an ante mortem record
was primarily taken, coded, and filed for the specific
purpose of identification6.
1.

Non-Coded Ante Mortem Records

The comparison of the ante mortem and post
mortem radiographs has led to absolute positive
or negative identification5. Schuller is credited
with being the first to suggest the utilization of
radiography for purposes of identification. He has
mentioned especially the sinuses as providing a high
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degree of morphologic variation7.
The most spectacular contribution of radiographs
for non-coded identification has been made in
connection with the ‘Noronic’ disaster. This ship
had been gu�ed while tied up at the pier in Toronto,
Canada. Of 119 victims, 107 bodies had been burned
beyond possible recognition. All were identified
except 3. Only 9 could be identified by fingerprints.
Body, facial, and dental X-rays films were gathered
from hospitals and dentists and compared with those
of the victims. Grant has reported that 20 cases were
identified by dental records and 39 cases were helped
by dental investigation8.
Simpson has related that positive identification is
possible with dental radiograms showing a residual
root left in the mandible9. Frykholm has reported the
identification of two individuals based on dental Xray films in the “OrmenFriske” disaster10.
2. Ante Mortem Radiographs taken primarily
for the purpose of identification
The different works recorded in this section
probably bear the most promising seeds for the
future development of the use of radiography for
systematic identification. Generally, the different
systems developed have been stimulated originally,
by a case solved on the basis of a specific anatomic
area11.
Mayer has reported that T. A. Poole from
Washington in 1931 had proposed a classification of
the frontal sinus X-ray film (taken in Water’s position).
Poole had recommended coding based on (1) height
and breadth of the cavities; (2) presence or absence
of one or both of the frontal sinuses; (3) symmetry
or asymmetry; and (4) position and deviation of the
septum. Although he submi�ed his method to the
United State Department of Justice, to the Intelligence
Division of the United States Navy and to Scotland
Yard, but it was not actually applied12.
Schuller has proposed a classification of the
frontal sinuses from radiographs taken in foreheadnose position. He has defined seven characteristics
: (1) septum and its deviation; (2) upper border
(scallop, arcades); (3) partial septum; (4) ethmoidal
and supra-orbital extensions; (5) height from planum;
(6) total breadth; and (7) position of sinus mid-line58.
In addition, he has warned that certain diseases
may alter the shape and size of the sinuses. Thorne
and Thyberg have proposed identification by mass
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miniature radiography of the cranium and the teeth.
One hundred persons, both children and adults, were
radiographed. Two exposures were made of each
person, using a cephalostat and a photofluorographic
apparatus13
Thomson has studied the pathologic changes of
the sella turcica. He has stated that intrasellar tumors
cause ballooning of the sella and elevation of the
anterior clinoid, while suprasellar tumors cause a
foreshortening of the dorsum and depression of the
anterior clinoid. Furthermore, the sella turcica can
be markedly destroyed in acromegaly and in HandSchuller-Christian disease14. Kraske and Mazzarella
have described a dental X-ray machine, the Panorex,
with which they have taken panoramic dental films.
They have proposed the use of these films for positive
identification of personnel in forensic procedures15.
3. Identification by Dental Implants in Dental
Radiographs
The number of patients being treated with dental
implants is increasing, thus the precise recognition of
implants on radiographs is of increasing importance
in victim identification. Identification of implants that
have been inserted by other dentists is only possible
from radiographs16.
Dental implants are usually classified according
to implant design, properties and a�achment
mechanism. According to the design, implants can be
subperiosteal, endosteal, transosteal and epithelial.
Subperiosteal implants are custom made, designed to
be placed between bone and gums, and used mostly
in advanced jaw bone resorption when endosteal
implants are of limited use. Endosteal implants
are the most frequent type; they are devices placed
into the alveolar and/or basal bone and transsects
only one cortical plate. Transosteal implants are
combining both subperiosteal and endosteal
implants, while epithelial implants are inserted into
the oral mucosa17.
In 1992 Sewerin first described and analyzed
radiographic images of ten dental implants from
different viewing angles. The radiographs should
to be taken with the beam perpendicular to the
long axis of the implant, in order to minimize
distortions; alternate, a second radiograph, at 30
degrees rotation to the long axis / first X- ray beam
could add more information about the dental
pa�ern18.
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Forensic dental identification is based on the
morphological comparison and matching of dental
records, mainly available as radiographic images.
Postmortem dental records are compared with
ante-mortem records pertaining to some presumed
identity. Morphological features of dental implants
depicted on radiographs may be used to develop
a dental profile of the individual and provide
information that can narrow the search to a
smaller number of individuals, or eliminate certain
candidates by taking into account the dental system
employed16.
4. Identification
(OPG)

by

Orthopantomogram

Happonen RP et al (1991) recommended use of
orthopantomography in identification which enables
visualization of the structures of the jaws and related
areas in a single radiograph16. Hearting A et al (1991)
stated that panoramic dental radiography is the only
regularly up dated and “truly reliable identification
card” for comparison radiography in forensic
odontology. He further recommended that panoramic
radiographs should be taken earlier for members
concerned of the armed forces serving abroad as well
as airline personnels. These radiographs according to
Haerting can be taken at the time of chest X-ray taken
during medical check-up19.
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ABSTRACT
Asphyxial deaths are commonly encountered in forensic practice. Determining the manner of death
whether accidental, suicidal, homicidal, or natural is of utmost significance. In these deaths, a detailed
and meticulous autopsy plays a vital role in solving the case while the scene investigation and sample
collection have their own significance. Various sociological and demographical parameters were
studied. A total of 162 asphyxial deaths autopsies were conducted in the Department of Forensic
Medicine, Guntur Medical College, Guntur from January 2010 to December 2010. Asphyxial deaths
comprise 13.68% of all forensic autopsies; 29.6% of the cases were aged between 21-30 years; Males
constitute 59.88% of all the cases. The most frequent method is hanging (60%), followed by drowning
(19.1%). Suicide was found to be the manner of death in the majority of the cases.
Keywords: Violent Asphyxia, Suicide, Hanging, Strangulation, Drowning, Suffocation, Traumatic Asphyxia.

INTRODUCTION
The term asphyxia commonly means ‘lack
of oxygen’. Entymologically, it is ‘pulselessness/
absence of pulsation’.1 Asphyxia is a state in which
the body lacks oxygen because of some mechanical
interference with the process of breathing.2 Adelson
defined asphyxia as, “the physiologic and chemical
state in a living organism in which acute lack of
oxygen available for cell metabolism is associated
with inability to eliminate excess of carbon dioxide”.1
The classical features of asphyxia (petechial
hemorrhages, congestion and oedema, cyanosis and
engorgement of right heart & fluidity of blood) are
found when the air passage is constricted by pressure
applied to the neck or to the chest and when there
has been struggle to breathe.3 Asphyxial deaths may
be caused by different methods, such as hanging,
strangulation (manual and ligature), suffocation
(environmental, smothering, choking, mechanical
and suffocating gases), and drowning.4
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Now a days there is an alarming rise in violent
asphyxial deaths and are becoming one of the common
mode of commi�ing suicides and homicides. Inspite
of advancing civilization, killing self or someone
is becoming so easy. Due to population explosion,
unemployment, alcohol addiction, poverty and
increasing stress and strain in our daily life, we
frequently come across cases of suicides, homicides
and accidents. Familial disharmony leading to
domestic violence is contributing for suicidal and
homicidal violent asphyxia deaths. Ragging, a social
evil, leading to asphyxial deaths is on high these
days.
According to WHO report, in 2000, 86000 people
were died due to drowning in India. India is the
country having highest incidence of drowning in
developing countries (WHO report).5 Hanging is
being commonly seen in suicides and strangulation
including thro�ling as one of the methods in
homicides. Apart from deciding the cause of death,
careful examination also helps the Investigating
Officer to arrive at a conclusion about the manner of
death which is essential in administration of justice.

MATERIALS & METHOD
The study was carried out in the department
of Forensic Medicine, Guntur Medical College from
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January 2010 to December 2010. A total of 162 cases
were studied. The data was collected from inquest
report, postmortem report, and forensic science lab
reports. The cases were studied to know the incidence
of asphyxial deaths with reference to various factors
such as age group, sex, religion, socioeconomic
status, area to which the victim belongs and different
methods of asphyxia the victims employed.
During autopsy, in cases of hanging and
strangulation, Y shaped incision is preferred. The
incision should be made after removal of skull cap and
brain to avoid congestive artefactual hemorrhages in
neck structures, described by Prinsloo and Gordon
(1951).6 It must be remembered that asphyxial
signs are very striking in fresh bodies only. They
progressively disappear with lapse of time and many
disappear as a result of putrefaction.7
A careful examination of ligature mark is essential
to distinguish the cases where there is pressure upon
the exterior of the neck by ligature. When ligature
mark is oblique, noncontinuous and high up in
the neck, it is due to hanging; when ligature mark
is transverse, circular, continuous and below the
thyroid cartilage, it is strangulation.
Asphyxial death may be suicidal (hanging),
homicidal (strangulation) and accidental (commonly
traumatic asphyxia). Strangulation should be
assumed to be homicide and hanging as suicide
unless the contrary is proved.

RESULTS AND DISCUSSION
The autopsies conducted during the study
period were 1184, of which 162 cases were asphyxial
deaths. Table.No.1 shows the incidence of deaths due
to violent asphyxia in the study area (5.26%).
The incidence among males was 97 deaths
(59.88%) and in females it was 65 deaths (40.12%)
(Table 2). The asphyxial deaths were more in age
group of 21 – 30 years (48) followed by 31–40 years
(34) and 11-20 years (29) respectively (Table – 2). The
incidence of asphyxial deaths was more in males than
females in ratio of 1.5:1. This is in accordance with
other study which showed the male to female ratio
2:1.8
Maximum number of victims were Hindus
(85.2%) followed by Muslims (13%) and Christians
(1.8%) (Table - 3) which is consistent with Neha

chaurasia et al.9 This could be due to more Hindu
population in the study area.
Regarding the socio economic status of victims,
lower and middle class people (82.7%) were the
major victims when compared to upper class (17.3%)
(Table - 4). This shows that unemployment and
poverty leads to financial crisis and increased stress,
thus commi�ing suicides by asphyxiation.
The present study identifies hanging as the most
common type (60%) of asphyxial death followed
by drowning (19.1%) (Table - 5), which is similar to
study of Neha chaurasia et al 9 and is contrary to the
study of Amandeep singh et al.10
The disparity between males and females in
suicide rates has been most apparent in this study.
Men have a higher risk of suicide than women
(Table 5). Males predominate both in hanging and
drowning as these are not as commonly opted
method of suicide by females as compared to poison
intake and burns.11
Total number of asphyxial deaths in rural
population was 93 cases (57.4%) and in urban
population was 69 cases (42.6%) (fig – 1), which
was not similar to that in the study by Gargi et al.12
Drowning is found to be more prevalent in people of
rural area i.e. 24 cases while hanging is found more
in urban area (53 cases). This is due to more water
reserves in the rural areas of the study region.
Table 1 – Incidence of violent Asphyxial deaths
Total no. of autopsies conducted

1184

No. of violent Asphyxial deaths

162

Percentage

13.68%

Table 2 – Age and sex wise distribution of
Asphyxial deaths
Age

Female

Total

2

5

Percentage
(%)
3

0 -10

Male
3

11-20

13

16

29

18

21-30

28

20

48

29.6

31-40

21

13

34

21

41-50

16

6

22

13.6

51-60

7

5

12

7.4

61-70

5

3

8

5

>70

4

0

4

2.4

Total

97

65

162

100
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Table 3 – Religion wise distribution of
Asphyxial deaths
Religion

Males

Females

Total

Percentage
(%)

Hindu

97

41

138

85.2

Muslim

9

12

21

13

Christian

2

1

3

1.8

Total

108

54

162

100

128

•
Males were more commonly involved than
females and Male to female ratio was 1.5: 1.
• Manner of death was found to be suicidal in
all hanging cases and homicidal in all strangulation
cases.

SUGGESTIONS

Table 4 – socioeconomic status of victims
Class

Number

Percentage

Upper

28

17.3

Middle

47

29

Lower

87

53.7

Table 5 – Type of asphyxia death with respect to
sex of the individual
Type

Male

Female

Total

Hanging

65

32

97

Drowning

20

11

31

Traumatic asphyxia

7

9

16

Suffocation

1

4

5

Strangulation

4

7

11

Thro�ling

0

2

2

Total

97

65

162

Since decades commi�ing suicide by hanging
is prevalent in our country. The number of deaths
by suicidal hanging is increasing day by day. Due
to repeated physical and mental torture, victims
go beyond threshold level of self – constrain and
commit suicide by easily available domestic ligature
materials. To overcome this, a well-designed and
comprehensive programme is needed to identify the
causative factors and prevention of suicidal behavior.
To reduce the rate of suicidal deaths by hanging in
future, awareness has to be created by appropriate
education and by influencing the media in their
portrayal of suicidal news. Identified individuals
must be involved in devotional, encouraging
and motivational activities. Counselling centers
should be established in more numbers to help the
victims. Unemployment, poverty, family problems,
defamation and alcohol addiction are the main
reasons for suicidal hanging.
Acknowledgement: Nil
Ethical Clearance: Taken from Ethical commi�ee,
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ABSTRACT
The aim of our study was to characterize the poisoning cases admi�ed to the Basaveshwara Teaching
& General Hospital (BTGH), M. R. Medical College, Gulbarga. This is prospective study conducted at
mortuary of Basaveshwara Teaching and General Hospital, Gulbarga, Karnataka between June 2013
to October 2015, which included 50 deaths due to poisoning. In our study we conclude that, male 62%
were more commonly involved than females 38%. Majority of persons belongs to young age group (2130 years) 64%. Married persons 76% were most commonly involved. Farmers 64% were the commonest
victims. Most victims were from rural background 78%. Organo-Posphorus compound is common
poison which leads to mortality of majority of persons 78%.
Keywords: Poisoning, Organo-Posphorus compound, Farmers.

INTRODUCTION
Poison is a substance (solid, liquid or gaseous),
which if introduced in the living body, or brought
into contact with any part thereof , will produce ill
health or death, by its constitutional or local effects
or both.1
It has been estimated that some form of poison
directly or indirectly is responsible for more than 1
million illnesses worldwide annually, and this figure
could be just the tip of the iceberg since most cases of
poisoning actually go unreported. The incidence of
poisoning in India is among the highest in the world:
it is estimated that more than 50,000 people die every
year from toxic exposure.2

MATERIALS & METHOD
This is prospective study conducted at mortuary
of Basaveshwara Teaching and General Hospital,
Gulbarga, Karnataka between June 2013 to October
Corresponding author:
Dr. Umesh S R,
Professor & HOD, Department of Forensic Medicine
and Toxicology, Gulbarga Institute of Medical
Sciences, Kalaburagi, Karnataka- Pin: 585105.

2015, which included 50 deaths due to poisoning.
The data was collected from Case papers, Inquest
reports, Regional forensic Science Laboratory reports
and post-mortem reports. The data thus obtained
was analyzed and the study was done with respect
to: age & sex wise distribution, domicile pa�ern,
occupational status, marital status and type of poison
consumed.

RESULTS
Age & sex wise distribution of poisoning cases:
Out of 50 cases of poisoning, 31 (62%) cases
were males and 19 (38%) cases were females, thus
indicating that majority of victims were males.
Maximum number of victims 32 (64%) were in the
age group of 21-30 years, followed by 07 (14%) cases
and 04 (8%) cases were in the age group of 31-40 years
and 11-20 years. Minimum numbers of victims were
in the age group of more than 80 years comprising of
01 (2%) case.
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Table 1: Age & sex wise distribution of poisoning cases:
Age
(in Years)

Male

Female

Total
No. of cases

Total
Percentage(%)

<10

01

01

02

4

11-20

01

03

04

8

21-30

20

12

32

64

31-40

06

01

07

14

41-50

00

00

00

0

51-60

01

01

02

4

61-70

01

01

02

4

71-80

00

00

00

0

>80

01

00

01

2

Total

31 (62%)

19 (38%)

50

100%

Distribution of Poisoning cases according to
Domicile Pa�ern:

Distribution of cases of Poisoning cases according
to Marital Status

Among poisoning cases, 39 (78%) cases were from
rural areas and 11 (22%) cases from urban areas.

Out of 50 cases of poisoning, 38 (76%) cases were
married and 12 (24%) were unmarried.

Table 2: Distribution of Poisoning cases
according to Domicile Pa�ern:
Domicile

Total

Marital Status

Total
No.

%

Urban

11

22

Rural

39

78

Total

50

100%

Distribution of Poisoning cases according to
Occupation of the victims
Among poisoning cases, maximum number of
victims 32 (64%) were farmers, followed by students
07 (14%).
Table 3: Distribution of Poisoning cases
according to Occupation of the victims
Occupation

Table 4: Distribution of cases of Poisoning cases
according to Marital Status

Total

No.

%

Married

38

76

Unmarried

12

24

Total

50

100%

Distribution of Poisoning cases according to type
of poison consumed
In majority of cases 39 (78%), victim consumed
organo-phosphorus
compound,
followed
by
unknown poisons in 06 (12%) and ethyl alcohol +
OP in 03 (6%) cases. In least number of cases 01 (2%)
each, victim consumed aluminum phosphide and lice
powder.
Table 5: Distribution of Poisoning cases
according to type of poison consumed
Type of poison

Total
No. of cases

Total
Percentage (%)

Organo-Phosphorus

39

78

4

Aluminium
Phosphide

01

2

03

6

Ethyl alcohol

00

0

Unemployed

06

12

Ethyl alcohol +OP

03

6

Students

07

14

Lice powder

01

2

Not applicable (< 5 years)

00

0

Unknown Poisons

06

12

Total

50

100%

Total

50

100%

No.

%

Farmers

32

64

Labours

00

0

Employee in service

02

House wife
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DISCUSSION
Out of 50 cases of poisoning, 31 (62%) cases
were males and 19 (38%) cases were females, thus
indicating that majority of victims were males.
Maximum number of victims 32 (64%) were in the
age group of 21-30 years, followed by 07 (14%) cases
and 04 (8%) cases were in the age group of 31-40 years
and 11-20 years. Minimum numbers of victims were
in the age group of more than 80 years comprising of
01 (2%) case.
Our result were similar to the observations
made in the study conducted by Naveen Kumar T
et al (2012)3 in which males were 67.8% and females
were 32.1%. Maximum numbers of victims 33.7%
were in the age group of 21-30 years; by Waghmare
S & Mohite S (2013)4 in which males were 70% and
females were 30%. Maximum numbers of victims
31.42% were in the age group of 21-30 years; by Patil
D (2014)5 in which males were 67% and females were
33%. Maximum numbers of victims 38% were in the
age group of 21-30 years.
Among poisoning cases, 39 (78%) cases were from
rural areas and 11 (22%) cases from urban areas.
Our results were similar to the study conducted
by She�y VB et al (2008)6 in which most of the victims
belonged to rural area (76%). In rural areas maximum
number of population involved in agricultural work
and thus there are easily available of pesticides rural
areas.
Among poisoning cases, maximum number of
victims 32 (64%) were farmers, followed by students
07 (14%).
Our results were similar to the study conducted
by She�y VB et al (2008)6 where majority of victims
were agricultural (36%); by Tapse SP et al (2012)7
in which majority of victims were farmers (28.8%).
There is an easy availability of pesticides for the
persons who engaged in agricultural work which
leads to increase incidence of poisoning among
farmers.
Out of 50 cases of poisoning, 38 (76%) cases were
married and 12 (24%) were unmarried.
Our results for poisoning cases were similar
to the study conducted by Santosh CS et al (2012)8
where 66.03% victims were married and 33.96% were
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unmarried and by Chandrakant VA & Hemanth KRG
(2015)9 where married people (58.82%) were more
commonly involved. Married persons subjected to
more stress in life with various family problems like
earning money for family, raising a child, etc.
In majority of cases 39 (78%), victim consumed
organo-phosphorus
compound,
followed
by
unknown poisons in 06 (12%) and ethyl alcohol +
OP in 03 (6%) cases. In least number of cases 01 (2%)
each, victim consumed aluminum phosphide and lice
powder.
The observation was similar to the study done
by She�y VB et al (2008)6 where the commonest type
of poison was the organophosphorus compounds
found in (73.14%) cases; by Singh S et al (2014)10 in
which out of total poisoning cases 35% cases were
due to organophosphorus poison; by Chandrakant
VA & Hemanth KRG (2015)9 in which the most
common poison encountered was organophosphorus
compounds (54.41%). Organophosphorus compound
is the most easily available pesticide in farms and in
households.

CONCLUSION
In our study we conclude that, male 62% were
more commonly involved than females 38%. Majority
of persons belongs to young age group (21-30 years)
64%. Married persons 76% were most commonly
involved. Farmers 64% were the commonest victims.
Most victims were from rural background 78%.
Organo-Posphorus compound is common poison
which leads to mortality of majority of persons 78%.
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ABSTRACT
Owing to extensive use of electricity in home and industries, electrocution injuries are one of the
common causes of morbidity and mortality in India. A retrospective study was undertaken of deaths
due to electrocution that occurred over one year period from January 2014 to December 2014. The
bodies were autopsied at the Department of Forensic Medicine, Madurai Medical College and Hospital,
Madurai, Tamil Nadu, India. A total of 33 cases were identified and all were accidental: 31males and
2 females. The majority of deaths occurred in the 21–30 year age group. Most deaths were due to high
voltage circuits. Deaths were caused most frequently by touching an electric wire. No characteristic
seasonal variation was noted in this study and most of the victims are brought dead to the hospital.
Keywords: Electrocution, high voltage, extremities, brought dead.

INTRODUCTION
Electricity is an integral part of modern society.
Electrical burns are responsible for considerable
morbidity and mortality and are usually preventable
with simple safety measures. Cases of electric injury
or death due to electrocution are quite common in
India where the people are electrocuted commonly
due to inadvertent touching of current source and
rarely by electric flash arc leaping on them from a
low-voltage domestic supply or rarely when they
had come in the magnetic field of a high tension
electric supply. Almost all fatalities by electrocution
are accidental, while homicides and suicides from
electricity are rare or uncommon1. Many workers
are exposed to electrical energy daily during the
performance of their tasks. Electricity is a ubiquitous
energy agent to which many workers in different
occupations and industries are exposed daily in the
Corresponding author
Dr. Manigandan G (MD)
Assistant Professor, Department of Forensic
Medicine, Madurai Medical College, Madurai
– 625020, Tamil Nadu, India
Email id: dr.manigandan86@gmail.com
Phone: 9566708075/7598566989

performance of their duties. In addition, many people
in different daily activities deal with it. Many people
know that the principal danger from electricity is
that of electrocution, but few really understand how
minute a quantity of electrical energy is required for
electrocution. In reality, the current drawn by a tiny
7.5 W, 120-volt lamp, passed from hand to hand or
hand to foot across the chest is sufficient to cause
electrocution2. The number of people who believe
that normal household current is not lethal or that
power lines are insulated and do not pose a hazard
is alarming. Electrocutions may result from contacts
with an object as seemingly innocuous as a broken
light bulb or as lethal as an overhead power line and
might have affected workers, since the first electrical
fatality was recorded in France in 1879 when a stage
carpenter was killed by an alternating current (AC)
of 250 volts3. Though the human body is a bad
conductor of electric current but the wetness of skin
or ground increases the chances of electrocution,
which is commonly observed in rainy seasons.
Death due to electrocution involves both low- and
high-voltage currents, however, most deaths are
due to low-voltage currents used in houses and
minor industrial se�ings. The type of power system
employed in India is an AC 220–240 V, 50 A. Data
on accidental deaths and suicides in India (2012)

135

Indian Journal of Forensic Medicine & Toxicology, July-December 2016, Vol. 10, No. 2

have reported that 8945 and 8750 individuals were
electrocuted in 2011 and 2012, respectively. Therefore,
electrocutions contributed to 2.2% of total accidental
deaths during those 2 years4. This study: highlights
the magnitude of the problem of occupational and
home accidental electrocutions in Madurai, identifies
potential risk factors for fatal injury, and provides
recommendations for developing effective safety
programs to reduce the risk of electrocution. It is
hoped that this study will serve as a valuable resource
for safety and public health professionals, safety and
health trainers, researchers, and others who can affect
the prevention of accidental electrocutions.

MATERIALS & METHOD
Study subjects
An observational retrospective study was done
on deaths due to electrocution from Madurai, which
were autopsied at Forensic Medicine & Toxicology
Department of Madurai Medical College, Tamil Nadu,
India. Of the 3027 autopsies performed on all types
of unnatural deaths between 1 January 2014 and 31
December 2014, 33 were cases of electrocution. These
33 electrocuted cases form the material of this study.
An in-depth examination of the epidemiological
features and medico legal aspects of these 33
electrocuted deaths was performed in an effort to
more clearly understand the dynamics surrounding
these deaths. Retrospective data were collected from
the autopsy reports, case sheets from the hospital
and the inquest reports from police by the authors.
The cases were evaluated in items of age, sex, type
of electric mark, body region distribution, place and
season of occurrence, the duration of hospitalization
before death, existence of the multiple trauma due to
a fall from a height, the manner of death and potential
risk factors for fatal injury.

STUDY SETTING
The study was conducted in Madurai, a major
city in south Tamil Nadu, India. As in other lowincome countries, electrocutions in India are
considered a major health problem that is associated
with high mortality and morbidity. Madurai is
one of the most crowded cities in India. Madurai
Municipal Corporation covering 147.977 Km area
has a total population of 14,62,420 persons (2011
Census) whereas the Madurai Urban Agglomeration

comprising the city and surrounding se�lements
accommodates a population of 11,94,665 persons.
Madurai has very high number of low socio
– economic households which constitute almost 50%
of the City’s Population. Their poor living condition
and socio – economic marginalization severely limits
the access to urban services and demands immediate
a�ention. This assumes greater significance for
consideration that their population is likely to increase
in future. The projected population of Madurai for
the year 2019 is about 14.23 lakhs and in 2034 is about
16.81 Lakhs. Madurai Corporation is ge�ing power
from Tamil Nadu Electricity Board. Madurai City is
divided into 4 Zones for provision and maintenance
of street lighting. The shortcoming in the present
street lighting system in Madurai Corporation is
the inappropriate operation timings, poor quality
of power, voltage drop in peripheral areas and highenergy cost etc. Operating switching street lights
require 1 to 1.50 hours to operate all the switches in
an area, resulting in some places lights are switched
on / off 1 to 1.50 hours prior and after the required
time. During off peak hours (after 11.00 P.M. in
night) lighting level increase further due to increase
in voltage5.

RESULTS
During the study period 33 cases of electrocution
was reported. All the deaths were accidental.
Majority of the victims were males (31 cases). Only
two female victims were reported in this study. The
most common age group involved was 21–30 years
(39%), followed by 31–40 years (27%) and 41 – 50
years (21%). The upper extremity was by far the most
common site involved (24 cases) followed by the
lower extremity. Most of the deaths were due to high
voltage circuits (27 cases) than low voltage circuits
(6 cases). Out of 33 cases, 24 cases had characteristic
electrical burns consisting of small circular indurate
lesions with grey or black centres surrounded by a
zone of pallor caused by arteriolar spasm. Eighteen
cases exhibited epicardial and/ or pleural petechiae.
Most cases (24 cases) were brought dead to the
hospital. Around twelve cases have associated head
injury due to fall from height. No seasonal variation
was found in this study.
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Table 1: Age wise distribution of cases
Age
0-10
11-20
21-30
31-40
41-50
51-60
>61
Total

No. of cases
1
0
13
9
7
2
1
33

Percentage
3.5%
0
39%
27%
21%
6%
3.5%
100%

Table 2: Shows mode of electrocution of the victims
Cases

Place and mode of electrocution

Occupation of the victim

1

Work spot, while arranging lights for festival

Mic set operator

2

In Farm land, while removing fuse carrier

Farmer

3

While climbing neem tree to remove leaves

Farmer

4

Work spot, while repairing pump set motor

Electrician

5

In home, while using hair dryer

Businessman

6

While operating motor

Van driver

7

While playing with extension cord of table fan

Child

8

Work spot in construction building

Mason

9

Work spot, steel rod touches the high voltage line

Shamiyana tent man

10

Working in a distribution line electric post

EB line man

11

At electric board sub station

EB line man

12

In home, while repairing tv

Electrician

13

In home, while repairing electric motor

Mechanic

14

In terrace, while taking wet cloth from live wire

House wife

15

Work spot, while installing new transformer

Installation workman

16

In home, electric shock from UPS

House wife

17

While working with hand drilling machine

Driller at construction site

18

Work, spot, while welding iron rods

Welder

19

Work spot, in electric post

Field staff of EB

20

Work spot, while repairing Electric main box in post

EB line man

21

Work spot, while plucking tiles machine wire on main fuse

Tiles man

22

In home, while climbing electric post to tighten the wire

EB helper(untrained)

23

In home, while cleaning home for white wash

Mason

24

Work spot, while doing aluminium fabrication

Industrial worker

25

Work spot, while repairing fuse carrier in transformer

EB wire man

26

While driving, low lying EB wire touches the lorry

Lorry driver

27

Accidently stepping on broken live wire in rainy season

Tasmac bar employee

28

Work spot, while cleaning lorry

Lorry driver

29

Work spot, doing service at EB post

EB line man

30

Work spot, while repairing cable tv wire

Cable tv owner

31

Work spot, in construction spot

Mason

32

While climbing tree, which touches EB line

Mic set operator

33

Work spot, while cu�ing iron rod by machine

Bar bender
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Table 3: Time of incident

fibrillation occurs between 75 and 100 mA8.

Time of
incident

Number of
cases

Percentage

06.00 – 12.00

16

48.5%

12.00 – 18.00

14

42.5%

18.00 – 24.00

3

9%

Table 4: Location of lesions
Site of lesion, including electrical entry,
exit wounds and burn injuries

Number of
cases

Upper extremity

24

Lower extremity

15

Thorax

18

Abdomen

17

Head and neck

5

Genitalia

4

DISCUSSION
Deaths from electrocution are uncommon and
are usually due to ventricular fibrillation from a
direct effect on the heart, or respiratory paralysis
from a direct effect on respiratory muscles or
from cardiorespiratory arrest following damage to
autonomic centres within the brainstem. Death may
also be caused by burns or subsequent multiorgan
failure. The effect of electricity depends on the
voltage, type of current (direct/alternating), the area
and duration of contact, skin resistance and path
of current flow through tissues and organs6. Skin
resistance is an important factor in determining
current flow and is influenced by the wetness or
dryness of the skin and the region of the body in
contact with an electrical conductor7. The extent
of injuries received depends on the magnitude of
the current (measured in Amps), the pathway of
the current, the duration of current flow and the
resistance offered by the body. The most important
factor in electrocution is the amperage or the amount
of current flow. As the voltage (V) is constant,
the main factor which determines the amount of
amperes entering the body is the resistance offered
by the body against the current. The minimal amount
of amperage perceptible to a human as a tingle is 1
mA, whereas 5 mA produces tremors and 15-17 mA
causes contracture of the muscles, which prevents the
victim from releasing the live conductor. Ventricular

Our study has demonstrated higher rates of
electrocution deaths in males (31 cases) compared
with females (2 cases). This is keeping with several
other studies that have shown the percentage of
male electrocution to range from 81% to 95%9,10,11.
The reason for such a marked male predominance is
likely to be due to the fact that males are more likely
to use a variety of electrical equipments in both work
and the domestic environment.
Similar to previous studies we found that the
upper extremity (24 cases) was the most common site
involved because most of the cases occurred at the
time of repairing faulty electrical equipment10,11,12.
Of the electrocuted persons, most of the cases
were found dead at the scene of accident, or declared
dead at the hospital. These findings are correlated
with those reported in Sheikhazadi et al.13 study and
but higher in Ragui et al.14 study.
This study has some limitations also. This is a
retrospective study, so finer details of electrocution
from eyewitnesses (family members, autopsy
surgeons) and resource persons were not available.
Histopathology of tissues and chemical analysis of
the viscera were not carried in any of the cases.

CONCLUSION
While deaths due to electrical injuries are
low compared with deaths due to other injuries,
there is still scope for reduction in numbers due to
the preventable nature of many of these injuries.
For example, recent advances in electrical safety
equipment in the home (e.g. electrical safety switches)
and rigorous standards for electrical appliances have
afforded a degree of protection to individuals from
electrocution injury.
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ABSTRACT
The Present study is based on the high incidence of road traffic accidents over Jaipur-Delhi highway.
The rate of accidents has been increasing due to modernization in automobile vehicles and fast life. The
main threat is in the developing countries due to rapid increase in motor vehicles. Many factors are
responsible for the road traffic accident, amongst all the factors rash driving, in the want of knowledge
about rules of the road & traffic, not law abiding, imperfect driving ,alcohol mixed with driving are
the major factors responsible for road traffic accidents. Other contributory factors are accidents in day
light or during night driving, educational status of the driver & poor victim. My study pa�ern includes
age & sex of the victim, month & time of the accident and profile of the victim. Two year study has been
carried out in the department of Forensic Medicine & toxicology of NIMS Medical College. Out of 159
autopsies carried out during the time span of two years, 95 were the road accident cases.
Keywords: Road Traffic Accidents, Autopsy, Modernization, Safety Rules, Prevention.

INTRODUCTION
Amongst all the unnatural deaths occurring,
road traffic accident contributes to the leading cause.
It is the result of modernization and fast life. The
main threat of the road traffic accident is increasing
in developing nations due to the rapid increase
in motor vehicles and other contributory factors.
According to the National crime record bureau
(2013)1 the number of vehicular accidents was 708478
resulting in 377758 deaths and 505368 were injured,
there by accounting for 53.31% of all the accidental
deaths due to unnatural causes. In recent years, India
experience a tremendous increase in vehicular traffic,
thereby pu�ing a heavy load on country’s already
congested transport system resulting in increased
road traffic accidents but this human loss is the cost
for increasing vehicular traffic mobility which is
seen as a necessary “externality” of doing business2.
The most common causes of RTA are human errors,
Corresponding author:
Dr Ukshan Parvez Shah
PG 2nd Year Dept. of Forensic Medicine & toxicology
NIMS Medical College & Hospital, Jaipur
E-mail- shahukshan62@gmail.com

which involves ignorance, overtaking, rash driving,
use of mobile phones while driving, least knowledge
of traffic rules, defective roads, poor maintenance
of the vehicle, not use of helmet and seat belt and
improper lights on the roads resulting in diminished
visibility which is also contributed by certain other
atmospheric conditions3. Alcohol intake, deafness &
defective vision are also contributory factors leading
to RTA’s.
Road traffic accidents, in today world is regarded
as an epidemic calling for control and presentation
of accidents as it is leading to irresponsible loss to
both developing and developed countries and in turn
effect on the natural economy.

AIM AND OBJECTIVES
1. To study the incidence of RTA in Achrol,
Chandawaji and Manpura region of Jaipur (Delhi
Jaipur highway).
2. Study pa�ern of RTA’s include(a). Age of victim
(b). Sex of victim
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(c). Month of accident
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Table no. 2: Age Wise Distribution Of RTA
Cases.

(d) Time of accident.
(e) Cause of death.
3. To find the various factors responsible
for vehicular accidents and recommend safety
measures.

MATERIAL & METHOD
• This study was carried in the department of
forensic medicine and toxicology of NIMS Medical
College from the time period of 1st may 2013 to 30th
April, 2015.
• Total number of deceased which were
autopsied in the mortuary of NIMS Medical College
are 159 out of 159 autopsies done, 95 were the road
traffic accident cases.

OBSERVATIONS & RESULT
• According to the study conducted by national
transport planning and research center, New Delhi, a
person is killed or injured in every 4 min in traffic
accidents4.
• Growth of traffic and urbanization are the
grass roots of road traffic accidents.
• Traffic rules are not implemented properly in
India which is the main cause of vehicular accidents.
The increase in road traffic accidents in India is seen
by increased post mortems done in mortuaries
Males are the common victims of road traffic
accidents shown in table 1. Out of 95 deceased, 75
are males.
Table no. 1: Sex Wise Distribution of RTA
Cases.
Gender

RTA cases

percentage

Male

75

78.94%

Female

20

21.05%

Total

95

100%

High risk age group is 21-30 yrs. (32.63%)
followed by age group 31-40 yrs. (21.05%) followed
by 41-50 yrs. (15.78%). Highest incidents of accidents
are found in males of age group 21-30 yrs. (26 cases)
i.e. 34.6% as compared to female 5 cases (25%) shown
in table 2.

Age groups

Male

Female

Total

1-10
11-20
21-30
31-40
41-50
51-60
61-70
71-80
Total

5
10
26
17
12
03
01
01
75

02
02
05
03
03
04
00
01
20

07
12
31
20
15
07
01
02
95

In this study maximum number of accident were
observed in the month of July and Feb shown in table
3. Least number of cases are seen in month of June
and November (3) shown in table 3.
Table no. 3: Month Wise Distribution of RTA
Cases
Month
May
June
July
August
September
October
November
December
January
February
March
April

Cases
12
03
14
04
06
09
03
07
04
14
12
06

%age
12.63%
3.15%
14.73%
4.21%
6.31%
9.47%
3.15%
7.36%
4.21%
14.73%
12.63%
6.31%

Maximum number of cases are observed during
6:01 A.M. to 12:00 noon followed by 12:01 P.M. to 6:01
P.M. shown in table 4.
Table No. 4: According to the time of event.
Period of Event time

Cases

%age

6:01am- 12:00 noon

45

47.36%

12:01pm - 6:00 pm

26

27.36%

6:01pm– 12midnight

9

9.47%

12:01 am- 6:00 am

15

15.78%

In this study, maximum number of accidents
occurred in the victims of two wheelers which
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account 40 out of 95 shown in table 5.
Table No. 5: According to the type of victim
Type of victim

Cases

%age

Pedestrian

23

24.21%

Bicycle

10

10.52%

Two wheeler

40

42.10%

Three wheeler

13

13.68%

Light four wheeler

7

7.36%

Heavy Vehicle

2

2.10%

Fig no. 3

FRACTURE OF FRONTAL BONE

Fig no. 4

CRUSHED INJURY ON LEFT SHOULDER

The major cause of death in RTA of Delhi-Jaipur
highway is head trauma shown in table 6 which is
52.63%.
Table No. 6: According to the cause of death.
Cause of Death

Cases

%age

Shock & hemorrhage due to
polytrauma

25

26.31%

DISCUSSION

Head Injury

50

52.63%

Chest Injury

10

10.52%

Abdominal Injury

7

7.36%

Septicemic shock

3

3.15%

The major outcome of my study is that accidents
don’t happen, they are caused. The evidences of high
speed motor cyclists accidents are found as multiple
grazed abrasions and in the four wheelers as lacerated
wounds and fractures are seen due to high speed in
our PM reports. Thus, accidents can be prevented. To
stop the epidemic of the accidents, we should prevent
the cause and there are multiple causes which are
held responsible for accidents. There are two terms
‘prevention’ and ‘care’. Prevention should be done to
the cause which leads to accidents and care should be
given to the injured.

Study of Ramakant Verma et al showed that
maximum numbers of road traffic accidents are seen
in males in age group 21-30 years in the month of
July during the time period of 12.01 pm-6.00 pm.
Two wheelers (motor cycle) involved in road traffic
accidents shows the highest incidence. The most
common cause of death is due to head injury6.
The present study correlates with the above
mentioned study.

Various steps should be taken which involves:
a) Safety education (including phone no of
ambulance a�ached to any hospital).
b)

Fig no. 1
HEAD TRAUMA WITH MULTIPLE
ABRASIONS .

Promoting safe measures

c) Alcohol and other drug abuse should be
avoided.
d) Trauma center should be in each and every
hospital.
e) There should be planning, organization and
management of trauma treatment.
f)

Fig no. 2

AVULSION INJURY

Causative factors should be eliminated.

g) Laws should be enforced.
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h) Rehabilitation services should be provided in
order to prevent RTA’S.
i) Violation of traffic rules plays the major role,
thus high lightening the strict implementation of
road safety measures5.
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my study.
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ABSTRACT
Introduction: Stature is one of the primary characteristics for identification. After the age of 21 years,
the dimensions of the skeleton remain unchanged and the ratio in size of different parts to one another
is also considerably variable in different individuals. In case of dismembered body as encountered in
mass disasters, riots, plane crashes etc., stature can be estimated on the basis of ratio of different parts
of body. There is considerable difference in stature of individuals natives of different geographical
regions. In this study, a�empts are made to establish a relationship between percutaneous tibial length
and stature of an individual in natives of Gujarat state.
Method: Study was carried out on natives of Gujarat state at Smt NHL Municipal medical college,
Ahmedabad. The subjects were included after verifying their birthplace as Gujarat. Percutaneous tibial
length was measured using calipers and stature was measured by asking the subjects to stand on a
stadiometer. These findings were put in computer software and statistical tests were applied to derive
the regression equation in which the stature was dependent variable while tibial lengh was taken as
independent variable.
Results: It was found that there is positive correlation between percutaneous tibial length and stature
in both sexes and the regression formulas were derived that can calculate the stature of an individual
from available tibial length.
Interpretation & Conclusion: It was concluded that stature can be estimated using measurements of
tibial length and there is positive correlation between stature and percutaneous tibial length.
Keywords: Identification, Percutaneous tibial length, Stature

INTRODUCTION
Stature of an individual is one of the most
important characteristics of identification which is
required in medicolegal practice quite often. There
is direct relationship between anthropometric
characteristics and sex, shape and form of an
individual. The trunk and limbs exhibit consistent
ratios among themselves and relative to total
stature. The ratios are linked to age, sex and race.
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As children grow their body proportions gradually
change towards adult shape; these proportions
diverge toward one sex at puberty. After the age
of 21 years, the dimensions of the skeleton remain
unchanged and the ratio in size of different parts
to one another is also considerably variable in
different individuals.[1] Sometimes fragments of
soft tissues, some bony parts or entire long bones
are found disposed off in the open or ditches and
these materials are brought to forensic experts for
examination. In cases of plane crash, earth quake etc.
only some parts of body is available and from that
material identification is supposed to be established.
Stature estimation from limb bones has long been
formulated and accuracy in that has improved
day by day. Professor Karl Pearson (1898-99) first
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introduced the co-relational calculus into the field
of work for prediction of stature from measurement
of long bones.[2] In developed countries documented
skeletal remains are available but in India the same
is not available for establishing the norms of stature
reconstruction. In absence of documented skeletal
remains material, the researchers have focused on
living population of India & have used relevant
percutaneous bone lengths correlating them with the
stature to find out the degree of relationship between
them & subsequently regression formulae are
formed.[3] Many studies have followed afterwards.
Stature estimation is usually based on measurement
of long bones. Tibia is a very useful bone for this
purpose. Tibia is a long bone of leg with two condyles
and tuberosity at the upper part, shaft and lower
end medially prolonged downwards as the medial
malleolus. It is subcutaneous bone which is easily
palpable. Information about the mean variables of
local population is required so that the estimation of
the stature can be carried out by using them for the
local use as there will be differences in these variables
between one region and the other. So present study
is aimed at deriving the average of variables such as
stature and tibial length (in both males and females)
among the study population as well as to derive
linear regression equation for estimation of stature
based on the measurement of Tibial length as a tool
for forensic and anthropometric studies.
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Percutaneous Tibial length was taken using
calibrated meter rule from the medial condyle of tibia
to the tip of medial malleolus with knee semiflexed
and foot partly inverted. For uniformity, left tibia of
all the subjects was measured.
Data so collected were entered in a masterchart
and were analyzed using SPSS statistical software.
Calculation of proportions, mean, standard deviation,
median, standard error, range, correlation co efficient,
t-value, regression co efficient were carried out and
regression equations were derived for estimation of
stature both in males and females using tibial length
as independent variable and stature as dependant
variable.
Estimation of 95% of confidence interval for
Stature (dependant variable) was also carried out for
Tibial length (independent variable) for both males
and females based on values of standard error of it.

OBSERVATIONS AND RESULTS
Table 1: Age wise distribution of subjects
Characteristics

Males (n=116)

Age groups
(Years)

Number

Percentage

Number

Percentage

17-18

52

44.8

36

42.9

MATERIALS AND METHOD

19-20

49

42.3

36

42.9

Two hundred (200) healthy adults (116 Males and
84 Females) aged between 17-30 years (age confirmed
by their ID) - medical students, paramedical students
and staff members of Smt.N.H.L. Municipal Medical
College, Ahmedabad & who are natives of Gujarat
by birth were included and measurement of stature
and percutaneous tibial length was done for each of
them.

21-22

7

6

5

6

23-30

8

6.9

7

8.3

Stature of the subject was measured in standing
posture. The subject was instructed to stand
barefooted on the board of a standard stadiometer
with both feet in close contact with each other, trunk
braced along the vertical board and head oriented
in ear-eye plane by keeping the lateral palpebral
commissure and tip of auricle of the pinna in a
horizontal plane parallel to feet. The measurement
was taken in centimeters by bringing the horizontal
sliding bar to the vertex.

Females(n=84)

Table 1 shows that out of total 200 subjects
included in the study, 116(58%) were males and
84(42%) were females with the male:female ratio
being 1.38:1.
Statistical tests on above findings showed that
the age for the study subjects varied from 17-30 years
with mean age 19.3 years and standard deviation 2.23
years. However mean age of males was 19.18 years
with standard deviation of 2 years whereas mean age
of females was 19.45 years with Standard deviation
of 2.5 years.
This difference in age was statistically not
significant with p-value > 0.05.
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According to Table 3, Percutaneous Tibial length
in males ranged between 30 to 47 cm with mean
value of 39.24 cm, standard deviation of 2.96 cm
and median 39.25 cm whereas, in females range of
percutaneous tibial length was from 31 to 41 cm with
mean value and standard deviation of 34.93 cm and
2.18 cm respectively. Median was 34.8 cm.

Figure 1: Box plot showing stature in cm among males
and females

This difference observed in mean tibial length of
males and females was statistically highly significant
(p<0.000).

Table 2: Statistical parameters for Stature in
both sexes
Stature (cm)

Males (n=116)

Females (n=84)

Mean

171.13

157.25

Standard
Deviation

6.51

6.34

Minimum

150

143

Maximum

185

175

Median

172

157

p-value

<0.000

Figure 2: Stature versus tibial length

Table 2 shows that stature in males ranged
between 150 cm and 185 cm with a mean value
of 171.13 cm, standard deviation of 6.51 cm and
median 172 cm whereas, stature in females ranged
between143 cm to 175 cm with a mean value of 157.25
cm, standard deviation of 6.34 and median of stature
was 157 cm.
This difference in mean stature between males
and females was statistically highly significant
(p<0.000).
Table 3: Statistical parameters for Tibial length
in both sexes
Percutaneous Tibial
Length (cm)

Males
(n=116)

Females
(n=84)

Mean

39.24

34.93

Standard Deviation

2.96

2.18

Minimum

30

31

Maximum

47

41

Median

39.25

34.8

p-value

<0.000

Sca�er diagram of stature versus length of tibia
showed a positive correlation as shown in figure
2. t-test for correlation coefficient is applied to test
statistical significance of correlation and for both
two variables namely tibial length in males and tibial
length in females. The values were calculated as
statistically highly significant indicating very strong
positive correlation between stature and tibial length
in males and females.
Table 4: Linear Regression values of Stature v/s
percutaneous Tibial length in Males and Females
Tibial Length in cm
Independant variable

Males(Xtm)

Females
(Xtf)

Intercept (a)

105.67

76.56

Regression coefficient (b)

1.66

2.31

Correlation coefficient (r)

0.75

0.79

Coefficient of
determination (r2)

0.57

0.63

Standard error of
estimate

5.29

6.76

t-value

19.95

11.95

Significance (p value)

0.000

0.000
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Simple regression formula is Y = a + bx therefore,
where Y is dependant variable that is Stature and X
is independant variable that in our study is Tibial
length.
1. Estimated stature of Males for Tibial length
Ytm = 105.67 + 1.66 x Xtm
2. Estimated stature of Females for Tibial length
Ytf = 76.56 + 2.31 x Xtf
Standard error estimation was also done so as to
find out 95% confidence limit for both variables as
follows:
1. 95% confidence interval of Stature of Males for
Tibial length
Ytm = 105.67 + 1.66 x Xtm + or – (1.96x5.29)
2. 95% confidence interval of Stature of Females for
Tibial length
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derived in the study for estimation of stature of Males
and Females based on length of Tibia.

DISCUSSION
Anthropometric measurements are commonly
used for assessment of stature of the subjects for
the purpose of their identification. The data derived
from entirely different population can not be used
for stature assessment for all types of population
hence the baseline data shall be derived from local
population so that they can be used for the stature
assessment amongst them. Regression analysis can
derive formula for stature estimation and can also
give 95% confidence intervals for the estimations. The
similar techniques for determination of stature were
used by several other authors on living individuals[313]
as well as on cadevers[14].

Ytf = 76.56 + 2.31 x Xtf + or – (1.96x6.76)
These are simple linear regression equations
Table 5: Comparison of findings amongst various studies
Mean
Percutaneous
Tibial length (cm)

Mean Stature (cm)

Co efficient of
correlation

Regression formula
(Y=stature, X=Tibial length)

Male

Female

Male

Female

Male

Female

Male

Female

Sah RP et al
(Nepalese)

37.57

34.90

165.03

154.59

0.56

0.71

Y = 88.898 +
2.03 x X

Y = 75.954+
2.25 x X

Chandravadiya
et al
(Bhavnagar,
Gujarat)

37.93

33.94

171.19

159.09

0.85

0.69

Y = 74.519 +
2.55 x X

Y = 82.471 +
2.26 x X

Trivedi A et al
(Gwalior ,MP)

38.24

36.06

164.50

155.30

0.43

0.60

Y = 105.97 +
1.53 x X

Y = 103.76 +
1.43 x X

Present study
(Ahmedabad,
Gujarat)

39.24

34.93

171.13

157.25

0.75

0.79

Y = 105.67 +
1.66 x X

Y = 76.56 +
2.31 x X

Study

Linear regression model as per sex category where length of tibia was used for estimation of stature was
used in present study. While estimating baseline data of stature and tibial length for males and females, it was
observed that there is highly significant difference in all these variables between males and females (p<0.000) as
estimated by independant t-test. Both variables had higher values among males than females. Based on this, not
only stature but sex of the deceased can also be predicted using anthropometry of the available parts.
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CONCLUSION
It is concluded that the estimation of stature
among the population can be carried out using
measurements of tibia and there is positive correlation
between stature and length of tibia in population of
Gujarat state.
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ABSTRACT
The road traffic accidents are as old as the roads, since the vehicles started moving on roads. Mortality
and morbidity as a result of road traffic accidents are increasing at an alarming rate as a result of rapid
industrialization, increasing number of vehicles, bad traffic sense added by environmental factors. The
present study was carried for a period of one year from January to December 2013 at SIMS, Shivamogga
intended to know the socio-demographic profile of the deceased and to create awareness in the public.
Out of the study group 25% of victims were in 21 to 30 year age group, males constituted 85.8% of the
victims, students i.e, 27% were among the victims, riders were involved in maximum number of road
traffic accidents and majority of the accidents took place in rural limits of the district and among the
hindu community. Head injury 45.8%, followed by shock and hemorrhage 31.2% were the major cause
of death.
Keywords: RTA, Demographic Profile, Autopsy, Road Rules and Safety.

INTRODUCTION
Dorland’s medical dictionary defines accident
as an unforeseen occurrence especially of an
injurious character.1 Accident occurring on road
is Road Traffic Accident (RTA). Rapid growth of
population, urbanization and need for mobility
had lead to massive expansion of road traffic in
volume, intensity and complexity.In many countries
motor vehicle accidents rank first among all fatal
accidents. Every year nearly 1.3million deaths occur
from road accidents. In addition there are 20-50 non
fatal injuries and 10-20 serious injuries requiring
expensive care, nursing and treatment. Young
individuals especially males are more prone, and
a large amount is contributed by vulnerable road
users like pedestrians, cyclists and motorcyclists.
More than 90% deaths occur in low and middle class
countries.2
Injuries due to RTA depend upon a number of
factors-human, vehicle and environmental factors
play vital roles before, during and after a serious
RTA. The important factors are human errors,
driver fatigue, poor traffic sense, mechanical fault of
vehicle, speeding and overtaking, violation of traffic

rules, poor road conditions, traffic congestion, road
encroachment etc.3
Road deaths and injuries are increasing at a rapid
rate in Shimoga, other parts of state, country and the
world. Bad roads, badly maintained vehicles, bad
traffic sense, drunkenness and thrilled driving are
causes for death of riders as well as other innocent
road users.
We, in the department of Forensic Medicine,
SIMS, Shivamogga have undertaken to study to
know the socio-demographic profile of the accident
victims.

MATERIALS AND METHOD
For present study, detailed information regarding
the deceased and circumstances leading to death were
collected from all possible sources like police inquest
papers, chemical analysis report, histopathology
examination reports, copies of hospital case sheets
in treated cases and by questioning the Investigating
officer or relative of the deceased. A thorough external
and internal examination was carried out to know the
details resulting in death of the person. All cases of
RTA deaths are included. The data thus collected was
analyzed by using SPSS 4.0 Software.
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global burden of diseases.5 Nearly three quarter of
deaths resulting from motor vehicle crashes occur in
developing country.6
The present study comprised a majority of male
population 133 (85.8 %) compared to females who
were only 22 (14.2 %). Nilambar Jha7 reported 83 %
male and 17 % female incidence. Dr Kaul8 et-al also
mentioned male to female incidence ration as 3:1.

Fig No:1 : Showing the statistical increase in vehicle
numbers.4

Fig No. 2: Showing the type of vehicle causing death.4

DISCUSSION
Indian road network is second longest in the
world covering more than 3 million Kilometers. 80
% of road length consists of village and other roads
and 12 % constitutes major districts roads. Due to
explosion of population, industrialization, the road
transportation vehicles are increasing in number day
by day. The population growth during the period
2003-2013 was 15.0% whereas the increase in the
rate of accidental deaths during the same period was
25.5%.
Though the means of public transport like metro
rail, city corporation bus are promoted well, it’s
limited to cities and towns. The lack of availability
of public transport in rural areas, frequent rise in
transportation price, availability of less expensive
segment two wheelers, easy n speedy transportation
by two wheelers have led to increase in number of
two wheelers and road traffic in last few years. Road
traffic injuries are predicted to rise from ninth place
in 2004 to fifth place by 2030 as a contributor to the

The present study comprised of age spread over
7yrs to 80yrs. Maximum number of deaths occurred
in age group of 21 to 30yrs i.e., 40 (25.8%) of the total
cases, followed by age group of 51 to 60yrs (18.1%),
31 to 40yrs (14.8%) and age group below 20yrs
composed of 28(18.1%). Maximum deaths occurred
in the age group of 21 to 40yrs i.e., 63 cases (40.6%).
Nilambar Jha7 reported maximum number of deaths
below 40 yrs, with 31.3 % of victims in 20 to 29 year
age group. A study by Chaudary also showed same
results.9 Which implies more RTA deaths were in
active mobile and earning group of population.
Majority of the Indian population being Hindu,
more deaths were noted in that particular religion.
Majority of the victims were students followed by
other professions, this can be a�ributed to adrenergic
ride, inexperience and unawareness regarding
accidents and their consequences.
Out of 155 deaths, 82 (52.9%) number of accidents
occurred in rural limits of Shimoga, 52 (33.5%)
number of accidents occurred in town limits of
Shimoga and 21 (13.5%) took place outside Shimoga
district. This is because of the earning population and
Shimoga having a number of remote tourist spots
people prefer two wheeler as there is no access of all
such places to remote places. 61 % of the riders lacked
a valid driving liscence.
In present study, maximum deaths occurred on
week days, Jha N7 study results showed maximum
deaths during weekends a�ributing to more traffic
movememt and rash driving.
In the present study majority of the deaths were
due to Head injury followed by blunt injury to chest
and abdomen. Head injury a�ributed to lack of safety
measures and speedy riding. Blunt injury as a result
of collision with heavy motor vehicles.

OBSERVATIONS AND RESULTS
The study was conducted on 155 victims of RTA
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brought to mortuary, Mac Gann Hospital, SIMS,
Shimoga
Table No.01: Sex wise distribution of RTA
Victims
SEX
FEMALE
MALE
Total

Frequency
22
133
155

Percent
14.2
85.8
100.0

Table No.02: Age wise distribution of RTA
Victims
Age in years
1 to 10
11 to 20
21 to 30
31 to 40
41 to 50
51 to 60
>61
Total

Frequency
9
19
40
23
17
28
19
155

Percent
5.8
12.3
25.8
14.8
11.0
18.1
12.3
100.0

Table No.03: Religion wise distribution of RTA
Victims:
Religion

Frequency

Percent

Hindu

132

85.2

Muslim

18

11.6

Others

3

1.9

Christian

2

1.3

Total

155

100.0
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Maximum number of RTAs occurred on
Wednesday 31 (20 %), followed by Tuesday 25 (16.1
%), Thursday 23 (14.8 %), Sunday and Monday 21
(13.5 %) each, Saturday 17 (11 %) and Friday 16
(10.3%) each. 41 cases (26.2 %) occurred on week end
and week beginning days.

CONCLUSION MEASURES TO
PREVENT RTA
1. ENVIRONMENTAL
CORRECTIONS:
Possibly wide, pot-hole free and straight roads
should be planned and constructed. Separate lanes
for slow and fast moving traffic. Ring roads and
specific entry time for HMV and over size trucks.
Proper illumination and sign boards. Help lines,
accident relief units and mobile teams at possible
distance.
2. HUMAN REMEDIES: Proper education
beginning form school to end age group through
boards, display cards and street plays. Strict vigilance
for license and traffic skippers and over speeding
individuals. Imparting traffic sense and value of
life of pedestrian to riders and drivers. Compulsory
helmet and seat belt. Proper public awareness.
1. MACHINERY REMEDIES: Usage of vehicles
which fits the safety and economy norms. Fixing
speed governors and vigilance by interceptors.
Enforcing laws for periodic checkup and for fitness
of vehicle.
Conflict of Interest : Nil

Table No.04: Marital status of RTA Victims:

Source of Funding: Self

Marital status

Frequency

Percent

Unmarried

59

38.1

Married

95

61.3

Ethical Clearance : Obtained from institutional
ethical commi�ee.

Not known

1

0.6

Total

155

100
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Table No.05: Occupations of the RTA Victims:
Frequency

Percent

Farmer

10

06.5

Business

22

14.2

Govt

10

06.5

Non Specific

68

43.9

PVT

3

01.9

STUDENT

42

27.1

Total

155

100.0
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ABSTRACT
Background: Directional asymmetry of digit ratios(D:r-l) is the difference between the ratio of index
finger to ring finger (2D:4D) of right hand and left hand. Directional asymmetry of digit ratios has been
associated with masculine traits in men and women. Digit lengths of index and ring finger of males
and females also show directional asymmetry. Whether directional asymmetry of digit ratios and digit
lengths can help in gender determination in forensic se�ings has to be explored.
Material & Method: Digit lengths of index and ring finger and their ratio (2D:4D) of both right and
left hand of 54 male and 66 female medical students were taken with a digital vernier calipers and the
significance of difference between digit lengths & 2D:4D of right and left hand (directional asymmetry)
among gender groups was observed using appropriate statistical methods.
Discussion: This study replicated the findings of previous studies that there was significant difference
between Right hand 2D:4D of males and females (p<0.1), males having lower 2D:4D. There was no such
finding in left hand 2D:4D. This study did not find any significant difference in directional asymmetry
of digit ratios and digit lengths among gender groups in the study sample.Interestingly(though not
statistically significant), left sided finger lengths (both index & ring) were more than right in males.
Right sided finger lengths (both index & ring) were more than left in females.
Conclusion: There was no significant difference in directional asymmetry of 2D:4D and 2D, 4D lengths
among gender groups in the study sample. Males showed mild left sided asymmetry, females right
sided asymmetry (statistically not significant).
Keywords: Directional asymmetry, digit lengths, 2D:4D, digit ratios, medical students, gender

INTRODUCTION
Identification of individuals among commingled
human remains is a challenging task for both police,
medical and scientific officers. Gender determination
is one of the initial tasks of this identification
process. There are simple laboratory tests for gender
determination from human samples but in se�ings
Corresponding author:
Dr. Kiran GT, Associate Professor, Forensic
Medicine, PESIMSR, Kuppam (517425).Chi�oor.
Andhra Pradesh. Ph: 8105103337.
Email: drgt.kiran@gmail.com

where laboratory access is far, anthropological
measurements may give a quick method in
streamlining the identification process1,2,3.
2D:4D is the ratio of the length of the index finger
to length of the ring finger. It has been established
that 2D:4D is a proxy for intrauterine exposure to
testosterone and estrogen of the fetus. 2D:4D is low
in fetuses with high testosterone exposure and high
otherwise. Low 2D:4D has been well correlated with
masculine traits in both males and females. 2D:4D
has also been considered as a gender determinant in
forensic se�ings4,5,6.
Not only 2D:4D, the difference between 2D:
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4D of right hand and left hand (D:r-l) has also been
explored by many researchers in psychology fields
to be associated with masculine traits in males and
females. Whether D(r-l) can be used in forensic
se�ings as a gender determinant has yet to be
explored4,5,6.

analyzed using Independent sample t test4,5,6.

Directional asymmetry is the departure from
the expected symmetry of the body in left and right
side due to various reasons. Directional asymmetry
of finger lengths has also been shown to be present
in males and females. Whether it is found in Indian
samples has to be explored. This study is a pilot
a�empt to explore the directional asymmetry of
digit lengths and digit ratios in a sample Indian
population.

Table No.1 : Gender distribution in the study
sample

MATERIALS & METHOD

2

The study population included 66 female medical
students and 54 male medical students belonging to
PESIMSR, Kuppam studying Second Professional
MBBS, students who were enrolled after informed
consent from the participants. Participants with
deformities of fingers or hands were excluded from
the study. Only those participants whose parents
were ethnic to Andhra Pradesh that is the parents
of the participants who were born and brought
up in Andhra Pradesh were included in the study.
Participants whose parents were belonging to other
parts of India were excluded.
The length of the index finger and ring finger of
both left and right hands from the tip of the finger
to the midpoint of the proximal flexion crease was
measured with a calibrated digital Vernier callipers
by two investigators and average of the value was
considered .The measurement was taken by placing
the hands flat, with palmar side upwards with the
fully adducted second to fifth digits and thumb
slightly extended. The length of the index finger
divided by length of the ring finger was calculated
and was considered as 2D:4D ratio of that particular
side hand of the individual.
Directional asymmetry of digit ratios(D:r-l) was
calculated by subtracting 2D:4D of right hand from
2D:4D of left hand in both males and females. The
samples were analyzed using Independent sample t
test. The directional asymmetry of digit lengths (left
& right) in both male and female samples were also

Data of this study was tabulated using Microsoft
Excel 2007 software and the results were analyzed
online at www.vassarstats.net.

RESULTS

Total sample size

Male

Female

120

54

66

Table No. 2: 2D:4D values of different groups in
the study sample
Sample

2D:4D (0.95 CI)

Male (left hand) *

0.976 (+/-0.0073)

Female (left hand)*

0.989 (+/- 0.0097)

Male (right hand) *

0.971 (+/- 0.0083)

Female (right hand)*

0.987 (+/- 0.0076)

Left hand (total sample:male &
female) *

0.981 (+/- 0.0097)

Right hand (total sample:male &
female) *

0.970 (+/- 0.0083)

*p<0.1 (significant)
Table No. 3: Index finger lengths (2D) & Ring
finger lengths (4D) in Male & Female groups^
Right

Left

Gender

2D

4D

2D

4D

Male

71.62
(4.77)*

73.81 (4.7)**

72.41
(5.24)*

74.23(5.49)**

Female

67.17
(5.09)#

68.05(4.77)##

67.15(5.13)#

67.89(4.85)##

*(t=-0.91, p=0.18), ** (t=-0.63, p=0.27), #(t= +0.01,
p=0.49), ##(t=+0.17, p=0.43)
^Standard deviation values given in brackets
Table No. 4: Directional asymmetry of 2D:4D
ratios (D: r-l, 2D:4D right minus left)
Gender

D(R-L)

Std dev

Male *

-0.00524

0.0311

Female *

-0.00208

0.0287

Total sample

-0.00381

0.0309

*t=0.56, p>0.1
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ABSTRACT
Snake venom is probably the oldest known poison to mankind. Globally every year, an estimated more
than 5 million people are bi�en by snakes. Over 2,000 species of snakes are known worldwide, of which
around 400 are poisonous. A hospital based retrospective study was conducted at tertiary care center in
Madurai, South India by collecting the hospital records and post mortem certificates for two years. The
study included 108 cases of snake bite victims. The majority of the cases were males (60.1%). Maximum
numbers of snakebite cases were reported during the month of September to December (53.7%). The
peak time of snakebite was between 18.01 and 24.00 h which was reported in 48.1% of the cases. Lower
extremities were the most common site of bite in more than three-fourth of the cases (77.7%). The most
common symptoms were a pain (82.4%) and swelling (51.8%). Viper bite was most common in the
locality. Messages regarding prompt reporting of snakebite cases and importance of effective treatment
must be disseminated among people through mass media and role plays.
Keywords: Epidemiology Madurai, Snakebite, Viper bite, South India

INTRODUCTION
Snakebite is a major public health problem
throughout the world especially in tropical and
sub-tropical countries. Snake venom is probably
the oldest known poison to mankind and has been
described in oldest medical writings and myths.
An authentic measure of the global burden of
snakebite envenoming remains obscure despite
several a�empts to estimate it and, apart from a few
countries, reliable figures on incidence, morbidity,
and mortality remains elusive. Globally every year,
an estimated more than 5 million people are bi�en
by snakes1,2 resulting in approximately 20,000 to
1, 25,000 deaths3. India has the highest number of
deaths due to snake bites in the world with 35,000–
50,000 people dying each year according to World
Corresponding author
Dr. Manigandan G (MD)
Assistant Professor, Department of Forensic
Medicine, Madurai Medical College, Madurai
– 625020, Tamil Nadu, India
Email id: dr.manigandan86@gmail.com
Phone: 9566708075/7598566989

Health Organization (WHO) direct estimates3. This
is especially true in rural areas where snakebites
are common but there is limited access to health
care and anti-venoms. Over 2,000 species of snakes
are known worldwide, of which around 400 are
poisonous. These snakes belong to the families
Elapidae, Viperidae, Hydrophiidae and Colubridae4.
Since complications of snakebite develop rapidly and
irreversibly, medical intervention must be prompt
and appropriate But unlike mortality from snakebite
poisoning the true incidence of snakebite cannot be
ascertained as large number of cases goes unnoticed,
treated by local quacks, or ignored considered as
bites by non-poisonous snakes. Unlike the other
public health problems, which have received a lot of
a�ention from both the policymakers and healthcare
providers, snakebite has been grossly neglected
by many. Hence, the current study was conducted
with the objective of assessing the clinical and
epidemiological profile of snakebite victims admi�ed
to a tertiary care hospital in a Madurai city, South
India.

AIMS AND OBJECTIVES
1.

To study the epidemiological profile of
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fatal snake bite envenomation in & around Madurai
district.
2. To suggest measures to prevent deaths from
snakebite poisoning.

MATERIALS & METHOD
The present retrospective study was carried out
in a tertiary care government hospital in Madurai.
This study was done on deaths due to fatal snake
bite envenomation cases, which were autopsied
at Forensic Medicine & Toxicology Department of
Madurai Medical College, Tamil Nadu, India. Of
the all autopsies performed on all types of unnatural
deaths between 1 January 2014 and 31 December
2015, 108 deaths were cases of snake bite poisoning.
These 108 envenomation cases form the material of
this study.

RESULTS
The findings of the study are tabulated.
Table 1: Age and sex distribution of snake bite
victims
Characteristics

Number (%)

Age (years)
< 10

5 (4.6)

11 – 20

11 (10.1)

21 – 30

23 (21.2)

31 – 40

39 (36.1)

41 – 50

18 (16.6)

51 – 60

9 (8.3)

>61

3 (2.7)

Gender
Males

65 (60.1)

Females

43 (39.8)

Table 2: Details of snake bite in the study
Month, time and site of bite

Number (%)

Months
January – April

27 (25)

May – August

23 (21.3)

September – December

58 (53.7)

Time of bite (00.00-24.00 h)
00.01-06.00

4 (3.7)

06.01-12.00

28 (25.9)

12.01-18.00

16 (14.8)

18.01-24.00

52 (48.1)

Exact time not reported

8 (7.4)
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Site of bite
Lower limb

84 (77.7)

Upper limb

11 (10.1)

Other areas

13 (12.1)

Table 3: Profile of symptoms among snake bite
victims
Symptomology of victims

Number (%)

Symptoms *
Local Pain

89 (82.4)

Swelling

56 (51.8)

Local bleeding

44 (40.7)

Vomiting

48 (44.4)

Abdominal pain

23 (21.3)

Syncope

37 (34.2)

Diplopia

23 (21.3)

Oliguria

51 (47.2)

Hematuria

32 (29.7)

Time of presentation
<24 hours

97 (89.9)

>24 hours

11 (10.1)

* Multiple responses
Table 4: Species of snake identified (N=43)
Type of snake

Number (%)

Cobra

9 (21)

Viper

21 (48.9)

Krait

13 (30.2)

Table 5: Period of survival of the victims
Period of survival

Number (%)

<6 hours

5 (4.7)

6 – 12 hours

12 (11.1)

12 – 24 hours

17 (15.7)

24 – 36 hours

25 (23.1)

36 – 48 hours

27 (25)

2 – 4 days

11 (10.1)

4 – 7 days

8 (7.4)

>7 days

3 (2.8)
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DISCUSSION
Snakebite is one of the medical emergencies,
most commonly reported from the developing
countries of the tropical region. It predominantly
affects the young working population. As a result of
under-reporting, the actual pa�ern of morbidity and
mortality pa�ern remains vastly unknown.
This study explored the profile of 108 snakebite
victims and analyzed their sociodemographic and
epidemiological details. The male to female ratio
of the study participants was 1.5:1. Similar findings
have been reported from the studies conducted
in different parts of India and in South East Asian
Region (SEAR)5-7. A higher male-female ratio was
noted in studies conducted in Gujarat8 and Andhra
Pradesh9 whereas studies conducted in other parts of
Karnataka showed a lower male-female ratio10,11.
Agriculture is the predominant occupation
in this part of the country that requires outdoor
activities mainly. Males are usually involved in
agriculture related activities than females and hence,
the predominance of male victim of snakebites in the
study when compared to females. The maximum
incidence of snakebites in the present study was
reported during the post-monsoon months of
September to December which is further in support of
findings of other studies12,13. The reason for increased
incidence of snakebites in the post monsoon season
in our study could be due to the fact that there is an
increase in agricultural and constructional activities
during this period.
Our study revealed that maximum cases of
snakebite occurred between 6 pm and 12 am which
is similar to the observations made elsewhere14. It
is during the time of dusk that snakes come out in
search of their prey and become active during this
period. Due to diminished vision during dusk and
at night, people may accidentally step on the snakes
resulting in bites. Most common site of the bite was
lower extremities. Rarely, people were bi�en on
forearms and chest while sleeping on the floor when
snakes enter the human habitat in search of their prey
or sometimes when the snake is accidentally handled
while lifting the vegetation.
Most of the snakebites in India are a result of
bites of Cobra, Russels Viper and Common Krait that
are the more commonly encountered species among
the 13 known species of poisonous snakes. The most

common symptom reported was local pain followed
by swelling which is similar to those reported in
other studies6,9,13.
Lack of awareness on snakebites and its potential
hazards, delay in seeking timely medical advice,
difficulty in identification of snakes, and lack of
health care facilities in remote areas are some of the
issues that need to be highlighted in tackling with the
problem of snakebite and its treatment.

CONCLUSIONS AND
RECOMMENDATIONS
Snakebite still remains a major public health
problem in this part of the world which mainly
affects people from productive age group. Viper
and cobra are the most common snakes among
the identified cases of snakebites. Snakebite cases
occur more commonly reported in post-monsoon
season and during the dusk. People must be advised
to use long pants and gumboots while working
outdoors and to wear gloves while handling
debris. Knowledge must be imparted regarding the
prevention of snakebites through community health
programs. Messages regarding prompt reporting
of such cases and importance of effective treatment
must be disseminated among people through mass
media and through role plays and puppet shows
at the village level. In this regard, social media can
be used effectively to promote the message among
younger generations.
Acknowledgment: Authors acknowledge the
great help received from the scholars whose articles
cited and included in references of this manuscript.
Conflict of Interest – Nil
Source of Funding – Nil
Ethical Clearance – Obtained

REFERENCES
1.

Chippaux JP (1998) Snake-bites: appraisal of the
global situation. Bull World Health Organ 76:
515-524.

2.

Kasturiratne A, Wickremasinghe AR, de Silva
N, Gunawardena NK,Pathmeswaran A, et
al. (2008) The global burden of snakebite: a
literature analysis and modelling based on
regional estimates of envenoming and deaths.
PLoS Med 5: e218.

Indian Journal of Forensic Medicine & Toxicology, July-December 2016, Vol. 10, No. 2

3.

Warrell DA (2010) Guidelines for the
management of snake-bites. Regional Office for
South-East Asia – Delhi. WHO 37.

4.

Al-Homrany M. Acute renal failure following
snake bite: case report and review. Saudi J
Kidney Dis Transpl 1996; 7:309-12.

5.

6.

7.

8.

158

9.

Brunda G, Sashidhar RB. Epidemiological
profile of snake-bite cases from Andhra Pradesh
using immunoanalytical approach. Indian J
Med Res 2007;125:661-8.

10.

She�y AK, Jirli PS. Incidence of snake bites in
Belgaum. J Indian Acad Forensic Med 2010;8:
139-41.

11.

Whitehall JS, Yarlini M, Arunthathy M, Varan,
Kaanthan, Isaivanan, et al. Snake bites in north
east Sri Lanka. Rural Remote Health 2007;7:
751.

Saravu K, Somavarapu V, Shastry AB, Kumar
R. Clinical profile, species-specific severity
grading, and outcome determinants of snake
envenomation: An Indian Tertiary Care
Hospital-based prospective study. Indian J Crit
Care Med 2012;16:187-92.

12.

Joshi HS, Mahmood SE, Joshi MC, Shaifali I,
Srivastava PC. Clinico-epidemiological profile
of snake bite cases in Western Nepal. TAF Prev
Med Bull 2012;11:57-62.

Lal P, Du�a S, Ro�i SB, Danabalan M, Kumar
V. Epidemiological profile of snakebite
cases admi�ed in JIPMER Hospital. Indian J
Community Med 2001;26:36.

13.

Rano M. A study of snake bite cases. J Pak Med
Assoc 1994;44:289.

14.

Sharma N, Chauhan S, Faruqi S, Bhat P, Varma
S. Snake envenomation in a north Indian
hospital. Emerg Med J 2005;22:118-20.

Inamdar IF, Aswar NR, Ubaidulla M, Dalvi
SD. Snakebite: Admissions at a Tertiary Health
Care Centre in Maharashtra, India. S Afr Med J
2010;100:456-8.

Jarwani B, Jadav P, Madaiya M. Demographic,
epidemiologic and clinical profile of snake
bite cases, presented to emergency medicine
department, Ahmedabad, Gujarat. J Emerg
Trauma Shock 2013;6:199-202.

DOI Number: 10.5958/0973-9130.2016.00085.2

Forensic Nursing
Vishnu Renjith1, Nikitha S2, Anice George3, Vithoba Mhalkar4, Nevil Johnson Raju5
Junior Research Fellow, Manipal College of Nursing Manipal, Manipal University, 2Staff Nurse, Kasturba
Hospital, Manipal, 3Professor & Dean, 4MPhil Nursing Student, Manipal College of Nursing Manipal,
Manipal University, 5Forensic Nurse, Al Massara Hospital, Oman

1

ABSTRACT
Dynamic and complex nature of health care for individuals and communities has led to a reform in
the health care scenario and forensic nursing has emerged as a part of it. Forensic Nursing is evolving
and is still in an infancy stage of development. The title “Forensic Nurse” originated in the year 1992
at a convention for sexual assault nurses in St. Paul, Minnesota when a small group of about 70 nurses
met at its first national convention. The International Association of Forensic Nurses was formulated
soon after the convention. American Nurses Association (ANA) officially accepted Forensic Nursing
as a specialty in the year 1995. Forensic nursing is one among the latest branches of forensic sciences.
ANA defines Forensic Nursing as “application of forensic science combined with the biopsychosocial
education of the registered nurse, in the scientific investigation, evidence collection and preservation,
analysis, prevention and treatment of trauma and or death related to the medico-legal issue.” The
environment of practice of forensic nursing includes clinical forensic nursing se�ings and correctional
forensic nursing se�ings. The integrated practice model for forensic nursing was developed by
Virginia Lynch. This model emphasizes that justice is served when the truth is identified, verified and
demonstrated. Forensic nurses work in a variety of forensic se�ings and care for individuals who are
victims from the acts of violence, exploitation, abuse, negligence or mistreatment. Based on the areas
of practice, forensic nursing is broadly classified into four specialties as Clinical Forensic Nursing,
Sexual Assault Nurse Examiner, Forensic Psychiatric Nursing and Correctional/ Institutional Forensic
nursing. There is a huge scope for forensic nursing in India. Forensic nurses can play a crucial role
in fields of; crime scene investigation, forensic pathology, forensic psychiatry, forensic traumatology,
forensic toxicology, death investigation & correctional se�ings. Forensic nursing education needs to be
strengthened in the country as there is a wide scope for this specialty. It helps in the delivery of highquality nursing care services to sufferers as well as perpetrators of crime. It helps to bridge the gap
between the legal and health systems. Forensic nurse examinations are gaining recognition in the court
system as reliable sources of evidence which in turn leads to higher conviction rates & fewer crime
scene errors.
Keywords: Forensic Nursing, Forensic Medicine, Forensic science.

INTRODUCTION
Dynamic and complex nature of health care for
individuals and communities has led to a reform
in the health care scenario and forensic nursing
has emerged as a part of it. In the era of increasing
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violence including the acts of terrorism health care
system closely interacts with the criminal justice
system. Nurses with their comprehensive clinical
skills and ability of collaborative practice are ideal
in providing holistic care to sufferers as well as
perpetrators of crime.
EVOLUTION OF FORENSIC NURSING
Forensic Nursing is evolving and is still in an
infancy stage of development. The title “Forensic
Nurse” originated in the year 1992 at a convention
for sexual assault nurses in St. Paul, Minnesota when
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a small group of about 70 nurses met at its first
national convention. The International Association
of Forensic Nurses (IAFN) was formulated soon after
the convention. Forensic nursing was originated in
the USA, followed by the adoption of this specialty
into practice by countries like Canada, South Africa,
Sweden, Columbia, Singapore, Japan, and Malaysia.
1,2
Forensic nursing was officially accepted as a
specialty in 1995 by the American Nurses Association.
International Association of Forensic Nurses, USA,
has a pivotal position in molding forensic nursing as
a specialty. In the year 2005, International Association
of Forensic Nurses started publishing the ‘Journal
of forensic nursing’, a landmark in the history of
forensic nursing.1
Institute of legal medicine and forensic
sciences, Singapore uses manpower of Forensic
Nurse Examiners (FNEs) in the medical examiner
system. Thus, Singapore became the first Asian
country to open up job opportunities for forensic
nurses. Ms. Virginia A Lynch, a US-based forensic
nurse specialist, introduced the concept of ‘forensic
Nursing’ in India by December 2002. Ms. Virginia
is documented as the founder of forensic nursing.
A formal forensic nursing education program was
formulated by Ms. Virginia A Lynch and Dr. R. K.
Gorea at Government Medical College, Patiala. In
2002, Mr. Gorea RK and colleagues published an
article entitled ‘Forensic Nursing in India: Need
of the Hour’ in the Journal of Punjab Academy of
Forensic Medicine and Toxicology.3
Dr. Gorea was instrumental in developing
forensic nursing as a specialty in India. His efforts
were recognized by International Association of
Forensic Nurses by granting him the prestigious
vision award in the year 2007. 4 Baba Farid University
later on organized a conference on forensic nursing.
In 2012 November, Manipal College of Nursing
Manipal organized a National Conference on Forensic
Nursing, the first-ever conference of its kind in South
India. Recently Indian Nursing Council made a great
contribution by formulating the curriculum for Post
Graduate Diploma in Forensic Nursing.
FORENSIC NURSING – DEFINITION
Forensic nursing is one among the latest branches
of forensic sciences. American Nurses Association
defines forensic nursing as “application of forensic
science combined with the biopsychosocial
education of the registered nurse, in the scientific
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investigation, evidence collection and preservation,
analysis, prevention and treatment of trauma and or
death related to medico-legal issue”.5 International
Association of Forensic Nurses (IAFN) defines
forensic nursing as “Forensic Nursing is the practice
of nursing globally when the healthcare and legal
systems intersect”. 6
Forensic nurses work in a variety of forensic
se�ings and care for individuals who are victims
from the acts of violence, exploitation, abuse,
negligence or mistreatment. Forensic nurses strive
to make a difference in medicolegal outcomes of
persons criminal care- whether victim or suspect.
This sets forensic nursing apart from other nursing
disciplines.7
ENVIRONMENTS OF FORENSIC NURSING
PRACTICE
The environment of the practice of forensic
nursing includes clinical forensic nursing se�ings
and correctional forensic nursing se�ings.8 The
clinical forensic nurse works in collaboration with
other professionals in autopsy rooms, crime scene
investigation and in forensic laboratories. They act
as family liaison and custodian of evidence. While
working with a death investigation the clinical
forensic nurse interviews the witnesses, takes care of
the body, conduct forensic photography, plans for the
body transport, preserves the evidence and records
the event. While working with the living victims,
the forensic nurse focuses on evidence collection,
injury assessment and provides holistic care. The
correctional care se�ings include those custody
se�ings where an individual or the accused is held
in confinement. It can be a jail, federal prisons or
halfway homes. The nurse in correctional care se�ing
provides comprehensive care to the victims of crime
within the limitations of those se�ings. The forensic
nurse who is working in the correctional care se�ing
will be knowledgeable regarding the legal issues in
the provision of care in prisons, ethical principles of
professional practice, custody rules, and regulations.
The forensic nurse must be versatile not only in the
clinical skills but also in interpersonal competencies.

FORENSIC NURSING MODEL
The integrated practice model for forensic
nursing was developed by Virginia Lynch. The
model incorporates a synthesis of shared theory from
various disciplines including nursing sciences, legal
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(forensic sciences) and social sciences. This model
emphasizes that justice is served when the truth is
identified, verified and demonstrated. According
to the model, a forensic nurse is considered as an
advocate for justice and an advocate for truth.4 This
model provides a strong theoretical base for the
practice of forensic nursing. Further details about the
model are out of the scope of this article.

CHARACTERISTICS OF THE FORENSIC
NURSE
Forensic nursing is a challenging specialty and
is not a specialty for all to pursue. Emotional and
social maturity, objectivity, logical reasoning, critical
thinking, observation skills, communication skills
and the ability to remain calm in stressful situations
are the essential characteristics one should possess to
become a forensic nurse.

FORENSIC NURSING SPECIALTIES
Based on the areas of practice, forensic nursing
is broadly classified into four specialties. Clinical
Forensic Nursing, Sexual Assault Nurse Examiner,
Forensic
Psychiatric
Nursing,
Correctional/
Institutional
Forensic
nursing.
International
Association of Forensic Nurses has identified many
subspecialties of clinical practice in forensic nursing
such as Forensic Nurse Educator, Forensic Clinical
Nurse Specialist, Death Investigator, Legal Nurse
Consultant, Forensic Gerontology Specialist and
Forensic Psychiatric Nurse. 5

ROLES OF A FORENSIC NURSE
The potential roles of a forensic nurse from an
Indian perspective was outlined by Gorea & Lynch
in 2003. 9
Forensic pathology: Forensic Nurse can assume
the responsibility of receiving the dead bodies, legal
documents, mortuary records and other data to be
maintained for legal & medical procedures. Forensic
Nurse can act as a mortuary administrator, and can
perform the pre-mortuary assessment. Forensic
Nurse can be a spokesperson for the medical team
and can respond to the various queries of the family
members, thereby reducing undue pressure over the
pathologists in addressing these issues.
Forensic traumatology: Forensic Nurse examiner
can shed light into the evidence of assault by
documenting the incident, collecting essential blood /

body fluid specimens, taking necessary photographs,
preserving various evidence such as clothing, stains,
debris etc. A female forensic nurse can play a more
specific role in the case of sexual assault when the
victim is a female.
Forensic toxicology: Many times, in cases of
poisoning some vital evidence will be lost because
of overlooking by healthcare providers at the initial
contact with the victim. While treating for victims
of poisoning, forensic nurses can play a crucial role
by preserving significant evidence like a sample of
poison, vomitus, urine sample, gastric lavage, fecal
ma�er or clothes soiled with poison.
Sexual assault cases: Sexual Assault Nurse
Examiners (SANE) are professionally trained in
taking care of victims of sexual assault. SANE
accepts court testimony as a duty and professional
responsibility. In western countries, SANE is
considered as an expert witness under the court of
law. In near future, SANE can assume similar roles in
Indian medicolegal systems.
Member of various teams: Registered forensic
Nurse has a scope to work as a proficient member in
various teams of medicolegal systems like legal team,
crime scene investigation team, the investigative
team for insurance companies and for special teams
endorsed by the government for legal proceedings.
Forensic psychiatric nursing: Forensic psychiatric
nurse strives to narrow the gap between the criminal
justice system and mental health care. A forensic
mental health nursing practice is the assessment &
formulation, Planning, implementation & evaluation
of nursing care and treatment within a therapeutic
alliance with people experiencing mental disorders
who are involved in criminal justice process. 10,11
Child Health Nursing: A forensic nurse can be a
part of child health nursing team and can play major
roles in identifying, reporting, and documenting
cases of suspected child abuse. The term child abuse
covers a wide spectrum of issues including physical
abuse, child neglect, and sexual abuse.
Other roles: Forensic nurses can play a role in
early identification and reporting of social issues like
abuse and exploitation of vulnerable population,
criminal abortion, human rights violations etc.
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FORENSIC NURSING
ABROAD & INDIA

EDUCATION

IN

In 1986, Lynch initiated a formal curriculum
for forensic nursing at the university of Texas at
Arlington. American academy of forensic sciences
formally recognized forensic nursing in the year 1991.
In the same year, clinical forensic medical program
was established at the university of Louisville.
In India, Gian Sagar Nursing College along with
Colorado University introduced a course in forensic
nursing in the year 2009. Currently, this course is a
part of the second year graduate nursing curriculum.4
Later a Post Graduate Diploma program in Forensic
Nursing was developed by Indian Nursing council.

FUTURE PERSPECTIVES
There is a huge scope for forensic nursing in
India. Forensic nurses can play a crucial role in fields
of crime scene investigation, forensic pathology,
forensic psychiatry, forensic traumatology, forensic
toxicology, death investigation & correctional
se�ings. Forensic nursing education needs to be
strengthened in the country as there is a wide scope
for this specialty. Graduate, post graduate & specialty
programs can be developed and implemented as in
developed countries. Research in forensic nursing
has to be promoted so as to widen the evidence base
for safe & quality practice. This further reduces the
gap between judiciary & healthcare systems.

CONCLUSION
Forensic nursing is a relatively new field of
nursing, where elements of law enforcement are
combined with health care. Lack of trained forensic
nurses in India makes it imperative to train nurses
working in public health centers, psychiatric se�ings,
emergency care se�ings and Operation Theater
with basic concepts of forensic science. Rewards of
forensic nursing are many. It helps in autonomous
professional practice as well as it challenges to expand
the repertoire of nursing to nontraditional se�ings.
Moreover, there is high reputation and good pay
scale for forensic nurses. Forensic nursing is taking
nurses to more of independent practitioner role from
that of supportive care. It helps in the delivery of
high-quality nursing care services to sufferers as well
as perpetrators of crime. It helps to bridge the gap
between the legal and health systems. The practice of
a forensic nurse do not replace, assume or suppress
any other forensic agent, rather they fill voids where
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needs exist due to a global shortage of competent
forensic services 9. Forensic nurse examinations are
gaining recognition in the court system as reliable
sources of evidence which in turn leads to higher
conviction rates & fewer crime scene errors.
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ABSTRACT
Background:-The estimation of age in pediatric age group is frequently required in child labour, under
12 sports events and many other circumstances. Aims & Objectives:- our aim is to obtain a statistical
profile of ossification of different centers at wrist joint so we can use in estimation of age as standard
in the Ajmer region simultaneously we can correlate with other studies. Material & method:- This
is a prospective Study, carried out in the department of forensic medicine at J.L.N. Medical College,
Ajmer on 300 healthy subjects of pediatric group i.e. Up to 12 years of age of both sexes. Results:- In the
present series appearance of Capitate slightly earlier than Hamate In the present series, the 3rd carpal
Triquetral showed its appearance at the age of 3 to 5 years. Lunate was the 4th carpal to ossify at 4 to
6 years of age in the study. For first four carpals as mentioned above there was no wide sex variation
in their ossification whereas, remaining four carpals i.e. Trapezium, trapezoid, Scaphoid and Pisiform
showed slight variation ( 1-2 years) in their ossification in two sexes. Trapezium, trapezoid and
Scaphoid ossified between the ages of 5 to 9 year’s in both the sexes in the present study. Appearance
of last carpal i.e. Pisiform has been reported at the age of 9 to 12 and 10 to 12 years in the males and
females respectively. In the present series, center for lower end of radius ossified (M 1-2 years; F 2-3
years) earlier than ulna (M a n d F 5 - 8 y e a r s ) . Conclusion:- Capitate, Hamitate, Triuetral, Lunate,
there was no wide sex variation in their ossification whereas, remaining four carpals i.e. Trapezium,
trapezoid, Scaphoid and Pisiform showed slight variation ( 1-2 years) in their ossification in two sexes.
Ossification at the distal End of radius and ulna are also helpful in assessment of age along with carpal
bones in children below 12 years of age. Variations in the appearance of center of ossification at wrist
joint shows influence of race, climate, diet and regional factors.
Keywords:- Age, carpals, ossification.

INTRODUCTION
Age has an important role in punitive system
of India11. The pediatric age group (up to 12 years)
has got significant medico-legal importance (Table
- 1). Neverthlessly age can be assessed more
accurately in younger age group by dentition and
ossification along with epiphyseal fusion6. A careful
examination of teeth and ossification at wrist
joint provide valuable data for age estimation in
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children9. Studies on ossification of the carpal bone
are very few in India1,5,9,10 and abroad3,4. A survey
commi�ee of Director General of Health Services,
Ministry Of Health, New Delhi recommended to
the government of India, in the year 196412, that a
zone wise study for the problem of determination
of age is to be encouraged. The present study was
conducted in Ajmer (central Rajasthan) to find out
age of the children in pediatric age group (11 to 12
years) from ossification activities of the carpals and
the lower ends of radius and ulna. It was found that
ossification at wrist joint acts as a “good indicator of
age” in children.

MATERIAL & METHOD
This study was carried out in the
department of forensic medicine at J.L.N. Medical
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College, Ajmer on 300 healthy subjects of pediatric
group i.e. Up to 12 years of age of both sexes in the
month July 2015. Only the children having certified
proof of their birth were included in the study. The
pediatric group in the study was further classified
into three groups as follows: -
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Group I: 0 - 3 years (age of deciduous teeth
emption)
Group II: 3 - 6 years (age of non-eruption of
teeth)
Group III: 6 - 12 years (age of mixed dentition)

Table 1 : Medico-legal importance of pediatric age
SN

AGE IN YEARS

Medico-legal significance

Relevant IPC / Act

1

0 - 1 year

Infanticide

2

> 5 years

In deciding criminal
responsibility of a child

Sec. 127-130 of Indian Railway Act, 1890

3

< 7 years

-DO-

Sec. 82 IPC

4

7–12 years

-DO-

83 IPC

5

10 years

Kidnapping for valuables

Sec. 369 IPC

6

< 12 years

Oath

Indian Oaths Amendment Act- 1939

7

> 12 years

Consent for physical
examination

Sec. 89 IPC133

Sec. 302 IPC And British Infanticide Act - 1938

Ossification of all the eight carpal bones and
lower ends of radius and ulna were studied. For the
study, the skiagram of both wrists (PA view) were
taken and the x-ray plates were developed as per
the routine procedure in the department of Radiodiagnosis for observing the above ten centers of
ossification.

OBSERVATIONS

There were 52% males and 48% females in the
study with male to female ratio being approximately
1: 1. Precaution was taken to select equal proportion
of the cases from each year interval of the age, from 0
to 12 years in both sexes. 23.66% children in the study
belonged to group I,while 27.66% children were from
group II and remaining 48.68% children belonged to
group III.

Age and sex wise study of cases (table 2)
Table 2: Age and sex wise study of cases
SN

GROUP

AGE

MALE

FEMALE

1

(I)

0-1

7

10

1-2

13

13

2-3

14

14

3-4

12

17

4-5

16

14

5-6

18

16

6-7

10

11

7-8

12

09

8-9

12

09

9-10

16

10

10-11

12

10

11-12

14

11

156(52)

144 (48.%)

2

3

TOTAL

(II)

(III)

No. OF CASES
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Table - 3: Religion, habitat and dietary habit of cases
SN

No. OF CASES

PARAMETERS

1

RELIGION

2

HABITATE

3

DIET

TOTAL

MALE

FEMALE

No.

%

HINDU

126

118

244

81.33

MUSLIM

28

26

44

18.00

CRISTIAN

2

0

02

0.006

RULAR

28

26

54

18

SEMI-URBAN

28

26

54

18

URBAN

100

92

192

64

VEGITARIAN

58

53

111

37.00

EGG-EATERS

44

39

83

27.66

NON-VEGITARIAN

54

52

106

35.33

Most of the children (81.33%) in the study were
Hindus followed by Muslims (18.00) and the
Christians (0.006%) with male to female ratio
of 1: 1 in two major communities of the country.
64% children in the study were from the urban area
whereas remaining 18.00% and 18.00% were from
the semi-urban and the rural habitat respectively.
Number of the vegetarian and non-vegetarian

subjects in the study\vas almost same i.e. 37%
and 35.33% respectively followed by the egg eaters
(27.66%). Among the males number of nonvegetarians and egg- eaters slightly predominated
over the females whereas among the vegetarians
number of the females exceeded over the males.
Ossification of carpal bones (table - 4)

Table 4 - Showing ossification of carpal bones in both sexes
SN

AGE
IN
Yrs.

PERCENTAGE OF CASES SHOWING OCCIFICATION OF

CAPITATE

HAMITATE

TRIQUETRAL

LUNATEE

TRAPEZIUM

TRAPEZOID

SCAPHOID

PISIFORM

M

F

M

F

M

F

M

F

M

F

M

F

M

F

M

F

1

<1

100

100

100

100

2

1-2

100

100

100

100

3

2-3

100

100

100

100

4

3-4

100

100

100

100

50

62.5

5

4-5

100

100

100

100

100

100

50

83.3

6

5-6

100

100

100

100

100

100

100

100

16.6

28.5

16.6

42.8

16.6

28.5

7

6-7

100

100

100

100

100

100

100

80

50

80

50

40

75

40

8

7-8

100

100

100

100

100

100

100

100

100

100

100

100

100

100

9

8-9

100

100

100

100

100

100

100

100

100

100

100

100

100

100

10

9-10

100

100

100

100

100

100

100

100

100

100

100

100

100

75

11

10-11

100

100

100

100

100

100

100

100

100

100

100

100

100

100

40

25

12

11-12

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

75
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Capitate and Hamate ossified during infancy in
both sexes. The Triquetral and Lunate showed their
appearance at 3 to 4 and 4 to 5 years respectively
in both the sexes while trapezium, Trapezoid and
Scaphoid ossified in 16.66% males and 28.57% to
42.85% females at the age of 5 to 6 years in the study.
The Trapezium, Trapezoid and Scaphoid ossified
in all the females and males at the age of 8 to 9 and
9 to 10 years respectively. Among the few males
trapezoid (9-10 years) appeared later than Scaphoid
while females showed reverse pa�ern i.e. Scaphoid
(8-9 years) appeared earlier than the trapezoid.The
Pisiform was last to ossify in both the sexes. In the
males, it appeared between 9-10 years (14.28% cases)
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to 11-12 years (in all children) whereas; it ossified
between 10-11 years (25% cases) and 11-12 years
(75% cases) among the females. So up to the age of
12 years Pisiform did not ossify in all females in this
study. Ossification at lower ends of radius and ulna
(table 5) The center (for lower end of radius ossified
at the age of 1 to 2 and 2 to 3 years in all the males and
females respectively in this study. At the age o f 1 t
o 2 years only 40% females showed
ossification at lower end of radius while ossification
started ,it the lower end of ulna at 5 to 6 years of age
in both the sexes and at the age of 8 years and above it
was present in all the children in this study.

Table 5 - Showing ossification at lower ends of radius and ulna
SN

Percentage of cases showing ossification at age (years)
Ossification
center at
Lower end
of

1

Radius

2

Lower end
of ulna

<1

1-2

2-3

3-4

4-5

5-6

6-7

7-8

>8

M

F

M

F

M

F

M

F

M

F

M

F

M

F

M

F

M

F

-

-

100

40

100

100

100

100

100

100

100

100

100

100

100

100

100

100

50

14.3

50

80

80

75

100

100

Table 6 - Showing ossification at wrist and total number of centers appeared in pediatric age
SN

Age in
yrs

Total No. of ossification
center

Ossification at wrist
Male

Female

Male

Female

Symbols

1

<1

CH

CH

2

2

C=CAPITATE

2

1-2

CH

CH

2

2

H=HAMITATE

3

2-3

CHR

CH

3

2

Q=TRIQUETRAL

4

3-4

CHRQ

CHRQ

3-4

3-4

L=LUNATE

5

4-5

CHRQL

CHRQL

4-5

4-5

M=TRAPEZIUM

6

5-6

CHRQLUM*D*S*

CHRQLUM*D*S*

6-9

6-9

D=Trapezoid

7

6-7

CHRQLUM*D*S*

CHRQLUM*D*S*

6-9

6-9

S=SCAPHOID

8

7-8

CHRQLUM*D*

CHRQLUMDS*

7-9

8-9

P=PISIFORM

9

8-9

CHRQLUM*D*

CHRQLUMDS

8-9

9

R=Radius lower end

10

9-10

CHRQLUSMDP*

CHRQLUMDS

9-10

9

U=lower end of ulna

11

10-11

CHRQRLUSMDP*

CHRQLUMDSP*

9-10

9-10*

*=Ossification ±

12

11-12

CHRQLUSMDP

CHRQLUMDSP*

10

9-10

Number of ossification centers appeared at wrist
during pediatric age (table 6)
In the children of group I (up to 3 years) three
centers ossified at wrist which included two for
carpals and third for lower end of radius. At 3 to 4

and 4 to 5 years of age the same number (3-4 and
4-5) of ossification centers were observed in both
the sexes respectively while at 5 to 6 years of age over
all six centers ossified at wrist which, included135
four centers for carpals and centers for lower ends
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of radius and ulna. So there was an addition of two
more centers for carpals and third for lower end
of ulna in group ii (between 3 to 6 years) children.
Centers for remaining four carpals (trapezium,
trapezoid, Scaphoid and Pisiform) appeared
in group III (between 6 to 12 years) children of
which the Pisiform ossified in the last in both
the sexes. If we further subdivide group III age
into two i. e. 6 -9 years and 9-12 years,
the appearance of trapezium, trapezoid and Scaphoid
was observed between 6 to 9 years and Pisiform at
any time between 9 to 12 years in this study. So out of
10 ossification centers at wrist joint 3 appear up to the
3 years of age, 6 up to the 6 years of age and 9 up to
the 9 years of age whereas last one center (Pisiform)
appear at any time during last three years of the
pediatric age.

Indians while authors in India [1,12] have mentioned
the age of appearance of ossification centers for
the distal ends of radius and ulna consistent with
present study. Variations in the appearance of center
of ossification at wrist joint shows influence of race,
climate, diet and regional factors. Ossification centers
for the distal ends of radius and ulna consistent with
present study. Variations in the appearance of center
of ossification at wrist joint shows influence of race,
climate, diet and regional factors.

DISCUSSION AND CONCLUSION
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ABSTRACT
Coronary arteries were dissected out from 96 human hearts including 54 males and 42 females in all
age groups. The changes occurring in the internal elastic lamina (IEL) and thickness of tunica intima
were studied in all the four major coronary arteries in both the sexes. The thickness was measured with
ocular micrometer. Aldehyde fuchsine stain was used to stain the internal elastic lamina. A gradual
increase in intimal thickness was reported upto fourth decade followed by a gradual fall. Main changes
observed in internal elastic lamina were reduplication, fragmentation and stretching with advancing
age.
Keywords: Coronary arteries, Internal elastic lamina, Tunica intima.

INTRODUCTION
Arteries are most commonly affected by
advancing age and the structural changes observed
as a result of the normal ageing process at times
simulate to much those seen in the early manifestation
of a pathological process that it is very difficult to
draw a demarcation line between the two (Crawford
1976)1. The changes that develop with ageing lead
to atherosclerosis2. There is a long period of silent,
slowly progressive coronary atherosclerosis before
coronary artery disease (CAD) manifests. Thus it is
imperative to have an idea of the normal changes
occurring in the vessel wall as a result of advanced
age before proceeding to a study of an atherosclerotic
profile. With this idea the present study was taken
to study histological changes in different age groups
leading to atherosclerosis.

MATERIAL AND METHOD
The coronary arteries were dissected out from
96 human hearts including 54 males and 42 females
obtained from dissection hall cadaver and medico
legal post-mortems done within 6 hours of death.
The study was carried out in the department of
anatomy GMC Nagpur after taking prior permission
from ethical commi�ee. Hearts showing no obvious
pathological changes of atherosclerosis in the
segment of vessels were selected from all age groups.

The study material was divided in 8 age groups with
a range of 10 years.
Tissue samples were obtained from right coronary
artery (RCA) left anterior descending coronary artery
(LAD) and left circumflex coronary artery (LCX)
5mm from their origin and left coronary artery stem
(LCA). Multiple paraffin blocks were prepared and
7-8 micron thick sections were obtained. The slides
were stained with H&E stain and aldehyde fuchsine
elastic tissue stain.
Thickness of intima of all the coronaries were
measured with the help of ocular micrometer
circumferentially at 4 different places along the
planes at 900 to each other and then their mean taken
as a reading for the respective artery. Sections were
stained with aldehyde fuchsine stain to delineate the
internal elastic lamina3.

OBSERVATIONS
The measurements of the thickness of tunica
intima of RCA, LCA, LAD and LCX according to
various age groups in both the sexes have been
expressed in graph I to IV. It was observed that
with advancing age a gradual increase in the intimal
thickness was observed upto fourth decade (figure- 1
& 2). After fourth decade a gradual fall was noticed
in all the four major coronary arteries. The thickness
was maximum in the fourth decade of life (figure- 2)
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where intimal thickness was observed to be more in
LAD followed by LCA, LCX and RCA.
In males the thickness of tunica intima is more as
compared to females in LCA, RCA, LAD and LCX in
nearly all age groups.
Changes like reduplication or spli�ing of IEL,
its stretching and fragmentation (figure- 3, 4, 5) was
observed in the present study in all the age groups
but more pronounced with advancing age. In some
cases of 31-40 age groups complete absence of IEL
was also reported (figure- 6).

DISCUSSION
The thickening of the intima of coronary arteries
is generally considered as a normal process (Movat
et al 1958)4. As the age advances changes in coronary
arteries particularly intima are bound to occur. There
is no sharp demarcation line between normal age
changes in arteries and pathological atherosclerosis.
So distinguishing between pathological and
physiological process is difficult. There is no point
at which artery can said to have stopped developing
and started to degenerate or become diseased 5, 6,
7
. Hence it is vital to have knowledge of normal
changes in arterial wall anatomy with advancing age
for be�er understanding of atherosclerosis.
Intimal thickness in the present study was
observed to be gradually increased upto fourth
decade and then there was a gradual fall. Similar
findings were observed by, Crawford (1976)1 and
Tyagi and Ddger (1978)8. Atherosclerosis in the
coronary arteries progresses at a nearly uniform rate
beginning in the first decade. The progression appears
to continue through the eighth decade although there
is a gradual leaving off in rate, particularly after the
fifth decade. The terminal decline in the severity is
probably due to the survival of resistant individuals
into the later age groups7. Crawford1 reported that
at birth endothelium lie almost directly on IEL
and by childhood this layer becomes separated by
subendothelial tissue. Ikari et al (1999)9 also reported
that coronary arteries grow rapidly with age in
perinatal and postnatal periods through intimal
expansion. In the present study, among all the four
major coronary arteries thickness of tunica intima
was found to be more in LAD and LCA indicating
higher incidence of atherosclerosis in these branches
as compared to RCA and LCX. The same finding was
reported by Lobar P H (1953)7.

Lacking capillaries in the intima and inner
two third of media of walls of arteries must be
nourished by diffusion of substances from the blood
in the lumen through the intercellular substances
of the intima and most of the media. This is a long
distance for a diffusion mechanism to operate
effectively. With abnormal increase in the thickness
of intima this diffusion mechanism gets very much
hampered resulting in insufficient oxygen tension
in arterial wall tissue. This puts metabolic stress on
endothelium resulting in endothelial dysfunction.
Because of lack of lymphatics in the inner parts
of the wall metabolic waste products particularly
macromolecular products fails to remove properly
resulting in accumulation of macromolecular
material and initiating the whole chain of events
ultimately leading to atherosclerosis10.
In the present study the mean thickness of TI
of major coronary arteries were found to be more
in males as compared to females in nearly all age
groups. Similar findings were reported by Dhall et
al (2003)11 and Rashmi et al (2010)12. The finding of
thicker intima in males is important in relation to
higher incidence of coronary artery disease in man
which is usually due to atherosclerosis (Helander and
Levander, 1959)13. Males have slower cardiac action
and longer stroke volume. Therefore greater demands
were made on coronaries in males than females. Thus
intimal thickening was also more in case of males.
This could be the reason behind the higher incidence
of atherosclerosis in males than in females (Geringer
et al 1951)14. The work of Hamilton15 has shown that
the male of nearly all species studied, including
man, has shorter life span and is more susceptible
to most injurious processes than the female, from
the time of conception onward. It seems probable
that atherosclerosis should also come under this
heading. He a�ributes the mechanism of difference
to a generally more rapid metabolism in the male.
Changes in the internal elastic lamina observed
in the present study were reduplication or spli�ing,
stretching and fraying or fragmentation of IEL. These
findings correlated well with the observations of
Levene (1956)16, Tyagi et al (1978)8 and Rashmi et al
(2010)12. With increase in age these changes become
more pronounced found in the present study and in
the study of Levene (1956)16. Jores (1903)17 noted that
the first departure from the normal coronary intima,
which may be defined as a single layer of endothelium
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covering an intact IEL is a spli�ing of elastic. He
considered any such spli�ing to be a manifestation of
atherosclerosis. Sims et al (2007)18 hypothesised that
a substantial internal elastic membrane subjacent to
the endothelial cells provides a secure a�achment for
the endothelial cell. It acts as a barrier to the entry of
lipid macromolecule and cells to the intima. Hence its
absence will be associated with progressive intimal
thickenings and atherosclerosis.
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CONCLUSION

Graph - I: Line diagram showing mean thickness of
tunica intima of right coronary artery in males and
females in different age groups.

Graph - II: Line diagram showing mean thickness
of tunica intima of left coronary artery in males and
females in different age groups.

Graph - III: Line diagram showing mean thickness of
tunica intima of left anterior descending artery in males
and females in different age groups.

Graph - IV: Line diagram showing mean thickness of
tunica intima of left circumflex coronary artery in males
and females in different age groups.

Atherosclerosis appears to be a continuous
process which is inseparable from the developmental
changes observed in infants and children. Therefore
age is considered as the most important and yet a non
modifiable risk factor for the atherosclerosis. Though
the manifestation of atherosclerosis is seen in adult
age groups, its actual process begins much earlier in
infancy. Intimal thickening and degeneration of IEL
are the major changes that occur with ageing. It is the
intimal thickening that carries the seed of modern
epidemic of coronary artery disease. Atherosclerosis
is pathological when its degree of development is
beyond the norms for that age. TI in the present
study was increased upto fourth decade where the
risk of atherosclerosis is greatest. most commonly
affected artery with age is LAD and LCA. Thus
while studying atheromatous lesion one must give
due consideration to the changes that may occur
during advanced age. Findings of present study can
be used as baseline markers for risk assessment of
atherosclerosis. This study can be used as reference
to assess the effect of other risk factors like diabetes,
hypertension etc. Pathophysiological mechanism
operation in coronary vessels seems to be different in
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two sexes leading to differences in the clinical profile
of the disease. The present study showing differences
in the intimal thickness of coronary arteries in two
sexes throws some light on these pathophysiological
mechanisms.
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ABSTRACT
Background: Identification of sex is very important in forensic science. The hardest structure in the
body will be teeth, and considering very important for sex identification. Sexual dimorphism of teeth
is considered unique and research is going on to establish the parameters for sexual dimorphism in
teeth in a forensic point of view. There are numerous studies are going on non-metric analysis for
determination of sex. This study a�empts to establish sexual dimorphism using teeth in Guntur district
population using univariate and multivariateanalysis. Materials and method: The sample consisted
of 100 individuals (50 males and 50 females) within age group of 20 – 30 years. The majority of the
individuals were in the 23- 27 years age group. Both maxillary and mandibular impression was taken
cast was poured using dental stone. Buccolingual and mesiodistal dimensions were measured using
digital vernier caliper.Univariate sexual dimorphism using descriptive stastical analysis was done
using Student t- test. Results: Age range from 20 – 30 years and mean age group of 22.2 ± 1.2 years.The
buccolingual (BL) and Mesiodistal (MD) measurements in both maxillary and Mandibular teeth,
larger teeth were observed in males when compared with females. Conclusion: The MDand BL crown
measurements were significantly greater in males when compared with that of females.Interestingly
the MDdimension of maxillary left lateral incisor was greater in females when compared with males in
case of Guntur population.
Keywords: odontometric, maxillary and Mandibular teeth, sexual dimorphism

BACKGROUND
Sex determination is a very important in
forensic science and forensic Odontology.It is very
important to determine the sex of unidentified
human remainsusingbones, skulls and other body
remains.1The word “sexual dimorphism” describes
differences in size, structure and morphological
appearanceof various structures between males
and females. This dimorphism can be used for
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identification of the sex with thehelp of human
dentition.2There are different methods for
identification of gender using human teeth such as
morphological, histological and chemical methods.
Among these methods morphological analysis
using measurement of teeth plays an important
role, because teeth are one of the hardest structures
in human body, which withstands environmental
changes such as high temperature and decomposition
of human body. Thus teeth area very high-quality
source for forensic investigations.3
The teeth have been studied in different methods
for dental age estimation, but to develop a population
consistentmethod,odontometric analysis has not
been studied in detail.4 Odontometric is means
measurement of teeth and this methodtodeterminesex
using more structures is less subjective and thus will
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provide more validatedresults.5 Boaz etal.,described
that teeth are well known to show sexual
dimorphism.6Sex identification using dentition
is mainly based upon the comparison of tooth
dimensions in both males and females.[7] Measuring
buccolingual (BL) and mesiodistal (MD)dimensions
is a linear measurement used for determining sex
based on tooth size and at the level of crown at the
height of contour.8
There is minimal data available in the literature
regarding odontometric data and it’s usefulness
in South Asian and Indian population.9Hence, the
importance of studying sexual dimorphism in
relation to human dentition is very important in the
Indian population. Therefore, the present study was
conducted to assess the degree of univarient sexual
dimorphism in Guntur, South Indian population
and discriminate functional analysis can be usedto
determine sex.

MATERIALS & METHOD
The study was carried out at Department of
Oral Pathologyand Microbiology, SIBAR Institution
of Dental Sciences, Guntur, Andhra Pradesh. After
taking approval from institutional ethical commi�ee
(IEC) of SIBAR Institute of Dental Sciences, after
taking both verbal and wri�en informed consents.The
sample consistedof 100 individuals of Guntur (50
males and 50 females) within age group of 20 – 30
years.
Inclusion criteria:
• Individuals who were apparently healthy
and free from any developmental defects or
pathologies affecting the size and shape of teeth.
• Individualswith
completely
permanent teeth except 3rd molars.

erupted

Exclusion criteria:
• Patients with erupted third molars
,pathological and physiological wear of teeth
•

Teeth with restorations, carious teeth

By using alginate impression material (DPI,
Dental product of India), complete maxillary and
mandibular archs impressions were taken and
study cast were poured using dental stone (Kalabhai
,KalabhaiKorsonPvt Ltd, Mumbai, India).(Figure

1)BL and MD dimensions of all teeth in both
maxillary and mandibular casts using a digital
vernier caliper calibrated to 0.01mm (Altraco Inc.,
Sausalito, California) weremeasured.
The MD and BL dimension was measured as
the greatest distance between contact points of both
measiodistal and buccolingual on the maximum
approximate surface occlusally along with long axis
of teeth. (Figure 2a, 2b) the measurement done using
Townsend GC at el.,11
Data entered and doneunivariate sexual
dimorphism using descriptive statistical analysiswas
done using student t – test in both males and females.
Statistical significance was set at the level p = 0.05.

FINDINGS
The mean MD dimensions upper right and
leftanterior were as follows. In males the greatest
MD dimensionwas seen 11, 21, 13 (8.38 ± 0.56)
(8.44 ± 0.61),(7.55± 0.48) as follows.The greatest LL
dimension was seen in 23(7.78±0.75). In females
the greatest MDdimensionwasseenin11 (8.03± 0.49)
, 21(8.06± 0.51) and 13 (7.28± 0.54) and greatest
LL dimension was of 23(7.08± 0.83). Maleshave a
statistically significant increased MD width in all
maxillary anterior except maxillary left lateral incisor
(22). (Table 1). The upper right and left posterior
teeth of both the genders showed malesthe greatest
MD in 16 (12.02 ± 12.6) ,BL of 16(11.06 ± 0.56) 26
(11.05± 0.57).The MD (17 10.22± 0.66)and BL (10.9±
0.76) respectively.The BL dimension of 27(10.88±
0.85).In females,the BL16 (10.67± 0.54) whereas the BL
of 17 was (10.42± 0.7), and 27 (10.53± 0.67).Maleshave
statistically significant greater MD dimension when
compared with females in all teeth except 16 and 26
(Table 2)
Descriptive statistical analysis of lower right and
left anterior teeth in males showed that the greatest
BL was seen in(7.13±0.63) followed by BL dimension
of 32 (6.24± 0.7), whereas BL dimension of 43 was
7.06± 0.72, and MDdimensionwas 6.75± 0.5.The MD
dimension of 33 was 6.76± 0.47, where as in females
the BL dimension of 32 was 5.97± 0.48 and the BL
dimension of 33 was 6.67± 0.45.The MD dimension
of 33 was 6.34± 0.45whereas the BL dimension of the
42 was 6.04± 0.66 and BL dimension of 43 was 6.82±
0.57 and MD dimension of 43 was 6.26± 0.39. The
comparison between males and females, shows that
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males show a statistically significant higher MD and
BL dimension in all teeth except MD dimension of 31
and BL dimension of 42 and 43.(Table 3)
Mandibular right and left posterior teeth of males
the greatest MDof 16 (12.02 ± 12.6),BLof 16 (11.06 ±
0.56). The BL of 26 (11.05 ± 0.57) MD (10.22 ± 0.66).
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The BL of 17 (10.9 ± 0.76) and BL of 27 (10.88 ± 0.85).
In females the BL of 16 (10.67 ± 0.54) BL dimension
of 17 was(10.42 ± 0.7).The BL of 27(10.53 ± 0.67). The
comparison between males and females showed that
males showing higher MD than in females and it was

statistically significant.(Table 4)
Table 1 :Univariate sex Dimorphism for 11- 23tooth dimensions of males & females
Male
Teeth
11

12

13

21

22

23

Side

Female

n

Mean

Std.Dev.

CV

n

Mean

Std.Dev.

CV

p-value

BL

50

6.7

0.8

11.88

50

6.31

0.85

13.49

0.0190*

MD

50

8.38

0.56

6.67

50

8.03

0.49

6.11

0.0015*

BL

50

5.74

0.89

15.55

50

5.39

0.69

12.77

0.0297*

MD

50

6.72

0.55

8.15

50

6.48

0.61

9.44

0.0425*

BL

50

7.54

0.81

10.78

50

7.04

0.75

10.6

0.0020*

MD

50

7.55

0.48

6.34

50

7.28

0.54

7.44

0.0113*

BL

50

6.92

0.79

11.35

50

6.33

0.85

13.42

0.0005*

MD

50

8.44

0.61

7.21

50

8.06

0.51

6.31

0.0011*

BL

50

6

0.77

12.79

50

5.42

0.76

13.93

0.0003*

MD

50

6.56

0.59

8.78

50

6.76

0.53

8.06

0.0794

BL

50

7.78

0.75

9.63

50

7.08

0.83

11.65

0.0000*

MD

50

7.6

0.58

7.68

50

7.18

0.54

7.46

0.0003*

Table 2:Univariate sex Dimorphism for 15-27tooth dimensions of males & females
Male
Teeth
15
16
17
24
25
26
27

Side

Females

n

Mean

Std.Dev.

CV

n

Mean

Std.Dev.

CV

p-value

MD

50

6.74

0.53

7.89

50

6.46

0.41

6.31

0.0038*

BL

50

9.22

0.79

8.56

50

8.91

0.54

6.04

0.0242*

MD

50

6.58

0.45

6.86

50

6.36

0.51

8

0.0206*

BL

50

11.06

0.56

5.05

50

10.67

0.54

5.1

0.0007*

MD

50

12.02

12.71

105.77

50

9.88

0.61

6.22

0.2366

BL

50

10.94

0.76

6.99

50

10.42

0.7

6.68

0.0006*

MD

50

9.44

0.78

8.32

50

8.99

0.63

7.05

0.0022*

BL

50

9.35

0.62

6.61

50

8.9

0.54

6.1

0.0002*

MD

50

6.73

0.48

7.12

50

6.52

0.42

6.45

0.0212*

BL

50

9.41

0.63

6.73

50

8.89

0.53

5.99

0.0000*

MD

50

6.63

0.52

7.88

50

6.21

0.47

7.57

0.0001*

BL

50

11.05

0.57

5.13

50

10.67

0.57

5.35

0.0011*

MD

50

10.22

0.66

6.48

50

10

0.58

5.77

0.0836

BL

50

10.88

0.85

7.78

50

10.53

0.67

6.33

0.0221*

MD

50

9.39

0.95

10.13

50

9.04

0.83

9.21

0.0516
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Table 3:Univariate sex Dimorphism for 32 - 43 tooth dimensions of males & females
Teeth
32
33
41
42
43

Male
n

CV

Female
n

Mean

Std.Dev.

MD

50

5.34

0.45

Mean

Std.Dev.

CV

p-value

8.39

50

5.25

0.42

7.93

0.2719

BL

50

6.24

MD

50

5.95

0.7

11.18

50

5.97

0.48

8.08

0.0254*

0.43

7.19

50

5.72

0.35

6.18

BL

50

0.0031*

7.13

0.63

8.82

50

6.67

0.45

6.81

0.0001*

MD
BL

50

6.76

0.47

6.92

50

6.34

0.4

6.34

0.0000*

50

5.95

0.69

11.59

50

5.66

0.63

11.05

0.0329*

MD

50

5.4

0.41

7.58

50

5.24

0.31

5.83

0.0317*

BL

50

6.24

0.62

9.92

50

6.04

0.66

10.85

0.1105

MD

50

5.84

0.41

7.08

50

5.69

0.34

6.05

0.0442*

BL

50

7.06

0.72

10.18

50

6.82

0.57

8.37

0.0708

MD

50

6.75

0.5

7.47

50

6.26

0.39

6.21

0.0000*

Side

Table 4:Univariate sex Dimorphism for 35 – 47 tooth dimensions of males & females
Teeth
35
36
37
44
45
46
47

Side
MD
BL
MD
BL
MD
BL
MD
BL
MD
BL
MD
BL
MD
BL
MD

Male
n
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

Female
Mean
7.03
8.49
7.09
10.59
10.81
10.3
10.38
7.73
6.99
8.47
7.14
10.61
10.75
10.14
10.13

Figure 1: Maxillary and Mandibular dental cast

Std.Dev.
0.5
0.63
0.67
0.61
0.59
0.53
0.87
0.64
0.51
0.49
0.48
0.48
0.57
0.65
0.77

CV
7.04
7.41
9.44
5.73
5.46
5.11
8.38
8.22
7.3
5.83
6.69
4.48
5.29
6.39
7.65

n
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

Mean
6.69
8
6.87
10.24
10.52
9.85
9.74
7.48
6.64
8.1
6.91
10.22
10.31
9.77
9.56

Std.Dev.
0.46
0.69
0.49
0.56
0.59
0.54
0.65
0.53
0.46
0.56
0.63
0.52
0.57
0.54
0.68

p-value
0.0006*
0.0003*
0.0586
0.0037*
0.0155*
0.0000*
0.0001*
0.0309*
0.0006*
0.0007*
0.0388*
0.0002*
0.0002*
0.0021*
0.0002*

Figure 2b:

DISCUSSION / CONCLUSION

Figure 2a, 2b:Measiodistaland Labiolingual
measurement of maxillary teeth

Human skeletal remains plays a key role in the
determination of sex of the individuals in forensic
sciences. It not only helps in assessment of accurate
sex of the individuals but also cuts off the number
of possible matches byone half. There are some
parameters for evolution and biological problems in
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forensic as well as clinical odontology such as tooth
size, crown size, crown length.12The dentition is
considered as one of the valuablefunctional adjunct
in sex determination because of the fact that most
of the teeth complete development before skeletal
maturation and thus it makes the dentition as a
valuable sex indicator.13 There are studies done in
different population i.eAshith B Acharyaetal.Studied
in Nepalese population, FeryalKaraman et al., on
Turkish population,Ha�ab.F.Netal., on Jordanian
population.14, 15, 16
In our study significant variability observed in BL
dimensions when compared to MD dimensions and
these observations were in close relation to the study
conducted by Ashith B. Acharya and SneedhaManali
on Nepalese dentition in 2007.The reason was mainly
because of point of placement of caliper beaks varied
from observer to observer.15The canines displayed
the greatest and most consistent sexual dimorphism.
In our study we have observed mandibular canine
showed more significant results.Thisobservation was
similar to the study by SudeendraPrabhu et al 2009 on
Indians9In our study mandibular canines displayed
more accurate and significant values, this could be
because of influence of Y chromosome which is not
uniform in all the teeth.6
MD crown dimensions of males were significantly
greater, this could be because of various genetic
events that occur during odontogenesis.Ha�ab F.N
et al. showed similar consequences in Jordanian
population.16In both MD and BL dimensions of
maxillary teeth were larger in males when compared
with females The same observation was seen in Ha�ab
F.N et al.,SudeendraPrabhu et al., SaeedHossain et
al.,in different population9
In our study reverse dimorphism was
observed in maxillary lateral incisor (22) as the MD
dimensionwas greater in females when compared
with males. There are no supporting studies observed
reverse dimorphism in maxillary left lateral incisor.
The reason behind the reverse dimorphism was
mainly because of evolution resulting in reduction
of sexual dimorphism and causes the overlap of
tooth dimensions. Accuracy of the origin and cross
validation was 92% of all the teeth. Validation of
96% in females and 86% accuracy was in males.
Accuracy of validation was seen in mandibular teeth
in both genders. The same results were observed in
RajbirKaurKhangura et al., a study on North India
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had shown the similar results.17
A total accuracy of 89% for all the teeth, 86%
for mandibular teeth and 78% for mandibular
anterior teeth was observed. According to study
by SudeendraPrabhu et al., 2009 a total accuracy of
about 76.2% was found when teeth from both jaws
were taken together and 72.4% was found for only
mandibular teeth. The comparison of our study
and the one by SudeendraPrabhu et al., shown
that accuracy rate of present study was higher
even though the sample size was less. It represents
thatodontometrics varies from region to region i.e.,
from one geographic area to that of other.9
We concluded that the sexual dimorphism of
teeth is population specific and supports the earlier
reports on odontometric sex dimorphism. Our
observation on sexual dimorphism in the Guntur
population by using Unvariate and multivariate
discriminate analysis and various functions was
developed to assess the sex of the individuals from
Guntur. Furthermore, the derived functions will
provide useful indication to determine the sex by
using odontometrics especially in case of immature
remains where secondary sexual features of the
skeleton are not fully expressed. It is recommended to
conduct similar studies on the Guntur population by
taking greater sample size for further substantiation.
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ABSTRACT
External inspection of the dead permits only approximate estimation of age. Estimation of age becomes
difficult as age advances, particularly after the age of 25 years. Changes in the pubic symphysis, cranial
vault suture closure, transparency of root and root length measurement have been considered as good
parameters to estimate age beyond 25 years. The reliability of coronal suture closure, when used as a
single parameter to estimate skeletal age accurately has not been demonstrated. Hence this study was
conducted to check for its reliability in age estimation.
Keywords: Skeleton, Forensic anthropology, coronal suture, cranial suture, age estimation, Autopsy.

INTRODUCTION
No single skeletal indicator of age at death is ever
likely to accurately reflect the many factors which
accumulate with chronological age, each of which can
contribute valuable information to the age estimate.
Any indicator which both significantly reflects
biological age and whose informational content
is independent of other indicators will be useful
to a final age estimate, whether under forensic or
archaeological conditions 1. Forensic anthropologists
are frequently called upon to derive as much
information as possible from very limited or poorly
preserved remains. The method of determining
age by cranial suture closure has always been more
generally used, due not only to the greater interest
in the skull, but because the cranium is frequently
the best preserved portion of the recovered skeleton
2
. The use of skull suture fusion as an index of age
has had a chequered history, beginning in the first
century AD. It is predicated upon the hypothesis
that suture closure is a part of the aging process.
However, when suture closure pa�erns were first
studied at the beginning of this century, there were
two schools of thought (British and Italian) on this
issue. The British school maintained that sutural
ossification and cranial immobility were normal
conditions, whereas the Italian school maintained
that they were pathologic in mature human adults.
In time, probably due to increasing prominence of

the English Language in the scientific literature,
the British approach toward suture closure became
the dominant model in physical anthropology3.
Estimation of age from suture closure of skull can
at best be a close approximation – the range varying
usually within 5 to 10 years in between 30-60 years
of age – the range may even be more in higher age
groups. The coronal suture is said to start closing
endocranially at about 25 to 30 years in its lowest part
– pars Pterica, close to the junction with the sphenoid;
the closure gets completed by 40 to 45 years; pars
complicata and pars bregmatica of coronal suture
unite in between 4.
The use of cranial sutures for age estimation
has always been a ma�er of considerable debate
and its reliability within the parameter has not been
demonstrated conclusively by various researchers5.
Hence we undertook a study on coronal suture
closure at autopsy to check for its reliability in age
estimation.

METHODOLOGY
A one year prospective autopsy study on coronal
suture closure was conducted on cases coming
for medicolegal postmortem examinations to the
department of Forensic Medicine, Kempegowda
Institute of Medical Sciences Hospital, Bangalore,
between November 2011 and November 2012. Only
cases of known age confirmed by documentary
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evidences like birth certificate, identification cards,
ration card etc. and deceased persons of age group
between 20 years to 60 years were included based on
purposive sampling. Unknown, unclaimed bodies
where exact age cannot be confirmed and cases
showing deformed or diseased or fractured skull,
which may hamper the study of suture closure were
excluded. The sample size was 100 cases. Age groups
were divided into 20-29, 30-39, 40-49, 50-59 and At
60 years. Scalp was sufficiently removed to expose
the coronal suture. Calvarium was removed using
autopsy saw taking due care to include complete
coronal suture. Calvarium was cleaned of soft tissues
by immersing the calvarium in hot water and 5 %
glacial acetic acid [dilution (20:5)] for one hour which
made the suture more prominent. The coronal suture
was divided into 3 parts (C1 C2 & C3) and studied
applying Acsadi- Nemeskeri Scale, both ectocranially
and endocranially. Photographs were taken in all
cases [Fig 1 – 5].
Ectocranially the different sections of the suture
were distinguished by differences in the serrated
character of sutures. Endocranially the sutures do
not show this characteristic markedly. Hence the
endocranial sutures were divided in sections of equal
length. After examination the calvarium was replaced
back on the skull and scalp sutured. Mean ectocranial
and endocranial closure stages were calculated for
coronal suture. To estimate relation between suture
closure and age at death, appropriate statistical tools
were used.
Acsadi- Nemeskeri Scale for closure
0 = open. There is still li�le space left between
edges of adjoining bones.
1 = incipient closure. Clearly visible as a
continuous often zig zagging line.
2 = closure in process. Line thinner, less zigzags,
interrupted by complete closure.
3 = advanced closure. Only pits indicate where
the suture is located.
4 = closed. Even location cannot be recognized.

OBSERVATIONS & RESULTS
During the study period, 100 cases were selected
based on purposive sampling. Of the cases studied 76
% were males and 24% were females. The death sex

M: F ratio being 3.16:1 [Table 1]. Maximum number
of cases were observed in the 20-29 years age group
and least at 60 years. The mean of age was 38 years
[Table 2]. Male dominance was observed in all age
groups. Ectocranial suture closure was compared
with endocranial suture closure and Pearson
coefficients were calculated. Significant correlation
was found in earlier age groups viz. 20-29 and 30-39
Years. Thereafter significant correlation was found
in 40-49 and 50-59 age groups in both Right and left
coronal sutures. In males ectocranial and endocranial
suture closure were found to be correlated in all age
groups except both right and left coronal sutures in
40-49 Years age group. No correlation was seen in At
60 Years age group owing to the very small number
of males. In female’s ectocranial and endocranial
suture closure correlation was found in Right and
Left Coronal Sutures in 20-29 Years age group. In 5059 Years age group cluster correlation was found. No
correlation was seen in At 60 Years age group owing
to the very small number of females. Coronal suture
closure was found to be age related in males and
females both ecto & endocranially. Closure was found
to be early in males in the 20-29 and 30-39 age groups,
while closure was found to be early ectocranially in
females in the 40-49, 50-59 and at 60 years age groups.
When a total of the mean ectocranial closure was
taken, it was observed that the overall ectocranial
closure was earlier in females. Endocranial coronal
suture closure was also found to be age related in
both males and females. The overall endocranial
closure was earlier in males than in females.
Individual Suture Closure by Part [Table 3, 4, 5, 6]
C 1 [Pars Bregmatica] - Ectocranial C 1 closure
started at 40 years and mean value was found to be
1.77 in 40-49 years age group. Further it was seen that
the closure progressed very slowly reaching a mean
closure of 2.6 at 60 years. Endocranial closure of C 1
began in the early twenties (23 Years) with a mean
value of 1.06 in 20-29 years age group and progressed
steadily and rapidly reaching obliteration by 60 years
(mean value of 4 at 60).
C 2 [Pars Complicata] - Ectocranial C 2 closure
started at 40 years and mean value was found to be
1.68 in 40-49 years age group. Further it was seen that
the closure progressed very slowly reaching a mean
closure of 2.6 at 60 years. Endocranial closure of C 2
began in the early twenties (23 Years) with a mean
value of 1.06 in 20-29 years age group and progressed
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steadily and rapidly reaching obliteration by 60 years
(mean value of 4 at 60).

2) Stage 2: 31- 37 years.

C 3 [Pars Pterica] - Ectocranial C 3 closure started
in the mid thirty years and mean value was found
to be approximately 1.00 in 30-39 years age group.
Further it was seen that the closure progressed very
slowly reaching a mean closure of 3.4 at 60 years.
Endocranial closure of C 3 began in the early twenties
(23 Years) with a mean value of 1.12 in 20-29 years age
group and progressed steadily and rapidly reaching
obliteration by 60 years (mean value of 4 at 60).

4) Stage 4: 55 - 60 years.

The Ectocranial coronal suture closure pa�ern
observed was that C 3closed earlier than C 1 and C 2
in descending order.
The endocranial coronal suture closure pa�ern
observed was C 3 closed earlier that C2 and C 1 in a
descending order.

DISCUSSION
In our study, ectocranial fusion of coronal suture
started at the age of 23 years (stage 1) and closure
was never complete (stage 4). Endocranial fusion of
coronal suture started at the age of 24 years (stage
1) and completion was observed at 55 years (Stage
4). This observation is in contrast to the observation
made by researchers like Pommerol, Topinard
and Ribbe who reported closure between 40 - 50
years6. Their study does not indicate whether it was
ectocranial or endocranial or the stage of closure. The
ectocranial fusion of coronal suture was observed to
progress slowly and somewhat more steadily than
the sagi�al suture from the age of 23-60 years, but
never fused completely. Based on this observation,
we deduced that
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3) Stage 3: 38- 54 years.
Lapsed union was noticed in the ectocranial
coronal suture.
Ectocranially, closure began in the 3rd part of
coronal suture followed by the 1st part. The final
stage of closure was found in the 3rd and then the 1st
and lastly in the 2nd part. This is in accordance with
the observation made by McKern and Stewart 7 who
noted that closure begins in the 1st and 4th parts of the
coronal, final stage of closure tends to be in the 1st part
of the coronal.
Endocranially closure tends to begin in the 3rd
part of the coronal suture followed by the 2nd and a
li�le later in the 1st part. The final stage of closure was
found to occur first in the 3rd part, followed by 2nd and
1st part of the suture.
We observed that suture closure began
first endocranially, which is in accordance with
researchers like T. Dwight, Parsons and Box, Todd
and Lyon, Daisy Sahni et.al and Vijay Kumar A.G
et.al 8-11. But it is in contrast with Apurba Nandy’s
observation who stated that suture closure usually
starts at the ectocranial surface 12. Suture closure
was found to occur earlier in males than in female’s
endocranially. This observation is in accordance with
the research conducted by Dwight, Hershkovi� et.al,
D. Chowdury, .Apurba Nandy, Daisy Sahni et.al
and Vijay Kumar A.G et.al. However, ectocranial
suture closure was found to occur marginally early in
females than in males.

1) When a closure of stage 1 is a�ained in the
ectocranial coronal suture, the probable age of the
person is between 23 -37 years.
2) Stage 2: 38- 50 years.
3) Stage 3: 51- 60 years.
The endocranial fusion of coronal suture was
observed to progress steadily and rapidly from the
age of 24 - 55 years, reaching completion at 55 years.
Based on this observation, we deduced that
a) When a closure stage of 1 is a�ained in the
endocranial coronal suture, the probable age of the
person is between 24 -30 years.

Fig 1: Skull of 20 year old female showing score of 0 in
Endocranial surface of coronal suture.

Fig 2: Skull of 60 year old male showing score of 1 in
Ectocranial surface of coronal suture.
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scoring by part
AGE GROUP

Fig 3: Skull of 60 year old male showing score of 4 in
Endocranial surface of sagi�al suture.

ECTO
CR1

ECTO
CR2

ECTO
CR3

20-29

N
MEAN
STD DEVIATION

30
0.46
0.507

30
0.43
0.504

30
0.46
0.507

30-39

N
MEAN
STD DEVIATION

26
0.73
0.874

26
0.84
0.967

26
0.92
0.627

22
1.77
0.428

22
1.68
0.476

22
1.95
0.652

50-59 N
MEAN
STD DEVIATION

17
2.30
0.771

17
2.29
0.771

17
2.35
0.785

AT 60

5
2.6
0.894

5
2.6
0.894

5
3.4
1.34

40-49

N
MEAN
STD DEVIATION

N
MEAN
STD DEVIATION

Table 4: Ectocranial left coronal suture closure
scoring by part
Fig 4: Skull of 45 year old female showing score of 2 in
Ectocranial surface of coronal Suture.

Fig 5: Skull of 34 year old male showing score of 2 in
Endocranial surface of coronal Suture.

AGE GROUP

ECTO CL1

ECTO
CL2

ECTO
CL3

20-29

N
MEAN
STD DEVIATION

30
0.46
0.507

30
0.43
0.504

30
0.33
0.479

30-39

N
MEAN
STD DEVIATION

26
0.73
0.874

26
0.84
0.967

40-49

N
MEAN
STD DEVIATION

22
1.77
0.428

22
1.68
0.476

50-59

N
MEAN
STD DEVIATION

17
2.29
0.771

AT 60

N
MEAN
STD DEVIATION

5
2.6
0.894

Table 1: Sex distribution of cases
Sex

Frequency

Percent

Male

76

76.0

Female

24

24.0

Total

100

100.0

Table 2: Age distribution of cases
Age groups

Frequency

Percent

20- 29

30

30.0

30-39

26

26.0

40-49

22

22.0

50-59

17

17.0

At 60

5

5.0

Total

100

100.0

Table 3: Ectocranial Right coronal suture closure

17
2.29
0.771
5
2.6
0.894

26
0.92
0.627
22
1.95
0.652
17
2.35
0.785
5
3.4
1.341

Table 5: Endocranial right coronal suture
closure scoring by part.
AGE GROUP

ENDO
CR1

ENDO
CR2

ENDO
CR3

20-29

N
MEAN
STD DEVIATION

30
1.06
0.868

30
1.06
0.868

30
1.12
0.819

30-39

N
MEAN
STD DEVIATION

26
2
0.692

26
2.11
0.816

26
2.15
0.838

40-49

N
MEAN
STD DEVIATION

22
3.31
0.567

22
3.36
0.492

22
3.36
0.492

50-59

N
MEAN
STD DEVIATION

17
3.64
0.606

17
3.64
0.606

17
3.7
0.587

AT 60

N
MEAN
STD DEVIATION

5
4.0
0.0

5
4.0
0.0

5
4.0
0.0

Table 6: Endocranial left coronal suture closure
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scoring by part.
AGE GROUP

ENDO
CL1

ENDO
CL2

ENDO
CL3

20-29

N
MEAN
STD DEVIATION

30
1.06
0.868

30
1.06
0.868

30
1.12
0.819

30-39

N
MEAN
STD DEVIATION

26
2
0.692

26
2.11
0.816

26
2.15
0.838

40-49

N
MEAN
STD DEVIATION

22
3.31
0.567

22
3.36
0.492

22
3.36
0.492

50-59

N
MEAN
STD DEVIATION

17
3.64
0.606

17
3.64
0.606

17
3.7
0.587

AT 60

N
MEAN
STD DEVIATION

5
4.0
0.0

5
4.0
0.0

5
4.0
0.0
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5.

Baccino E, Schmi� A. Forensic Anthropology
and Medicine, Complementary Sciences from
Recovery to Cause of Death. Humana Press;
2006.

1.

Suture closure starts earlier on the endocranial
surface than on the ectocranial surface.

2.

Females showed earlier fusion than males
in ectocranial suture closure, whereas males
showed earlier fusion endocranially.

6.

3.

There is no significant difference in the right
and left side closure of coronal suture both
ectocranially as well as endocranially.

Krogman WM, Iscan MY. The Human skeleton
in Forensic Medicine.2nd ed. Charles C Thomas
Publishers; 1986.

7.

4.

Ectocranially within the coronal sutures
segments, C3 closes earlier followed by C1 and
C2. [ C3 > C1> C2 ]

5.

Endocranially within the coronal sutures
segments, C3 closes earlier followed by C2 and
C1. [ C3 > C2 > C1 ]

T.W. Mckern, T.D. Stewart, Skeletal age changes
in young American males, Environmental
Protection Research Division, Technical Report
EP-45, Headquarters
Quartermaster
Research and Development Command, Natick,
MA, 1957; 26–28.

8.

6.

Co-relation between endocranial suture closure
and age was found up to 50-59 year’s age group.
Thereafter there is no significant co-relation.

She�y, U. Macroscopic study of cranial suture
closure at autopsy for estimation of age. Anil
Aggrawal’s Internet Journal of Forensic Medicine
and Toxicology. 2009; 10:7-8.

9.

T.W. Todd, D.W.Lyon jr. Endocranial suture
closure. Its progress and age relationship
part1.Adult males of white stock. Am J Phys
Anthropol.1924; 7:325-384.

7.

No formula to estimate age from score of suture
closure could be derived in view of the small
sample size, variable co-relations and unequal
distribution of males and females in the study
sample.

8.

In comparison, endocranial suture closure is
more reliable than ectocranial suture closure for
estimating age at death.

9.

Not reliable as a single parameter for age
estimation.
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ABSTRACT
Sikkim , a peaceful and mountainous terrain state shows an increasing trend of suicides This trend is
not only shocking but predicts an unhealthy trend.This study was done for profiling of the post mortem
cases with special emphasis to suicides and pa�ern based on the socio-epidemiological parameters. In
our study we found that in 15.2% of total autopsies, death was due to a natural disease process where
84.81% were classified as unnatural deaths. Accidental deaths, Intentional self-harm and Homicides
comprised 65.55%, 28.82% and 5.6% of unnatural death respectively. The findings point out that the
deaths due to hanging are alarmingly high comprising 77.27% of total cases of suicides followed by
poisoning with 16.66% of cases. Hanging was most common in age group of 21-30 years with 27.45%
of total cases. About 60.7% of the hanging victims showed a male predominance.
Keywords: Unnatural death, suicides, hanging, Sikkim

INTRODUCTION
The medical cause of death requires further
classification for legal and statistical purposes into
manner of death .Suicide rate in Sikkim has increased
exponentially in the last 10 year.[1]As per the official
website of the Government of Sikkim , a small hilly
state with a population of 6,10,577 has a crude birth
rate of 17.6 per 1000 and crude death rate of 2.02 per
1000 and per capita income 88,137.[2] But Sikkim has
reported the second highest in the country with 38.4 of
suicidal deaths per one lakh of population as against
the National average of 10.6 followed by Puducherry
with 40.4 suicides per one lakh populations.[3] Thus a
study was done for profiling of the post mortem cases
since very few literature were available for this area
with special emphasis to suicides and pa�ern based
on the socio-epidemiological parameters. Suicide
rates have increased in many developing countries
with India and China responsible for 30% of total
Corresponding author:
Ashim Mishra
Assistant Professor, Department of Forensic
Medicine and Toxicology, Sikkim Manipal
University, Sikkim Manipal Institute of Medical
Sciences, 5th mile Tadong, Gangtok, Sikkim.737102

cases of suicide worldwide.[4]
A previous study in Sikkim points out an
increasing trend of suicides from 84 suicides cases in
2001 to 241 in 2009.[5]This trend is not only shocking
but predicts an unhealthy trend in this peaceful and
mountainous terrain state. This study is an a�empt
to analyze retrospectively not only the profiling of
Postmortem cases but also the trends of suicides for
the confirmed cases coming to autopsy of central
referral hospital focusing on the epidemiological and
social parameters. Suicidal behavior is a major public
health issue in all countries of the world. Suicide is
defined as deliberate taking of one’s own life. The
word “suicide” comes from two Latin roots, sui (“of
oneself”) and cidium (“killing” or “slaying”).[6]
Recently the term suicide has been replaced
by “Intentional Self-Harm”(ISH) in the scientific
literature due to derogatory nature of the word
“Suicide”.[7] Hanging is the predominant method
of suicide in most countries. Although there were
a number of deviations from the predominant
pa�ern.[8] Intentional self-harm by Poisoning is the
most preferred method adopted for commi�ing
suicide in an agriculture based developing country
.[9,10]
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MATERIAL & METHOD

DISCUSSION

The postmortem center of CRH, Gangtok caters
the need of postmortem examination of the East
district in Sikkim. A record based cross-sectional
study of total number of 275 post mortems done
during the period of 1st Jan 2011 to 31st December
2015 was conducted to assess the nature and cause
of such deaths. All adult cases brought to the morgue
of CRH for postmortem examination were included
in this study. Five cases were excluded from the
study as no definite opinion regarding cause of death
can be made owing to extreme decomposition and
skeletonization. The inquest reports and the post
mortem findings confirmed the manner of death in
this retrospective study. In the cases where cause
of death opined towards natural disease process or
poisoning, the viscera analysis and histopathology
report were also studied. The confirmed cases of
unnatural deaths were studied to find out the manner
of death. The identity of the deceased was kept purely
confidential.

Deaths due to natural disease process was 15.2%
of total autopsies and 84.81% for unnatural cause
which was similar to a study done at Kolkata where
it was 17.4% for natural disease process and 82.6%
for unnatural causes.[11] Accidental deaths comprised
of 65.55% of all unnatural death which was slightly
higher than the study for elderly in Lucknow (59%)
.[12] Intentional self-harm comprised of 28.82% in our
findings which nearly predicts the higher suicide
rate in Sikkim with 45.9 of suicidal deaths per one
lakh of population.[3] Our study shows a higher
preponderance as compared to a study done in
Dhaka, where accidents comprised of 37%, and
suicide cases 18% of total unnatural deaths.[13] In
our study Homicides consists of 5.6% of unnatural
deaths similar to a study done in Mangalore but
strikingly lower compared to the study in Dhaka
where it is 21% Accidents, suicides, and homicides
were 63.1%, 29.8% and 2.8% respectively in the study
in Kolkata.[11,14].The study in Lucknow shows
suicidal deaths (34%) and homicidal deaths (7%) in
elderly population.[12].Our findings are lower than
the findings of the study done in Mangalore among
females of reproductive age group where the manner
of death was found to be suicidal in 45.4% cases and
accidental in 43.6% cases .[14]Sikkim is a hilly state
frequently vulnerable to land slide, precarious road
conditions gives rise to high casualties due to road
traffic accidents and fall from height.

RESULTS
In our study we found that in 15.2% of total
autopsies, death was due to a natural disease process
where 84.81% were classified as unnatural deaths.
Accidental deaths due to road traffic accidents, fall
from height and accidental drowning comprised of
55.56% of total autopsy and 65.55% of all unnatural
death. Intentional self-harm comprised of 24.43%
of all autopsies and 28.82% of unnatural death.
Homicides were 4.81% of total autopsies and 5.6% of
unnatural death. (Table no. 2,fig- 1)
Our findings point out that the deaths due to
hanging are alarmingly high comprising 77.27% of
total cases of suicides followed by poisoning with
16.66% of cases. Although deaths due to burns and
electrocution comprised of 5.92% and drowning
was 3.7% respectively of total postmortem cases but
suicidal manner was found only in 3.03% each ,rest
being accidental in nature. (Table no.3)
The highest number of hanging cases was seen
in age group of 21-30 years with 27.45% followed by
21.56% in less than 20 years but more than 16years.
About 60.7% of the hanging victims showed
a male predominance out of which 86.1 % were
married at the time of incidence. (Table no.4, fig-2)

Our study shows that hanging predominates as
a method of intentional self –harm in 77.27% of cases
followed by poisoning with 16.66% of cases. Although
deaths due to burns and electrocution comprised of
5.92% and drowning was 3.7% respectively of total
postmortem cases but suicidal manner was found
only in 3.03% each ,rest being accidental in nature
in contrast to Study in Kolkata, where Burn injuries
(22.6%) were the most common cause of unnatural
deaths. Hanging, poisoning and self-immolation
were responsible for 48.4%, 28.9% and 19.7% of
suicidal deaths respectively. [11]
With regards methods for commi�ing suicide our
findings are in contrast with study in Mangalore
where the preponderant method of suicide was by
poisoning at 42.3% , followed by hanging (34.9%),
burns (11.4%) and drowning (9.4%).[14]Our findings
also differs from a study in Turkey where asphyxia
deaths comprise 15.7% of all forensic autopsies ,with
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hanging comprising of 41.8%.[15]

where also maximum percentage were in age group
of 15-29 years and male preponderance.[5]Our study
differs from the study in Turkey where older age
groups resort to hanging . 20.8% of the cases are aged
between 30 and 39 years, and the average age was
41.9 years. Males constitute 79.8% of all the cases. [15]

This could be a�ributed to the fact Sikkim
being an Organic state and very strict regulation of
pesticides, there is less availability to the common
public. From previous studies we can find that the
violent methods like hanging, burning, poisoning are
common in the Indian sub –continent.[7] Hanging is
most often resorted due to easy availability of ligature
material and more or less painless method. Our study
shows the highest number of hanging cases in age
group of 21-30 years with 27.45% followed by 21.56%
in less than 20 years but more than 16years with 100
% cases being suicidal. Our study is quite similar to
a previous study in Sikkim in age preponderance

The higher incidence in younger age group and
more male preponderance points to highly vulnerable
nature of the natives and more susceptibility to
predicament of failure in life. The very issue has been
rightly pointed by a previous study in Sikkim, where
the author states that effects of modernization has
led to sweeping changes in socio-economic ,sociophilosophical and cultural arenas of peoples’ lives.[16]

TABLE 1: Profiling of the Postmortem Cases
YEAR

NUMBER
OF PM

RTA

FALL
FROM
HEIGHT

HANGING

DROWNING

POISONING

NATURAL
DISEASE
PROCESS

ASSAULT

BURNS /
ELECTROCUTION

2011

56

11

14

7

2

7

7

1

7

2012

52

9

14

13

2

2

8

2

2

2013

57

12

16

11

3

2

8

4

1

2014

41

5

11

7

1

3

9

2

3

2015

64

21

11

13

2

1

9

4

3

TOTAL

270

58

66

51

10

15

41

13

16

Table: 2: Profiling Based On Manner of Death
Total no. of pm
cases

Natural

270

41(15.18%)

Unnatural: 229(84.81%)
Suicides

Homicides

Accidental

66(24.43%)
(28.82%)

13(4.81%)
(5.6%)

150(55.56%)
(65.55%)

Table: 3: Pa�ern Of Suicidal Death

YEAR

NUMBER OF
SUICIDES
CASES

HANGING

POISONING

2011

14

07(50%)

2012

15

2013

BURNS

DROWNING

03

01

01

13(86.66%)

02

00

00

13

11(84.61%)

02

00

01

2014

10

07 (70%)

03

00

00

2015

14

13(92.85%)

01

01

00

TOTAL

66

51(77.27%)

11(16.66%)

02(3.03%)

02(3.03%)
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TABLE: 4: Age And Sex Incidence In Cases Of Hanging
2011

2012

2013

2014

2015

Age
range
in years

M

F

M

F

M

F

M

F

M

F

Total

<20

1

0

2

4

1

0

1

2

0

0

11

21-30

2

2

2

0

2

1

0

1

3

1

14

31-40

0

1

1

1

2

0

0

0

1

3

9

41-50

0

0

1

0

4

0

0

2

2

1

10

51-60

1

0

1

0

1

0

0

1

2

0

6

>60

0

0

1

0

0

0

0

0

0

0

1

TOTAL

4

3

8

5

10

1

1

6

8

5

51

eminent workers from other fields may provide a
deeper insight to the magnitude of the problem.
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Figure 1 : Profiling based on manner of death

Figure 2 : Age incidence in hanging cases

CONCLUSION
The people of Sikkim are economically be�er
placed than other states and also have a lower crime
rate. Thus proactive prevention efforts and be�er
knowledge of regional problems is absolutely crucial
at this stage. The government of Sikkim has already
initiated an awareness drive all over the state. [1] Still
it requires streamlining of efforts of different experts
from other fields as well as active participation of the
masses.

SUGGESTION
The limitation of the study was due to the limited
number of autopsies done as compared to national
average. Thus a more indebt study is required and
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ABSTRACT
The incidence of Organo-phosphorous poisoning has steadily increased in past and created many
serious problems since these compounds are been preferred in most suicides. The present study deals
with the incidence of Organo-phosphorous poisoning on different persons of different age and sex. The
study reveals that Age group between 21-30 years (42% cases) has maximum fatalities and minimum
fatalities are noted in the extremes of age.
Keywords: Organo-phosphorous, suicides, age, sex.

INTRODUCTION
The incidence of organophosphorus poisoning
has steadily increased in recent past and has reached
a level where it can be called “a Social Calamity”.
Though these substances have been in market only
for few decades in our country, they have created
many serious problems since these compounds are
been preferred in most suicides because of their
rapid action, ready availability and knowledge of
lethal potency. So this study was undertaken to know
the Epidemiological factors in relation to poisoning.
Organo-phosphorus compound as such is not a single
compound rather a broad category of compounds.
As per a rough estimate, in India, around 10
million cases of poisoning are reported annually, of
which about 10 thousand happen to die. A 6 years
study conducted at Government Medical College,
Chandigarh by Adarsh Kumar and Krishan Vij
(2001) from 1994-1999 revealed that males (68%)
outnumbered females (32%) with a ratio of 2.1:1 and
the incidence was highest in the age group of 2125 years (27.2%), rural preponderance (66.9%) was
more compared to urban (33.1%) areas. Fatalities
were maximum due to Aluminum phosphide
(38.9%) because no specific antidote was available
Corresponding author:
Abdul Rahman Omer Siddiqui
E-mail id: arosid@gmail.com

to counteract the toxic effects of it, the next to
follow was alcohol (8.4%) and organophosphorus
compound (6.9%) respectively. (28.3%) of cases was
kept pending due to the want of chemical analysis
report and in (9.2%) cases, no poison was detected
by chemical examiner despite the fact that clinical
features as well as postmortem findings were
suggestive of a particular type of poisoning.1
Krishan Vij (2002) classified the nature
of poisoning into accidental, Non-accidental,
misadventure, deliberate self-poisoning, poisoning
by rash or negligent act, which may be covered
under Section 304-A (IPC), Homicidal-which may
be culpable homicide not amounting to murder
or even murder, being covered under Section
299 and 300 IPC respectively . Other IPC sections
concerning to poisons/ poisoning and the duties
of the medical practitioner in handling such cases
is clearly explained. In cases of fatal poisoning, the
line of approach to be followed and the technique
of obtaining autopsy samples and the qualitative
and quantitative analytical methods employed in
toxicological lab has been clearly said.2
As per the 25 years of autopsy study (19721997) conducted by Dalbir Singh et.al. (1999) at
Postgraduate institute of Medical Education and
Research, Chandigarh revealed a steep increase in
the incidence of acute poisoning due to the easy
availability and increased exposure to hazardous
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substances with majority of subjects being in the
age group of 14 and 30 years (68%) with male
preponderance (69%) due to the occupational
exposure of men to poisonous substances. Among
the fatalities unemployed youths and students
were the main victims of suicidal poisoning, who
increased from (34%) to (77%) followed by domestic
workers and skilled workers. In accidental poisoning
agricultural workers, were the main victims in whom
the incidence decreased from (63%) to (17%) and
more among the urban community who increased
from (45%) to (72%). Barbiturates (37%) and copper
sulfate (22%) were the most common poison
consumed initially with changeover to aluminum
phosphate (65%) and Organo-phosphates (46%) due
to agrochemicals that appeared to be a byproduct of
the “green revolution” when compared to the first
and last 5 years of the study respectively. In a study
conducted at Guru Nanak Dev Hospital by Gargi
et.al. (2003) Amritsar, 340 cases of poisoning were
detected, of which 248 cases were male (72.94%)
and 92 cases were female (27.06%) with the ratio
of 3:1 respectively. Majority of the victims were in
the age group of 21-30 years (45.59%) of which 235
cases (69.12%) were married, reasons being various
related aspects of married life and influences of social
customs and various stresses. Manner of death being
suicidal was highest, 260 cases (76.46%) as compared
to accidental 71 cases (20.91%) and 6 homicidal
cases (1.76%) were reported, 3 cases (0.88%) were of
undetermined origin. Of the majority of treated cases,
209 cases were conscious (61.47%), 89 cases (26.17%)
were partially conscious and 42 cases (12.36%) were
unconscious. Commonest poison consumed was
aluminum phosphide 130 cases (38.23%) and the
next to follow was organo-phosphorus compound 60
cases (17.64%), followed by alcohol 28 cases (8.23%).3
A study on the poisoning trends undertaken
for 2 years at Malwa region, by Karamjit Singh et.al.
(2003), Punjab showed that maximum number of
death occurred in the month of June (21%) due to
increased farming activity like spraying of insecticide
and also being the month for examination results
whereas minimum number was seen in September
(2%) with season acting as an important factor, female
(57%) outnumbered males (43%) with incidence of
poisoning more amongst married (68%) as compared
to unmarried (32%), residing in rural (64%) as
compared to urban area (36%). Incidence of poisoning
was more among under-matriculates (43%) followed

by illiterates (37%) and literates (14%). Majority of
victims were unemployed (51%) and of low socio
economic group. After going through chemical
analysis report it was inferred that maximum number
of death were due to organophosporus compound
followed by aluminum phosphide and alcohol.4
Sharma Br et.al. (2002) reported a steep increase in
the incidence of death due to poisoning from (12.77%)
to (19.03%) with the age group being young adults (2125 years) 95 cases (28.53%) followed by adolescents
68 cases (20.42%), the factor being ever increasing
demands and stress of the modern mechanical
lifestyle, failure in exams, failure in romantic affair
etc. Males outnumbered the females with ratio being
2.5:1. Among the male victims, married outnumbered
the unmarried in the rural community while in the
urban, reverse was observed. Among the females,
married outnumbered the unmarried in both the
rural and urban communities. Suicide was the most
common manner of death accounting for 298 cases
(89.05%), while only 4 cases (1.20%) were homicidal.
Aluminum phosphide was the most preferred poison
181 cases (54.34%) as it was easily available in the
market and homes followed by insecticides 80 cases
(24.02%). In 35 (10.51%) cases of alleged consumption
and specific manifestation, no poison was detected by
chemical analysis.5 A comparative study of poisoning
cases autopsied in LHMC, New Delhi and JIPMER,
Pondicherry by Murari Atul and Sharma G.K.
(2002) during 1993-1995 showed that incidence of
poisoning was (46.09%) and (5.43%), and age group
being the same (21-30 years) (36.16%) and (35.48%)
with incidence of poisoning more among males as
compared to females observed at Jipmer and LHMC
respectively. Insecticides accounted for (56.35%) of
cases followed by yellow oleander (16.94%) at Jipmer
where as at LHMC, aluminum phosphide (45.16%)
was responsible for the number of deaths followed
by organ phosphorus (24.19%).6
It was noticed that of the 1191 cases conducted
in PGIMS, Rohtak by Dha�arwal SK (2001) reveals
that 1145 cases (96.2%) were suicidal in manner
followed by 29 cases (2.4%) accidental and 17 cases
(1.4%) were homicidal. Incidence of poisoning was
more among the age group of 21-30 years 359 cases
(30%) followed by 11-20 years 320 cases (26.8%),
males 761 cases (63.8%) outnumbered females 430
cases (36.2%), married person outnumbered the
unmarried 404 cases (33.9%) and 20 cases (1.7%) were
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of unknown. Rural community 896 cases (75.2%)
predominated more compared to urban community
275 cases (23.1%) with maximum number of deaths
below metric 443 cases (37%) followed by metric and
above, 325 cases (27%). Aluminum phosphide was
the commonly used suicidal poison the reason being
easy availability and low cost followed by Organo
phosphorus and alcohol.7

MATERIALS & METHOD
The present study has been carried out in the
Department of Forensic Medicine, Gandhi Medical
College/Hospital, Secunderabad. All the cases
brought to the department for medico legal autopsy
with history of Organophosphorus poisoning and
cases that were diagnosed as Organophosphorus
poisoning after post mortem examination were
selected. Permission of the ethical commi�ee on the
use of human material for research purpose was
obtained.
Detailed information of the deceased pertaining
to the case was collected from the concerned police
and relatives of the deceased by a questionnaire, post
mortem findings were analyzed with the chemical
analysis reports. In treated cases information was
acquired by perusal of hospital records. In cases of
allegations, information was supplemented by either
visit to the scene of crime or from the photographs of
the scene of crime.
In all cases, viscera were subjected for chemical
analysis at Forensic Science Laboratory, Hyderabad.
Entire dissection of the body was carried out as per
the procedure mentioned in “Autopsy Diagnosis and
Technic” by O�o Sapphire.
The routine viscera and body fluids that were
sent to Forensic Science Laboratory for Chemical

analysis were:
1.

Entire stomach with its contents

2. The upper part of small intestine (about 30
cm length)
3.

Liver not less than 500 grams

4.

One kidney or half of each kidney

5.

Blood 10-30 ml

The preservatives used for: Viscera – saturated
solution of Sodium Chloride.
Blood-10 mg/ml of Sodium or Potassium fluoride
and 3 mg of Potassium oxalate.
Inclusion Criteria:
1. All cases with the alleged history of
organophosphorus poisoning.
2. Cases diagnosed as poisoning after complete
Post Mortem examination.
3.

Perusal of chemical analysis reports

Exclusion Criteria:
Cases in which the chemical analysis report is
awaited.

RESULTS AND DISCUSSION
• Age and Sex distribution of cases of fatal
Organophosphorus poisoning:
Table 1 reveals the cases of age and sex wise
distribution of fetal Organo-phosphorous poisoning.
It is evident from the table that out of the 100 cases
studied in the present study 71 (71%) are male and 29
(29%) are female. Age group with maximum fatalities
is between 21-30 years i.e., 42 (42%) cases, followed
by age group 31-40 years 21 cases. Minimum fatalities
were noted in the extremes of age. Youngest victim
was a 15 year female and oldest an 80 year male.

Table 1: Age & Sex wise distribution
Age group
(years)
0-10
11-20
21-30
31-40
41-50
51-60
61-70
>70
Total

190

Male

%

Female

%

0
6
30
14
9
6
4
2
71
100

0
8.45
42.25
19.71
12.67
8.45
5.63
2,72
100

0
2
12
7
3
4
1
0
29

0
6.89
41.37
24.14
10.34
13.79
3.44
0
100
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Rise in poisoning is a global phenomenon seen
in all age groups and all strata of people. It has
enormous medical, legal and social significance. This
increase in the incidence of poisoning in recent times
is due to stress related to academics in children, job
related in adults and loss of social security in old
people.
Age and sex distribution of cases of fatal
organophosphorus poisoning:
Out of the 100 cases studied in the present
study 71 (71%) are male and 29 (29%) are female.
Age group with maximum fatalities is between age
group 21-30 years i.e., 42 (42%) cases, followed by age
group 31-40 years 21 cases. Minimum fatalities were
noted in the extremes of age. Youngest victim was
a 15 year female and oldest an 80 year male similar
findings were observed in the studies conducted by
Adarsh Kumar1, Dalbir Singh (1999)3, Karamjit Singh
(2003)4, B.R.Sharma (2002)5, Murari Atul (2002)6,
S.K. Dha�arwal (2001)7, Manish Nigam (2004)8 and
Sinha US (1999)9. It is in disagreement with the study
conducted by Taruni Ng (2001)10.
The maximum incidence of poisoning in the age
group of 21 to 30 years is a�ributed to the factors
like failures in facing the difficulties of academic,
unemployment, romantic failures, family conflicts,
marital disharmony, improper judgement of the
problem, dowry harassment in case of females and
ill health. As this age group are at the threshold of
building their career and have the utmost zeal and
urge to go ahead of others and this ever increasing
demands and stress of the modern mechanical
lifestyle, contribute to such an act. In case of children,
scolding by parents for very trivial issue and failure
or less percentage in exams were the reasons being
noticed. The high incidence in the above age group
is in accordance with the trends observed nationally
and globally, as mentioned by Lall SB (1998)11,
Verstraeta AG (1995)12, Schmidtke (1996)13, Karkip
(2001)14 and Sahin HA (2003).15

2. Detailed information regarding the case was
collected from the police, relatives of the deceased
by a questionnaire and perusal of treated Hospital
records in treated cases. Complete autopsy of the
body was carried out in each case.
3. Out of the 100 cases studied in the present
study 71% are male and 29% are female with Male:
Female ratio being 2.45:1
4. Age group with maximum fatalities is
between 21-30 years i.e., 42% cases, followed by age
group 31-40 years 21 % cases. Minimum fatalities
were noted in the extremes of age. Youngest victim
was a 15 year female and oldest an 80 year male.
Conflict of Interest – NIL
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ABSTRACT
Benzathine penicillin is the drug of choice for prophylaxis in rheumatic heart disease. It is given
intramuscularly, every 21-30 days after test dose and gives excellent results. But it has the side effects
of hypersensitivity and fatal anaphylactic reaction even when patient had received it in past since
long without any problem. Fatal anaphylaxis may be under reported due to under diagnosis by health
care professionals, insensitive and nonspecific laboratory test and the absence of clear post mortem
findings.
In this case report we described details of a patient, who developed fatal hypersensitivity reaction after
18 years of Inj. Benzathine penicillin usage for prophylaxis of her rheumatic heart disease. As it is rarely
reported, we thought it needs to be reported.
Keywords: Penicillin, reaction, anaphylactic shock, rheumatic heart disease.

INTRODUCTION
Benzathine penicillin, a repository penicillin
preparation is used as the drug of choice for
prophylaxis in Rheumatic Heart Disease (RHD).
The intramuscular injection of 1.2 Million units of
Benzathine penicillin once a month yields excellent
results. The most common adverse effect noted with
penicillin are the hypersensitivity reactions ranging
from maculopapular rash to anaphylaxis. Fatal
episodes of anaphylaxis have followed even with
skin testing with minute quantities of the drug. There
is no reliable means to confirm a history of penicillin
allergy. It is said that less than 1% of persons who
previously received penicillin without incident
will have allergic reaction when given penicillin(1).
However in the past anecdotal accounts of fatal
allergic reactions are reported in some developing
countries and fears generated by such reports may
deter both physician and patient from continuing
this effective methods of prevention(2). About 0.001%
of the patients treated with penicillin die from
anaphylaxis(3). About 70% of such patients have had
penicillin previously and one third of these reacted

to it on a prior occasion. Antibiotics betalactam are
the important causes of in-hospital anaphylaxis.
Deaths from such reactions are considered rare. Fatal
anaphylaxis may be under reported due to under
diagnosis by health care professionals, insensitive
and nonspecific laboratory test and the absence of
clear post mortem findings.
In this case report we described details of a
patient, who developed fatal hypersensitivity
reaction after 18 years of Inj. Benzathine penicillin
usage for prophylaxis of her rheumatic heart disease.
As it is rarely reported, we thought it needs to be
reported.

CASE HISTORY
A 40 year old thin and lean female patient with
a known case of Rheumatic heart disease (RHD)
was on prophylactic treatment of Inj. Benzathine
Penicillin since last 18 years. At one morning, she
came to the medical OPD of a tertiary care teaching
hospital to take her regular dose of Inj. Benzathine
Penicillin (1.2 million Units) every 21days. On taking
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her personal history she did not had any complaint
of headache, fever, breathlessness, cough, chest
pain or abdominal pain. She did not suffer from
hypertension, diabetes mellitus, tuberculosis or
asthma. Patient was apparently asymptomatic till the
time of her OPD visit.
As part of her routine treatment, she was given a
test dose of Inj. Benzathine Penicillin subcutaneously
and there was no sign of any drug reaction. However,
after receiving the full dose of Inj. Benzathine
Penicillin (1.2 Million Units) intramuscularly, when
she tried to get up from injection cot, she could not
get up from cot, became drowsy and unresponsive
so immediately taken to emergency department. In
emergency department she was in gasping condition
with frothing from mouth and carotid was not
palpable. Immediately, high quality CPR according
to ACLS guidelines started. She was assessed and
diagnosed to suffer from Inj. Benzathine Penicillin
induced anaphylactic shock. Intravenous line
established, Inj. Adrenaline 5 mg (5 ampoules of
1mg/ml) given IV stat and repeated 1mg every 3
minutes (according to ACLS guidelines). A Pint of
Normal saline 0.9% started to give bolus fluid. During
resuscitation she intubated with Endotracheal Tube
no.7, and ventilated with AMBU bag with oxygen
at 15 liter/ Minute. After 6 minutes, during rhythm
analysis irregular rhythm with tachycardia was
noted and carotid became palpable so CPR stopped.
At that time her Blood Pressure was not recordable.
Bilateral crepitations were present. As she was a
known case of cardiac disease and having bilateral
extensive crepitations, she was given total 500 ml of
0.9% normal saline during resuscitation.
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Post CPR her pulse rate was 150/min with
irregular rhythm, and systolic BP was 70 mmHg
on auscultation. Blood samples were collected for
laboratory investigation and she was managed with
following treatment:
Inj. Pheniramine Meleate 45.5 Mg. IV over 15
minutes
Inj. Hydrocortisone Hemisuscinate 100 Mg IV
bolus
Inj. Dexamethasone 8Mg IV bolus and repeated
8 hourly
Inj. Normal Saline 0.9% at 60 Ml/hour IV
Inj. Pantrapazole 40 Mg IV bolus and repeated
12 hourly
Inj. Ondansetron 4 Mg IV bolus and repeated 12
hourly
Inj. Ceftriaxone 1Gm IV BD
Inj.Piracetam 3 Gm IV 8 hourly in 100 cc NS
Inj.Sodium Valproate 1gm in 100 Ml 0.9% NS IV
bolus and 12 hourly as she got convulsion in post
CPR period
Inj. Sodium bicarbonate 50 ml bolus and 50 ml in
infusion.
Inj. Adrenaline 4 mg in 50 Ml Normal Saline at 4
microgram/minute IV infusion
Inj. Noradrenaline 4 mg in 50 Ml NS at 6 ml/hour
and dose titrated according to response
Patients other investigations were as follows:
Spot RBS- 147 mg/100ml

ABG (Arterial Blood Gas) analysis:
pH- 7.17
PaCO2- 27.0mmol/L
PaO2- 132.6
HCO3- 9.7
SaO2- 98.4%

RBC - 4.89 million/ul
Hb - 14.7 g/dl
MCV - 87.1 fL
MCH- 30 pg
MCHC-34.4 g/dl
Platelet count - 1,40,000 k/ul
Normocytic normochromic RBC

Lab. Blood glucose- 224 mg/dl
Blood urea- 30 mg/dl
S. Creatinine- 0.82 mg/dl
S. Sodium 127 mmol/L
S. Potassium- 4.3 mmol/L
S. Chloride- 100 mmol/L
Alkaline Transaminase(ALT)- 28.4U/L
Alkaline phosphate- 87.4 U/L
S. Acetone- absent

WBC- 24.2 k/ul
Neutrophil- 86
Lymphocytes- 12
Monocytes- 1
Eosinophil- 1
Basophil- 1
neutrophilic leukocytosis.
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X-ray chest was shown pulmonary edema.
After revival patient was shifted to Medical
Intensive Care Unit (MICU) and put on ventilator
with volume controlled mode. The patient was
urgently referred to cardiologist. Patient’s 2D echo
showed RHD (Rheumatic Heart Disease) with
severe Mitral Stenosis (MS), left atrium and right
atrium enlargement, Grade II Mitral Regurgitation,
Moderate Tricuspid Regurgitation and Left
Ventricular Dysfunction. Her Ejection Fraction
(EF) was 25-30% and no blood clots. Following
reports of 2D echo and on examination, cardiologist
advised to give Inj.Dopamine infusion, monitor vital
signs, repeat ABG and if required defibrillate for
cardiogenic shock. Accordingly, patient was started
Inj. Dopamine in infusion at a rate of 5 microgram/
hour and defibrillated with Biphasic Defibrillator
but there was no change in rhythm. All inotropic
support continued and dose gradually increased to
maximum. Patient was also referred to nephrologist,
who advised to continue inotropic support, Inj.
Normal Saline IV at a rate of 60ml/hour. She was
also advised for USG abdomen and KUB, daily renal
function test, S. electrolyte and arterial blood gas
analysis with correction of acidosis and 2D echo.
There was no improvement in patient’s condition
even after maximum inotropic support and patient
collapsed again at 11.15 pm. Again high quality CPR
started immediately along with IV Inj. Adrenaline
1 Mg stat and repeated 1Mg every 3 minutes. CPR
continued for 45-60 minutes, but patient could not
be revived back. At 60 minutes there was no rhythm
on monitor, bilateral pupils were dilated and not
reactive to light, heart sounds were not heard on
auscultation. Patient’s relatives were explained and
patient was declared dead.

DISCUSSION
Anaphylaxis is a Type 1 hypersensitivity
reaction. It is an IgE mediated reaction also known
as an allergic and/ or immediate hypersensitivity
reaction(4,5). This usually occurs within 1 hour of
exposure and clinically manifests as urticaria,
angioedema, bronchospasm, hypotension and/or
anaphylaxis(5). Mostly immediate reactions are due
to IgE mediated(6). However in some patients, these
reactions could be due to mast cell degranulation
where IgE against antigen may not be detectable.
Anaphylaxis is an acute, life threatening reaction

which is often associated with dyspnea, angioedema
and hypotension, resulting from the release of
preformed, newly sensitized bioactive mediators
from mast cells and basophils. Anaphylaxis is a
medical emergency and usually requires active
and prompt resuscitative measures such as airway
management, supplemental oxygen, adrenaline,
intravenous fluid boluses along with steroids and
antihistamines as adjunctive therapy.
This case stated above as a rare case where
penicillin induced anaphylactic shock occurred after
years of usage of benzathine penicillin. The patient
did not show any signs of hypersensitivity with test
dose given prior to the full dose of injection. This
questions the age old practice of giving a test dose
of benzathine penicillin to ensure patient safety with
respect to hypersensitivity reaction(7).
Hypersensitivity due to penicillin is a�ributed
to their breakdown products which act as haptens
after covalent reaction with proteins. The major
breakdown product is penicilloyl moiety which is
found when beta lactam ring is open. There is a
paucity of literature of developing penicillin induce
anaphylactic shock in a se�ing where penicillin has
already been administered for years in a secondary
prophylaxis for rheumatic fever(8).
The other unique thing in this case report is
a fact that fatal anaphylactic reaction occurred
subsequent to the administration of a test dose. This
definitely raises concern over safety of penicillin
which is otherwise advocated to be safe and given
for a number of years as per the protocol laid down
for secondary prophylaxis of rheumatic fever. This
also questions the safety of Benzathine penicillin
which is given parenterally (IM route or IV route).
Anaphylactic reactions occur more commonly after
parenteral administration.
A similar case series has been reported where the
patients developed fatal anaphylaxis to intravenous
co-amoxiclav(9). Their patients also had no prior
history of drug allergy and two of the cases had
already been administered Coamoxiclav in the
preceding weeks. Eventhough, with appropriate and
aggressive management they had a fatal outcome.
In another case report by T Linares et al, found
an anaphylactic reaction treated with penicillin V for
treatment of acute amygdalitis with good tolerance
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in the past(10). The patient developed anaphylactic
reaction with Penicillin V one week after the
beginning of his treatment. He developed a systemic
reaction within thirty minutes of the last dose. His
symptoms were pruritus on the head, erythema and
edema in the lips, tongue and both hands, dyspnoea
and foreign body sensation at the pharynx, sickness
and nausea. He was treated in an emergency room
with systemic corticosteroids and oxygen. The
same patient had previously tolerated penicillin
V on several occasions for recurrent streptococcal
pharyngitis. Later on skin test for allergic to penicillin
was done and turned positive.
Our case was had severe anaphylactic reaction
and could not be survived to carry out further such
tests.
Take home message: Physician should always be
aware of risks of anaphylaxis even in patients with
prior history of tolerance of the drug like penicillin.
Acknowledgement: We are thankful to Dr. S. T.
Malhan, The Medical Superintendent of our hospital
and the Dean of our medical college for allowing
us to publish this case report. I am also thankful to
relatives of our patient for helping us in preparing
our case report.
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ABSTRACT
Background- Traumatic brain injury (TBI) is a considerable cause of morbidity and mortality in India
and around the world. Head injury provides one of the major contributions to death and be�er practical
understanding of intracranial injuries is essential to the forensic expert. The cross sectional CT imaging
makes the radiologic contribution to forensic autopsy more valuable and may improve accuracy of
forensic investigation. To this reason we retrospectively evaluated the pa�erns of skull fractures on CT
scan imaging of deceased patients.
Method- This cross sectional analysis was conducted in the department of forensic medicine Osmania
medical college, Hyderabad over a period of two years. In this study, we reviewed images of all the
deceased patients (died in our hospital) who underwent CT scanning at index admission for head
injury. Demographic details and mode of injury was recorded from available data. Age was presented
using mean and standard deviation, gender, mode of injury and type of skull fractures were presented
as numbers and percentages.
Results- Linear skull fractures were 172 out of which RTA due to unknown was 99 followed by fall of
unknown reason was 32, RTA fall from two wheeler was 32. The cause of death in all these cases was
due to head injury associated with fracture of skull or intracranial hemorrhages or brain injury.
Conclusion- Majority of fatal head injuries are due to road traffic accidents (RTA) especially in younger
and middle age, followed by fall from height. The common skull fracture type was linear (fissured)
skull fractures followed by depressed fractures. Retrospective CT evaluated has reinforced reporting
medico legal of these cases.
Keywords: Traumatic brain injury (TBI), Road Traffic Accidents (RTA), Linear skull fractures, CT scan

INTRODUCTION
Road traffic accidents (RTA) are world’s most
serious health problem. It is a sixth leading cause
of death in India with a greater contribution of
hospitalization and disabilities in young and middleCorresponding author:
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age populations as per WHO. Traumatic brain
injury (TBI) is a considerable cause of morbidity and
mortality in India and around the world1. Head injury
provides one of the major contributions to death and
be�er practical understanding of intracranial injuries
is essential to the forensic expert.The radiological
imaging techniques are relied upon for inferring
the nature of injury in all medico-legal injury either
presence or absence of skull fracture simple or
grievous2. CT scanning is as effective as conventional
radiographs in depicting linear, comminuted,
and depressed skull fractures. The degree of skull
depression is easily measured on CT scans and skull
sutures can be readily distinguished from fractures by
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their symmetry and corticated margins3. Majority of
skull fractures and intracranial injuries are associated
with extra cranial trauma. CT scans reliably depict
extra calvarial soft-tissue injuries like subgaleal
hematomas, avulsed soft tissues and scalp edema4.
The cross sectional imaging makes the radiologic
contribution to forensic autopsy more valuable and
may improve accuracy of forensic investigation5.
Investigation of deceased is of importance for
different reasons, including jurisprudence, education,
and science and quality control6. To this purpose we
reviewed images of all the deceased patients (died in
our hospital) who underwent CT scanning at index
admission for head injury7.
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METHOD
This cross sectional analysis was conducted
in the department of forensic medicine, Osmania
medical college, Hyderabad over a period of two
years. In this study, we reviewed images of all the
deceased patients who underwent CT scanning at
index admission for head injury. Spiral CT scanner
(SIEMENS make SOMATOM with volume zoom
+4) was used for imaging. Demographic details and
mode of injury was recorded from available data.

STATISTICAL ANALYSIS
Age was presented using mean and standard
deviation, gender, mode of injury and type of
skull fractures were presented as numbers and
percentages.

RESULTS
Skull fracture type
Mode of Injury

Comminuted

Depressed

Depressed
Comminuted

Linear

Total

%

Fall unknown

0

3

1

32

36

18.8

RTA unknown

3

6

0

99

108

56.3

RTA Fall from Two
Wheeler

0

6

1

32

39

20.3

RTA hit by four wheeler

0

0

0

5

5

2.6

RTA hit by Two Wheeler

0

0

0

4

4

2.1

Total

3

15

2

172

192

100.0

Linear skull fractures were 172 out of which RTA
due to unknown was 99 followed by fall of unknown
reason was 32, RTA fall from two wheeler was 32.The
cause of death in all these cases was due to head
injury associated with fracture of skull or intracranial
hemorrhages or brain injury.

DISCUSSION
Injuries from RTA will be the third most common
cause of disability worldwide and the second most
common cause in the developing world8. Motor
vehicle related injuries can be arbitrarily divided
in tocollision between the patient and the external
environment and acceleration or deceleration forces
acting on the patient’s internal organs9, 10.
Fractures of the lower extremities are also
common in motorcyclists, occurring in approximately

40% of motorcyclists hospitalized for non-fatal
injuries11. The addition of cross-sectional imaging to
forensic autopsy allows the radiologist and forensic
pathologist to view postmortem anatomy in 2 and
3 dimensions without dissection. In fatal head
injuries subdural haemorrhage and subarachnoid
haemorrhage are the two common type of
hemorrhages in which SDH is mainly traumatic in
origin with broad etiology12. Sharma and Murari
observed that compared to a CT scan, autopsy was
found to be more effective in detecting various
lesions of head injury13. However in contrary, Goel
et al observed that CT scans detected fewer fractures
(55.2 per cent) compared to conventional autopsy
findings14.Jacobsen et al observed that fracture details
important from a forensic point of view were be�er
delineated in CT images on reconstruction into multiplanar and maximum intensity projection15. Avneesh
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in his study evaluated, linear fractures (29%) of the
skull vault were the commonest type followed by
comminuted (18%) and depressed type (13%), most
often present in the parietal followed by temporal
and frontal regions16. Akhilesh Pathak in his study,
out of all skull fractures, 65% were fissured fractures
followed by comminuted (18%) and depressed
fractures (12%) were observed17. However, a linear
or minimally depressed fracture may be easily
overlooked on CT scans, particularly when viewed
with narrow windows. Often, a small streak artifact
caused by a misaligned fracture may be a clue.

Sandberg DI. Linear nondisplaced skull
fractures in children: who should be observed or
admi�ed?JNeurosurgPediatr. 2015 Sep 4. 1-6.
6.

Angela D Levy; Postmortem Radiology and
Imaging.http://emedicine.medscape.com/
article/1785023-overview

7.

Peter
MygindLeth.
CT
Scanning
in
Forensic
Medicine.Chapter.18.
h�p://
cdn.intechopen.com/pdfs-wm/20941.pdf

8.

Murray, C.J., and Lopez. A.D. Regional pa�erns
of disability free life expectancy and disability
adjusted life expectancy: global Burden of
Disease Study. Lancet-1997:349(9062):1347-52

9.

McCoy GF, Johnstone RA, Nelson IW, Kenwright
J, Duthie RB. Incidence and consequences of
ejection in motor vehicle accidents. BMJ 1988; 2
97(6658): 1244-5.

CONCLUSION
Most of the fatal head injuries are due to road
traffic accidents especially in younger age followed
by fall from height. The common Skull fracture type
was linear (fissured) skull fracturesfollowed by
depressed fractures.Retrospective CT imaging has
facilitated in reconfirming and be�er medico legal
reporting of the cases.
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ABSTRACT
Suicide of any individual, irrespective of their age, is a very sad event for their family and for society
also. The rate of the suicide a�empts and suicidal deaths are increasing in trend especially in youth
community. A Retrospective Study about the Pa�ern of Suicides among Students’ Population was
conducted in the Dept of Forensic Medicine, Madurai Medical College, Madurai, Tamil Nadu, India,
from Jan 2012 to Dec 2014 for three years duration. There were totally 134 cases were studied. Hanging
was the most common method preferred by the victim, followed by poisoning and burns.
Keywords: Suicide; Students; Hanging; Poisoning; Burns;

INTRODUCTION
Suicide occurs all over the world and can take
place at almost any age1. The average global suicide
rate is 14.5 deaths per 100,000 people, with suicide
being the 4th leading cause of death in the 15-19 age
groups2. India accounted for the highest estimated
number of suicides in the world in 2012, according
to a WHO report3. In India, 15 Suicides took place
every one hour during the year 20134. Shneidman
(1976) defined the suicide as “the human act of selfinflicted self-intentional cessation of life”5. Durkheim
(1858 - 1971) defined it as “death resulting directly or
indirectly from a positive or negative act of the victim
himself, which he knows will produce this result”.
This excludes those who survive the a�empt6. Suicide
a�empts are more frequently made by young women
than any other group7. Suicides are the most common
manner of death among all the unnatural deaths.
In that, suicidal deaths in students’ age group are
highly pathetic, since the students are the strength
Corresponding author:
Dr. Manigandan G (MD)
Assistant Professor, Department of Forensic
Medicine, Madurai Medical College,
Madurai – 625020, Tamil Nadu, India
Email id: dr.manigandan86@gmail.com
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and future of any country. On one hand, the toll of
students’ death due to accidental causes, especially
Road Traffic Accidents are increasing, due to more
number of two wheeler users among the students
age group. On the other hand, students’ suicidal
deaths are also increasing. Other reasons were due to
various causes such as academic pressures, stress in
educational performance and failure in examination,
love affair, family problems, mental illness and
drug abuse. Recently, there are two other causes
are added up i.e., communal problems in academic
institutions and stress due to joining of unrecognized
institutions. The link between suicides and lack of
education and thereby unemployability cannot be
outlined in a starker manner. The maximum number
of suicide victims was educated up to matriculation
or secondary level8. India lost 2,471 young citizens
in 2013 as they commi�ed suicide after failing in
examinations. This is up by 10%, as compared to the
previous year. Over 2,246 students took their lives
after they failed in exams in 20129. NIMHANS study
has found that 11% of college students and 7%-8%
of high school students have a�empted suicide10. For
every 90 minutes, a teenager especially student tries
to commit suicide in India. The reason for going up
the tendencies for suicide among students population,
as they are overloaded with greater expectations
from their parents, associated with pressure in their
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academic performance. Moreover, teens in Southern
India have the World’s Highest Suicide Rates.
Occupation wise students constituted single largest
group of in which suicides were observed11. These
Students’ suicides make worry educators.

Age wise: (Fig.2) highest numbers of cases were
reported at the age of 17 and it was 22.39 %. And
it was contradicting the result of study by P. Midha
et al . Their study showed that common age group,
involved in intentional self harm, is 20 to 21 years13.

Aims and objectives
To find out pa�ern of suicide.
To find out reasons for the suicide.
To find out the risk factors for suicides for early
detection and prevention of the suicides.

MATERIALS AND METHOD
In this connection, this study has been conducted
for the period of three years retrospectively from
Jan 2012 to Dec 2014 by Department of Forensic
Medicine, Madurai Medical College, Madurai, Tamil
Nadu. In this study, there were total 134 cases and,
among them 46 were males and 88 were females.
The age group fallen between 12 to 21 years. History
of the inquest given by the investigating officers
of the case, all the post mortem loose forms and
corresponding report of chemical analysis of viscera
were scrutinized retrospectively.

RESULTS
The study comprised of 134 cases of suicides. The
victims belong the age between 12 to 21 years.
Gender difference: Female victims (n=88, 65.67%)
outnumbered male victims (n=46, 34.33%).
Religion wise: (Fig.1) 120 victims belong to
Hindu religion, 8 followed Christianity and 6 were
Muslims. These were not consistent with authors12.

Age in yrs.

Total no. of cases

12

1 (0.75%)

13

9 (6.72%)

14

3 (2.24%)

15

14 (10.45%)

16

2 (1.49%)

17

30 (22.39%)

18

21 (15.67%)

19

10 (7.46%)

20

22 (16.42%)

21

22 (16.42%)

Place of suicide: (Fig.3) Maximum number of
victims selected their suicidal places as their houses.
Since, houses are always accessible and place of choice
to reveal their identity and expose their suicidal
death. Majority of cases (n=111, 82.84%) commi�ed
suicide in their houses, and 10 cases (7.46%) at
institutions, followed by 9.7% of cases (n=13) at other
places neither houses nor institutions. Same findings
were consistent with many authors14.
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Reasons for suicide: (Fig.4) problems in their
studies were main reason. Love failure, examination
failure, psychiatric illness and bodily diseases were
following causes. 30% of cases died with unknown
reason.

Educational status: (Fig 5) almost both the school
students (n = 66, 49.25%) and college students
(n =
68, 50.75%) were equally involved in suicide a�empts
and succeed in our study. However, college students
showed li�le bit higher percentage.

Methods used for suicide: Methods of suicide
were not the same for both the gender. As a whole
hanging was highest in number, n= 55 (41.04 %).
Poison cases were 49 in number (36.56%). Burns
death were n= 28 (20.89%) and run over by train
n=2 (1.49%). There were mostly hanging in males
and burns in females. Suicide note were found in 5
cases.

DISCUSSION
Our study showed that females were more
commonly involved (65.67%) in suicidal deaths than
males (34.33%) and this is consistent with a study in
South Delhi, India15 and in contrast to studies in USA16.
This increase in number of suicides in female gender
was due to competitiveness and stress. This study
showed that the commonest method for commi�ing
suicide was hanging followed by poisoning, burns
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and fall on running train. It is consistent with other
studies in various populations17.
Conclusion
Struggles, stresses, mental health problems,
problems in relationship and substance abuse were
prevalent challenges for youth that commi�ed
suicide. First and foremost, it is must to understand
and assess the problems of students. Parents
and teachers have more potential to lessen the
risk of suicides. Parents, teachers, relatives and
school seniors should realize their responsibility
to support the students, cheer up them to have
positive a�itudes and educate them as life has both
positive and negative sides. And, they should also
show that lots of opportunities in life apart from
the traditional education pa�erns. All are having
the equal role to identify the alarming signs about
suicidal thoughts of the students and prevent them
from success in their a�empt. They should identify
students with psychiatric disturbances and arrange
to get them psychologist support and psychiatrist
management. They offer support less-skilful students
in their school work. Government should reform in
education system. Our present study shows that
monitoring students and their daily routine activities
by parents is very much needs to prevent suicide.
As like western countries, students should pick up
their choice of subjects. Understanding and assessing
the risk factors such as suicide, suicidal behavior,
psychological and environmental factors promote
early suspicion that lead to targeted intervention thus
reducing the future risk. People especially parents
who have the responsibilities should restrict students’
access to means of suicide - toxic and lethal drugs,
pesticides, other weapons etc. Periodical assessment
of students by psychologists at institution itself along
with their parents will help to early identification of
risky students. Suicide prevention program should
be held at schools.
Acknowledgment: Authors acknowledge the
great help received from the scholars whose articles
cited and included in references of this manuscript.
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Source of Funding – Nil
Ethical Issues – Nil
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ABSTRACT
Introduction: Majority of sexual assaults remain unreported either due to lack of awareness or social
stigma, accused being a family member and to avoid traumatizing situation of investigation. In the
absence of DNA profiling, demonstration of biological material most commonly epithelial cells acts as
a definite evidence of penetration. AIMS: Study was taken up to detect a suitable method for detection
of vaginal epithelial cells and compare between Hemotoxylin and Eosin (H&E), Papanicolaou (PAP),
and Lugol’s staining methods. Method: Vaginal smears were prepared by obtaining samples from
female dead bodies subjected for autopsy by roll over method and were stained with 3 stains and
examined under 100 High Power Fields (HPF) microscopically. Results: From the study we found that
among the different stains studied PAP staining detected the maximum number of cells per HPF with
average number of cells detected being relatively superior in the head region of the slide. Dicussion
& Conclusion: In the absence of DNA profiling demonstration of Vaginal epithelial cells by any of the
staining techniques can be corroborative.
Keywords: Vaginal epithelial cells, Staining technique, Detection rate, Menstrual Phase.
Abbreviations used: H & E: Hematoxylin & Eosin, PAP: Papanicolaou, HPF: High Power Field.

INTRODUCTION
Sexual assault is a heinous crime against mankind.
It has become such a menace that no age group is
exempt. Of late there has been a steady rise in its rate
globally as well as in India. It creates a significant
health and legislative problems in every society.
As per National Crime Records Bureau statistics
reported cases of Sexual Assault in 2003 was 15
thousand which had increased to 21 and 24 thousand
by the end of 2007 and 2012 respectively and in 2013
it has been 34 thousand1. Lower conviction rates in
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India are making it difficult to tame the menace 2.
Due to lack of awareness, social stigma, accused
being a family member and to avoid traumatizing
situation of investigation majority of them remain
unreported. Sexual assaults produce physical, short
and long term psychological consequences. In the
absence of history of sexual assault any sudden
deviation in physical or psychological behavior in
a victim should prompt for inquiry by the parents
regarding possible sexual assault. It is advisable to
get forensic assessment done by a doctor who has
acquired specialized knowledge, skills and a�itudes
during training but is seldom possible in India.
Hence, all health professionals who have the potential
of encountering such cases have dual responsibilities
i.e., to treat the victim and to collect necessary
forensic evidence. In all the allegations unless an
evidence-based forensic medical examination done
and evidence is retrieved and preserved justice
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cannot be administered.
Demonstration of spermatozoa in the victim’s
genitalia or body part is suggestive of some sexual
activity. In cases of forceful penetrative sexual
assault, if there is no ejaculation then the question of
demonstration of biological evidence in the victim’s
body parts will not arise, giving an upper hand to the
offender to escape. If Locard’s principle of exchange
is applied, material from vagina or oral cavity will be
found on the penetrating object and demonstration of
the biological material most commonly epithelial cells
acts as a definite evidence of penetration. Individual
characterization can also be done by employing DNA
profiling on such samples 3.
From literature review it is clear that, sperm or
seminal tissue can be detected in the female genital
tract for 1-2days if she has not douched/ bathed.
Whereas vaginal epithelial cells can be demonstrated
on the accused by lugol’s test up to 5thday in 54% of
cases 4. It has been shown that presence of more than
1% glycogenated epithelial cells (Lugol’s positive) is
indicative of vaginal origin 5. High glycogen content
of the vaginal epithelial cells depends on estrogenprogesterone levels 6. Lugol’s test is not carried out
at majority of Health centers, where highest number
of sex related crime is being examined. Vaginal
epithelial cells can be demonstrated by many other
ways like PAP smear, Haemotoxylin and eosin
staining techniques. But there is no conclusive test as
to which is more sensitive, reliable and cost effective.

MATERIALS AND METHOD
The present cross-sectional study was conducted
on forty female corpses brought for medicolegal
autopsy to the hospital, after obtaining an Informed
consent from the legal guardian.
Three smears each were prepared from vaginal
swabs by roll-over technique. Each slide was air
dried. Smears were subjected for three different
stains as detailed below.
1. Lugol’s Iodine Staining: Slides were covered
with Lugol’s iodine solution. An equal volume of
water to the smear was added. Cover slip was placed
on the stained area and was allowed to stand for 3-5
minutes at room temperature7. Liquid iodine was not
as effective as mentioned in literatures, may be due
to its poor iodine holding; the slides instead of being
exposed to solution were exposed to Iodine vapors

inside a Dessicator for 15 minute with an improved
result.
2. PAP Staining: Slides were fixed in alcohol and
stained with pap stain using 3 minute RAPID PAP
KIT 8.
3. Haemotoxylin & Eosin Staining: Slides were
fixed in alcohol and ether, and were stained with
haematoxylin-eosin stain 8.
All the slides were screened microscopically
with a magnification of 40X on 100 microscopic fields
for vaginal epithelial cells (intermediate cells), with
equal representation from head (33 fields), body (34
fields) and tail (33 fields) of the slide. Mean number
of vaginal epithelial cells was counted.
Uterine endometrial tissue blocks were subjected
for routine histopathological examination to
determine phase of menstrual cycle.

RESULTS
In the study 12.5% of cases were in the age group
of 11-20 years, 35% in the age group 21-30, 27.5% in
the group of 31-40 years, 15% in the age group of 4150 and 5% each in the age groups 51-60 and above
60 years. An average of 260 cells per slide is detected
by H & E; 285cells/ slide by PAP and 225/Slide by
Lugol’s Iodine staining.
Average number of cells detected per slide from
the head of the slide is 125 out of 260, 153 out of 285
and 108 out of 225 by H&E, PAP and Lugol’s with
a detection rate of 32%, 40% and 28% respectively.
Average number of cells detected per slide from body
of the slide is 69 out of 260, 69 out of 285 and 51 out of
225 by H&E, PAP and Lugol’s with a detection rate of
36%, 37% and 27% respectively. Average number of
cells detected per slide from tail of the slide is 66 out
of 260, 64 out of 285 and 67 out of 225 by H&E, PAP
and Lugol’s with a detection rate of 34%, 32% and
24% respectively.
In the study the average number of cells detected
per one high power field was 2.6 cells by H & E, 2.9
cells by PAP and 2.3 cells by Lugol’s iodine staining.
Among the different stains studied PAP staining
detected the maximum number of cells in all the age
groups except that in the age group of above 60 and
the same is shown in Fig.1.
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Of the total cases 7.5% were in the phase of
menstruation, 45% were in proliferative phase, 40%
were in secretory phase, 5% menopausal and 2.5%
were hysterectomised. Average number of cells
detected per HPF by different stains in relation to
menstrual cycle is shown in Table.1.

DISCUSSION
Women of all age groups are not equally affected
in Sexual assaults. Women in their reproductive
age group especially in the early adult life are the
victims. In our study 1/3rdof the population belonged
to reproductive age group of which >60% were in
early adult life. Similar sample size has been chosen
by Randall 9 to detect glycogenated epithelial cells.
We employed a roll over method of smear
preparation in which there is a theoretical possibility
of ge�ing more secretions impregnated in the head
of the slide and hence to prevent the possibility of
such a bias, three areas of the slides were examined
with equal representation. Efficacy of three different
stains has been employed in our study and from our
literature search we did not find any previous studies
with comparison of H & E, PAP and Lugol’s stain for
evaluating their effectiveness. However, methods
of using three different stains with conclusions of
effective stain for detection of Spermatozoa 10 as
Christmas tree stain and for Vaginal epithelial cells 11
as Dane’s stain are reported. Average number of cells
detected by PAP staining was relatively superior in
the head region and by Lugol’s Iodine was relatively
superior in the tail region. This could be because of
lesser overlap of cells at the tail region making vapors
of Iodine to reach the cells easier when compared to
overcrowded cell staining/ counting at the head or
body region.
Squamous epithelial cells are found not only on
the vagina but also on buccal mucosa, rectal mucosa
and male genital tract. Peculiarity of vaginal epithelial
cells is that they contain higher concentrations of

glycogen and in vagina intermediate cells are shed
instead of superficial epithelial cells as in rest of the
organs. In intermediate epithelium nucleus will be
in the centreinstead of pyknotic. Demonstration of
glycogen positive cells by Lugol’s Iodine test is being
used from decades12 & 13. Glycogen concentration
of vaginal epithelium is known to increase with
estrogen and hence shows cyclical changes during
menstruation and being highest in the mid cycle14. To
support this hypothesis in our study we found that
during Secretory phase PAP staining was superior to
all other methods in detection of epithelial cells and
Lugol’s stain was most useful during proliferative
phase which indirectly supports higher levels of
estrogen and hence high glycogen content. During
the process of examining the smear by Lugol’s Iodine
method we found that glycogen positivity of cells
decreased with increase in time between staining
and examination and the cause of which remained
unexplained.
Extensive research on origin of glycogen positive
cells from male genitalia has thrown light towards
limitations of its use as evidence in sexual assault.
Swabs taken from tip of male urethra 15, without
urethritis 4 and buccal epithelial cells 7 from male are
shown to respond well with Lugol’s Iodine but their
rate of positivity is limited to <25% 15, Up to 50% 4
and <1% 16 respectively making definite conclusions
difficult. However presence of glycogenated epithelial
cells can be used as a corroborative evidence of sexual
assault.
Detection of large intermediate or basal
cells was effectively done by PAP staining in our
study compared to any other method. Similar
demonstration of cells morphometrically 5 (> 60µm
in diameter) or by Dane’s Stain12 or by Periodic
acid-Schiff technique16 in large numbers should be
considered as vaginal epithelial cells and if found on
any foreign object may indicate Sexual Assault.

Table No.1: Shows average cell detection rate per HPF in different phases of menstruation.
Phase of Menstruation
Menstruating
Proliferative
Secretory
Menopause
Hysterectomised
Total

Average cells/ HPF
H&E
1.7
2.8
2.6
2
2
2.6
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PAP
1.7
3.3
2.7
2
2
2.9

Lugol’s
1.3
2.8
1.7
1
3
2.3
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CONCLUSIONS
If facilities for DNA profiling are available it shall
be the gold standard method that can be employed
to prove the criminal act. In the absence of which
demonstration of Vaginal epithelial cells by any of
the staining techniques can be corroborative. Any
biological material is known to degrade and hence
an early examination/ collection of samples are
essential.
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ABSTRACT
Medico legal case means a medical case with legal binding on the part of a�ending doctor.
There is an apprehension among doctors in dealing with medico legal cases. This is because of fear
of various laws and regulations. There is also apprehension regarding a�ending the courts, cross
examination by the Lawyers and various questions by the police officers. All doctors should be aware
of legal aspects of medical practice. Assessment of knowledge and Awareness of common medico legal
issues was done by analysing the questionnaire given to 100 doctors working at Medical College Raichur
among the participants 50 doctors were from Non Clinical and 50 were from clinical departments. Such
study about knowledge and awareness assessment of doctors will benefit the doctors in a constructive
way to deal with medico legal issues in their clinical practice.
Keywords: Medico legal aspects, knowledge, awareness, and medical professionals.

INTRODUCTION
Doctors come across various medico legal cases
during their practice. In dealing with Medico legal
cases, after complete examination of the patient
and after obtaining the history Regarding the case,
if there is a necessary for some investigation by
the law enforcement Authority then doctor has to
inform the police regarding such cases. So such legal
knowledge is very much essential to a doctor. There
is legal binding on a doctor regarding knowledge on
Various sections of Indian penal code and Criminal
Procedure Code. The doctor has to follow Various
rules and regulations mentioned in the constitution
of India and the entire medical practitioners should
be aware of legal aspects of clinical practice. there
is apprehension among the doctors regarding
medico legal cases because of fear and anxiety
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about a�ending the courts, cross examination by the
lawyers and questions by the police officers because
of such apprehension many medical professionals
try to avoid these medico legal cases. Knowledge
and awareness of medico legal aspects shall allay all
such anxiety, fear and apprehension. Government
has made laws regarding medical practice and lack
of knowledge is an important issue which has to be
addressed1. The increasing trend in litigation against
doctors is an issue of concern. The reasons for these
are public awareness through media and professional
accountability2.

MATERIAL & METHOD
About 50 doctors from Non clinical departments
and 50 doctors from clinical departments were
included in this study. This study was conducted at
Navodaya Medical College, Raichur, Karnataka. A
questionnaire consisting of medico legal questions
was given to each of the doctors to fill it up and
submit for analysing the results.
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RESULTS AND DISCUSSION
Table 1: Awareness of Medico-legal Knowledge among Non-clinical and Clinical doctors
Question

Non Clinical Doctors

Clinical Doctors

Correct Answer

Wrong Answer

Correct
Answer

Wrong
Answer

Can a Child of less than 12 years give
consent for General physical Examination?

40%

60%

55%

45%

Minimum age for valid consent to suffer
any harm

80%

20%

90%

10%

Dealing with brought dead cases

75%

25%

85%

15%

Intimation to the police officer in a case of
poisoning

10%

90%

60%

40%

Issuing the death certificate

75%

25%

82%

18%

Maintenance of OPD records of patients

40%

60%

58%

42%

Maintenance of inpatient case records

90%

10%

95%

5%

Awareness of Section 304 A IPC

50%

50%

60%

40%

First question was can a boy or girl of age less
than 12 years give consent for physical
Examination. Only 40% have marked correct
answer and 60% have marked wrong answer
Among non clinical staff whereas 55% of clinical
staff has marked correct answer and 45% have
marked wrong answer. According to Section 89 of
Indian penal code, child is a boy or a
Girl under the age of 12 years cannot give
valid consent for general physical examination. For
examining such a child, either the parent or Guardian
must be present during examination3.
The second question was the minimum age for
valid consent to suffer any harm. Among clinical
staff 80% marked correct answer that is 18 years and
above, 20% marked wrong answer. Among clinical
staff, 90% have marked correct answer as 18 years and
above and only 10% have marked as wrong answer.
As per section 87 of Indian penal code, a person
above 18 years of age can give valid consent to suffer
any harm which may result from an act not intended
or not known to cause death or grievous hurt4.
Regarding the question how to deal with brought
dead cases, 75% have marked as correct answer that is

to inform the police authorities and 25% has marked
the wrong answer among non clinical staff. Where
has 85% have marked correct answer and 15% have
marked wrong answer among clinical staff 5.
In the next question regarding intimation to
the police officer in a case of poisoning, the correct
answer for this question is all the poisoning cases
in government hospitals have to be reported to the
police officers where as in private hospitals, only
those cases where there is suspicion of foul play
should be intimated to the police officer. 90% have
given wrong answer and only 10% have given correct
answer among non clinical staff where ass 60% have
given correct answer and 40% have given wrong
answer among clinical staff5.
For the question regarding issuing the death
certificate, 75% have marked correct and 25% have
marked wrong answer. Among non clinical staff
where as 82% have marked correct answer and 18%
have marked wrong answer among clinical staff. A
doctor should not issue a cause of death certificate
in unnatural deaths and deaths due to animal and
Snake bite. In such cases the doctor has to inform
the police regarding the necessity for post mortem
examination to rule out any foul play6.
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Regarding the question about maintenance of
OPD records of patients, 40% have marked
Correct answer that is for 3 years and 60% have
marked wrong answer among non clinical staff. And
58% have marked correct answer and 42% have
marked wrong answer among clinical staff.
Doctors have to maintain the inpatient case
records for a minimum period of 5 years for this
Question 90% have marked correct answer and
only 10% have marked wrong answer among
Non clinical staff whereas 95% have marked
correct answer and only 5% have marked wrong
answer among clinical staff. Medico legal
records should be preserved up to 10 years and some
authorities insist to maintain the medico legal records
till the judicial disposal of that particular case. For this
question 80% marked correct answer and 20% have
marked wrong answer among non clinical staff. 85%
have marked correct answer and 15% have marked
wrong answer among clinical staff7.
According to Section 304 A IPC, who ever
causes the death of any person by doing a rash and
negligent act not amounting to culpable homicide
shall be punished with imprisonment for a term
which may extend to 2 years or with fine or with
both8. A question related to this Section was asked for
which 50% have marked the correct answer and 50%
have marked wrong answer among non clinical staff
and 60% have marked correct answer and 40% have
marked wrong answer among clinical staff8.

CONCLUSION
Medical professionals should be aware of legal
aspects of medical practice. Such studies
Regarding the awareness of knowledge
regarding medico legal aspects of clinical practice
will help the doctors in constructive way in their
career of professional medical practice. Awareness of
legal knowledge to the doctors is must because it will
help in removing apprehension that is present among
doctors in dealing with medico legal cases. Medical
professionals should get an opinion from the medico
legal expert in case of any litigation which arise
in their clinical practice and to clarify any doubts
regarding the legal aspects of medical practice
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ABSTRACT
Aim: A prospective of Troponin T as a diagnostic marker in the detection of acute myocardial
infarction at autopsy. Materials and method: The internal autopsy was done for 50 sudden death
bodies and 5 deaths consisting of deaths due to poisoning, stroke, tuberculosis etc. Adult dead body
with cause of death unexplained by external examination were studied and autopsy was done within
48 hours of death. Results: AMI was established as a cause of death in 19 of the 50 cases (36.7%) and
confirmed on histological examination. Of the 19 cases of AMI, 17 (92%) showed an elevated Troponin
T level [> 0.03mg/L]. There were 31 cases where the Troponin T levels were elevated but the cause of
death was due to alternate causes other than an AMI. This yielded a sensitivity of 92% and a specificity
of 5% (p=0.62; chi-squared test) for Troponin T in predicting an AMI at autopsy. Correspondingly, the
positive and negative predictive value of Troponin T was 36% and 57% respectively. Conclusion: In
clinical practice, Troponin T has been extensively investigated and found to be a sensitive marker of
myocardial infarction. While our study confirms that Troponin T is sensitive at detecting AMI, it is
unfortunately not specific to this disease process.
Keywords: Troponin T, Acute myocardial infraction, Autopsy.

INTRODUCTION
Troponins are regulatory proteins that are part
of the contractile skeletal and cardiac muscle tissue.
They are not present in smooth muscle tissue. With
the proteins actin and tropomysin, they are part
of the thin filaments within the myofibrils and are
essential for the calcium mediated regulation of
muscle contraction. The troponin complex consists
of 3 inter acting and functionally distinct proteins
namely troponin I, T and C. C-Troponin T and cTroponin I are specific cardiac structural proteins1.
If there is myocyte injury Troponin will be released.
It does not indicate the mechanism of the myocyte
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injury. High sensitivity Troponin assays allow
precise measurement at very low concentrations.
High sensitivity assays are the biomarkers of choice.
All Bristol Trusts use high sensitivity Troponin
T (hs Troponin T) and therefore this document
only relates to hs Troponin T.2 hs Troponin T will
start to rise 3-4 hours after injury and can stay
elevated for up to 2 weeks. Within the normal
healthy population 99% of people will have an hs
Troponin T <14ng/l. c-Troponin T and c-Troponin
I are specific cardiac structural proteins. If there is
myocyte injury Troponin will be released. It does
not indicate the mechanism of the myocyte injury.
A Diagnosis of a Myocardial Infarction (MI) requires
careful clinical evaluation, particularly of chest pain
characteristics and risk assessment together with
accurate ECG interpretation. It is important not to
interpret an elevated hs Troponin T in isolation. It
only indicates an MI if the clinical presentation also
supports this diagnosis.3 A consensus statement by
European Society of Cardiology, American College of
Cardiology Foundation, American Heart Foundation
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and World Heart Federation in 2011 defined an MI
as; “A rise and/or fall in cardiac troponin with at least
one value above the 99th centile upper reference
limit (14ng/l) in the context of symptoms or clinical
evidence of myocardial ischemia.”
In the developed and one fourth in the
developing countries, in 21st century, cardiac
deaths account for 50 % of all deaths. It is accepted
universally that myocardial infarctions are fore most
killers and destroyers of mankind today. By 2020
heart diseases will lead to 25 million deaths all over
the world annually. One sixth of world’s population
lives in India and heart disease accounts for 24% of
all deaths.
In post-mortem examination of dead bodies
subjected to autopsy with probable sudden cardiac
arrest, a diagnosis of myocardial infarction is usually
made based on the finding of severe atherosclerosis
occlusive coronary artery disease. Actual detection
of myocardial infarction will develop only after
significant time lag between onset of myocardial
infarction and death. Detectable loss of lactate
dehydrogenase will be seen 5 hours after infarction
using enzyme histochemistry4. Recently several
studies have shown interest on application of
biomarkers to diagnose AMI. The presence of cardiac
biomarkers in the blood with increased sensitivity to
detect cardiac cell necrosis enables to diagnose AMI
in 1/3rd of patients. Recent studies have shown that
cardiac troponin levels act as a specific and sensitive
indicator of myocardial infarction. Troponin T
is elevated in all patients with acute myocardial
infarction diagnosed by WHO. Increased levels
of troponin T appear in blood within 3-24 hours
after AMI depending on factors such as infarct size
and they can be estimated for up to 2 weeks in the
living. The Troponin T assay is based on monoclonal
antibody system using a poly (streptavidin)-biotin
capture system with a ruthenium complex cTnT
in blood sample or plasma combines with both the
biotinylated anti cardiac troponin T and anti cardiac
Troponin T and antibody.5 If the troponin level is
normal (<15 ng/L), it should be retested three hours
later. If it is still normal, it is very unlikely myocardial
infarction has occurred. If the initial troponin level is
mildly elevated (15 - 53 ng/L), a second sample should
be collected after three hours to see if a rise has
occurred. If the initial troponin result is over 53 ng/L,
it is very likely that there is significant myocardial
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damage. A second reading will usually show a rise
that confirms that an acute event has occurred.

MATERIALS AND METHOD
This study is a prospective study conducted
at Forensic medicine department, Osmania medical
college, Telangana, India from January 2015 to
December 2015.
Inclusion Criteria: A sudden death, adult dead
body with cause of death unexplained by external
examination. Autopsy was done within 48 hours of
death.
Exclusion Criteria: All dead bodies subjected for
autopsy after 48 hours of death.
Dead bodies found to have septicaemia, renal
disease, pulmonary embolism, myopericarditis and
congestive heart disease. Dead bodies found to have
undergone cardiac surgery or cardio pulmonary
resuscitation or cardiac concussion.
The internal autopsy was done for 50 sudden
death bodies and 5 deaths consisting of deaths due to
poisoning, stroke, tuberculosis etc.
Hearts were exposed and blood was withdrawn
from the pericardial cavity, right and left chambers
of the heart with a sterile syringe and transferred to
a sterile anticoagulant containing test tube and was
sent for analysis to laboratory for measurement of
cardiac troponin T levels with cobase 232 sandwich
analyser.
Method: The principle followed is sandwich .The
duration of this assay is 9 minutes.
First incubation of Cobase 232 analysers: 100 µl
of sample, a biotinylated monoclonal anti cardiac
troponin T specific antibody and a monoclonal
anticardiac troponin T specific antibody labelled
with ruthenium complex react to form a sandwich
complex.
Second incubation of cobase 232 analysers: After
adhesion of streptavidin coated micro particles,
the complex becomes bound to the solid phase via
interaction of biotin and streptavidin. During a 9
minute incubation period, the antigen in the sample
(100 µl), a biotinylated monoclonal anticardiac
troponin T-specific antibody, monoclonal anticardiac
troponin T-specific labelled with ruthenium complex
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and streptavidin coated micro particles reacted to
form a sandwich complex, which was bound to solid
phase, the reaction mixture seen in strip method.
Cardiac troponin levels were above 0.03 mg/ml.

RESULTS
A total of 50 post mortem examinations were
carried out between January 2015 and December
2015. There were 7 cases where serum Troponin T
was analysed (14% of all autopsy cases). 5 of the 50
cases (10%) were excluded, due to severe haemolysis
of sample rendering interpretation impossible.
The cause of death, presence or absence of AMI
and Troponin T levels are outlined in Table 1. Ante
mortem blood troponin levels were not available in
the majority of cases and were not included in this
study. AMI was established as a cause of death in 19
of the 50 cases (36.7%) and confirmed on histological
examination. Of the 19 cases of AMI, 17 (92%)
showed an elevated Troponin T level [> 0.03mg/L].
There were 31 cases where the Troponin T levels
were elevated but the cause of death was due to
alternate causes other than an AMI. This yielded a
sensitivity of 92% and a specificity of 5% (p=0.62; chisquared test) for Troponin T in predicting an AMI at
autopsy. Correspondingly, the positive and negative
predictive value of Troponin T was 36% and 57%
respectively.
Table 1: Shows the cause of death in the year
2015 with associated troponin T levels.
Cause of Death

Total

Troponin
0-0.03 mg/
ml

Troponin
>0.03 mg/
ml

Acute
Myocardial
Infarction

19

2

17

Atherosclerotic
Coronary Artery
Diesease

16

3

Cardiomyopathy

3

0

3

Cardiac
Arrythmia

3

0

3

Respiratory
cause

2

0

2

Gastrointestinal
cause

2

0

2

Other cause

5

2

3

Total

50

7

43

13

DISCUSSION
In our study, there were 31 cases where Troponin
T levels were elevated without an established
diagnosis of AMI. Interestingly, in all of these cases,
there was histological evidence of ischaemic heart
disease represented by either myocardial fibrosis,
early coronary artery disease (where occlusion
of the vessel was less than 75%), gastrointestinal,
respiratory or a combination of both In the cases
where AMI was present, the age of the infarct did not
correlate with the rise in troponin levels. B. Bheeshma
et al6 considered incidence of age of 50 years and
concluded that cardiac troponin T was elevated (>2
ng/ml) which is high in almost all the samples which
might be due to autolysis and only a few samples
were within the normal range and that this is due to
myocardial infarction. The sensitivity and specificity
were 91.66% and 66.66% respectively. Kathleen Han
et al7 in this study , out of 192 autopsy cases, 72
cases deaths had an elevated troponin T were due
to acute myocardial infarction and remaining 117
cases were having elevated troponin T due to other
alternate causes. The sensitivity of troponin T in
acute myocardial infarction was 92% and specificity
was 5% (p=0.62 chi squared test). In study done by
Sapouna R et al8 89 cases were selected during a
one year period from medico legal autopsies. They
were classified into 4 groups namely (A) myocardial
infarction (n=28), (B) salt water drowning (n=20), (C)
death resulting from injury in the respiratory system
(n=16), (D) other causes of death (n=25). The mean
concentrations of cardiac troponin T were 1067.03
mg/dl for group A, 546.98 mg/dl for group B, 398.75
mg/dl for group C and 577.47 mg/dl for group D. In
cases with myocardial infarction i.e. group A, there
was a significant difference in the levels of cardiac
troponin T when compared to other cases. In study
done by Davies SJ et al9 it compares antemortem and
post-mortem cardiac troponin levels in five subjects.
The antemortem samples were retrieved from the
hospital biochemistry laboratory after each subject’s
death. The post-mortem samples for each subject
were taken from different sites and at different times
during the early post mortem period. Four of five
subjects had raised antemortem troponin levels,
although only one had a cardiac cause of death. This
study concluded that elevated cardiac troponin levels
are a marker of serious morbidity and are not specific
for cardiac injury as the primary cause of morbidity
or mortality.
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CONCLUSION
In clinical practice, Troponin T has been
extensively investigated and found to be a sensitive
marker of myocardial infarction. While our study
confirms that Troponin T is sensitive at detecting
AMI, it is unfortunately not specific to this disease
process.
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ABSTRACT
Spinal injuries in fall from height are the result of vertical transmission of the forces of deceleration,
along the axial skeleton.
The study sample comprised of 40 cases of death due to fall from height with fatal spinal injuries
brought for autopsy at State Medico legal Institute, Medical College, Thiruvananthapuram, Kerala
during the period May 2006 to April 2008.
Age group ranged from 10 to 80 years. Majority of victims were males (97.5%). Nearly half of the
victims fell down from tree (47.5%) and more than a quarter (30%) from buildings and significant
portion of these falls happened at work place. All subjects except one (97.5%) fell down from height
less than 15 metres. Head was the site of primary impact in half of the cases. Upper cervical vertebrae
were involved in 12.5%, lower cervical vertebrae in 45%, thoracic vertebrae in 30%, lumbar vertebrae
and sacrum in 2.5% each. Spinal cord was seen involved in 32 cases (80%). Majority of victims (65%)
survived for varying period. Cervical spine injury was the most common cause of death in the study
group found as a single cause in 22.5% and in combination with head, chest and multiple injuries in
42.5% of cases.
Injuries to spine constitute a significant part of trauma related to fall from height. Majority of them were
occupation related and preventable. By proper planning and implementation of preventive measures
most of these fatalities can be avoided.
Keywords: Fall from height, injuries to spine, autopsy study.

INTRODUCTION AND BACK GROUND
Spinal injuries are the likely result of the vertical
transmission of the forces of deceleration, upwards
along the axial skeleton, which would explain their
occurrence with fractures of the lower limbs and of
the pelvic girdle. Alternatively, primary or secondary
impact on the back or the bu�ocks could also result in
vertebral injuries1,2. Though all segments of the spine
are vulnerable to trauma, the cervical part holds the
most interest for the forensic pathologist. The upper
two cervical vertebrae provide most of the rotational
Corresponding author
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E-mail: sarithasr2010@gmail.com

movements of the head, whilst the lower neck allows
flexion and extension. Spinal damage may be caused
by compression, hyper flexion and hyper extension
stress3.
Fracture of the vertebral column can be produced
by
1.

Direct violence 4,5

For example a fall from height on the back over
some hard projecting object / surface or fall into
shallow water.
2.

Indirect violence 3,6

(i) Compression fracture
(ii) Hyper flexion fracture
(iii) Hyper extension fracture
(i) Compression fracture
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Fracture of vertebral bodies without change of
alignment is the common type of injury resulting
from vertical stress. This occurs when the victim falls
from a height either on to his feet or his head7.
Compression fractures of vertebral bodies may
occur, most commonly in the lower dorsal and upper
lumbar zone, particularly T12 and L1 3,8. Fall in si�ing
posture can result in a compression fracture 9.
(ii) Hyper flexion fracture
Constitutes the so-called ‘Jack – knife’ injury
which commonly result in comminution of one or
more vertebral bodies and crushing of their anterior
portions3,6. The most common sites of fracture
dislocation injuries are the C5 –C6, C6 – C7 and T12
– L1 junction. Certain parts of the spine are relatively
protected from injury, namely the upper thoracic and
lower lumbar regions 10.
(iii) Hyper extension fracture
This type of fracture leads to crushing of the
posterior portion of the body and arch. The arch is
often displaced anteriorly into the canal. In fractures
by hyperextension the cord may be damaged by the
broken arch or by a shift in alignment of the bodies3,6.
A serious complication of extension fractures is injury
to aorta with retroperitoneal haemorrhage11.
Fracture of axis (C2) involves the dens, the neural
arch or the body of the vertebra. Odontoid fractures
are the most frequent spinal fracture in children
below 8 years of age and adults above 70 years.
Excluding the dens, most common fracture is that
of the neural arch between the superior and inferior
articular processes, the ‘hangman’s fracture’. The most
common mechanism is axial loading with extension
or flexion, commonly seen in fall 12.
(iv) Fracture of transverse processes, pedicle and
laminae
A�empts to resist falling to one side may also
cause strong contraction and fracture of one or more
transverse processes, if a person falls backward and
strikes a projecting object transverse process may be
fractured.
Fracture of laminae can be caused by falling
against an object or receiving a blow usually in the
neck region. If the fall is accompanied by tilts or
torsion, pedicle or laminae may be fractured 13.
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Injuries to spinal cord
Spinal damage may be caused by compression,
hyperflexion
and
hyperextension
stress.
Hyperextension is more dangerous in causing spinal
injury 5.
(i) Concussion of spinal cord (Railway spine)
This can occur without any evidence of external
injury in cases of fall from height. Concussion of
spinal cord is also known as ‘railway spine’ 8,13. Autopsy
examination may show an area of haemorrhagic
discolouration on the surface or in the substance of
the cord, or subthecal effusion of blood 14.
Holmes suggests two possible explanations for
railway spine, one being sudden hydraulic changes
and the other violent oscillations of the cord resulting
in it being bruised against the bony wall of the
canal6.
(ii) Compression of the spinal cord
This is generally due to fracture dislocation. They
often occur from indirect violence such as fall from a
height on to the bu�ocks.
This study was undertaken to describe injuries
sustained to vertebral column and spinal cord by the
victims of fall from height with respect to age, sex,
occupation, manner of death and spinal segments
involved as data regarding spinal injuries are
relatively infrequent in this part of the world.

MATERIALS & METHOD
This was a descriptive study conducted during
the period from May 2006 to April 2008 including
fatal cases of fall from height with spinal injuries
brought for autopsy at State Medico legal Institute
and Department of Forensic Medicine, Medical
College, Thiruvananthapuram, Kerala, India. The
study sample comprised of 40 cases with injuries
to spine. Decomposed bodies and unknown
bodies were excluded from the study. The study
was conducted after obtaining institutional ethical
commi�ee clearance.

FINDINGS
Age group ranged from10 to 80 years. Majority
of victims were males (97.5%) and among them
80% were middle aged adult males between 40 to
70 years of age. Youngest victim was a 15 years old
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school girl (the only female victim in the study) who
commi�ed suicide by jumping down from school
building. Upper limit of the age obtained was 70
years, included two victims. Both of then fell down
accidentally at work place, one from coconut tree and
other from a building under construction (Table: 1).

tree ranked first. Tree climbers and construction
workers were the main occupational group involved
due to the presence of abundant fruit bearing trees
like coconut trees, mango trees, jack fruit trees etc
and increased constructional activities as a part of
industrial revolution. One was a case of homicide,
where a middle aged adult male was pushed into a
canal by six to seven persons after robbery and he
died of cervical and thoracic spine injuries (Table:
2&3).

Table: 1. Distribution according to age and sex
Age group
in years*

Number
Male

Female

Total (%)

<10

0

0

0(0%)

10-20

0

1

1(2.5%)

20-30

3

0

3(7.5%)

30-40

2

0

2(5%)

40-50

10

0

10(25%)

50-60

17

0

17(42.5%)

60-70

5

0

5(12.5%)

70-80

2

0

2(5%)

≥80

0

0

0(0%)

Total (%)

39(97.5%)

1(2.5%)

40(100%)

A study on spinal trauma and associated injuries
(Linda et al) on 508 hospital admissions 17% were
due to occupational injuries. Falls account for a
substantial portion of occupational injuries usually
from scaffold, ladder or building with a feet – first
landing15. In another record based study among 896
rural population of Eastern Nepal, fall from height
was the commonest mode of spinal injury in 350
cases (39%) followed by fall from tree in 188 cases
(21%)16. Study on traumatic spinal cord rupture in
483 patients during 2000 to 2001 period (Roop Singh
et al), fall from height was most common cause
of trauma (44.5%)17. Study conducted in Ontario
revealed that unintentional fall and transport
accidents were the most common external cause of
spinal cord injury18. Research conducted in Civil
Hospital, Karachi among 214 patients with spinal
injuries; fall from height was the commonest cause of
injury in 122 (57.0%) patients19.

*upper limit excluded
Accidental fall constituted 87.5% of incidence. All
occupational falls were accidental (55%). Nearly half
of the victims fell down from tree (47.5%) and more
than a quarter (30%) from buildings. Falls at home
constituted 27.5% of total falls, among them fall from
Table: 2. Manner of death and place of occurrence
Place

Manner of death
Accident (%)

Suicide (%)

Homicide (%)

Undetermined (%)

Total (%)

Home

10(25%)

1(2.5%)

0(0%)

0(0%)

11(27.5%)

Work place

22(55%)

0(0%)

0(0%)

0(0%)

22(55%)

others

3(7.5%)

2(5%)

1(2.5%)

1(2.5%)

7(17.5%)

Total (%)

35(87.5%)

3(7.5%)

1(2.5%)

1(2.5%)

40(100%)

Table: 3. Site of fall and place of occurrence
Site

Place of occurrence
Home (%)

Work place (%)

Others (%)

Total (%)

Tree

6(15%)

11(27.5%)

1(2.5%)

19(47.5%)

Building

2(5%)

9(22.5%)

1(2.5%)

12(30%)

Bridge

0(0%)

0(0%)

2(5%)

2(5%)

Compound wall

2(5%)

0(0%)

1(2.5%)

2(5%)

Quarry

0(0%)

2(5%)

0(0%)

2(5%)

Into canal/pond

1(2.5%)

0(0%)

2(5%)

3(7.5%)

Total (%)

11(27.5%)

22(55%)

7(17.5%)

40(100%)
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Height of fall was less than 15 metres in 97.5%
of cases. Two victims died as a result of fall from
lessthan 1 metre accidentally, former fell down
from staircase at home and la�er one into a pit near
his home. Both were middle aged and died due to
cervical spine injury. Maximum height of fall in the
present series was 25 metres the victim was a 55 year
old quarry worker, died of multiple injuries including
the cervical spine (Fig: 1).

lumbar. Approximately 5% of all injuries involved
the 2nd cervical, 25% the 5th and 6th cervical and 25%
thoracic and 1st lumbar vertebrae 6. Wortis and Sharp
observed that in about three fourth of all cases of
fracture of the cervical spine the cord and nerve roots
were injured. Slightly more than half of the fractures
of the thoracic spine and only about one fourth of the
fractures of the lumbar spine were accompanied by
cord or nerve root damage 20.

Fig: 1. Distribution of height of fall

Some other literature reviews showed that in
fall from height the thoracic segment appears to be
considerably more prone to injury than the cervical
and lumbar segments. Atlanto – occipital dislocation
occurs in about 5% of all cases. Combined cervical
thoracic or lumbar fracture dislocations occur in
about equal frequency 10 to 15% each. Occasionally,
combined fractures of the cervical, thoracic and
lumbar segments are found. While these injuries
usually present as partial or complete disruption of
the affected intervertebral discs, the vertebral bodies
themselves may be involved. Associated contusions,
lacerations or even traumatic transection of the spinal
cord are by no means uncommon. Several vertebrae
were fractured in some cases. In such instances the
damaged vertebrae may be contiguous or separated
by apparently intact bones1,2,21.

Head was the site of primary impact in half of
the cases and trunk in17.5%. Site of primary impact
was undetermined in 20% of cases. All upper cervical
injuries were in primary head impact (Fig: 2).

Fig: 2. Site of primary impact

Cervical region was predominantly involved
with spinal cord involvement in most of the cases.
Upper cervical vertebrae involved in 12.5% of
cases including compression fracture and fracture
separation. Lower cervical vertebrae fractured in
45%, thoracic vertebrae in 30%, lumbar vertebrae
and sacrum in 2.5% each. Multiple sites were seen
involved in 7.5% of cases (Table: 4). Spinal cord was
seen involved in 32 cases (80%) including upper
cervical region in 25%, lower cervical region in 30%,
and thoracic region in 22.5% and lumbar in 2.5%
(Table: 5).
A review of the literature concerned with the
localization of injury in reported cases of spinal
fracture (2006), Jefferson found 3 peaks in the
frequency curve. From above downwards the first
peak was at second cervical, the second peak at
the 5th and 6th cervical and the third peak at the 1st

In a meta analysis done by Mirium .Y. Kim et al,
the common cause of transverse fracture of sacrum
was fall from height, so Roy Camille and colleagues
named this fracture as “Suicide Jumpers Fracture”22.
Table: 4. Distribution of injury to vertebral
column
Distribution of fracture
Upper cervical (C1 – C3)
Compression fracture
Fracture separation
Lower cervical (C4 – C7)
Compression fracture
Fracture separation
Fracture dislocation
Thoracic (T1 – T12)
Compression fracture
Fracture separation
Fracture dislocation
Lumbar (L1 – L2)
Transverse process
Fracture sacrum
Multiple sites
Total

Number

Percent

2
3

5%
7.5%

8
7
3

20%
17.5%
7.5%

6
5
1

15%
12.5%
2.5%

1
1
3
40

2.5%
2.5%
7.5%
100%
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Table: 5. Site and type of injury to spinal cord
Site and type

Number

Percent

No injury

8

20%

Contusion

2

5%

Laceration

1

2.5%

Softening

7

17.5%

Contusion

4

10%

Laceration

0

0%

Softening

8

20%

Contusion

5

12.5%

Complete transaction

2

5%

Softening

2

5%

Partial transection

1

2.5%

Total

40

100.0%

Upper cervical (C1 – C3)

Lower cervical (C4 – C7)

Thoracic (T1 – T12)

Lumbar (L1 – L5)

Majority of victims (65%) survived for varying
period of time ranging from 3 hours to 4 months. Most
common complication developed was pneumonia in
8 persons (20%), other late complications developed
were diaphragmatic paralysis, septicemia and renal
failure in one case each.
Cervical spine injury was the most common
cause of death in the study group found as a single
cause in (22.5%) and in combination with head, chest
and multiple injuries in 42.5% of cases. One victim
a�empted hanging in a coconut tree, the rope broke,
subsequently he fell on to hard surface and sustained
injury to first thoracic vertebra without involvement
of spinal cord (Fig:3).

Fig: 3.Distribution of cause of death

Injuries to spine constitute a significant part of
trauma related to fall from height. Majority of them
were occupation related and preventable. Morbidity
related to spinal injuries will be much more than
what is recorded and what we are seeing in the
autopsy table as it is only the tip of the ice berg. By
proper planning and implementation of preventive
measures most of these fatalities can be avoided.
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1

ABSTRACT
Crimes are increasing day by day and criminals intend to destroy the identity of an individual. So
stature estimation from skeletal remains bears utmost significance in establishment of individuality
of an individual which has been achieved from measurement of long bones. An a�empt was made
to formulate linear regression equations for estimation of stature in natives of Gujarat for which 148
young and healthy medical students (67 males and 81 females) in age group of 17 to 21 years were
examined and measurements were taken, tabulated and statistically analyzed. It can be concluded that
there exist a positive correlation between stature & percutaneous length of ulna and linear regression
equations so derived can be used for estimation of stature of an individual which will be a useful tool
for experts of the anthropology & forensic medicine field.
Keywords: Correlation, Forensic, Stature, Ulnar length.

INTRODUCTION
Stature means body height or body length which
is an important criterion for identification of a person.
A forensic expert is often required to estimate stature
of a person from dismembered body parts and bones.
Length of different body parts bears more or less
constant relationship with the height of person.
People of different corners of India bear
different morphological features depending on
their geographical distribution and primary racial
a�achment. For this reason a single formula can
not suit all parts of country1. When stature has to be
calculated from dismembered body parts or skeletal
remains, it can be done by applying mathematical
formulae to the length of long bones2.
Various factors affect the growth and development
of individual. So, formula that is designed to estimate
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the stature based on one population may not apply
for other populations. In 1929, Stevenson confirmed
the existence of inter-population differences with
respect to stature estimation. Krogman and Iscan
stated that regression formula for stature estimation
should be population-specific3.
So, this study was aimed to know whether
stature can be estimated from length of ulna and to
derive population specific linear regression formula
for estimation of stature from percutaneous length
of ulna in natives of Gujarat. It may be a helpful tool
for anatomists, anthropologists and forensic experts
for estimation of stature and thereby identification in
case of mutilated or fragmented body remains where
length of ulna can be the only hope.

MATERIAL & METHOD
This study was conducted on 148 young and
healthy medical students ( 67 males and 81 females)
in age group of 17 to 21 years in Department of
forensic medicine and Toxicology, Gujarat Adani
Institute of Medical Sciences, Bhuj, Gujarat. Wri�en
informed consent in vernacular of an each individual
was taken. In case of minors, consent was taken
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from their legally acceptable representative and in
case of female subjects, measurements were taken in
presence of female a�endant. Certain conditions or
diseases that may affect the general or bony growth
like bony deformity, old fractures and metabolic or
developmental diseases were excluded from study.
Height of an individual was measured with the
use of standard height measuring instrument, in
standing erect Anatomical position with bare foot &
head in Frankfurt’s plane from crown to heel. Ulnar
length was measured with help of Spreading Caliper
with rounded ends from the tip of Olecranon process
to the tip of Styloid process of Ulna with Elbow
flexed and palm spread over opposite shoulder.
Measurement of length of Right and Left Ulna were
taken separately for calculation. Both the Stature and
the Ulnar length were measured in centimeter.
All the measurements were taken at a fixed time
between 14:00–16:30 hrs to eliminate discrepancies
due to diurnal variation and the measurements were
recorded by the same person to minimize the errors
in methodology. Results were analyzed using SPSS
software version 17.0.

222

was 170.45 cm with a standard deviation of 6.39 cm.
Mean ulnar length of the males of the right side was
18.41 with a standard deviation of 1.04 cm. There
was no statistically significant difference observed in
percutaneous length of right and left ulna.
Table 3: Measurement of Height
Percutaneous Ulnar length in Females.

and

Measurements

Min
(cm)

Max
(cm)

Mean
(cm)

Standard
Deviation

Height

148

178

161.63

6.66

Percutaneous
Ulnar Length

22

29

25.48

1.22

Maximum height recorded in females was 178
cm and minimum was 148 cm. Mean height of the
females was 161.63 cm with a standard deviation
of 6.66 cm. Mean ulnar length of the females of the
right side was 25.48 with a standard deviation of 1.22
cm. There was no statistically significant difference
observed in percutaneous length of right and left
ulna.

RESULTS
Table 1. Distribution of subjects in relation to
Gender.
Gender

No of subjects

Male

67

Female

81

Total

148

Study includes total 148 subjects out of which 81
were female and 67 were male with male to female
ratio being 1:1.2.
Table 2: Measurement of Height
Percutaneous Ulnar length in Males.

and

Min
(cm)

Max
(cm)

Mean
(cm)

SD

Height

155

185

170.45

6.39

Percutaneous
Ulnar Length

19

30

27.01

1.87

Measurement

Graph I: Sca�ered graph of height vs percutaneous ulnar
length of males

Maximum height recorded in males was 185 cm
and minimum was 155 cm. Mean height of the males

Graph II: Sca�ered graph of height vs percutaneous
ulnar length of females
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In all the above sca�ered graphs, percutaneous
length of ulnar is depicted on X - axis and height on
Y – axis. All the graphs show that there exist a linear
relationship between the two parameters. T test
was applied and p value was obtained that suggest
positive correlation with r2 = 0.41 in males and 0.45
in females.

Graph III: Sca�ered graph of height vs percutaneous
ulnar length of males and females combined.

Table 4: Linear regression values of Stature versus percutaneous Ulnar length in Males and Females.
Ulnar length

Statistical parameters

Male

Female

Combined

0.64

0.69

0.72

2.16

3.69

3.26

Coefficient of determination (r )

0.41

0.45

0.52

Standard error of estimate

4.88

4.97

5.44

t value

6.81

8.02

12.60

p value

< 0.001

< 0.001

< 0.001

Correlation Coefficient (r)
Regression coefficient (b)
2

There exist a significant positive correlation
between height and ulnar length of male with
correlation coefficient 0.64 & regression coefficient
2.16 [p value < 0.001] and female with correlation
coefficient 0.69 & regression coefficient 3.69 [p value
< 0.001].
So the Regression equations for stature
estimation from percutaneous ulnar length derived
are as follows:
For Male:
Stature (in cm) = 111.2 + 2.16 (length of ulna) +/_ 4.88
For Female:
Stature (in cm) = 64.76 + 3.69 (length of ulna) +/_
4.97
For Combined for male and female:
Stature (in cm) = 80.45 + 3.26 (length of ulna) +/_ 5.44

DISCUSSION
The study deals with total 148 living subjects (67
males and 81 females) with male to female ratio being
1:1.2 and males outnumbered females in terms of

average height with mean height of 170.45 cm with a
standard deviation of 6.39 cm and mean ulnar length
of 18.41 with a standard deviation of 1.04 cm. There
was no statistically significant difference observed in
percutaneous length of right and left ulna.
Study was aimed to know whether stature can
be estimated from percutaneous ulnar length or not.
As ulnar length can be a good predictor of stature if
there is positive correlation with height and it will be
a very helpful tool for anthropologists, anatomists
and forensic experts when identification will be a
question in fragmented or mutilated body remains.
Present study shows positive correlation between
stature and percutaneous ulnar length so stature can
be estimated from percutaneous ulnar length with
correlation coefficient for males being 0.64 and for
females 0.69. Similar findings are observed by other
researchers.
Tro�er & Glesser estimated stature using linear
regressions equations in American whites and
negroes. They have stated requirement of different
regression equations among different races after
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studying different races for relation between lengths
of long bones and stature4. Lal CS at al studied 258
subjects in north bihar within age limit of 12 to21
years, for estimation of stature from long bones (tibial
& ulna). They observed that ulnar multiplication
factor was be�er guide for the calculation of height5.
Similar findings were observed by Nath at al in
Delhi, Athwale MC in Maharashtrian people and
Ilayperuma I et al in shrilankan males & female 6, 7, 8.
Similar studies were done by Lundy JK at al who
also suggest usefulness of regression equation for
estimation of stature in south African population9.
Agnihotri AK at al from Mauritius and Barbaosa
VM at al from Portugal also reported that stature
can be estimated from percutaneous ulnar length
by regression equations10,11. A study was conducted
in Bengali population by Mondal at al targeting only
males that also supports the findings of present study
& Allbrook D studied British & African males for
stature estimation from tibial & ulnar length12,13.
Present study provides different formulae for
males and females as well as combined formula
for estimation of stature form percutaneous ulnar
length. These formulae were checked for accuracy
by comparing with actual stature for the given
multiplication factor and the results were reliable for
estimation of stature.

Limitations of the Study: Age limit considered
was 17 to 21 years & that also includes healthy
individuals so data may not be useful to malnourished
&/or malformed subjects. This study is preliminary
one & would be followed by other studies from
different regions to overcome limitations.
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ABSTRACT
Identification of an individual is one of the many challenges that a physical anthropologist has to face
especially following mass disasters. Skeletal remains are of immense use to determine the identity of an
individual, more so when other modes of identity like fingerprints are not available. Cephalic index is
one such parameter which is helpful in such situations. Previewing the various studies on cephalic index,
this study was done to find out the distribution of the cephalic index in the population of Rayalaseema
region of Andhra Pradesh. The study was carried out using axial slice computer tomography of head
of 500 subjects (250 male and 250 female), age ranging between 21 to 40 years. The mean cephalic index
was found to be 78.21 ± 4.02. There was a predominance of mesocephalic phenotype in males and
brachycephalic phenotype in females indicating a significant sex difference. The data of the present
study is useful for forensic medicine experts, plastic surgeons, anatomists, anthropologists, for clinical
and in research studies and in designing various orthopedic and physiotherapy equipments of head.
Keywords : Cephalic index, Rayalaseema, Computer tomograms, Mesocephalic.

INTRODUCTION
Often, the bones of the victims are the only
remaining evidence from a crime scene, which can
provide hidden secrets about the victim and possibly
lead to a positive identification which is one of the
most essential objectives of forensic medicine and
anthropology.
In the human skeleton, craniofacial morphology
is considered to be the most reliable indicator of
ancestral background1 and provided successful
results1,2,3 though other skeletal elements viz.
pelvis, humerus, radius, ulna, femur, tibia and
fibula also have proven to be helpful in ancestral
identification3,4.
The terminology used to describe the craniofacial
complex stemmed from classical anthropometry,
which employs measurements taken in living
individuals and human skulls as well as indices that
represent facial proportions.5. The most common
among these is the cranial index and the facial
index.6,7.
The first classification based on morphology is
a�ributed to the professor of anatomy Andres Re�ius

(1840). Re�ius described as gentes dolicocephalae
those individuals who had an elongated skull shape
and gentes brachycephalae those whose skulls were
short. However, he assigned no numerical values to
set the boundaries between individual types in both
groups and neither did he use the intermediate term
mesocephalae, which was introduced at a later time.8
the measures used by Re�ius when applied to living
individuals are known as cephalic index and when
referring to dry skulls, cranial index5, 7. These indices
are calculated by determining the ratio between
maximum width and maximum length of the head5,
7
. The concept was subsequently enhanced with the
definition of intermediate values8, which provide a
classification system and reflect more accurately the
diversity found in human cranial morphology.
Cephalic index is the measurement related to
the shape of the skull. Head length is the distance
from glabella to opisthocranion and head width is
the distance between two euryons. According to
Williams et al9 the cephalic index is calculated as
Cephalic index = maximum head width (eu-eu) x100/
maximum head length (g-op).
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Depending upon these indices the types of head
shapes were classified as given by Williams et al,
19959. (Table 1)
Generally, the type of samples that are used
to examine the population origin are dry bone
collections, human subjects, cephalograms – an x
ray of craniofacial area and computerized tomogram
images. Dry bone collection with all the data
regarding its identification is rare and measurements
on human subjects and x ray are more prone to error.
Whereas, the use of the imaging techniques provides
an opportunity to create a data bank of recent
modern living population which is more valuable
in identifying the skull from the features. The use
of the automated techniques also lowers down the
chances of the manual errors that can take place
while taking the measurement. Several studies have
been conducted worldwide by employing CT scan of
various body parts to identify sex, age, ancestry and
stature and appropriate accuracies were obtained 10
- 13
. Cavalcanti e t al14 demonstrated the high accuracy
of 3D CT protocol which makes it a be�er choice.
Moreover, the relevant data on cephalic index
of a population is very much essential in designing
various orthopedic and physiotherapy equipments of
head and face like cranial remodeling band (helmet),
head phones, goggles etc by formulating standard
sizes.
Hence, in the present study we have used CT
scan images of population of Rayalaseema region
of Andhra Pradesh to calculate the cephalic index to
have an idea of population affiliation and to make a
data base of cephalic index for this population.

MATERIALS AND METHOD
Material: The present study is a retrospective
study undertaken to determine the cephalic index
particularly in relation to male and female and to
study the distribution of common head type in
Rayalaseema region of Andhra Pradesh. The samples
for the study were the CT scan of neurocranium of
500 patients (250 males and 250 females), present in
Department of Radiology, Viswabharathi medical
college, Kurnool. The criteria for inclusion were i)
Origin of Rayalaseema region of Andhra Pradesh ii)
No damage to the bones of skull and iii) Age between
21 yrs to 40 yrs. Patients from other regions and
those with skull deformities were excluded from the
study.

METHOD
The computer tomography examinations were
performed using spiral technique in transverse
plane, in 1 mm slices (layers) using Somatom Spirit
dual slice scanner, applying the standard diagnostic
protocol for head examination.
The obtained axial images from CT were
transferred to a workstation for analysis. The
measurement plane was parallel to the so-called
Frankfurt plane (auriculo-orbital plane). Each scan
was measured based on reliable bony landmarks,
selected to assess the cranial vault, as described by
Wai�man e t al15.
On the basis of these measurements, cephalic
index was calculated. The significance of difference
between the both sexes was analysed using students
t test. P value of 0.05 or less was considered as
statistically significant.

RESULTS
The study population consisted of 250 males and
250 females. The mean cephalic index of entire study
population was 78.21± 4.02. The mean cephalic index
of males was 76.24 ± 3.42 and mean cephalic index
of females was 80.18 ± 3.60. The difference between
male and female mean cephalic index was statistically
significant (p< 0.05) (Table 2). The mean head length
and head breadth for males was 178.6 mm and 136
mm respectively. Similarly the mean head length and
breadth for females was 166 mm and 133 mm. The
difference between mean head length and mean head
breadth of males and females was also significant (p <
0.05). The cephalic phenotypes with cephalic indices
of the study population are shown in table 3. The
minimum cephalic index was found to be 70.10 and
maximum cephalic index was found to be 88.53 in the
study population.

DISCUSSION
Sexual dimorphism is an important concern for
the forensic anthropologist as it is a key to individual
identification.
Assessing
sexual
dimorphism
eliminates approximately half of the population from
further consideration in cases of missing persons and
unknown persons.
One major problem with classifying human
remains into specific populational origin is the fact
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that these classifications do not take into account the
occurrence of hybridity. Due to global shrinkage,
urbanisation and raise in migration, people do
not get restricted to their native origin’s place and
thus chances of mixed population have increased.
In addition to this, the diversity in the external
environmental factors like culture, climatic condition,
geographical conditions, food habits, and occupations
affect the bone development and bone appearance
along with the genetic factors, which ultimately
leads to variation in population. So in such cases,
the regional studies become an important method to
differentiate between the people of different regional
origins, as previously acknowledged16.

cephalic index in males when compared to females.
Similar observations were made in studies conducted
by V. Raveendranath18, Shah G V19, Sunita Patro20
and V M Salve21. Whereas contrasting findings were
observed in the studies conducted by Swapnali
Khair22, Ilayperuma23 and M A Eroje24. However, a
study by Adejuwon S A25 on Yoruba ethnic tribe of
south western Nigeria showed no significant sex
difference.

Measurements of skull length and width, for
the purpose of this study, were performed using
head CT scans, in very thin slices (layers), 1 mm
thick, which makes the results we obtained highly
accurate. Wai�man e t al17 proved the advantage of
morphometric examinations with the use of computer
tomography imaging over direct measurements of
the skull. With minimum differences (measuring
error below 5%) in direct measurements of osseous
structures of the skull and indirect measurements
performed on CT scans of the same skulls, they
demonstrated that measurements performed on CT
scans are highly reliable.

From the above study we can suggest that
cephalic index differs in different regions of the
country and obviously in different regions of the
world. The reason for this being the influence of
factors like geographical region, environmental and
climatic conditions, cultural facts, habits etc.

In the present study the dominant cephalic
phenotypes was mesocephalic (41.6%) and
brachycephalic
types
(30.6%).
However,
mesocephalic type was mainly seen in males (50.4%)
and brachycephalic type was mainly seen in females
(46.0%).
The cephalic index for males was significantly
lower when compared to females. The smaller
breadth of the head could be the reason for lower

Many researchers have worked on various ethnic
groups to find cephalic index. The findings are listed
in table 4.

CONCLUSION

This study is an initial a�empt to fulfill the
need for determining population origin affinity
from cranial measurements. These results may help
forensic anthropologist and forensic medicine experts
in their analysis of remains found under commingled
conditions as well as in a situation where only cranial
remains are available. However, more samples are
needed before reaching a statistical decision. Hence
we recommend an extensive study of a defined
region for craniofacial features to be done to create
most recent data bases for different regions of India.
This data will be useful for forensic medicine experts,
plastic surgeons, anatomists, anthropologists, for
clinical and in research studies and in designing
various orthopedic and physiotherapy equipments
of head.

Table 1: Cephalic phenotypes according to Williams’s e t al9
SERIAL NO

HEAD SHAPE

CEPHALIC INDEX RANGE

1

Dolicocephalic

< 74.9

2

Mesocephalic

75.0 – 79.9

3

Brachycephalic

80.0 – 84.9

4

Hyper brachycephalic

85.0 – 89.9
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Table 2: Comparison of cephalic index between the genders of the study population
CEPHALIC INDEX
Sl. No.

Sex

No

1.

Male

2.

Female

Min (cm)

Max (cm)

Mean ± SD
(cm)

Reference range (95%
CI)

Mean
difference

T

P

250

70.10

84.52

76.24 ± 3.42

69.54 – 82.94

3.94

12.55

< 0.05

250

72.41

88.53

80.18 ± 3.60

73.13 – 87.23

Table 3: Distribution of cephalic phenotypes in study population
CEPHALIC PHENOTYPE (CEPHALIC INDEX)

MALE (N=250)

FEMALE (N=250)

TOTAL (N=250)

Dolicocephalic (<74.9)

86 (34.4%)

22 (8.8%)

108 (21.6%)

Mesocephalic (75.0 ---79.9)

126 (50.4%)

82 (32.8%)

208 (41.6%)

Brachycephalic (80.0 --- 84.9)

38 (15.2%)

115 (46.0%)

153 (30.6%)

0 (0.0%)

31 (12.4%)

31 (6.2%)

250

250

500

Hyper brachycephalic

(85.0 --- 89.9)

Total

Table 4: Various Studies on Cephalic index
AUTHORS

WORK

ETHNIC GROUP

OBSERVATION

V. Raveendranath18

Cephalic index, cranial
volumes and cranial
measurements in cadavers

93 formalin cadavers of
south Indian origin

Mean cephalic index = 77.98
Mean cephalic index male = 76.97
Mean cephalic index female = 79.2

Shah G V, Jadhav H R

Cephalic index

500 Guajarati subjects

Mean cephalic index = 80.81
brachycephalic
Mean cephalic index male = 80.42
Mean cephalic index female = 81.0

Dr. Sunita Patro20

Cephalic index

1030 Odisha patients

Mean cephalic index = 77.75
Mean cephalic index male = 77.28
Mean cephalic index female = 78.38

Vishal Manohar Rao
Salve21

Cephalic index

300 Andhra region adults

Mean cephalic index = 76.94
Mean cephalic index male = 75.68
Mean cephalic index female = 78.20

19

Swapnali khair22

Cephalic index

100 Mumbai subjects

Mean cephalic index = 78.48
mesocephalic
Mean cephalic index male = 81.28
brachycephalic
Mean cephalic index female = 75.22
Mesocephalic

Isurani Ilayperuma23

Cephalic index

400 Sri Lankan subjects

Mean cephalic index = 78.54
Brachycephalic

Eroje MA et al24

Cephalic index

Ogbia tribe of bayesla,
Nigeria

Mean cephalic index = 72.96

Adejuwon S A et al25

Cephalic index

Southwestern Nigeria

Mean cephalic index = 72.54
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ABSTRACT
Background: Disorders of the biliary tract affect a significant portion of the world’s population. Over
95% of biliary tract disease is a�ributable to cholelithiasis (gallstones). The current changes in lifestyles
of individuals pertaining to indulgement in unhealthy fat rich food, lack of exercise, obesity, sedentary
lifestyles and various other factors have once again focused our a�ention to gall stones and diseases of
the gall bladder. Awareness must be reinforced in this aspect.
Objectives: To study the histomorphological changes associated with disorders of the gall bladder in
order to determine the incidence, prevalence, distribution and any association with new risk factors.
This study is directed with these objectives.
Materials and method: This was a cross sectional descriptive study. A total of 91 human post mortem
gallbladders were studied. The specimens were collected in 10% formalin following scrutinizing the
patient details and identity, with wri�en informed consent from patient’s guardian/ close relative.
Gross descriptions of all the specimens were done. Sections were taken from the fundus, body and neck
of the gall bladder, additional sections were taken from abnormal appearing mucosa.
Results: Satisfactory tissue samples for histologic evaluation were available in 85cases with a mean age
of 39 years. Normal histology was found in 16 (17.6%) cases. Important findings included congestion
in 31 (34%), hypertrophy in 18 (19.8%), cholecystitis in 6 (6.6%), cholelithiasis in 4 (4.3%), fibrosis
in 5(5.5%) cases. Causes of death were: Road traffic accident (46.1%), poisoning (23.1%), burns and
hanging (5.5%), snake bite and fall from tree/wall (3.3%) respectively.
Keywords: Gallbladder, histology, gallstones, cholecystitis

INTRODUCTION

MATERIALS & METHOD

Gallbladder is a hollow pear-shaped sac which
acts as a reservoir & concentrator of bile. In living
body it is slate blue in color, lies in a non-peritoneal
fossa on the inferior surface of the right lobe of the
liver1. Gallbladder problems are worldwide & this is
one of the commonest clinical problems encountered
in our daily practice. The incidence of these diseases
rises with advancing age2. Gallbladder diseases
are diagnosed clinically and confirmed by various
non-invasive as well as invasive procedures3. The
present study was performed to find out the gross &
histomorphological features and age related changes
seen in the gallbladder at autopsy.

This was a cross sectional descriptive study
carried out in Department of Pathology, Sri Devaraj
Urs Medical College, Kolar. The study was conducted
from July 2012 to June 2013. A total of 91 human post
mortem gallbladder was studied which was received
from Forensic department performed for clinical
autopsy, or medico-legal autopsy. Information
regarding age, sex, marital status, place, food habit,
alcoholic usage and previous history of any disease
particularly liver disease etc., was collected from the
first degree of the deceased during autopsy. Gross
description of all gallbladder specimens was done.
Sections were taken from the fundus, body and
neck of the gallbladder, additional sections were
taken from abnormal appearing mucosa. This was
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followed by processing with routine histological
techniques for paraffin embedding and sectioning
at 4 micron thickness. The tissue sections were
placed on a slide warmer for deparaffinisation and
further deparaffinisation using xylene followed by
Hematoxylin and Eosin staining. Morphological
changes in all cases were studied with special
reference to degree of inflammatory reaction
characterized by plasma cells, macrophages and
lymphocytic infiltration in the mucosa and subserosal
tissue, presence of Rokitansky- Aschoff sinuses and
focal accumulation of cholesterol laden macrophages
in the lamina propria.

RESULTS
This study looked at the autopsy prevalence of
gallstones in general hospital. The gallbladder was
examined macroscopically and microscopically and
gall stones were examined, cut and classified.
Table 1: Age distribution
Age groups

Number

Percentage

0-9

1

1.1

10-19

4

4.4

20-29

18

19.8

30-39

26

28.5

40-49

18

19.8

50-59

12

13.2

60-69

9

9.9

70-79

3

3.3

Total

91

100
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In the current study, the most common cause
of death was road traffic accidents (RTA) which
occurred in 42 cases (46.1%), followed by poisoning
in 21 cases (23.1%) as shown in table 3.
Table-3 Cause of death distribution
Cause of death

Total
Number

Percentage (%)

Road traffic accident

42

46.1

Poison

21

23.1

Burns

5

5.5

Snake Bite

3

3.3

Drowning

2

2.2

Hanging

5

5.5

Fall from height

3

3.3

Assault

2

2.2

Natural death

2

2.2

Pregnancy
complication

1

1.1

Bee sting

1

1.1

Head Injury

3

3.3

Police custody

1

1.1

TOTAL

91

100

Table 4: Gross features of gallbladders

In the present study, the age ranged from 3- 72
years. Mean age was 39 years. Majority of the patients
belonged to the 4th decade of life, followed by 3rd and
5th decade. The number of males was 67 (73.6%) and
number of females was 24 (26.3%). The male to female
ratio was 2.7:1 as shown in table 1 and 2.

Number (%)
Serosal surface

Normal
Congested

55 (60.5)
36 (39.5)

Wall

Normal
Thickened

65 (71.4)
26 (28.6)

Mucosa

Normal
Hemorrhagic
Atrophic
Strawberry-like

78 (85.8)
6 (6.6)
5 (5.5)
2 (2.1)

Table 2: Gender distribution
Age groups

Male

Female

Total
Number

0-9
10-19
20-29
30-39
40-49
50-59
60-69
70-79
Total

1
2
12
20
12
12
5
3
67

0
2
6
6
6
0
4
0
24

1
4
18
26
18
12
9
3
91

The serosal surface of the gallbladder was found
normal in 55 (60.5%) and congested in 36 (39.5%).
Gallbladder wall thickness was normal (<3 mm) in 65
(71.4%) and thickened (>3 mm) in 26 cases (28.6%).
Mucosa was normal in 78 (85.8%), hemorrhagic in
6 (6.6%), strawberry-like in 2(2.1%), atrophic in 5
(5.5%).
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Table
5:
gallbladders

Microscopic

examination

Lesion

Number (%)

Normal epithelium

16 (17.6)

Epithelial hyperplasia

2 (2.1)

Metaplasia

1 (1.09)

Cholecystitis

6 (6.6)

Cholelithiasis

4 (4.3)

Cholesterolosis

2 (2.1)

Hypertrophy

18 (19.8)

Fibrosis

5 (5.5)

Congestion

31(34.06)

Autolytic changes

6 (6.6)

of

Normal gall bladder histology is characterized by
papillary infoldings of the mucosa lined by columnar
epithelium, thin muscular layer and perimuscular
connective tissue. Normal epithelium was seen in
16 specimens (17.6%). Epithelial hyperplasia was
observed in 2 (2.1%),
Intestinal metaplasia, characterized by goblet
cells with foci of low grade dysplasia characterized
by stratified columnar shaped nuclei was noted in
one case. Two cases of cholesterolosis gallbladder
were seen with focal accumulation of cholesterol
laden macrophages in lamina propria. Chronic
cholecystitis associated with cholelithiasis featured
dense muscular hypertrophy and fibrosis with
minimal chronic inflammation. One case of
eosinophilic cholecystitis was noted in our study.

DISCUSSION
While often underappreciated, the gallbladder
may be affected by a variety of pathological processes
that have specific clinical correlates4. Gallbladder is
one of the organs having a wide spectrum of diseases
ranging from congenital anomalies, calculi and its
complications, non-inflammatory, inflammatory to
neoplastic lesions. Gallstones are one of the major
causes of morbidity and mortality all over the world
affecting 10% of adult population5. The object of
this study was to note the incidence and nature
of gallbladder disease during routine autopsies6.
Gallbladder diseases in 2,450 consecutive autopsies
during a five-year period at a general hospital were

reviewed. Incidental gallbladder disease with stone
was found in 271 cases (11 percentages). In our study
on 91 post mortem human gallbladder incidental
gallbladder disease with stone was seen in 4 cases
(4.3%). These patients were also asymptomatic and
the cause of this is not clear.
In a study carried on fifty autopsies 33% of
patients had gallstones at post-mortem with a male
to female ratio of 1:1.24. In this study histological
features of the gall bladders were normal (39.1%),
cholecystitis (37.0%), hypertrophy 8.7% and fibrosis
(15.2%)7. In our study histological features of the
gallbladder were normal histology was found in 16
(17.6%) cases. Other important findings included
congestion in 31 (34%), hypertrophy in 18 (19.8%),
cholecystitis in 6 (6.6%), cholelithiasis in 4 (4.3%),
fibrosis in 5(5.5%) cases and male to female ratio was
2.7:1.
A prospective study of the prevalence of
gallstone disease at necropsy in a stable population
was undertaken over a 10 year period. In women, the
prevalence of gallstone disease remained static but
in men aged 50-59 years it rose from 7% (n= 148) in
the first three years to 18% (n= 138) in the last three
years (p<0.01) and in men aged 60-69 it rose from 12%
(n=370) to 20% (n=366, p<0.01). In the la�er age group
the female: male ratio fell from 2:1 to 0.8:18.

CONCLUSION
In our study histological features of the
gallbladder were normal in 16 (17.6%) cases. Other
important findings included congestion in 31 (34%),
hypertrophy in 18 (19.8%), cholecystitis in 6 (6.6%),
cholelithiasis in 4 (4.3%), fibrosis in 5(5.5%) cases
and male to female ratio was 2.7:1. There were
changes in the gross and histomorphology of the
gallbladder in relation to age in this study Gallstones
and their consequences are the major factors for
histomorphological changes of cholecystitis.
Ethical Clearance- Taken from institutional
ethical commi�ee.
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ABSTRACT
Background-Incidence of fatal head injuries in road traffic accident in and around Madurai city
is comparatively high. Accidents occur not only due to ignorance but also due to carelessness,
thoughtlessness and over confidence. Human, vehicular and environmental factors play role before,
during and after a Road Traffic Accidents (RTA). Road traffic injuries are partially predictable and
hence preventable.
Objectives- Purpose of study to find out different epidemiological parameters such age, sex, season,
time, survival period, vehicle etc. and to suggest steps on prevention based on the findings.
Results-. Out of 1082 autopsies of victims of road traffic accidents, 950 victims had head injuries. Of
these head injury alone was the cause of death in 589 victims. In 361 victims in addition to head injury,
injuries involving other parts of the body were also present.Out of 950 victims of fatal road traffic
accidents with head injury, 92(9.68%) victims were spot dead,115(12.11%) victims were brought dead
while 743(78.21%) victims were hospitalized and treated but died in the hospital. The age range starts
from one month to 84 years. The incidence was peak in the age group between 21-30 years constituting
20.94% of the cases. 19.05% victims belonged to 31-40 years. Hence 40% of victims belonged to
age group of 21-40 years. Individuals of more than 80 years were the least affected (0.21%). Males
constituted 807 (84.9%) while the females were only 143 (15.1%). The sex ratio was 5.6:1 (Male=807,
Female=143). In the most commonly affected age group of 21-30 years the sex ratio was 9:1. Peak
incidence of road traffic accidents occurred in summer and second peak occurred in the early rain fall
season. Motor cyclists were the most commonly involved victims(50.2%). Most of the road accidents
occurred between 6PM to9PM in 22.74% of total cases. Between 12 midnight to 3AM, the least number
of incidents occurred in 3.37% of the total cases. The time of incidence was unknown in six cases . Out
of 950 victims of head injury, 111 victims had undergone craniotomy. The longest duration of survival
among operated victims was 90 days. Among non operated groups 201 victims died within 6 hours
while 79 victims survived beyond 7 days, the longest duration of survival was 84 days.
Keywords: Road Traffic Accidents, Epidemiological study.

INTRODUCTION
Road traffic accident is a collision which involves
at least one vehicle in motion on a public or private
road resulting in at least one person being killed or
injured.Road traffic accident was 9th leading cause
of death in the year2004 and it is expected to be 5th
leading cause of death by the year 2030 worldwide.
Deaths due to Road traffic accident in India in 2009
were reported to be 1,26,896 which increased to

1,33,938 in 2010. It is about 5.5% above the deaths
in previous year. More than 1.3 lakh people killed
on Indian roads in a year giving India the honor of
topping the list of road deaths across the World.

MATERIAL & METHOD
It is a retrospective study conducted in the
Department of forensic Medicine, Madurai Medical
College a�ached to Government Rajaji hospital,
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Madurai for a period of one year from January
2012 to December 2012. Study included 950 victims
of head injury fatal Road Traffic Accidents whose
autopsies were done in the mortuary of Government
Rajaji Hospital, Madurai for Medico legal post
mortem Examination during the period of study.
The findings were recorded in preformed proforma.
Further details regarding treatment in hospitalized
victims were obtained from hospital records.
Observed details were entered into proforma with
data entered properly and analysis was done by SPSS
program.

RESULTS AND DISSCUSSION
The study consisted of 950 victims of traumatic
head injury, subjected to autopsy in mortuary
of Madurai Medical College and Government
Rajaji Hospital, Madurai for the period of one year
between January 2012 to December 2012 .Total
number of autopsies done during the above period
was 3247.Total number of victims of Road Traffic
Accidents during the above period: 1082(33.3%).
Number of victims who sustained head injury: 950.
In this study the peak incidence of road traffic
accidents occurred in summer and second peak
occurred in the early rainfall season. The present
study revealed highest number of cases during
summer months that are from April to June. These
findings are in accordance with the findings of
Harris4. Larsen5 observed that most fatal accidents
occurred in summer and autumn. Wick6 pointed that
accidents were most common in weekend of summer.
The high incidence of accidents during these months
is due to vacations to schools and offices that leads
to increased number of travellers and vehicles on
roads.
The age range starts from one month to 84
years. The incidence was peak in the age group
between 21-30 years constituting 20.94% of the cases.
19.05% victims belonged to 31-40 years. Hence 40%
of victims belonged to age group of 21-40 years.
Individuals of more than 80 years were the least
affected( 0.21%). Since the age group 20-40 years is
the most active phase of life - physically and socially,
and outnumbers the other road users, they therefore
accounted for the maximum number of accidental
deaths. Lower proportion of age group below 10
years and above 60 years can be explained by the
fact that children are taken care of by the elders
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during travel and lesser mobility of old people. This
is in accordance with studies which were done by
Tyagi7, Sinha and Sengupta8, Banerjee9 and Salgado10.
Larsen5 who observed that the age group which
was most commonly affected was the 26-30 years
age group. A study which was done by Chandra 11
showed the age group of 21-40 years (46%) to be the
most commonly affected one. Tripude12 found that
age group which was most commonly involved was
the 21-30 years age groups (39%). Wick6 observed
that 27.9% of the total cases belonged to the age
group of 25-30 years. Andy Harris4 studied that the
fatality rates were highest in the 17-25 year age group.
Satiyasekaran13 observed that 47% of victims were in
the age group of 16-30 years. menon et al 14 found
that the most vulnerable age group was between 21
and 30 years. Males constituted 807 (84.9%) while
the females were only 143 (15.1%). The sex ratio was
5.6:1 (Male=807, Female=143). In the most commonly
affected age group of 21-30 years the sex ratio was
9:1. The preponderance of males over the females is
due to the fact that women generally remain indoors
and hence they are not much exposed to the risk of
accidents on the roads. Tyagi7 found that males were
affected five times more than females. Sinha and
Sengupta8 observed an 80% male incidence. Banerjee9
86% male and 14% female incidence.
Johnson15
studied the incidence to be 89% in males and 11% in
females in USA.chandra11 found71.74% male victims
among the total number of cases. Sathiyasekaran13
reported that males constituted 82.5% of the total
victims. Menon.14. studied a male preponderance
(84.6%) among 682 victims of road traffic accidents
with head injuries.
Most of the road accidents occurred between 6PM
to9PM in 22.74% of total cases. Between 12 midnight
to 3AM, the least number of incidents occurred in
3.37% of the total cases. The time of incidence was
unknown in six cases. Viswas K Pai16 observed that
most of the accidents had taken place during the
afternoon and evening hours (1400-2200 hrs).Sinha
and Sengupta8 found the incidence between 6AM
and 6PM was 35.3%. Li Guohua17 studied that the
percentage of patients was virtually the same for day
time crashes as for night time crashes (51% versus
52%).
Larsen5 reported that most fatal accidents
happened in day between 16:00-19:00 hours and
between 21:00-01:00 hours in night. Corfitsen18
studied that peak incidence was between midnight
and 06:00 hours due to fatigue and intoxication with
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alcohol.
VV Pillay19 pointed that most accidents
happened in between 8 PM to 12 AM and least
between 12 AM to 4 AM.
The peak incidence of
accidents at evening hours may be due to tired
people, a hurry to reach home , peak hour traffic, rash
driving, inadequate traffic control , fatigue of driver
or poor visibility due to lack of street lights and also
alcohol intoxication .
Out of 950 victims of fatal road traffic accidents
with head injury,92(9.68%) victims were spot
dead,115(12.11%) victims were brought dead
while 743(78.21%)victims were hospitalized and
treated but died in the hospital. Hospital treated
victims outnumbered spot dead and brought dead
victims.Longest duration of survival
among
operated is 90 days and among non operated is
84 days.Dikshit20 observed that spot dead victims
comprised 36.31% and total 72.5% of victim died
within 24 hours. He also observed that the maximum
survival period was 2 weeks. Sathyiyasekaran13
pointed that twenty were brought dead. Wick6
observed that average survival of accident victims
in hospital was 35.4 days.The period of survival has
not increased despite the advancement of medical
facilities, due to the lapse of time between the time of
incidence and bringing the victim to casualty. Out of
950 victims of head injury,111 victims had undergone
craniotomy. Among non operated groups 201 victims
died within 6 hours while 79 victims survived beyond
7 days, the longest duration of survival was 84 days.
Most of the victims were motor cyclists
477(50.2%) while most of the offending vehicles
were bus/lorry/truck/van, in 310 (32.7%) cases. 49
(5.2%) victims were bicyclist while 63 (6.6%)victims
and 46(4.8%)victims travelled in car and buses
respectively. 315(33.2%)victims were pedestrians. In
66(6.9%) victims of vehicular accidents, the vehicles
were unknown or unidentified.Most susceptible
victim -Motorcyclists. Most offending vehicles-Bus/
Lorry/Truck/Van(HMV).Viswas K Pai16 found that two
wheeler occupants were most commonly involved.
Harris4 pointed that motor vehicles riders accounted
for 37% of total victims. Gautambiswas21, Nilambhar
jha22 observed more involvement of vehicular
occupants. Majority of the occupants belonged to
two wheelers.
Karkola23observed human factors
accounted for 79.7%, condition of vehicle for 10.7%
,and traffic condition for 9.6% of the accidents.
Dikshit20noted pedestrians constituting 50% of total

victims followed by motorcyclists amounting 18.28%
of total cases. Among the offending vehicles trucks
were responsible for accidents in 28.09% cases and
cars in 22.99% of cases followed by buses in 17.14%
of cases. These were not consistent with our study.
The increasing trend of driving two-wheelers by
college students, who have tendency to drive fast,
was probably the reason for increased two-wheeler
accidents.

Chart 1. Head injury cases among RTA

Chart 2: Month wise road traffic accident cases
Table 1. Age distribution of head injury cases
AGE RANGE

NUMBER

PERCENTAGE

0-10 YRS

17

1.79

11-20 YRS

68

7.16

21-30 YRS

199

20.94

31-40 YRS

181

19.05

41-50 YRS

181

19.05

51-60 YRS

169

17.79

61-70 YRS

111

11.68

71-80 YRS

22

2.32

>80 YEARS

2

0.21

TOTAL

950

100
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Table 2 : Sex distribution
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Table 3. Time Distribution

AGE RANGE

MALE

FEMALE

0-10 YRS

14

3

TIME OF
INCIDENCE

NO. OF
VICTIMS

PERCENTAGE

11-20 YRS

58

10

12:01-03:00 AM

32

3.37

21-30 YRS

179

20

03:01-06:00 AM

58

6.11

31-40 YRS

151

30

06:01-09:00 AM

117

12.31

41-50 YRS

151

30

09:01-12:00 NOON

103

10.84

51-60 YRS

137

32

61-70 YRS

94

17

12:01-03:00 PM

172

18.10

71-80 YRS

22

-

03:01-06:00 PM

159

16.74

>80 YEARS

1

1

06:01-09:00 PM

216

22.74

09:01-12:00 PM

87

9.16

UNKNOWN TIME

6

0.63

TOTAL

807

143

%

84.9

15.1

P value -< 0.001 Significant
TABLE 4. Outcome of accident
AGE RANGE

SPOT DEAD

BROUGHT DEAD

HOSPITAL DEAD

TOTAL

0-10 YRS

3

2

12

17

11-20 YRS

18

12

38

68

21-30 YRS

18

29

152

199

31-40 YRS

20

19

142

181

41-50 YRS

19

16

146

181

51-60 YRS

8

19

142

169

61-70 YRS

5

14

92

111

71-80 YRS

-

4

18

22

>80 YEARS

1

-

1

2

TOTAL

92

115

743

950

Chart 3 : Survival period in head injury cases Offending
Vehicle vs Victims
Chart 4: Offendig Vehicles versus Victims
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CONCLUSION
Major outcome of this study is “Accidents don’t
just happen; they are caused. Therefore preventable,
But following major challenges should be taken in to
consideration for be�er results. Above mentioned
pitfalls conclude that accidents are a complex
phenomenon of multiple causation, which require
inter-sectoral approach to both prevention and care
of the injured.
The various measures comprise such as Data
collection, Safety education, Promotion of safety
measures, Alcohol and other drugs should be
avoided; planning, organization and management
of trauma treatment and emergency care services,
Elimination of causative factors, Enforcement of
laws, Rehabilitation services and Accident research
are required for prevention of RTAs.
Think! Advice - Top Ten Road Safety Tips:
1. Don’t use your mobile phone whilst driving:
Making or receiving a call, even using a hands-free
phone, can distract your a�ention from driving and
could lead to an accident.
2. Belt up in the back: In a collision, an unbelted
rear seat passenger can lead to serious injury to the
driver or a front seat passenger or may even cause
death,
3. Don’t drink and drive: Any alcohol, even a
small amount, can impair your driving ability, so be
a safe driver don’t drink and drive.
4. Slow down: At 35 km/h you are twice as likely
to kill someone as you hit as at 30 km/h.
5. Children: Children often act impulsively; take
extra care outside schools, near buses and ice cream
vans when they might be around.
6. Take a break: Tiredness is thought to be a
major factor in more than 10% of road accidents. Plan
to stop for at least a 15-minute break every 2 hours on
a long journey.
7. Walk safely: When crossing a road always use
a pedestrian crossing if there is one nearby. Help
others to see you by wearing fluorescent or reflective
clothing in poor light conditions.
8. Anticipate: Observe and anticipate other road
users, use your mirrors regularly and don’t forget

to glance into your blind area before altering your
course.
9. Use child seats: Child and baby seats should be
fi�ed properly and checked every trip.
10. Keep your distance: Always keep a two
second gap between you and the car in front.
Ethical Clearance: Taken from institutional
review board/independent ethics commi�ee, govt.
Rajaji hospital,madurai.
Source of Funding: Self
Conflict of Interest: Nil
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ABSTRACT
Unnatural deaths due to violent asphyxia contribute to majority of the cases among all unnatural
deaths. Deaths due to hanging, strangulation, suffocation and drowning are common examples
of violent asphyxia deaths. This study is conducted to find out the relation between violent
asphyxial deaths and victims age, sex, demographic profile, marital status and manner of death.
The present retrospective study has been conducted for the period of 3 years i.e. 2009, 2010 and
2011 based on autopsy records of the unnatural death cases resulting from Violent asphyxial deaths.
Randomly picked 100 male cases and 100 female cases autopsied at mortuary of the District hospital,
Raichur, Karnataka have been considered for the study and analyzed retrospectively. Male violent
asphyxial deaths dominated over female in the ratio of 2.1:1.Predominant age group were found to be
21-30 years (34%) followed by age group 11-20 (20.5%) and 31-40 years showing (20.5%) showing that
youngsters were more involved in violent asphyxial deaths. Maximum victims were from the married
group (36%) followed by unmarried (13%) and marital status of (51%) people were not known. Rural
population contributed 74% than urban population (10%).
Keywords: Violent Asphyxial Deaths, Hanging, Suffocation, Drowning.

INTRODUCTION
The word ‘asphyxia’ means absence of pulsation.
But in forensic medicine, it means lack of oxygen. It
may be described as interference with respiration due
to the causes such as mechanical, environmental, toxic
etc. Deaths caused by asphyxia are broadly classified
as Hanging, Strangulation, Suffocation and Drowning.
Hanging is most commonly suicidal in nature. Males
commit more suicide compared to females. Causes
for commi�ing suicide in males are unemployment,
family tensions, alcohol consumption, etc. The major
reasons among females commi�ing suicide are family
stress and maladjustment, failure in exams, failure
in love life, dowry, etc. Homicidal hanging is very
rare1. Strangulation is defined as compression of the
Corresponding author:
Dr. Chaitanya R
Associate Professor, Dept. of Forensic Medicine
and Toxicology, Vijayanagar Institute of Medical
Sciences, Ballari, Karnataka -583104
Email: fmchaitanya@yahoo.com
Contact: 9008735628

neck by force other than hanging. These are mostly
homicidal but can be accidental and very rarely they
can be suicidal. In suffocation, death results from
occluding the air to enter the lungs by means other
than that of compression of the neck. In drowning,
death is due to submersion in a liquid usually water
and air column is replaced by it2.

MATERIAL AND METHOD
The present retrospective study has been
conducted for the period of 3 years i.e. 2009,
2010 and 2011 based on autopsy records of the
unnatural death cases resulting from Violent
asphyxial deaths. Randomly picked 100 male cases
and 100 female cases autopsied at mortuary of the
District hospital mortuary, Raichur, Karnataka
have been considered for the study and analyzed
retrospectively. Data like age, sex, demographic
profile, marital status and manner of death of
violent asphyxial death victims was collected from
medico legal autopsy register of District Hospital
mortuary, Raichur, Karnataka. Cases were included
as violent asphyxial deaths based on confirmation
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Table No.1: Age and Sex wise distribution of Violent Asphyxial Deaths
Age (in year)

Total

Male

Female

No.

%

No.

%

No.

%

0 -10

7

3.5%

3

3%

4

4%

11-20

41

20.5%

17

17%

24

24%

21-30

68

34%

28

28%

40

40%

31-40

41

20.5%

23

23%

18

18%

41-50

18

9%

5

5%

3

3%

51-60

9

4.5%

7

7%

2

2%

61-70

9

4.5%

4

4%

5

5%

>71

7

3.5%

3

3%

4

4%

Total

200

100%

100

100%

100

100%

Table No. 2: Profile of Asphyxial Deaths
Male

Sl. No.

Type of violent
asphyxial deaths

Total
No.

%

No.

%

No.

%

1

Hanging

116

58%

46

46%

70

70

2

Drowning

64

32%

47

47%

17

17

3

Suffocation

12

6%

5

5%

07

07

4

Strangulation

8

4%

2

2%

06

06

Total

200

100%

100

100%

100

100

Female

Table No. 3: Violent asphyxial deaths in relation to marital status.
Marital Status

Male

Female

Total

No.

%

No.

%

No.

%

Married

2

2

70

70

72

36

Unmarried

6

6

20

20

26

13

Unknown

92

92

10

10

102

51

Total

100

100

100

100

200

100

Table No.4: Demographic profile of violent asphyxial deaths in rural and urban areas
Habitat

Total
No.

%

Rural

148

74

Urban

20

10

Unknown

32

16

Total

200

100

242

243
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Table No. 5: Violent asphyxial deaths in relation to demographic status
Sl.No.

Asphyxia Type of
Voilent

1

Rural

Urban

Unknown

Total

No.

%

No.

%

No.

%

No.

%

Hanging

74

50

12

60

6

18

92

46

2

Drowning

60

40

6

30

20

63

86

43

3

Suffocation

10

7

1

5

4

13

15

7.5

4

Strangulation

4

3

1

5

2

6

7

3.5

Total

148

100

20

100

32

100

200

100

Table No.6: Violent asphyxial deaths in relation to manner of death
Manner

Asphyxia Type
of Violent

Suicidal
No.

Hanging

Total

Homicidal

Accidental

Unknown

%

No.

%

No.

%

No.

%

No.

%

116

100

Nil

Nil

Nil

Nil

Nil

Nil

116

51

Drowning

Nil

Nil

Nil

Nil

6

46

58

98

64

40

Suffocation

Nil

Nil

4

33

7

54

1

2

12

6

Strangulation

Nil

Nil

8

67

Nil

Nil

Nil

Nil

8

3

Total

116

100

12

100

13

100

59

100

200

100

DISCUSSION
Table 1 Describes type of asphyxial deaths.
Hanging is most common form 58% and is more
common in females 67% of all asphyxial death and
less common in male 46% of all asphyxial deaths.
Drowning is 2nd common (32%) of total asphyxial
deaths and its more common in males 47% of all
asphyxial deaths and less common in female i.e. 17%
of all asphyxial deaths, suffocation is 3rd common
6% of all asphyxial deaths and is more common in
females 7% of all asphyxial deaths and less common
in males 5% of all asphyxial deaths, strangulation is
least common of all asphyxial deaths and is more
common in female 6% of all asphyxial deaths and is
less common in females 2% of all asphyxial deaths.
In a study, hanging was the commonest type of
asphyxial death followed by drowning, ligature
strangulation. Our study findings are similar with
the other study3.
Table 2 describes age and sex wise distribution
of violent asphyxial deaths. More deaths in 21 to 30
years of age group total (34 %) in both male (28 %)
and female (40 %). In a study, it was found that 21-40
years (61.90%) was the most vulnerable age period
for commi�ing suicide by hanging. High incidence

of hanging in middle age group and minimal
incidence in extremes of age was also reported by
many researchers4. In a study highest incidence was
noticed in the age group of 11-30 years. This young
adult age group is most active group of population
and more exposed to external environment and
stress and strain of life. Males predominated both in
hanging and drowning5. These findings are similar to
our present study.
Table 3 shows distribution of violent asphyxial
deaths in relation to marital status. In males, married
are least i.e. (2%), unmarried are (6%), and most of
the case are unknown i.e. (92%). In females 70% are
married, 20 % of female are unmarried and in rest
marital status is unknown i.e. (10%). In a study6 it was
observed that married females were more in number
followed by unmarried girls which was consistent
with our study.
Table 4 shows incidence of violent asphyxial
deaths in rural areas (74%) is more common than
urban areas (10%) and unknown status in 16% cases.
Table 5 shows the distribution of violent asphyxial
deaths in relation to demographic status. In rural
area hanging 50% was more common than drowning
40%, suffocation 7%, strangulation 3% .In urban

Indian Journal of Forensic Medicine & Toxicology, July-December 2016, Vol. 10, No. 2

areas, hanging is most common 60%, drowning 30%,
suffocation 5% strangulation 5%. Among unknown
cases (12%) drowning is most common 63%, hanging
18%, suffocation 13% and strangulation 6 %.
Table 6: Describes distribution of violent
asphyxial death in relation to manner of death. This
study shows that all hangings are suicidal in manner.
Among 64 drowning cases, 6 cases were accidental
and in remaining 58 cases manner were not known.
In 12 cases of suffocation, 7 cases are accidental,
4cases are homicidal, in 1 case manner is not known.
In strangulation all 8 cases are homicidal in nature.
Similar findings were observed in another study7.
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CONCLUSION
Most of the violent asphyxial death cases are
at 21 to 30 years age group (34%). Most frequent
method of violent asphyxial death is hanging (46%)
followed by drowning (43%), suffocation (7.5%) and
strangulation (3.5%). More violent asphyxial deaths
are in married age (36%) than unmarried (13%).
Violent asphyxial deaths in rural area (74%) are more
than urban (10%). Manner of death was found to be
suicidal in all hanging cases and all strangulation
cases are homicidal deaths.
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ABSTRACT
Objective of the study is to find out how the poisoning methods have changed over a period of time.
The history of various ancient civilizations has shown poison and poisoning as a part of their culture,
either directly or indirectly. Archeological evidences from Greece, Persia, Egypt, China and India
suggest that they had professionals for poisoning. As the years went on man’s enthusiasm to explore
new things ended up in more potent poisons so that the victims had no second chance to breath. As the
scientist discovered new analytical procedures to identify poisons, in parallel the criminals also were
in the search of new poisons and its carrier vehicle. Knowledge of poison and poisoning has become
more rampant because of the internet and the media.
Today bioterrorism is the most sought after weapon as the biological agents are relatively easy and
inexpensive to obtain, extremely difficult to detect, can be easily spread, and can cause extensive fear
and panic beyond the actual physical damage. Another factor is that radioactive substances may be
stolen or misused for homicidal purpose which has happened in the case of former Russian KGB officer
Alexander Litvinenko (1) (2). In future people will find more elaborate ways to commit crimes as with the
advancement of nanotechnology, “Nano-Poisons” have the ability to target a specific body function,
and provide a whole new menu of poison options.
Keywords : Forensic sciences, toxicology, homicidal poisons, clever devices, bioterrorism, Biochemical agents,
nano weapons.

INTRODUCTION
History is a witness to the indiscriminate use of
poisons and its effect on living beings. As life in the
modern era has become more complex, so has the
use of numerous poisons by criminals. Criminal
poisoning is said to occur when an individual or
group of individuals deliberately inflict harm on
others through the use of a toxin. Such actions can
also be performed through government sponsorship.
Innumerable potential toxins inflicting harm on
humans include Pharmaceutical, Biological (Animals,
Plants and Microorganisms), chemicals, household
products, environmental agents, occupational
chemicals, drugs of abuse and chemical warfare
agents (3).
Address for Correspondence:
Hashim A
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Medicine and Toxicology, Yenepoya Medical
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The easy access to the internet has allowed a
wealth of information on poisons along with the
use of newer chemicals, making the detection and
prosecution of criminal poisoning cases more difficult
and challenging (4)
Certain poisons like arsenic, cyanide, ricin and
strychnine have become “Classics”, as they have
been used by numerous individuals since the 19th
century (5).
Over the past few centuries, however a
diverse array of toxins has been used to a�empt
or commit murder. There is a need to consider the
possible impact of media on homicidal poisoning.
Internet and Television series such as Crime Scene
Investigation (CSI), Movies, and crime thriller
documentaries also played a role in educating
viewers about the dangerous effect and the homicidal
potential of a variety of toxins (6). Bio Chemicals used
in the context of assassination involve drugs or toxins
obtained from plants, it have been effectively used in
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assassination a�empts throughout history.
“Clever devices”
These are medium used to deliver the poison
into the body. Poisoning is a deadly art, practically
anything and everything used in daily life has been
employed for administering poison to a chosen
victim, like chewing gum, sleeping powders, candy,
food, tooth paste, clothing, wine, beer and whisky,
specially constructed knives, syringes, tip of the
umbrella and medicines of all kinds (7).
Past
Archaeological evidence have shown that
primitive men were in a search of more efficient
weapon for protection from animals or their enemy.
Even though a flint type object would inflict injury, it
is doubtless that they strived to find be�er destructive
means (8). In their search, more potent ones were
found and possibly incorporated into their existing
weapons.
Mesopotamia
The use of poisons dates back to as far as spiritual
and mythological beliefs have been recorded.
Perhaps the first accounts were decoded from the
Sumerians ancient cuneiform clay of Mesopotamia
(modern day Iraq). It says that they worshiped a
deity of “Gula” who was regarded as a spirit or “the
mistress of charms and spells”. This dates back to
around 4500BC and tabulated accounts of her have
been found from about 1400BC (9) (10) (11).
Egypt
Records of Egyptian knowledge can be dated
about 3000BC. Menes, the Egyptian king studied the
properties of poisonous plants. Detailed accounts at
this time were not recorded as it was forbidden to
reveal any secrets taught in the temples. Exposing
these mysteries carried the penalty of death. There is
however sufficient evidence from various papyri that
the Egyptians were familiar with antimony, copper,
crude arsenic, lead, opium, and mandrake and asp
(Egyptian Cobra). (4) (10) (12).
Greece
The ancient Greeks knew of arsenic in the form
of realger and orpiment. They had an idea of metals
such as lead, mercury, gold, silver and copper, and of
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their properties to some extent (13). In ancient Rome,
several political rivals were exterminated using the
Amanita species of mushroom expertly administered
by Agrippina, wife of Emperor Claudius and mother
of Nero. Hemlock, containing Coniine is another
notorious biochemical used in political murders and
was used to execute the Greek philosopher Socrates
(c.479 B.C. –399 B.C.) (14) (9) (12).
China
A custom used by the Chinese around 246BC,
which still exists today is the Chou Ritual. Of the
5 poisons used, 4 are known; cinnabar (mercury),
realger (arsenic), green vitriol (Copper sulphate) and
loadstone. Burnt together, the fumes were exposed
on a bunch of feathers to be applied externally (10).
Peru (Inca)
Analysis of hair samples from the Inca mummies
found in Argentina by Archaeologists have revealed
that they were offered as a sacrifice after feeding
them with coca leaves and alcohol (15).
India
Poisoned weapons were used in ancient
India, and war tactics in ancient India have references
to poison. A verse in Sanskrit states “Jalam visravayet
sarmavamavisravyam ca dusayet,” which means
“Waters of wells were to be mixed with poison and
thus polluted. A Hindu mythology text, the Kalki
Purana, mentions about Vish Kanya or “poison
damsel” believed to be started by Chanakya, (c.350–
283BC), he was adviser and the prime minister to
the first Maurya Emperor Chandragupta (c. 340–293
BC). Vish Kanya were used by kings to destroy
powerful enemies. The myth states that girls were
made poisonous by exposing them to low-doses
of poison from a very young age, a practice referred
to as mithridatism (4) (16, 17, 11).
Mithridatism
It is a practice carried out by some kings or
royalty to have a small amount of poison regularly
so as to develop immunity for poisoning. It is derived
from mithridates who was the king of pontus and
his father was killed by poisoning and he developed
a fear of poisoning hence used to consume small
amount regularly.
During these ancient times, poisons were
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essentially considered as ‘mysterious’ substances,
and were poorly understood. It would seem that
the ritual and preparation of poisons were kept
as a secret among a selected group of shamanistic
individual and they passed these knowledge only to
a very selected members of inner circle by word of
mouth (4).
Medieval
Some of the deadliest political poisons were
invented by the alchemists of the middle Ages. La
Cantrella was a secret assassination weapon used
by Cesare Borgia (1476–1507) and Lucrezia Borgia
(1480–1519) to kill their enemies. Even today, its exact
composition is unknown, but it was most probably
a mixture of naturally occurring copper, arsenic
and phosphorus. By medieval times, poisoning had
become a weapon of choice.
Present
The chemical revolution of the 1800s saw an
increase in the use of poisons. With the development
of newer technology in the early 20th century,
modern poisons were created which appeared in
the shelves of doctors’ offices, businesses, homes,
pharmacies and grocery stores as a drug, pesticide
and cosmetic. During the War, poison became an
important weapon of warfare. Among the homicidal
poison cyanide was widely used (18) and ricin found
in the shell casing of castor beans, known as political
poison had potential to be used as a large-scale
murder weapon. Political assassination of former
Russian KGB officer Alexander Litvinenko in 2006
was due to radionucleotide polonium-210 (1) (2). In
India, homicides by poison is common where access
to plant poisons like strychnine, Datura, aconite and
chemicals like arsenic, pesticides etc. remains easy.
In Haryana, Punjab, Tamilnadu the female foeticide
is rampant, using Calotropis, Nerium, Marking
nut and Abrus (19, 20). The poison diethylene glycol,
found in anti-freeze formulas, and methidathion are
being used since last few years to commit murders in
Europe, Africa, Latin America and the U.S. (21, 22 23).
Literature reviews have shown that homicides
and homicidal a�empts using cyanide, methanol,
sedative hypnotic drugs, pesticides, thallium, insulin,
carbon monoxide and poisonous animals, especially
the use of cobra was also reported in India and other
countries (4, 14 , 21, 22, 24 - 31).

A bio-terrorism a�ack involves using agents
like viruses, bacteria, toxins found in nature, to
cause illness or death in living beings. They can be
mutated or altered to increase their ability to cause
disease, make them resistant to current medicines, or
made to increase their ability to be spread into the
environment and cause widespread fear and panic
(32)
. One of the drawbacks of using biological agents is
that it cannot differentiate between friend and foe (33).
Biochemical “calmative” agents
Pharmaceutical
companies
are
presently
developing new therapeutic drugs modeled on
“bioregulators,” which control awareness, cognition,
and mood in an individual. This information is being
used to develop analogues that can induce a state of
sleep, confusion, or placidity (34).
The use of narcotic gas by Russian commandos
on rebels holding hostages at the Dubrovka Theater
in Moscow resulted in the killing of innocent
people and also their refusal to reveal the content to
paramedics added to the casualty.
Future
Animals are known to possess potent toxin
but their non availability have made its use rare in
the field of crime. There are some animal poisons
like Box jelly fish, stone fish, sea snakes and Blue
ringed Octopus, poison dart frogs, etc. that have
not been reported in criminal activity but have high
potential for criminal use. Nano-weapons have
given the criminals an array of choices to combine
with bio-weapons, chemical weapons, and genetic
weapon (35-38). There is a potential danger of misusing
advancement in genetic engineering techniques to
make biological toxins, which can threaten our very
own existence.

CONCLUSION
In prehistoric time, humans have used available
technologies for destructive and beneficial purposes.
The modern a�empt to use biological toxins such as
Botulinum and ricin as weapon might have originated
from the use of poisons in arrow. Older poisons like
opium and arsenic are replaced by newer poisons.
Common homicidal poisons used in India are Arsenic,
Aconite, Oleander, S. nux-vomica, Madar, pesticides,
powdered glass and Cocaine etc. Metal and plant
based poisons received the most a�ention during the
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early years of human civilization. In future people
will find more elaborate ways to commit crimes as
it has already been stated it was very easy to obtain
poison than past because the internet and media has
made it easier to gain knowledge about poisonous
substances and its effects.
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Nanotechnology could be used to create cheap, easy to
make, more potent warfare agent which can be more deadly
than other conventional chemical agents and work even in
very small volumes making public highly vulnerable to
the a�acks.
The fear of radioactive materials to be stolen
and used to cause damage to people and the
environment, and spread fear and panic is a ma�er of
concern. Forming a typical profile for poisoners has
been challenged because each modern poisoning case
is unique. Poisoners have become more sophisticated
in their choice of weapon by selecting esoteric or
infrequently used toxin, making detection and
diagnosis difficult. Poisoning continues to be an unusual but effective way to commit murder.
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ABSTRACT
Introduction: Rise of potassium ion concentration of vitreous found to be most consistent than any
other ion in most of the previous studies. Aim and Objective:- to obtain a statistical portfolio of
potassium ion level of vitreous so we can predict time since death and compare with other studies.
Material and Method:- This prospective study was carried out on the 200 medico legal autopsies
during the period of 1 January 2015 to 31, December 2015 of RNT Medical College, Udaipur.
Result:-- the level of rise in potassium level is equal in both eyes. No effect of cause of death is observed
in vitreous potassium level rise.
The confidence limit= +2.46 hrs (99%)
Potassium value ranges from 3.49 to 19.96 Meq/Lit
Mean Potassium value = 9.77 Meq/lit
The value of coefficient of regression is 2.99 Meq/L. it appears that 1 Meq/L potassium ion concentration
of vitreous increase in 2.99 hrs of post mortem interval.
The rate of rise of vitreous potassium concentration was 0.34/Meq/Lit
Conclusion:- The linear relation-ship of increase in the vitreous potassium ion concentration to the
lengthening postmortem interval is both arithmetic as well as logarithmic.
Keywords:- Vitreous, potassium, coefficient

INTRODUCTION
The time since death is estimated via examination
of physical changes like rigor mortis, state of lividity,
body temperature and decomposition, mechanical
and electrical excitability of the iris muscle. Chemical
changes in the blood and other body fluids provide
no additional benefit against the conventional
methods. In the continuation of the same vitreous
humor chemistry is added.
Body cells are readily permeable to Potassium
Corresponding author:Dr. Anupam Johry,
Assistant Professor, Department of Forensic
Medicine & Toxicology, J.L.N. Medical College,
Ajmer. Email:- annu_johry@yahoo.co.in

ion, within inside the cell the potassium ion
combines with proteins, phospholipids and other
non-electrolytic substances to which cell membrane
is not permeable reflecting a high potassium content
inside of cells, vitreous and lenses. Vitreous has
advantage for not being affected in in trauma case,
in putrefactive change over blood and cerebrospinal
fluid. As an added advantage of being two in number,
can provide another sample for examination after a
specified time interval.There will be no visible mark
left on the body thus providing the be�er cosmetic
value of the face of the deceased.

AIMS AND OBJECTIVE
(1) Evaluation of changes of potassium level with
respect to time since death
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(2) Estimation of time since death by serial
changes in potassium level.
(3) Evaluation of difference in both eyes of
potassium level. .
(4) Estimating the rate of change in Potassium
level and developing the coefficient of correlation
between postmortem interval and vitreous
(5) Comparison of the formula for the
determination of postmortem interval within a
reasonable time limit by pu�ing potassium ion
concentration and its
comparison with other prevalent formulae
(6) effect of vitreous potassium ion concentration
in relation to the cause of death (manner and mode
of death)

MATERIAL & METHOD
The present study has been carried out in the
Department of Forensic Medicine and Toxicology
R.N.T Medical College, Udaipur.
This study was carried out on the 200 medico
legal autopsies which were admi�ed in the hospital
and died subsequently along with the bodies the
approximate time since death was known irrespective
of age, sex, religion and caste.
Total 200 cases were studied during the period
of 1 January 2015 to 31, December 2015. Vitreous
potassium ion concentration is measured by ion
selective electro auto analyzer (AVL biotech)
Inclusion Criteria:Available medico legal cases of either age or sex,
who were admi�ed in the hospital and subsequently
died or were received dead with time of death known
within reasonable limit of error. Only reliable history
and suggesting time since death within about one
hour are included in the study.
Exclusion Criteria:(1) Cases if head injuries involving brain structure
and orbit
(2) Cases of established metabolic/ cardiac/
ocular disorders
(3) Procedural mistake or if due to any other
reason the extracted sample became hemorrhagic or
contaminated with frank blood
(4) Body in advance stage of decomposition.

REVIEW OF LITERATURE
(1) Bi�o and Devson (1964)4 & Jaffe ( 1962)13:

- a constant rise of potassium ion in vitreous is seen
up to 125 hrs. There was no significant effect of
refrigeration is observed.
(2) Hans Naumann, Memphis (1959)16:- first
analyze the vitreous fluid of 211 male bodies and
found that there was a considerable rise of potassium,
phosphorus and Urea after death
(3) Sturner and Gantner (1964)19:- the average
potassium difference between two eye of the same
individual is found 0.1 meq/l (0.1mmol/l). Sturner
(1963) developed the formula of time since death
interval as Postmortem interval = 7.14XK ion
concentration-39.1
(4) Adeson et al1.:- the estimation of potassium
ion is useful only up to 24 hrs.
(5) Hughes (1965)12 :- she also found that
potassium difference between two eye of the same
individual is found about 0.1 meq/l (0.1mmol/l). the
time since death can not be put more accurately after
20 hrs.
(6) Hansson et al (1966)11 :- the potassium level
rises up to 250 hrs then leveled of. The rate of
increase is appear 0.17 meq/l /hrs
(7) Coe (1965)7:- a 95% confidence limit was
approximately 12 hrs in the first day after death
and would grow increasingly larger with longer
postmortem interval. In 1973 he observed that people
dying in Hot Environment are having much steeper
potassium ion rise then the predicted value
(8)Agarwal R.L2. et al.(1983)2:-rate of rise of
vitreous potassium concentration was 0.52 meq/l/hrs
with the standard error of +/- 2.26 hrs in 95% cases,
up to 24 hrs.
(9) Balasooriya et. Al (1984)3:- potassium ion
concentration difference between two eye of same
individual is found up in 18.6% cases up to 10% of
mean value and in 50.8% cases the difference was 4%.
The control also give the difference of potassium ion
up to 4% of mean value.
(10) Bray M. (1984)5:- the potassium level is found
the linearly rising up to 7 days in cold water but in
warm water increase was much rapid for 3-4 days.
(11) Farmer et. al (1985)9 :- the elevated
temperature like fire increase the release rate of
intracellular Magnesium and potassium. Magnesium
in salt water and sodium in fresh water cases
are related, albeit erratically, to the length of the
immersion period.
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(12) Coe (1985)6:- potassium ion concentration
was lower when estimated by flame photometry as
compared to direct potentiometry with a potassium
ion selective electrode.
(13) Stepens and Richards (1987)17:- the vitreous
potassium slop was 0.238 meq/l/hrs with a zero
intercept of 6.342 meq/ l. the 95% confidence limits
were approximately +/- 20 hrs.
(14) Madea et.al. (1987)14 :- the potassium ion
difference between two eyes found up to 10% of the
mean, the liner rise was up to 120 hrs. the slop was
0.203 mmol/l/hrs and the intercept 5.99 mmol/l. the
95% confidence limit of the entire group was +/- 34
hrs.
(15) Ganesh Govekar et. al. (1990)9:- by emission
flame photometer potassium ion concentration was
up to 60 hrs. the normal concentration in vitreous
is 2.6 to 4.2 meq/l, sodium in 118 to 154 meq/lit.
the potassium linear rise was up to 60 hrs, with
coefficient of regression was 0.15 meq/l/hrs. the
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regression equation derived in time since death =
7.14X K+concentration. The standard error in above
case found +/- 5.70 hrs.
(16) Torlievo O. Rognum et. al. (1991)19:- the
Hypoxanthine and potassium level slop steepness
increases with rise of temperature.
(17) Nauman H.N16. (1959) demonstrate and
record the range of the many component of vitreous
humor like Potassium, Sodium, Chloride, Alkaline
phosphatase, Xanthine, Urea etc.

OBSERVATION
The present “Study on the changes in vitreous
chemistry in relation with time since death” is taken
on the 200 cases of RNT Medical College, Udaipur
brought for postmortem examination. The study was
done to correlate vitreous biochemistry vis potassium
and sodium ion concentration with respect to time
since death. A total 200 cases were studied during
the period of 1 January n2015 to 31st December 2015.

Table (1): Distribution of cases with respect to age and time since death in respect of rise of vitreous
potassium ion concentration. It is observed that no significant difference seen in the level of potassium ion
with respect to various age groups. Both eyes are showing the same rise and no significant difference is seen
in rt and left eye rise
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Table no.2 : Mean vitreous potassium ion level vis -a-vis post-mortem interval
Time
since
death
(hrs)

No.of
eyes

Vitreous
K+ level
Meq/L
Minimum

Maximum

Mean

Standard
Deviation

Z-value

Remark

0-1

4

4.64

5.34

4.98

+/-0.29

-

-

1-3

22

3.49

6.86

5.41

+/-0.91

1.74

S

3-6

62

5.17

8.52

6.49

+/-1.00

4.69

HS

6-12

114

5.87

12.91

8.59

+/-1.50

11.08

HS

12-24

152

7.03

16.46

10.85

+/-2.27

9.71

HS

24-36

12

10.91

17.74

14.89

+/-2.58

5.27

HS

36-48

22

12.40

19.96

17.22

+/-2.13

2.67

S

48-72

12

0.00

0.00

0.00

+/-0.00

-

-

>72

0

0.00

0.00

0.00

+/-0.00

-

-

The mean potassium ion level of vitreous changes significantly rise with the advancing postmortem
interval and statistically significantly up to 48 hrs
Table: 3 Vitreous potassium level vis-à-vis manner of death
Cause of
death

Trauma

Burn

Hanging

Poisoning

Natural
death

Drowning

No.of eyes

202

46

22

82

44

4

Time since
death

K+Meq/L

K+Meq/L

K+Meq/L

K+Meq/L

K+Meq/L

K+Meq/L

0-1

0.00

0.00

0.00

4.78

5.19

-

1-3

5.31

5.96

0.00

5.10

0.00

-

3-6

6.58

7.57

0.00

6.14

5.83

-

6-12

8.57

8.87

10.27

8.36

7.75

-

12-24

10.08

12.10

11.49

10.20

13.00

13.79

24-36

14.62

0.00

13.14

0.00

17.71

-

36-48

17.59

17.55

18.14

18.32

16.53

-

48-72

-

-

-

-

-

-

>72

-

-

-

-

-

-

There is no correlation between manner of death and changes in vitreous potassium ion concentration
Table 4: Mean Vitreous Potassium ion concentration vis-à-vis ambient temperature and rectal
temperature at fixed time since death (within 6 hrs)
Months

January

April

June

August

Rectal temp

160 C

280 C

290 C

270 C

Mean K+ con (Meq/L)

5.44

6.51

6.5

5.56

Ambient temp

210 C

350 C

320 C

33.50 C

Potassium ion concentration has no co-relation with the body temperature
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Table No 5
Workers

Coefficient of
correlation
K+ and PMI

Rise of K+ up to

Rate of rise of K+

Confidence limit

Sturnner e al (1964)

0.987

100 hrs

Very Slow

+/- 4.7 hrs

Hughes (1966)

-

100 hrs

-

+/- 20 hrs

Hansson

-

120 hrs

0.17 MEq/L

+/- 20 hrs

Aleson (1969)

-

24 hrs

0.17 MEq/L

+/- 10 hrs

Coe (1969)

-

24 hrs

0.33 MEq/L

+/- 12 hrs

Stegmaier (1971)

-

85 hrs

-

+/- 16 hrs

Adustantis (1972)

-

12 hrs

0.73 MEq/L

+/- 3.3 hrs

Sephens (1987)

-

-

0.238 MEq/L

+/- 20 hrs

Madea (1990)

-

120 hrs

0.203 MEq/L

+/- 20 hrs

Present Study (2015)

-

85 hrs

0.343 MEq/L

+/-2.46 hrs

Formula:-

bxy= coefficient of regression= 2.99 meq/lit

1 Coefficient of correlation :The coefficient of correlation for potassium
ion concentration in the vitreous humour is 0.996.
This indicates that there is high degree of correlation
between post mortem interval and potassium ion
concentration of vitreous humour. Therefore we can
say that the post mortem interval can be calculated, if
vitreous potassium ion concentration is known and
vis-a-versa.
The confidence limit= +2.46 hrs (99%)
Potassium value ranges from 3.49 to 19.96 Meq/
Lit
2 Coefficient is regression :The value of coefficient of regression is
2.99 Meq/L. it appears that 1 Meq/L potassium ion
concentration of vitreous increase in 2.99 hrs of post
mortem interval.
potassium

3 Regression equation:X=X”+bxy(y-y”)
X= the estimated tine of death in hours
X”=13.84 hrs
Y= potassium value in meq/lit
Y”=9.77 Meq/Lit (mean potassium value in Meq/
L)

4 Standard Error:The Standard Error of estimated time of death
was calculated from the correlation coefficient 0.996
and standard deviation +/- 1.52. It was found to be
+/- 2.26/hrs (99%)

DISCUSSION

Mean Potassium value = 9.77 Meq/lit

The rate of rise of vitreous
concentration was 034/Meq/Lit

By pu�ing the value of vitreous potassium ion
concentration we can establish the potassium interval
up to 48 hrs. Beyond this upper limit we could
not drive as the instrument does not correctly the
vitreous potassium ion level exceeds 20.00 meq/lit (a
technical Constraint)

400 samples of the vitreous fluid from each eye
of 200 cases were collected. The normal concentration
of potassium in vitreous humor is 2.5 to 4.2 Meq/lit. .
Maximum cases are between 20-40 cases. Age has no
effect on the rise of vitreous potassium ion . The linear
relation-ship of increase in the vitreous potassium
ion concentration to the lengthening postmortem
interval is both arithmetic as well as logarithmic.
Our aforesaid observations are consistent with other
studies.
In our studies the rise of potassium level is
irrespective of the cause of death which is also agreed
by Ganesh Govekar et.al. and balasooriya (1984) but
differs from Madea et al (1990).
In our studies the rise of potassium ion level
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Rise of potassium ion is not affected by the
body temperature.

SUMMERY AND CONCLUSION
- we have observed liner rise of potassium ion
level in vitreous humour up to 48 hrs. beyond this
our instrument AVL Biotech does not record the
potassium level
- the level of rise in potassium level is equal in
both eyes
- no effect of cause of death is observed in vitreous
potassium level rise.
- Potassium ion level may be helpful in
determination of post mortem interval.

SUGGESIONS
-This studies can be further extended for
other research worker as concentration of vitreous
potassium ion along with blood potassium ion level
or other body fluids
-this study was barred due to technical limitation
of the spectrometer hence in further researches can be
extend by advance machine
-comparative studies can be made on the findings
of different instruments like flame photometry as
compared to direct potentiometry with a potassium
ion selective electrode.
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ABSTRACT
Stature reconstruction is important as it provides a forensic anthropological estimate of the height of
a person in the living state – playing a vital role in identification of individual. The present study was
conducted in the department of Forensic and State Medicine Burdwan Medical College .The aim was
to derive population specific regression equation for adult Bengali population of Burdwan district.100
healthy volunteers (53 male and 47 females) were studied after taking consent. The value of R obtained
in case where all variables were used to predict stature was 0.6 and R square was 0.36.The standard
error of estimate was 8.64.The regression formula derived Stature= 69.269 + 0.54×footlength1+0.83
footlength2-3.826 footlength3+7.07 footlength4 -0 .971 footlength5+ 1.651 DL. These equations
maybe used to predict stature in cases when whole length of leg or long bones are not available for
investigation (e.g. in mutilated body parts in mass disasters).
Keywords : Anthropology-footprint length-Bengali-Indian-stature estimation

INTRODUCTION
Stature reconstruction is important as it provides
a forensic anthropological estimate of the height
of a person in the living state – playing a vital role
in identification of individual. Height estimation
by measurement of various long bones has been
a�empted by several workers with variable degree
of success. Each worker has derived his own formula
for calculating the stature from long bones. However,
foot measurement has not frequently been used for
this.
Studies on the estimation of stature from the
skeletal remains or from the mutilated limbs, mostly
of the long bones have been reported as indicated
by the published work of the Tro�er and Glesser
(2005).1
Determination of sex and estimation of
stature from incomplete skeleton as well as from
Corresponding author:
Dr Soumeek Chowdhuri 3rd Year Post Graduate
Student, Department of Forensic Medicine, Burdwan
Medical College Burdwan WB
E-mail: smk.kgp@gmail.com, Mob.: 9007580064

decomposing bodies is the burning issue in forensic
science. This has mass application in recent era
because of mass disasters like bomb blasts, tsunamis,
earthquake, plane crash, mass suicide, forest fires.
It is well known that trunks and limbs exhibit
consistent ratios among themselves and to total body
height. The ratios between body segments are age,
sex and race dependent. This relationship of different
body parts is used to establish the sex as well as
stature of an individual .2,3 This is also very useful
anthropologically to find the racial differences, and
medico legally, when only parts of the deceased body
are available.
Studies on the estimation of stature from the
skeletal remains or from the mutilated limbs, mostly
of the long bones have been reported as indicated by
the published work of the Pearson (1899), Tro�er and
Glesser (1952]. The Indian perspective of the problem
of stature estimation has been studied by the Athwale
et al (1963)4, Patel et al (1964)5, Jasuja (1987)6, saxena
(1984)7
In recent times further study on such stature
estimation studies has been done by some
researchers.8.9.10
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MATERIAL & METHOD
The present study was conducted in the
department of Forensic and State Medicine Burdwan
Medical College during the period February 2013
to January 2014.The aim was to derive population
specific regression equation for adult Bengali
population of Burdwan district.100 healthy
volunteers (53 male and 47 females) were studied
after taking consent. The stature was measured using
a stadiometer.

RESULTS
The data was subjected to analysis using SPSS 15.0
version software. The total number of cases was 100.
Maximum age was 52 minimum was 17. Mean age
was 25.67. (Table 1) 100 healthy volunteers (53 male
and 47 females) were studied after taking consent.
The ‘p value of all parameters by independent T-test
and K-S Test were significant. (Table 3)After obtaining
the ‘p’ value the data was subjected to regression
analysis using SPSS 15.0 version software. Length 1
can predict stature in 29% cases. The standard error
of estimate is 8.81Foot length 2 can predict stature
in 29.1% of cases. The standard error of estimate
is 8.85 length 3 can Foot predict stature in 29% of
cases. The standard error of estimate is 8.86 Foot
length 4 can predict stature in 33.7% of cases. The
standard error of estimate is 8.51Foot length 5 can
predict stature in 29.9% of cases. The standard error
of estimate is 8.75 DL can predict stature in 15.9% of
cases. The standard error of estimate is 9.63.From
the model summaries by studying the r square
values of the above mentioned charts it is seen that
the predictive value of foot length 4 is highest and
least for DL .The value of R obtained in case where
all variables were used to predict stature was 0.6 and
R square was 0.36.The standard error of estimate
was 8.64.The regression formula derived Stature=
69.269 + 0.54×footlength1+0.83 footlength2-3.826
footlength3+7.07 footlength4 -0 .971 footlength5+
1.651 DL.The predicted values followed a random
sca�er distribution and normal distribution.

DISCUSSION
This study was designed to devise population
specific formulae for Bengali population by use of
linear regression in the Burdwan district of West
Bengal. The results of the present study show that
the dimensions of the feet can successfully be used
for estimation of stature by law enforcement agencies
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and forensic scientists. The only precaution to be
taken into consideration is that these formulae are
applicable to the population from which the data has
been collected, due to inherent population variation
in these dimensions, which may be a�ributed to
genetic and environmental factors like climate,
nutrition etc..The present study is unique in its
sample selection. This has taken samples from a
particular geographic area of Bengal so it will help
to derive specific formulae for the population of this
area. These results are similar to the study done in
Bengal earlier on rajbanshi population.11Stature can
also be estimated from foot dimensions and models
containing both foot length and foot breadth were
found to be significantly be�er than those containing
only foot length. Our study was also similar in our
findings. Earlier stature estimation studies have
reported statistically significant higher values for
males. However our study shows higher correlation
for females. These statistically significant differences
may be due to the early maturity of girls than
boys and necessitate different equations for males
and females. As far as the bilateral asymmetry is
concerned, only the foot breadth in females showed
statistically significant asymmetry. This study
however has not considered this asymmetry.All the
parameters showed statistically significant positive
correlation with stature in the present study and thus
can be successfully utilized for stature estimation.
Foot length in females and males can be utilized in
the estimation of stature. The relatively high standard
estimate of error does not allow for accurate estimation
of stature by this method. The presence of a positive
linearity between the study variables and the stature
facilitates formulation of regression equations which
can be successfully utilized for stature estimation in a
regional population. A positive correlation is evident
between the foot length and stature in all the studies
and ranges between 0.56 to 0.86 and .5 to .8 in males
and females respectively.
This shows that foot length is a useful parameter
in stature estimation. In this study the value of
correlation The R square is 0.366 when all five foot
lengths and foot breadth when considered together.
The standard error of estimate is 8.594.when the
foot lengths and breadth are individually input
the correlation coefficients are lower. Therefore
it can be derived from this study that both foot
lengths and foot breadth combined can give the
best result in estimation of stature. In earlier studies
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the coefficient of correlation that was reported
is similar to that obtained in our study.12,13 The
difference may be a�ributed to obvious genetic and
possible environmental factors.It shows that from
this study only 36% of the stature can be estimated
in the population.However as the standard error
of estimate is high the estimated stature will not
be extremely accurate but will not be precise.So
this model can be used to predict a stature which
can give a primary discerning idea regarding the
stature but will be unable to differentiate between
persons of similar stature.Although several other
Indian studies14,15,16 have been conducted for stature
estimation from foot measurements, the present
findings are not comparable to them as those studies
are not conducted in homogenous population.Due
to strong influence of genetic and environmental
factors on the height of the individual, homogenecity
of the study population is vital in formulating the
regression equations.Of all the foot lengths measured
from the model summaries by studying the r square
values of the above mentioned charts it is seen that
the predictive value of foot length 4 (table 5) is
highest and least for DL (table 5 ). So from this study
it is seen that predictive value of breadth of foot is
low. So it can be derived from this study that foot
breadth is less useful than foot length in estimation of
stature. The correlation coefficients obtained for these
parameters for both the genders, in the present study
are slightly lower but comparable to other studies.

Table 3 Testing the Normality of the sample

Table 4 model summary of the regression equation

Table 5 the Coefficients of Regression

Table 1 Descriptive statistics

Table 2

Figure 1 Sca�erprot of the residuals showing random
sca�er
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CONCLUSION
The observations of the present study suggest
that these parameters can be utilized to formulate
equations to predict stature. These equations maybe
used to predict stature: 1) in cases when whole length
of leg or long bones are not available for investigation
(e.g. in mutilated body parts in mass disasters) or2)
Further studies in formulation of multiple regression
equations in combination with length measurements
can be done to enhance the accuracy of predicted
stature.
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ABSTRACT
The study of the pa�ern of unnatural deaths was undertaken to find out the various causes of unnatural
death in relation to the age and sex of the victim. The paper presents the retrospective study of 500
post-mortem cases in District General Hospital, Raichur, during the span of five years. The commonest
cause was burns (38 % Cases). Rest of cases was of head injury (30 % cases), poisoning, drowning,
hanging, etc in descending order. It was found that majority of victims were males, young adults (21-30
years) were more involved. Majority of male deaths were due to injuries and majority of female deaths
were due to burns.
Keywords: Unnatural deaths, Road traffic accidents, Hanging, Poisoning, Suicide.

INTRODUCTION

usually related to the causation of unnatural deaths2.

Unnatural deaths are known to claim a large
number of lives every year the world over, with
theVehicular accidents accounting for a maximum
number of deaths amongst them. The road traffic
accidents are greater in developing countries than
in the developed countries. Increasing number of
fast moving vehicles, lack of skilled drivers, driving
under the influence of alcohol and bad condition of
the roads are resposible for such a scenario. Violation
of traffic rules, encroachment of the roads by small
vendors along roadside contribute to the increase in
number of vehicular accidents. Poisoning is a major
cause of unnatural deaths all over the world, type
of poisoning and the mortality varies from place to
place. India has seen tremendous advances in the
fields of agriculture, thereby the usage of insecticide
has increased resulting in the easy availability of
them to the general public1. Unnatural deaths happen
almost everywhere in the world. Data on unnatural
deaths in a particular geographic area can give
the reflection of its law and order situation. Many
cultural and socio-economic factors of a country are

MATERIAL & METHOD
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The present retrospective study was conducted
based on the records of 5 years i.e. 2009, 2010, 2011,
2012 and 2013. Autopsy records of the unnatural
death cases were randomly picked and studied. A
total of 500 cases were selected out of which 300
were male cases and 200 were female cases autopsied
at mortuary of the District hospital, Raichur, were
considered for the study and analyzed retrospectively.
Data like age, sex, demographic profile, marital status
and manner of death of unnatural death victims
was collected from medico legal autopsy register
of District Hospital mortuary, Raichur, Karnataka.
Cases were included as unnatural deaths based on
details mentioned in the post mortem examination
register.

RESULTS
Table 1: Sex-wise distribution of cases
Sex

Cases

Percentage

Males

300

60

Females

200

40

Total

500

100
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Table 2: Age-wise distribution of cases
Age group in years

Cases

Percentage

0-10

25

05

11-20

90

18

21-30

175

35

31-40

100

20

41-50

75

15

51-60

25

05

> 61

10

02

Total

500

100

Table 3: Cause
distribution of cases

of

Death

and

Sex-wise

Cause of
death

Males

Females

Total
cases

Percentage

Head injury

80

20

100

20

Regional
Injury

42

08

50

10

Burns

70

120

190

38

Electrocution

15

05

20

04

Hanging

13

12

25

05

Drowning

22

08

30

06

Poisoning

45

20

65

13

Septicemia

06

04

10

02

Others

07

03

10

02

Total

300

200

500

100

DISCUSSION
Unnatural deaths are increasing in number and
they are the indicators of physical, social and mental
health of a nation. This study reveals that burns (38%
cases) were the commonest cause of unnatural deaths
followed by injuries (30% cases). Burns was the leading
cause of death in females followed by injuries where
as injuries were the commonest cause of unnatural
deaths in males followed by burns. Maximum (35%
cases) were in the age group of 21-30 years, followed
by 31-40 years age group (20% cases) and 11-20 years
age group (18% cases). The high rate of unnatural
deaths in young age group can be a�ributed to the
growing stress levels because of difficulty in life
se�lement, unemployment, inability to cope up
with the speed of urbanization and pressure from
family members and lack of family support during
the time of failures and disappointment. In a study
the proportion of male unnatural deaths was higher.
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Overall road traffic accidents (RTA) accounted for
most of the deaths and it was also the leading cause of
death among the males. Unnatural deaths a�ributed
to burns and hanging formed the other major
chunk of the deaths. Burns contributed to the major
proportion of unnatural deaths among the females.
Proportion of burning and hanging deaths was
significantly higher among the females as compared
to males. Snake bite and electrocution contributed to
the lowest proportion of unnatural deaths overall3.
In a study it was found that majority of victims died
due to burns followed by poisoning and hanging. In
majority of victim’s death, manner was accidental
followed by suicidal and only in few of the cases
manner was homicidal4. In a study it was obvious that
accidental deaths were more common among the all
other categories of unnatural deaths. Homicidal and
suicidal deaths were also a major portion among the
other unnatural deaths5. In yet another study, Forty
five percent of unnatural deaths were contributed
by suicide. Majority of the unnatural deaths was
contributed by accidents including RTA, fall from a
height, snake bite, lightning, electrocution, and one
case of animal a�ack. Poisoning, hanging including
strangulation / thro�ling and thermal burns ranked
next of all unnatural deaths, respectively6. In a study
on female deaths, the most common age group was
18-30 years and married females outnumbered the
unmarried ones. Majority of the victims died within
7 years of marriage and were from rural background.
The most common manner of death was accidental
followed by suicides. Burn cases were maximum
in number of unnatural female deaths, followed
by poisoning. Burns also accounted for maximum
cases of Accidents and homicides. Poisoning was
responsible for maximum cases of suicides; dowry
was the most common precipitating factor in the
deaths of married women7. However in our study
importance was not given to manner of unnatural
deaths. In a study road traffic injuries was the
commonest followed by burn injuries and Drowning
of all Unnatural deaths. Hanging and poisoning
were common among suicidal deaths. In railway
track injuries, road traffic accidents, hanging and
poisoning males were predominant, whereas in burn
injuries female were predominant8.

CONCLUSION
Unnatural deaths are known to claim maximum
number of lives especially in developing country like
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India. Analysis of unnatural deaths in the society
gives an idea of the manner of death along with it,
it reflects the socio-economic status of the society.
The increase in the pace of urbanization, increase in
the number of vehicles, less skilled drivers, drunken
drivers, congested and ill-maintained roads has led
to the increase in the number of accidents. Suicide
by poisoning is commonly adopted by farmers
as insecticides are easily available. By improving
the literacy rate and providing employment to
the youth, crime rate and more so the number of
preventable deaths can be brought down. Preventive
measures should be adopted promptly wherever
possible to avoid all types of unnatural deaths. If not
preventable, prompt, timely and immediate care and
treatment should be made available in order to save
the life of the victim.
Acknowledgement: We like to thank faculty and
staff of department of Forensic Medicine, for their
valuable support and full help in data collection and
analysis.
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ABSTRACT
Establishing the identity of a dead body is a crucial and exacting process for a Forensic pathologist
especially when the body is mutilated, decomposed or skeletonised. Since bones exhibit morphological
differences with respect to sex, various bones including the sternum have been used for sex
determination. This being the objective of the study, 153 sternum from autopsy specimens were
collected and studied utilizing various measurements of the bone which were then statistically
analysed. Length and breadth of the manubrium and body of sternum, its total length and sternal index
were the parameters studied based on which sexing was carried out. All the measurements except the
sternal index, quite significantly were found to be more in males compared to females. Certain values
for these parameters were obtained from this study, which could be suitably used for determination of
sex in situations like those mentioned above.
Keywords: Sternum, manubrium, body, sternal index.

INTRODUCTION
One of the most crucial tasks in medico legal
practise is the establishment of identity of a
dead body which requires considerable scientific
knowledge and expertise. Of the various parameters
used for identification, age and sex determination are
of paramount importance. Advanced decomposition,
skeletal and fragmentary remains make the process
ever so more confounding. In such situations sex
determination from bones based on sex related
morphological differences become all the more
important.
As a general rule, definitive sexual traits in
the skeleton are not manifest until after the full
achievement of secondary sexual characteristics that
appear during puberty1. Sternum as an indicator of
sex may be employed under circumstances where the
more reliable criterions of pelvic measurements are
missing2. Some of the pertinent observations from
various authorities regarding sex determination from
sternum are noted hereunder.
Corresponding author:
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Manubrium of female sternum exceeds half
the length of the body of sternum while the body
of sternum in males is at least twice as long as the
manubrium3. A sternal index calculated based on the
relative sizes of the manubrium and body expressed
as length of manubrium/length of body x 100
translates into values of 46.2 for males and 54.3 for
females4. Ashley’s 149 rule states that if the combined
midline length of manubrium and body equals or
exceeds 149 mm the sternum is probably male and
if less than 149mm probably female. By this rule,
accuracy is obtainable in 80% of cases5. Against this
background, this study is carried out with a view to
determining sex from sternum and to also correlate
findings with similar previous studies.

MATERIALS & METHOD
A cross sectional study carried out for a period
of one year where 153 sternii were collected from
bodies brought for autopsy to the Mortuary wing of
Government Medical College, Thiruvnananthapuram.
For sex determination the following osteometric
measurements were taken using Vernier callipers:
Length of body of sternum, Length of manubrium,
Breadth of manubrium, Breadth of body of sternum,
Total length of sternum and Sternal Index. The data
thus collected was analyzed using SPSS. For each
parameter mentioned, the minimum and maximum
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measurement, the mean and p value were estimated
separately for both sexes.

RESULTS
Sex distribution.
Out of 153 cases, 106 were males and 47 females.
(Fig1)

Sternal measurements obtained in the study.
Length of manubrium.
The mean length of manubrium was more in
males (46mm) when compared to females (44mm).
The difference noted is only 2mm which is statistically
insignificant. The minimum length of manubrium
was 10mm in males and 20 mm females while
maximum length was 56mm in males and 52 mm in
females. The inference drawn here is that if length of
manubrium is more than 52mm, it could be a male as
there was no female with a value above this.

Fig. 1 Sex of cases studied.
Age distribution
Lowest age in this sample was 4 years and the
highest age 86. Maximum number of cases (91, 59.5%)
was in the 20-49 age groups. (Fig 2)

Fig 3.Sex distribution of length of manubrium
Length of body of sternum
Mean length of body was 92mm in males and
79 mm in females. This value is significantly greater
in males. Further, the minimum length of body of
sternum in males and females was 31mm and 36
mm respectively, whereas maximum length was 109
mm and 98 mm respectively. Since not even a single
female had a value greater than 98mm it could be
said that in an individual, if this parameter is above
98mm, then it could be a male.

Fig 2 Age distribution of the cases.
Table1. Mean value and p value of the various
sternal measurements.

Table 2. Sex distribution of length of body of
sternum
Length of
Manubrium in
mm

Sex
Male

Female

<25

2

1

3

26-30

0

1

1

n

Mean value
Male
Female

p value

92

79

0.000000

60

46

0.000000

31-35

2

2

4

Thickness of manubrium

12

8

0.000000

36-40

4

9

13

Sternal index

50

56

0.000000

41-45

28

16

44

Length of manubrium
Breadth of body of
sternum

46

44

0.027997

46-50

62

15

77

34

29

0.000011

51-55

7

3

10

Total length of sternum

137

120

0.000026

>56

1

0

1

Variable
Length of body of
sternum
Breadth of manubrium
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DISCUSSION

Breadth of manubrium
Mean breadth of manubrium was significantly
greater in males (60mm) in comparison to females
(46mm). Minimum breadth of manubrium was
25 mm in males and 15 mm in females whereas
maximum breadth was 75mm and 59mm in males
and females respectively. There being not even a
single female with value greater than 59 mm it could
be concluded that, a sternum having breadth greater
than 59mm could be male.
Breadth of body of sternum
Mean breadth of body of sternum was 34mm in
males and 29 mm in females, a difference of 5mm
being statistically significant. Minimum breadth of
body was 20 mm in males and 15mm in females,
while maximum breadth was 51mm and 40mm in
males and females respectively. Therefore we can
assume that an unknown skeleton could be male if
this parameter is greater than 40mm.
Total length of sternum
Mean total length was 137 mm and 120 mm
in males and females respectively. Minimum total
length of sternum was 130 mm in males and 140
mm in females. Maximum values for males and
females were 165mm and 148mm respectively. Since
there was no female in this study with a total length
greater than 148mm, it may be inferred that a person
with this value greater than 148mm could possibly
be a male.
Sternal Index
Mean sternal index was 50 in males and 56 in
females, being characteristically higher in females.
Minimum value for this parameter in males was 44
and 47 for females, while the maximum was 67 and
81 in males and females respectively. All males in this
study showed a sternal index of 64 or below.
Table 3. Sex distribution of sternal Index
Total length of
Sternum in mm

Sex
Male

Female

<100

3

4

7

100-110

2

5

7

111-120

4

8

12

121-130

12

16

28

131-140

27

10

37

141-150

44

4

48

151-160

13

0

13

>161

1

0

1

n

It is amply clear from the foregoing observations
that all sternal parameters have a higher value in
males except the sternal index which is greater with
respect to females.
This is consistent with the earlier studies
conducted at Government Medical College
Thiruvananthapuram as well as elsewhere
(Krogman, Jit I and Kaur H, M.N Vijayan, Jit I,
Jhingan V and Kulkarni.M).1, 6, 7, 8.All parameters
showed a statistically significant difference between
males and females except length of manubrium
which was found to be of not much significance.
This is in conformity to the observations made by
earlier workers who are of the view that the length
of manubrium is not a useful index in sexing a given
sternum8.
As per available data in literature as well as that
based on earlier studies, the sternal index is found
characteristically high for females when compared
to males ( Krogman, Polson and Gee, Sydney Smith,
MN Vijayan)1, 3, 4, 7 which is in perfect agreement
with the present study. The reason for the higher
value of sternal index in females may be because the
manubrial length exceeds half the length of body of
sternum in females while in males the length of body
of sternum is at least twice the length of manubrium.3,
7.
This observation possibly also explains the reason
why there is no statistically significant difference in
the measurements of length of manubrium in males
and females as evident in this study.
In all studies undertaken by other researchers,
two cut- off values have been provided for sex
determination i.e a value above which sternum could
be sexed as male and below which it could be female.
But researchers like Jit.I , Kulkarni and Jhingan had
frankly admi�ed that measurements that occur
in between these two cut- off values cannot be
properly categorized as to whether male or female.
The inability to determine sex in sternii having
measurements that fall within these limits seems
to be obvious in all studies.6,7,8, So in order to avoid
such ambiguities the present study focuses only on a
single definitive cut- off value above or below which
the sternum can actually be sexed. When total length
of sternum is considered, as per this study there
was not even a single case of a female sternum with
measurements above 148 mm. This observation is
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more or less on the lines of Ashley’s ‘149Rule’, where
sternum with total lengths falling below this value
were considered as females and if it either equals or
exceeds 149mm, then as males.

CONCLUSIONS

Ethical Clearance was obtained from the
Institutional Ethical Commi�ee Government Medical
College,Thiruvananthapuram .
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The sternum collected from 153 cases of medico
legal autopsies was studied with a view to determine
the sex of a person and after analyzing the data
statistically the following conclusions have been
arrived at.
An unknown highly decomposed, mutilated,
fragmented body or skeletal remains could be
categorized as male if:
1. Length of manubrium is more than 52mm
2. Length of body of sternum is more than 98 mm
3. Breadth of manubrium is more than 59 mm
4. Breadth of body of sternum is more than 40mm
5. Total length of sternum is more than 148mm
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ABSTRACT
Introduction: In India, poisoning through pesticides is a very common form of self-harm, given the fact
that it has large rural population and agriculture being a major part of the economy. Here we describe
a series of three cases where such plant extracts were consumed with suicidal ideation.
Case Scenarios: Two patients consumed made from extracts of plants like Ocimum Sanctum(Tulsi),
Andropogon Nardus (Lemon grass) and Nerocidal (Pongamia). One person had significant central
nervous system symptoms and respiratory depression needing ventilator support, the other patient
was asymptomatic and needed only supportive care. The third patient consumed a compound made
from extracts of plants like Stamona japonica, Sophora flavenscens, Platycladus orientalis. Patient
had respiratory depression needing ventilatory support and central nervous depression. The patient
developed respiratory acidosis and died on day two of admission.
Discussion: Poisoning from pesticides, as sited above, is a very common mode of suicide. In this case
the compound used was an extract from plants; was marketed as organic and hence safe. Patients in
this case series had CNS and Respiratory depression and also profound hypotention, by consuming
extracts of plants which have many protective effects.
Conclusion: As is evident in the above cases, patients had profound respiratory and central nervous
system depression. Further studies must be done on these compounds focusing on their safety profile
in human.
Keywords: Insecticides, Plant extracts, suicide, Ocimum Sanctum(Tulsi), Andropogon Nardus (Lemon grass),
Nerocidal (Pongamia), Stamona japonica, Sophora flavenscens, Platycladus orientalis.

INTRODUTION
Consumption of poison with the intention of
dying is a common medical and social problem
encountered in any health system. In India,
poisoning through pesticides is a very common
form of self-harm, given the fact that it has large
rural population and agriculture being a major part
of the economy. In a large study done by Christian
Corresponding author:
Dr B Sunil Abhishek
Senior Resident, Department of Medicine
Sri Devraj Urs Medical College, Tamaka, Kolar,
Karnataka, E-mail: sunil167@yahoo.com,
Phone: 9663965256, 9482868588

Medical College, Vellore, poisoning and hanging are
the most common modes of suicide in rural India.
Of all the cases of poisoning pesticides form the
majority (61.8%) followed by poisonous plants (21%);
primarily yellow oleander(Thevetia peruviana) and
Cleistanthus collinus 1.
With the growing concern of safety and health
effects of increasing usage of chemical insecticides,
compounds with similar properties, which are
organic, appear as a very safe alternative. Here we
describe a series of three cases where such plant
extracts were consumed with suicidal ideation.
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CASE SCENARIOS
Case # 1
A 24 y old male patient was brought to the
casualty with history of consumption of an insecticide,
by name Sixer, made from extracts of plants like
Ocimum Sanctum(Tulsi), Andropogon Nardus
(Lemon grass) and Nerocidal (Pongamia). Patient
was drowsy and not responding to commands,
light touch and pain. As per the history given by
the patient’s a�enders, patient had consumed the
compound about 4-5 hours ago and during that
time he had two episodes of generalized tonic-clonic
seizures, each lasting 2 minutes. Patient had had no
other events like vomiting, diarrhea, incontinence.
Patient’s blood pressure was 140/80 and pulse was
82 per minute. His saturation was dropping steadily
and Glasgow Coma scale was 3 at this point it time.
Patient was intubated in Casualty and shifted to
ICU where he was put on P-SMIV mode ventilation
at PEEP 8, FiO2 100%, Set RR 15. His routine
investigations revealed normocytic normochromic
blood picture, renal parameters were within normal
limits and liver function tests were normal as well.
His ABG analysis on ventilator, revealed: pH 7.35,
pCO2 50mm of Hg, pO2 135mm of Hg and HCO3
26.9 mmol/L. Patient needed ventilator support for a
period of 7 days as a�empts to wean off the support
resulted in dropping of saturation and worsening of
ABG values.
Patient’s blood pressure dropped on the day
of admission, needing ionotrope support with
Dopamine at 5.5mcg/kg/min. At this time an ECG
was done which showed no significant abnormalities
suggesting ischemic event. A bed side echo was done
which also showed no wall motion abnormalities and
ejection fraction was calculated to be 60%.
Ionotrope support was continued and intravenous
fluids were given, with monitoring of central venous
pressures. Patient improved gradually and ionotrope
support was stopped on third day and extubated on
7th day of admission, shifted to a step down ward.
Patient progressively improved and was shifted to
a general ward, from where he was discharged in
sound health on 8th day of admission.
Case # 2
A 30 y old male patient was brought to
emergency room with history of consumption of

the same compound, made from extracts of plants
like Ocimum Sanctum(Tulsi), Andropogon Nardus
(Lemon grass) and Nerocidal (Pongamia), as the
previous patient. He presented to casualty within 6
hours of consumption and had vomited four times
and did not have any other significant symptoms. On
arrival his vitals were stable, conscious and oriented,
no significant abnormalities were present. Patient
was admi�ed into ICU and observed for 48 hrs. He
did not deteriorate and he was shifted to general
ward. After 2 more days of in hospital care, he was
discharged in sound health.
Case#3
A 30 y old male patient was brought to the
Casualty Department with history of consumption
of an insecticide by name A1, made from extracts of
plants like Stamona japonica, Sophora flavenscens,
Platycladus orientalis. Patient had allegedly
consumed the compound about six hours before the
time he was brought to our hospital, during this time
patient was taken to a Government general hospital
in Rayalpadu, where he was given stomach wash and
administered Atropine and Pralidoxime. As per the
history obtained from the a�enders, patient did not
have any vomiting, diarrhea etc. On arrival to the
casualty patient was unconscious and unresponsive,
BP 130/90, Pulse 150, SpO2 76% on 10L Oxygen.
Patient was intubated and shifted to ICU for
further management. Patient was put on V-SIMV
mode ventilation at FiO2 of 100%, Vt 300-400ml and
PEEP of 8cm of H2O. Initial ABG when patient was
on the ventilator, was pH 7.22, pCo2- 42 mm of Hg,
pO2 – 187mm of Hg, HCO3 – 16.6 mmol/L. Patient’s
Renal and Liver function tests were within normal
limits where as plasma Na was 190mEq/L and K was
4.5mEq/L. Pseudocholinesterase level was 5513U/L,
CK-MB was 15U/L. PT, aPTT and INR were within
normal limits. Patient had an elevation of white count
with predominance of neutrophils. He was started
on broad spectrum antibiotics with 4th generation
cephalosporin Cefepime and also Metronidazole.
Patient’s condition deteriorated and the repeat
ABGs showed worsening of acidosis: pH 7.11,
pCO2 – 64 mm of Hg, pO2 – 145mm of Hg, HCO3
– 19.4mmpl/L. Patient became unresponsive one
day after the admission and best of resuscitation
efforts could not save his life. Preliminary autopsy
findings were intact skull, normal brain, spinal
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cord membranes congested. Petechial hemorrhages
in white ma�er with both lungs basal lobes
consolidated and apical lobes edematous. Stomach
mucosa congested and petechial hemorrhages were
present. Kidneys were also congested.

DISCUSSION
Poisoning from pesticides, as sited above, is
a very common mode of suicide. In this case the
compound used was an extract from plants; was
marketed as organic and hence safe. The poisoning
potential of pesticides made from plant extracts, to
the best of our knowledge, has never been reported.
This patient had profound CNS and Respiratory
depression needing ventilator support and also
peripheral hypotension that required ionotrope
support. The review of literature showed mainly the
beneficial effects of the plant products used in this
compound. Tulsi (Osimum sanctum) has been widely
studied in rats for its lipid peroxidation, antioxidant
properties and also hepatoprotective role2. It has also
been shown in a large randomized trial that Tulsi has
an immunomodulatory role in healthy volunteers3.
Oil from Lemon grass (Andropogon nardus) has well
known antifungal, antihelminthic and antielastase
activity4. Nerocidol is an extract from plant Pongamia
pinnata, extracts from this plant have long been used
for their mosquito and pest repellant properties5.
In the light of these studies and literature this case
becomes unique where the patient had one episode of
generalized tonic clonic seizure, CNS and Respiratory
depression and also profound hypotention, by
consuming extracts of plants which have many
protective effects. The mechanism of action for the
effects produced seems unclear and is an area where
further research is needed. Literature search for the
plants used in the compound of second case revealed
several protective effects. Stamona japonica and its
derivatives are commonly used in traditional Chinese
medicine and are known for its insecticidal6 and anti
tussive properties7. The main extract from Sophora
flavenscens is an alkaloid called matrine, which is well
known for its anti cancer activity and some reports
suggest it has antiarrhythmic properties8. Platycladus
orientalis is also a well known component of Chinese
medicine which has anti inflammatory properties9.
As in the previous case this patient also had profound
respiratory and CNS depression, metabolic acidosis;
the cause for these effects needs to be evaluated.
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CONCLUSION
As is evident in the above cases, everything
that is branded as organic may not be believed to be
safe . Both the cases had profound respiratory and
central nervous system depression. So a high index
of suspicion for these effects is warranted in any
case of poisoning from plant extracts. The threshold
of intubation and ventilator support must be very
low and ionotropes must be started early to prevent
global ischemia of the brain. Further studies must be
done on these compounds focusing on their safety
profile in human.
Ethical Clearance– Taken from Ethical Commi�ee
of SDUHER
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Conflict of Interest - Nil
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ABSTRACT
Background and Objectives: The present study evaluated the direct cost of active epilepsy and looked
at the pa�ern of drug prescription and utilization in epileptic patients visiting in the medicine OPD of
Rama Medical College and Hospital Hapur.
Materials and Method: A total 100 epileptic patients were studied over a period of one year (April 2015march 2016). Patients demography, commonly prescribed antiepileptic drugs (ADEs), socioeconomic
status, direct cost, response ratio for newer drugs and quality of life was evaluated.
Inclusion criteria: All patients who were treated with anti-epileptic drugs admi�ed in different units
of Medicine department.
Exclusion criteria: All pregnant women were excluded.
Result and discussion: We found a higher percentage of male patients (55%) as compared with
females. Most of the patients were in the age group 21-30 years. A higher percentage (77%) of drug was
prescribed in polytherapy.
Conclusion: The study indicate and increasing the clinical usage of polytherapy with significant
escalation in the cost of therapy.
Keywords: Anti-epileptic drugs (AEDs), Gamma-aminobutyric acid (GABA), Benzodiazepine(BDZ),
Monotherapy, Polytherapy.

INTRODUCTION
Epilepsy is a chronic disease which requires
long term therapy. Epilepsy is a heterogeneous
symptom complex, chronic disorder characterized
by recurrent seizures. Seizures are finite episodes of
brain dysfunction resulting from abnormal discharge
of cerebral neurons. In some subgroups, heredity
has proved to be a predominant factor. Single gene
defects, usually of an autosomal dominant nature
involving genes coding voltage-gated ion channel
or GABAA receptors, have been shown to account
for a small number of familial generalized epilepsy.
Seizures are occasionally caused by an acute
underlying toxic or metabolic disorder, in which case
appropriate therapy should be directed toward the
specific abnormality. e.g. hypocalcaemia.

Approximately 1% of the world population has
epilepsy; the epilepsy is the second most common
neurological disorder after stroke. Epilepsy effects
0.5-1.0% of the population. Epilepsy generally is a
disturbance in the electrical activity of the brain in
which the neurons become disturbed and begin to
signal abnormally, creating ‘spikes’ in the person’s
brain waves.[1] These spikes cause seizures, sudden
interference with behavior, perception, movement,
consciousness, or other brain functions.[2] The
disruption can occur due to an overly high level
of excitatory neurotransmi�ers, which increase
neuronal activity, or an abnormally low level of
inhibitory neurotransmi�er, which decreased
neuronal activity.[3] GABA(gamma-aminobutyric
acid) an inhibitory neurotransmi�er may be tied to
epilepsy, some anti-epileptic drugs are designed to
change the amount of GABA in the brain or alter the
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brain’s response to it. All anti-epileptic medications
act to control the errant brain waves that spike out
of control when seizure takes place. The neuronal
disturbance that leads to epileptic seizure can be
caused by many things, including illness, brain
damage stemming from head injury or stroke, brain
tumors, poisoning, alcoholism, infectious disease
and abnormal brain development. Genetic also play
an important role. Having a seizure does not mean
that you have epilepsy, in fact, many people having
a single seizure at some point in their lives, never to
have one again. Though a single seizure might not
indicate the disorder, somebody who suffers from
multiple seizures is generally considered to have
epilepsy.[4] Epilepsy is classified into two major
groups. It is estimated that there are 55,00,000 persons
with epilepsy in India, that is one-eight of the total
epilepsy patient in the world.[5] Though monotherapy
is usually recommended in epilepsy but polytherapy
is often required for patient with multiple seizure
types or refractory disease.[6] Epilepsy can be treated
effectively in approximately 60% of patient who
become seizure with the first or second anti-epileptic
drugs (AEDs) and they are prescribed.[7] With correct,
early and uninterrupted therapy, up to 75%of
patients with epilepsy eventually become seizure
free, many of them within 5 years after diagnosis
while about 25% of patients may not respond to any
kind of therapy.[8] AEDs differ in many important
aspects including their efficacy against different
seizure types, their side-effect profiles, their potential
for pharmacokinetic interactions, and their case of
use. Several antiepileptic drugs exist, These include
the older anti-epileptic drugs generally regarded
as old ± or established ± AEDs (carbamazepine,
phenobarbitone, phenytoin, valproic acid e.t.c.)
and the newer anti-epileptic drugs (vigabatrin,
lamotrigine, gabapentin, topiramate, e.t.c.). Except for
a ba�er profile, there are no convincing data to slow
that newer drug compared with older ones, achieve
superior seizure control.[9] Studies into prescribing
practices introduces as a new tool, therefore appear
not only to assess and evaluate rationality in
therapeutic practices but also may be extended to
identify pa�ern of use of drugs, and hence potential
drug interactions as a result of polytherapy, with anti
seizure medication used in the treatment of epilepsy
being no exception.[10]

MATERIALS AND METHOD
The

present

study

was

open

level

non

randomized survey based study in which the
prescriptions of epileptic patients. The prescription
data were collected personally by the investigator
from the central pharmacy, every day except Sunday
and general holidays for a period of 120 days (4
months) between 10:30 to 13:00 and at the Medical
Records Department over 30 days (1 month). Data
were collected on specially designed questionnaires
for evaluating polytherapy, i.e. the number of drug
per prescription and the number of such prescription
per day to judge the rationality in prescribing habits.
The data on prescription for anti-seizure
medications at the pharmacy counter includeda) Patient information like name, age, gender
and out-patient number.
b) Drug information i.e. details of antiepileptic medications, viz. brand or generic name,
the dose, treatment duration, including the cost of
the medication based on the quantity dispensed per
prescription.
The patients were divided into different age
groups according to the age:
Group I

< 20 years

Group II

21 – 30 years

Group III

31 – 40 years

Group IV

41 – 50 years

Group V

51 – 60 years

Statistical Analysis:As this is an open
label study the results were shown in the form of
tables.
Observation and results: All epileptic patients
were categorized into three different age groups as
follows- young age, middle age and old age. In the
our study the result shows that the mostly 32 epileptic
patients found in the young age group (21-30) by the
reason of family tension, carrier tension, work load
in the small age and by the accidental cases in few
patients. The greater incidence of Epilepsy in the age
of 21-40 years, majority of the anti-epileptic patients
were found in this age group, the data shows the
most of the patients belong this age group about 60%
of the patients were between the 21-40 years, there
are no much difference between the male and female
patients, this is the quiet similar in both genders.
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In the present study two drug combinations
were mostly prescribed. Our result shows majority of
epileptic patients were found in the age group of 2130 years in our hospital. Combination therapy in the
treatment of epilepsy is to a great extent extrapolation
from monotherapy. Further-more the anti-epileptic
drug combination therapy should be able to minimize
to counteract the reflex compensatory mechanism
that often limit the fall in seizures.
Table 1. Total number of male and female with
age groups:
Number of
male
(n=55)

Number of
female (n=45)

<20

5 (9.090%)

6 (13.333%)

11

21-30

22 (40%)

10 (22.222%)

32

Group
of age

31-40
41-50
51-60

11 (20%)

Total
number of
patients
(n=100)

28

17 (37.777%)

9 (16.363%)

7 (15.555%)

16

8 (14.545%)

5 (11.111%)

13

Table 2 - Demographic characteristics of
epileptic patient undergoing monotherapy and
combination therapy:

Age group

<20
21-30
31-40
41-50
51-60
Total

Number of
patient

Number
of patient
treated
by monotherapy

11

4

32

7

28

3

16

2

13

7

100

23

Number
of patient
treated by
combination
therapy
7
25
25
14
6
77
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Table 3 – Anti-epileptic monotherapy among
number of patient with percentage out of 23
patients.
Group of drug

Phenytoin
Valproic acid
Carbamazepine

Number of
patient

Percentage of
patient

11

47.826%

11

47.826%

1

4.347%

Table 4- Anti-epileptic two drug combination
therapy among number of patient with percentage
out of 77 patients.
Group of drug

Number of
patient

Percentage of
patient

Phenytoin +
Benzodiazepine

15

19.480%

Valproic acid +
Benzodiazepine

47

61.038%

Benzodiazepine +
Levetiracetam

1

1.298%

Carbamazepine +
Benzodiazepine

12

15.584%

Carbamazepine +
Levetiracetam

1

1.298%

Phenytoin +
Levetiracetam

1

1.298%

DISCUSSION
Availability & accessibility of an anti-epileptic
drugs is mainly determined by the success of drug
registration process in that country. Efficacy refers
to the effectiveness of an anti-epileptic drug in
preventing or reducing the recurrence of a particular
seizure type. For example Valproic acid is usually
chosen for generalized seizures and carbamazepine or
phenytoin for partial seizure. Potential anti-epileptic
drugs side effects and their appearance not only
affect the physicians choice but also determine the
acceptance of the drug by the patient. For example,
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potential teratogenicity may make physicians avoid
using valproic acid in female patients who are
planning to have children. However not all patients
will develop side effects and not all side effects are
unacceptable. Preparation of anti-epileptic drugs
also affect the severity of dose related side effect.
Physicians may choose an anti-epileptic drugs with
control-release formulation as the occurrence of dose
related side effect are less likely and higher dosage
of that anti-epileptic drug are possible. Other factors
affecting anti-epileptic drug usage include preference
and place of practice of the prescribing physicians.
The former can be influenced by where and how
the physicians (neurologists and non-neurologists)
received their training in neurology and epilepsy
while the la�er determines the anti-epileptic drugs
needs of patients. There are many reports showing
that critical review of the prescribing pa�ern of drugs
helps avoid therapeutic inertia and assures quality
medical care. Prescribing pa�ern of drugs has now
tool to assess inappropriate therapeutic practices and
is considered to be a step towards rational therapy,
particularly for chronic conditions. Maximum
number of prescriptions were seen for patients
below the age of 21-40 years indicating uniformity
in age related distribution. The finding that there
were higher number of prescription with anti-seizure
drugs for male patients compared to female patients
is in parallel with previous reports. This differential
gender distribution may be a�ributed to an increased
incidence of tension, anxiety for carrier, study load
and family disturbance but this aspect was not
possible to evaluate in the present study.
The apparent change in prescription pa�ern
over the years should be interpreted with caution
because the number of the countries in the India.
Collaboration increased over time and change in
anti-epileptic drugs utilization in the entire cohort
might, therefore reflect difference in the drug use
among country the joined late. However similarly
change in prescription pa�ern were seen with in
countries that contribute data for the entire period. A
shift from valproic acid could be in response to report
suggesting a high risk of birth defects associated with
this group.
It is well established that lesser number of
drugs per prescription minimize risk of adverse
drug reactions, drug interactions and the treatment
costs. In the present study polytherapy data revealed

acceptable findings. There were highest number of
prescriptions with one drug, fewer numbers with
more than five drugs, with an average of 2.03 drugs
per prescription, indicating the recommended limits
of polytherapy and thus rationality in therapeutic
practices.

CONCLUSION
In our study we found the use of valproic acid
as the first choice among clinicians which shows
the beneficial effects of this class of drug in epileptic
patients as seen by the physician to decrease the
Seizure related complications in the epilepsy. The use
of phenytoin as the second choice among physicians
was surprising as the JNC:ISH recommends the use
of anti-epileptic as among the 1st line agent in the
patient of epilepsy. The less use of carbamazepine in
patients is in line with the adverse effects produce by
this group in the patients which sometimes become
unacceptable.
Another finding which was relevant was the less
use of generic names & the essential medicines in
the prescription & this needs to be improved in the
future for wellbeing of the patient.
It was good to see that the cost was kept minimum
by the physicians in the prescription prescribed as
this will decrease the financial burden on the patient
& thus help to comply with the drugs prescribed,
which in turn decreases the Seizure associated
complication.
Another area which needs to be investigated is
the follow-up of the patient as we had not included
them in our study. As the epilepsy is a chronic and
long duration treatment disease and need to be
treated over a long period of time along with the
other non-pharmacological measure like patient have
no tension, regular exercise and meditation.
Another important finding was the polytherapy
which needs to be strained as this will raise the
cost of the prescription as well as unnecessary drug
interaction over a period of time. . Ethical approval
for the study was obtained from the ethical commi�ee
at the Rama Medical College Hapur, U.P. India.
Source of Funding: Self
Conflict of Interest: None
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ABSTRACT
Introduction: There has been a significant increase in all forms of crimes, especially sexual related
crimes. Bite marks as an evidence, plays a vital role in today’s world with the increasing sexual crimes.
These bite marks can be collected by various methods, like overlaying, hand tracing etc of which direct
cast method is one among them. Studies done worldwide for analyzing bitemarks, have commonly
used overlaying technique and studies using direct cast and analyzing by metric method have been
sparse. In the present study, direct cast method has been used for obtaining bite mark sample from live
human volunteers, and bite marks were analysed using metric method. This study is done to evaluate
the relevance of using the metric analysis method in bite marks analysis.
Materials and Method: Impressions of both, maxillary as well as mandibular arches of 50 consenting
volunteers were taken and dentition casts were prepared. The bite mark impression and the dentine
measurements were compared using microsoft Excel Software, by comparing each parameter of the
bite mark to the similar parameter of the dentition of the volunteer.
Results: The findings resulted in 14 true positives and 36 false positives, which showed a significant
error of 72%.
Conclusion: We conclude that this method for bite mark analysis helps in arriving at an exclusion
rather than inclusion type of identification.
Keywords: Bite marks, Cast method, Metric analysis, sexual crimes

INTRODUCTION
Bite Mark is “a mark made by the teeth either
alone or in combination with other mouth parts”.1
Bite mark analysis is the detection, recognition,
description and comparison of bite-marks that occur
on living and inanimate objects caused by human and
animals. It a�racts a significant amount of interest
within the judicial system. Improper testimony, if
provided by medico-legal experts, when bite marks
are being used as an evidence can result in dire
consequences.2 Bite marks are commonly caused
Corresponding author
Dr Pratik Vijay Tarvadi,
Associate Professor, Department of Forensic
Medicine and Toxicology, Pacific Institute of
Medical Sciences, Udaipur

by the anterior six teeth, namely central and lateral
incisors, and canines.
These bite marks can be collected by photography
method or by cast method. Marks collected by
photography are matched with the probable biter’s
dentition by overlay technique. In the present study,
direct cast method has been used for obtaining
bite mark sample from live human volunteers and
samples were analysed using metric method.

MATERIAL & METHOD
The research was conducted at Medical College,
Mangalore. The sample size was of 50 volunteers
from whom informed consent was taken. The sample
size represented a varied population of different
ages, gender, race, and socio-economic status.
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The volunteers were requested to clean their left
forearm with soap and water, and air dried. After
drying, the volunteers were requested to bite their
forearm, on the frontal aspect with pressure sufficient
enough to cause mark but not to injure themselves.
The ultralight body vinyl polysiloxane Impression
material was applied at the injured bite mark site
and allowed to dry. Once dried, the material was
removed manually, this material acts as a negative
impression of the bite mark. Vaseline gel is applied on
the negative impression and then dental stone plaster
material was laid on the material and allowed to set.
Once set this dental stone plaster material is removed
and this acts as a positive impression of the bite mark.
From these impressions, using vernier callipers, the
mesio-distal width of the tooth impression and intercanine distance were recorded.
The dental impressions of the volunteers were
collected from the neighbouring dental college. Using
vernier callipers, the mesio-distal width of each tooth
and the intercanine distance of the dentitions were
determined.
There are totally 14 parameters, namely
mesiodistal width of 12 anterior teeth (6 maxillary
and 6 mandibular) and 2 intercanine distance
(1 maxillary and 1 mandibular). The impression
and the dentine measurements were compared
using microsoft Excel Software, by comparing each
parameter of the bite mark to the similar parameter
of the dentition of the volunteer. The summation of
measurements of every parameter in the cast, and
summation of measurements of every parameter in
the dentition is done. A value is drawn which gives
the difference in measurement between the sum total
of measurements of all the parameters in the cast and
the sum total of measurements of all the parameters
in the dentition of the individual. This value is the
similarity index (S) for that particular test bite mark,
which is compared with the indices drawn out of 50
volunteers whose dentition was taken for analysis.
The dentition which had the least index among all
the 50 dentitions was considered positive. In the same
manner all the 50 bite mark casts were individually
compared with the dentitions of all 50 Volunteers.
Ethical clearance by the Institutional Ethical
Commi�ee has been taken.

OBSERVATIONS & RESULTS
Out of the 50 cross matches there were 14 correct
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matches and 36 false matches. The correct matches
denoted that the bitemark cast belonged to the
same person whom the bitemark and the dentition
belonged. While the wrong match indicated that the
bitemark matched the dentition sample of the person
who was not the original biter. In our study, there
were 36 false positives (72%) which is a significant
error.

DISCUSSION
Dentition is unique to each individual3. Based on
this, the Bite marks are analyzed and matched with
the probable accused. Also Bite marks are dependent
on various factors, like
• The anatomical texture of the location where
the bite marks are laid, whether it is arms, breast,
thighs etc
• Agent producing it like human, animals or
mechanical.
• Material on which it is caused like skin, food
substances (cheese, apple etc) or other items like pen,
pencil etc
Skin plays a crucial role in the formation of bite
marks. Skin is a poor registration material due to the
anatomical location on which bite mark is caused is
based on lines of langer and its elasticity. The other
variable that plays a role in skin is with increasing
age the elasticity is lost 4,5. At the time of biting or
during evidence collection, the force applied during
biting, there may be stretching of the skin which can
vary our dimensions and hence when compared to
the measurements from the dentition, it may result
in nonmatching or false matching. Hence there are
several factors affecting the skin and dynamics of
biting which may result in bite mark distortion and
result in false positives. In our study due to such
factors, even in test conditions, it has given only 28%
positive result.

CONCLUSION
Bite marks from as early as 1963 have been a
topic of controversies. In past 50 years research has
been done on bite mark collection from inanimate
objects like wax, bu�er, cheese, fruits etc. But the
study on bite mark analysis on human body has been
uncommon and research on metric analysis using the
mesio-distal width is sparse. The relevance of metric
method proved to be only 28% and a significant
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error of 72% was noted which could be a�ributed to
elasticity and diverse response of skin to bites among
individuals.

RECOMMENDATION
Researches needs to be done in bite marks
considering the variability of elasticity of various
anatomical regions, and towards developing
bite marks into a reliable tool in the forensic
investigations.
Acknowledgment: This article is a part of my Ph
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We would like to thank and acknowledge the
study volunteers, Prof (Dr) Chethan Hegde and
his Team of Prosthodontics and Prof (Dr) Harsha
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ABSTRACT
Even after modernization, awareness and be�er treatment, burns deaths are still common in Indian
society. Burn injuries are very common in developing countries due to high population density,
domestic accidents, poverty, illiteracy, lack of appropriate safety measures. Amongst them females is
more common victim than male. Male female ratio is 1: 2.2. Most affected age group is 21-30 years with
rural predominance than urban. Most of victims are house wives (45%) during the cooking which are
accidental deaths (51%).
Keywords: Burn, death, female.

INTRODUCTION
Burns are injuries produced by application of
dry heat such as flame, radiant heat or some heated
solid substance like metal or glass to the body. Local
injury to the body by heat may result from dry
heat, application of hot bodies, licking by flames
resulting in simple burns, moist heat leading to
scalds, corrosive poisons resulting in corrosive burns.
Electric spark, discharges, flashes and lightening
leads to electric burns1.
India is the only country in the world where burn
was classified among the 15 leading causes of deaths.
High incidence of burns in young married women
has become an alarming medical problem in India2.
Suicidal & homicidal burns in young married women
are increasing in India probably out of desperation
due to marital disharmony & dowry harassment3.
When dowry expectations are not met the young
bride is killed or compelled to commit suicide, more
frequently by burning4. Burns are serious health
problems that are associated with high mortality and
morbidity in developing countries. Burn injuries are
very common in developing countries due to high
population density, domestic accidents, poverty,
Corresponding author:
Dhaval J Patel
Associate Professor, Forensic Medicine Dept.,
GMERS Medical College, Gandhinagar.
Email: drdhavaljpatel@yahoo.com

illiteracy, lack of appropriate safety measures,
negligence in certain working environment and
unsafe use of materials5. Even there is improvement
in women’s life, still at some places woman are victim
of burns, whether by suicide, accident or homicide.

MATERIAL & METHOD
The study consisted of all cases of female deaths
due to burns and brought to mortuary of GMERS
Medical College, Dharpur - Patan, from June 2014
to May 2015. Total 80 cases of burns death were
reported in this time period, amongst which 55 were
females.
All cases were thoroughly examined for
demographic details and other important and
relevant observations and findings. The information
was collected from police, relatives, hospital records
to ascertain the incidence, manner and circumstances
and other important findings of burns.

OBSERVATIONS
The study was conducted on 55 females who
died due to burns and postmortems were conducted
at GMERS medical college, Dharpur - Patan, from
June 2014 to May 2015.

Indian Journal of Forensic Medicine & Toxicology, July-December 2016, Vol. 10, No. 2

281

Table 1: Age and Sex Wise Distribution of
Burns cases

Table 4: Distribution according to manner of
death

Age(yrs)

Male
No.

Female
No.(%)

Total
No.

Circumstances

No. (%)

0-1

0

0(0)

0

Accidental

51(92.7)

1-10

1

1(1.8)

2

11-20

1

3(5.4)

4

Suicidal

3(5.5)

21-30

12

26(47.27)

38

Homicidal

1(1.8)

31-40

6

13(23.63)

19

41-50

3

8(14.54)

11

Total

55(100)

51-60

2

4(7.27)

6

>60

0

0(0)

0

Total

25

55(100%)

80

Age and sex wise distribution of burns is
described in table no. 1. Between the given period
total deaths due to burn are 80, out of which 55 are
female which is 68.75% and 25 are male which 31.25%
is.
The maximum incidence of burn injury in
females was noted in the age group of 21-30 years
i.e. 47.27% and minimum cases were reported in age
group of 1-10 years, which is 1.8% and no case was
reported in the age group above 60 years and below
1 year. The minimum age to suffer burns was 4 years
and maximum age was 57 years.
Table 2: Area Wise Distribution of cases

As table 4 shows, most of the incidents (51) were
accidental i.e. 92.7%. Only 3 cases were suicidal
which contributes 5.5% and 1 case of homicide which
give 1.8%.
Table 5: Distribution of Degrees of Burns
Degree of burns

No.(%)

1st degree

0(0)

2nd degree

5(9.09)

3rd degree

50(90.91)

Total

55(100)

Table 6: Distribution of Percentage of Burns
(Rule of Nine)
Extent (%)

No.(%)

Area

No.

%

0-50

1(1.82)

Rural

30

54.5

51-60

5(9.09)

Urban

25

45.5

61-70

6(10.91)

Total

55

100

71-80

8(14.55)

81-90

15(27.27)

91-100

20(36.36)

As shown in Table no. 2, 54.5% cases are from
rural area while 45.5% cases from urban area. Here
urban cases include specifically which are from
within the Patan city, and rural are from periphery
of city.
Table 3: Distribution according to Occupation
Occupation

No. (%)

House wife

45(81.8)

Working women

7(12.7)

Student

3(5.5)

81.8% victims were housewives and 12.7% were
working women and 5.5% females were students. (As
shown in table no. 3).

Table 5 shows that 90.91% cases were 3rd degree
burns and only 9% were 2nd degree burns. Degree
was decided on the basis of Wilson’s classification1.
Maximum 36.36% cases, suffered burns to the extent
of 91-100%, followed by 27.27% cases to the extent of
81-90%. Minimum 1.82% cases to extent of 0-50 %.(
table no.6)
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Table 7: Distribution of Alleged Causes of Burn
Cases
Alleged causes

No. (%)

Caught fire while
kerosene stove

cooking

on

27(49.08)

Caught fire while cooking on LPG
stove

21(38.18)

LPG Blast

1(1.81)

Boiled cooking oil

1(1.81)

Suicide by kerosene

3(5.5)

Burnt by husband/relatives

1(1.81)

House fire

1(1.81)

As most of the incidents were accidental, amongst
them 49% occurred with kerosene stove cooking, 38%
with LPG stove cooking, 1.8% due to LPG blast, 1.8%
due to cooking oil, 1.8% due to house fire. While
suicide was done with use of kerosene in 5.5% cases.
One case (1.8%) reported of homicide which was
dowry death by husband and relatives according to
police report where magistrate inquest was held.

DISCUSSIONS
During the one year period of study total 80
burns deaths were occurred, out of which 68.75%
were female. Aggarwal and Chandra et al6 observed
67 cases belonging to female category out of 100
cases of burns. Ganguly et al7 observed 58.34% cases
belonged to female category as compared to 41.66%
males. Present study shows consistence results as the
other comparative studies, female are more common
victim for burn death.
In this study maximum cases of burns were seen
in the age group of 21-30 years comprising of 47.27%
cases. Aggarwal and Chandra et al6 and Chawla R8
observed the same age group , 21-30 years affected
more commonly respectively 42.92% and 40%. The
least affected age group is below 1 year of age and
above 60 years of age in this study which co relates
same with the study of Chawla R et al8, where not any
case occurred in this age group.
In the present study, there is more rural
predominance which contributes 54.5% cases. Sinha
et al9 and Haralkar and Rayate et al10 observed high
incidence in rural habitat.
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In the present study, most common victims are
housewives which are 81% cases, while 12.7% were
working women and 5.5% cases were students.
Aggarwal et al6 observed that all females of 3rd decade
and some of 2nd decade were housewives. Haralkar
et al10 observed that 49.85% were housewives.
Present study shows that 92.7% incidents
were accidental, 5.5% were suicidal and 1.8%
were homicidal (one case of dowry death), which
is similar with study of Aggarwal et al6 where
85.24% accidental, 11.37% were suicidal and 3.39%
were homicidal. In this study 87% accidents were
occurred while cooking, from which 49% occurred
with kerosene stove cooking and 38% on LPG stove.
Shankar Gowri et al11 also observed that 45% cases
occurred while cooking amongst which 35% occurred
with kerosene stove. In this study suicide by kerosene
was observed in 5.5% cases while Chawla R et al8
reported suicide by kerosene in 2% cases.
Present study shows most of the victims suffered
3 degree burns, in which 36% to the extent of 91100% and 27% to the extent of 81-90%. Similarly in
the study of Chawla R et al8, maximum percentage of
burns was of 3rd degree and up to extent of 91-100%. In
the study of Aggarwal and Chandra et al6 percentage
of burns was up to 25% in 3 cases, between 25-50% in
32 cases, between 50-75% in 23 cases and was more
than 75% of surface area in 42 cases.
rd

CONCLUSION
Total 80 burns death occurs during the study
period. Amongst which 55 were female.
-

Most of the cases were from rural area.

- Young females are more affected in the age
group of 21-30 years.
body.
-

Most incidents occurred during cooking
Suicide is done by sprinkling kerosene over
Only one case of dowry burn was reported.

Burn deaths can be reduced by making safer
cooking appliances, wearing less inflammable
clothing material to be worn and educating the
women about safety measures through various
programmes, and media, warning labels and signs on
inflammable material and fuel. Dowry prohibition act
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should be implemented immediately and seriously.
Marital conflicts and problems should be solved and
educating people about dowry. Cautions should be
taken with the Young children, who are playing in
kitchen or near any inflammable materials.
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ABSTRACT
Aim: Reliability of canine tooth while analysing bite mark using metric method.
Materials and Method: Impressions of both maxillary as well as mandibular arches of 50 consenting
volunteers were taken and dentition casts were prepared. The bite mark impression and the dentine
measurements were compared using Microsoft Excel Software, by comparing each parameter of the
bite mark with the similar parameter in the dentition cast of the volunteer. The relation of all parameters
with canine measurement was observed.
Results: The findings resulted in 14 true positives, and exclusion of canine as a parameter resulted in
18 true positives. Observations showed an improvement in result from 28 to 36%.
Conclusion:We conclude that exclusion of canine as a parameter in bite mark analysis gives more
positive identifications.
Keywords: Bite marks, canine tooth, Dental Cast method, Metric analysis, sexual crimes.

INTRODUCTION
Forensic Odontology or Forensic Dentistry has
been defined by Keiser-Neilson in 1970 as “that
branch of forensic medicine which in the interest
of justice deals with the proper handling and
examination of dental evidence, and with the proper
evaluation and presentation of the dental findings.”1
Bite mark analysis of late gaining importance in
forensic odontology with its innumerable parameters
and dimensions, and therby contributing in
identification.
Bite Mark is “a mark made by the teeth either
alone or in combination with other mouth parts”.2
Every individual possess an unique dentine which
has been used for identification in bite mark
Corresponding author
Dr Pratik Vijay Tarvadi
MBBS, MD, MBA(HCS), PGDBEME, (FIME), (PhD)
Associate Professor, Department of Forensic
Medicine and Toxicology, Pacific Institute of Medical
Sciences, Udaipur

analysis.3,4 Bite mark is commonly caused by the
anterior six teeth, namely central and lateral incisors,
and canines. The bite mark analysis deals with
comparison of the bite mark with the dentition of
the probable accused. The bite marks are dependent
on several factors like causative agent (human or
animals), living or inanimate objects on which bite
is laid (skin, cheese, apple, wax, pen, pencil etc.),
anatomical location (arms, breast, thighs etc) in living
where bitemark is caused and the dynamics involved
in biting. Skin being one of the factor plays a role in
analysis. Skin is a poor registration material due to its
elasticity and other factors like the age of individual,
anatomical location etc. 4,5 These factors may distort
the bitemark and alter the result.
The bite marks as evidence are collected either
by photography or by dental cast method. There are
two methods employed in bitemark analysis; metric
and nonmetric method. The non-metric method deals
with pa�ern analysis while metric method involves
various measurements such as mesio-distal width of
the teeth, angular rotation and intercanine distance.
In the present study, direct cast method has been
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used for obtaining bite mark sample from live human
volunteers and samples were analysed using metric
method.

MATERIAL & METHOD
The research was conducted at Medical College,
Mangalore. The sample size was 50. Informed consent
was taken from the 50 volunteers. The sample size
represented a varied population of different ages,
gender, ethnicity, and socio-economic status.
The volunteers were requested to clean their left
forearm with soap and water, and air dried. After
drying, the volunteers were requested to bite their
forearm, on the frontal aspect with pressure sufficient
enough to cause mark but not to injure themselves.
The ultralight body vinyl polysiloxane Impression
material was applied at the injured bite mark site
and allowed to dry. Once dried, the material was
removed manually. This material acts as a negative
impression of the bite mark. Vaseline gel is applied on
the negative impression and then dental stone plaster
material was laid on the material and allowed to set.
Once set, the dental stone plaster material is removed
and this acts as a positive impression of the bite mark.
From these impressions, using vernier callipers, the
mesio-distal width of the tooth impression were
recorded.
The dental impressions of the volunteers were
collected. Using vernier callipers, the mesio-distal
width of each tooth were determined.
There are totally 12 parameters, which are the
mesio-distal width of 12 anterior teeth (6 maxillary
and 6 mandibular). The impression and the dentine
measurements were compared using Microsoft Excel
Software, by comparing each parameter of the bite
mark to the similar parameter of the dentition of
the volunteer. The summation of measurements
of every parameter in the cast, and summation of
measurements of every parameter in the dentition is
done. A value is drawn which gives the difference in
measurement between the sum total of measurements
of all the parameters in the cast and the sum total of
measurements of all the parameters in the dentition
of the individual. This value is the similarity index–
S1 for that particular test bite mark. A similarity
index–S2 was obtained wherein mesiodistal width of
canine tooth comparison was not included. This was
compared with the indices drawn out of 50 volunteers
whose dentition was taken for analysis. The dentition

which had the least index among all the 50 dentitions
was considered positive. In the same manner all the
50 bite mark casts were individually compared with
the dentitions of all 50 Volunteers.
Ethical clearance by the Institutional Ethical
Commi�ee has been taken.

OBSERVATIONS & RESULT
Out of the 50 cross matches there were 14 positive
matches and 36 negative matches for similarity
index–S1. The similarity index–S2 showed be�er
results with 18 positive matches and 32 negative
matches. The positive matches denoted that the
bitemark cast belonged to the original biter to whom
bitemark and the dentition belonged. While the
negative match indicated that the bitemark matched
the dentition sample of the wrong person. By
exclusion of the canine, there was an improvement in
the result. Statistically using Fisher Exact test, the p
value(<0.001) emphasises the exclusion of the canine
as a parameter in the bite mark analysis. Hence while
analysing bite mark, canine tooth measurements can
safely be excluded and its absence helps in obtaining
be�er results.

DISCUSSION
To analyse bite mark, the characteristics of teeth
are to be taken in consideration. There are three main
characteristics; gross, class and individual.6 Based
on the different basic dental features that each tooth
has, a doctor can appreciate each tooth individually.6
The occlusal surface of each teeth also varies, and
hence the pa�ern it causes on the skin during biting
is unique.6 The incisors have nearly straight edges
while the canines have a cusp.6 During the process of
biting, the depth of the penetration of tooth in skin
is dependent on the pressure applied while biting.
This plays the role in differentiating the bite mark
caused by incisors and canines. During experimental
study, the pressure applied by the volunteers while
biting the forearm was not of high degree in order to
prevent self damage. This resulted in very minimal
bitemark and very faint canine impression. In our
study due to such factors, even in test conditions, it
has given only 28 and 36% positive result.
Canine tooth, has been regularly used as a
parameter in age estimation in an individual based on
its eruption and other scientifically proven formulas
like Gustafson’s criteria.7 Several authors in their
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study have found that gender can be identified based
on canine teeth with higher reliability in mandibular
when compared to maxillary canine.8,9,10,11

2.

Pramod KD, SV Srinivasan, Rajesh PP. Bite Mark
Evidence. A textbook of Forensic Odontology.
Paras Publications.1998:69-78.

Hence canine tooth has been an useful and
reliable parameter for estimation of age and gender.
In our study, the Canine tooth in association with
other parameters of metric method of analysing bite
mark has proved to be insignificant and this has been
substantiated statistically with the lower true positive
rates and higher false positive rates.

3.

Van der Velden, A, Spiessens. M and Willems G.
Bite mark analysis and comparison using image
perception technology. The J. Forensic. OdontoStomatology.2006; 24(1): 14-17.

4.

Sweet D, Pre�y IA. A look at forensic dentistry
Part 2: teeth as weapons of violence identification
of bitemark perpetrators. Br Dent J. 2001;190:
415–8.

5.

Pre�y IA and Sweet D. A Paradigm shift in
the analysis of bitemarks. Journal of Forensic
Sciences International 201(2010): 38-44.

6.

Hostiuc Sorin, Curca George Cristian,
Dermengiu Dan, Rusu Mugurel. Bitemark
analysis in legal medicine - literature review.
Rom J Leg Med.2008;16(4):289-298.

7.

Nishant Singh, Neeraj Grover, Navin Puri,
Sanjeet Singh, Swati Arora. Age estimation
from physiological changes of teeth: A reliable
age marker? Journal of Forensic Dental
Sciences.2014;6(2):113-121.

8.

Boaz K, Gupta C. Dimorphism in human
maxillary
and
mandibular
canines
in
establishment of gender. J Forensic Dent
Sci.2009;1:42-4.

9.

M. Yuwanati, A. Karia, M. Yuwanati. Canine
tooth dimorphism: an adjunct for establishing
sex identity. J Forensic Dent Sci.2012;4:80–83

CONCLUSION
Canine tooth has proved to be reliable in age
and gender determination. But it is unreliable in
identification by bite mark analysis. Analysing bite
marks to identify the probable biter, the forensic
experts will have to be cautious while including
canine tooth as a reliable parameter.
Recommendation: Extensive research needs to
be done in bite mark analysis in relation to canine
tooth.
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ABSTRACT
Aim: The aim of the study is to assess the applicability of the sternal end of the fourth rib in sex
determination. Method and Materials: The present study was conducted on 104 samples of fourth
rib were taken of both sexes from dead body brought for post mortem examination in mortuary after
taking consent from the kin of the deceased. Only 100 samples of the fourth rib of the dead bodies
were taken for study out of 104 samples, and 4 samples were excluded as they were partially destroyed
and fractured during collection procedure and were not suitable for study. Results: In the present
study, total of 100 cases were examined and they were divided into 4 groups. Out of 100 , males were
60 and females were 40 of the samples. The age of all samples ranged between 15 to 62 years with a
mean age of 32.73 years. The age range for males was between 15 to 60 years was having a mean age
of 34.38 years while the females was between 18 to 62 years which showed a mean age of 29.36 years
. According to these results obtained from the tests, the three parameters are fit for all age groups
used for sex determination only if the individual age is above 15 years because in all the results the
significance is less than 0.005. All the three parameters can discriminate the gender appropriately. All
three parameters have shown that they are highly significant. The method of measuring the height and
breadth of the sternal end of the rib can produce highly significant association when assessing the sex.
Conclusion: The present study shows that several variables are important for the sex determination
from the sternal end of the fourth rib. All the parameters showed positive significance which shows
that the sternal end of the fourth rib is also reliable for determination of sex.
Keywords: Sternal end, Fourth rib, Sex determination.

INTRODUCTION
The identification of skeletal remains, badly
decomposed, or unidentified human remains is
important for both legal and humanitarian reasons.
Estimation of sex from the human skeleton is
among the most important aspects of establishing
the biological profile of unknown individuals. The
aim is to evaluate the reliability of the sternal end of
the fourth rib in estimating the sex of unidentified
skeletal remains. Based on the shape of skeletal
Corresponding author:
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features, sex determination is possible. Based on
examination of bones, sex is determined. Accuracy
of sex determination of 95% and 90 % for adult
material is possible by measuring pelvis and the
skull1. Other bones result in varying degrees of
reliability. Sex determination from skeletal remains
has been analysed and studied by researchers. When
fragmentary remains of skeleton are brought for
examination, problem arises. Hence, the sternal end
of fourth rib have been used to identify the victim.
Most of these studies were based on radiological
examination of the entire anterior thorax focusing on
the pa�ern of calcification of the coastal cartilages.
Separate standards for males and females were
developed as in the process of developing standards
for age determination from the rib, it was observed
that age related changes were sexually dimorphic.
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Osteometry is the study and measurement of human
or animal skeleton, especially in an anthropological
or archaeological context. Usually it is very difficult
to discriminate between different species of the
same genus or family, and the statistical analysis of
osteometric parameters is quite useful. Osteometry is
very useful to solve many anthropological problems
about past human populations, for example, it may
be used to determine kinship, sex, the degree of sex
dimorphism (which may be used to answer questions
related to lack of nutrition) and even ethnicity.
There are many problems around the interpretation
of osteometric data: loose replicability of the
measurements, problems relative to the phenotypic
variations between subpopulations of one species.
Comparison of various aspects of ancient skeletons
can be used to determine which species a skeleton
belongs to, or if the differences are vast enough,
create a new species. In later skeletons, osteometry
has historically been used to a�empt to identify the
ethnicity or race of skeletons. Aspects commonly
studied in determining the species of very early
skeletons include the length of the femur and other
long bones, the capacity of the skull, the shape of the
facial features and skull, the shape of the jaw and
teeth, the curve of the spine, the situation and shape of
the pelvis2, and the location of the foramen magnum.
The main objective is sex determination. Based on
the shape of skeletal features, sex determination
is possible. Based on examination of bones, sex is
determined. Accuracy of sex determination of 95%
and 90 % for adult material is possible by measuring
pelvic and the skull. Matching of an unknown
individual to a known individual is a positive
identification.

MATERIALS AND METHOD
The present study was conducted in Department
of Forensic Medicine, Osmania medical college,
Hyderabad. 104 samples of fourth rib were taken of
both sexes from dead body brought for post mortem
examination in mortuary after taking consent from
the kin of the deceased. Only 100 samples of the
fourth rib of the dead bodies were taken for study
out of 104 samples, and 4 samples were excluded as
they were partially destroyed and fractured during
collection procedure and were not suitable for study.
All particulars were collected as soon as the
body was brought for post mortem examination
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and age was crossed checked from relatives. During
a post-mortem examination, the sternal extremity
of the fourth rib was chosen as it represented true
rib and can be easily extracted. As morphological
metamorphosis at the sternal end of the rib is not
observed until this age, the samples consisted of
individuals above 15 years of age. The samples
were selected of no pathological disorder and died
from natural death and were not affected by any
disease which can alter individuals skeleton. The
specimens were separated from the body by cu�ing
the fourth rib at two points i.e. 3 cms inner and 5 cms
outer to costochondral junction using a rib cu�er
without damaging the costochondral junction. The
muscles a�ached to the ribs were cut using scissors.
The portion of ribs were labelled and kept in water
containers for 3 to 4 weeks. Thus the soft tissue could
be removed from the bone easily. The remaining soft
tissue and cartilages if any were removed by keeping
the bones in boiling water for 10 to 15 minutes.
Bones were dried at room temperature and each rib
was examined to detect the stage of morphological
change. The costochondral junction is defined as the
junction of the rib into cartilage in the anterior chest.
All of the measurements were taken with a sliding
caliper calibrated to the nearest 0.1 mm. These were
maximum superior inferior height (SIH), maximum
anterior posterior breadth (APB) and maximum pit
depth (MPD). SIH is the maximum distance between
the most superior and inferior points at the end of the
rib. APB is the maximum distance between the most
anterior and posterior points at the end of the bone.
MPD is one of the most obvious age related changes
observed in the sternal end of the rib. The maximum
depth of this pit was measured with a depth
caliper calibrated to 0.1 mm by keeping the caliper
perpendicular to base of the pit. After calculating the
above measurements , the Z test applied on the above
values for the estimation of significance.

OBSERVATIONS AND RESULTS
In the present study, total of 100 cases were
examined and they were divided into 4 groups. Out
of 100 , males were 60 and females were 40 of the
samples.
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Table 1 shows the age distribution and sex distribution of study samples
Age Range

Group
coding

Male

Female

N

% Distribution

N

% Distribution

15-25
26-45
46-60
<60
Total

1
2
3
4
---

30
18
8
4
60

60
66.6
53.3
80

20
12
7
1
40

40
33.4
46.7
20

N
50
30
15
5
100

N- number of individuals. The age of all samples ranged between 15 to 62 years with a mean age of 32.73
years. The age range for males was between 15 to 60 years was having a mean age of 34.38 years while the
females was between 18 to 62 years which showed a mean age of 29.36 years .
Table 2 shows descriptive statistics among sexes. N- number of individuals.
Sex

N

Mean (years)

SD(years)

Male

67

34.38

12.46

Female

33

29.36

11.75

Total

100

32.73

12.40

Table 3 shows the descriptive statistics of parameters and distribution of study samples according to
their SIH,APB and MPD in cms and their sex.
Sex

N

Male
Female
Z Test
P Value

SIH(cms)

APB(cms)

MPD(cms)

Mean

SD

Mean

SD

Mean

SD

67

1.335

0.102

0.389

0.07

0.182

0.052

33

1.05

0.111

0.269

0.106

0.179

0.038

---

10.00

4.7

2.10

0.0001

0.0001

0.005

N- Number of individuals. According to these
results obtained from the tests, the three parameters
are fit for all age groups used for sex determination
only if the individual age is above 15 years because
in all the results the significance is less than 0.005.
The table 3 shows that all the three parameters
can discriminate the gender appropriately. All
three parameters have shown that they are highly
significant. The method of measuring the height
and breadth of the sternal end of the rib can produce
highly significant association when assessing the
sex.

DISCUSSION
Few studies have shown the determination of
sex from the rib. Ravi Gangal et al3 conducted a
study in western U.P. population which showed that
the sternal extremity of the fourth rib can be used
in determining the sex by direct metrical analysis
of an isolated fourth rib. In this study, samples
included 55 males and 39 females and were obtained

from individual of known age and sex and three
measurements were taken from each rib namely
maximum superior inferior height (SI), maximum
anterior posterior width (APW) and maximum pit
width (PD).The study sample was divided into 5
groups from less than 15 years of age to more than
60 years and was analysed by stepwise discriminant
function analysis. It was found that the specificity of
sex determination varied from 50% to 88.89% and the
overall correct classification varied from 60% to 94%.
Edwin K Wiredu et al4 conducted an osteometric
analysis of sexual dimorphism in West African
population in the sternal end of the right rib on 346
consecutive coroner’s autopsy cases which include
221 males and 125 females of known age, sex and race.
The height and width of the sternal end of the fourth
rib was measured. The sample was analysed in 3
groups namely young (<30 years), old (≥30 years) and
total sample. Stepwise discriminant function analysis
showed that the accuracy of the sex determination
varied from 80% in the young, 74% in the old group to
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78 % for the total group. Paige Elrod et al5 conducted
a study using 137 males and 149 females including
black and white individuals from William M Bass
and Hamann-Todd skeletal collections. The left and
right first ribs of 286 individuals were measured
using sliding calipers; all measurements were in
millimetres. The four measurements included total
exterior length (ASHL), interior length from sternal
end to head (PSMH), height of the head off of a
surface and length from the tubercle to the head. The
angle was determined by calculating the inverse sine.
The calculated angles were then compared using
logistic regression analysis, to determine the odds
that a given angle was made. Of the 572 measured
samples, 555 were calculated; 266 angles were male
and 289 were females. The regression showed that
angle alone was 60.2 % concordant, while angle and
total length combine to yield a 70.5% concordance.
The data suggest that the angle of the first rib can
be used to predict the sex of an individual. P James
Macaluso Jr et al6 have done a study of osteometric
sex determination from the sternal extremity of the
fourth rib in a recent forensic sample from southwestern Spain in which superior inferior height and
anterior posterior breadth dimensions of the fourth rib
were collected for a sample consisting of 60 males and
57 females derived from post-mortem examinations
performed at the Institute of legal medicine, Spain.
The results demonstrated that both ribs dimensions
were highly sexually dimorphic i.e. p <0.0001 in the
Spanish sample. Univariate discriminant function
analysis yielded sex classification rates of 76.9%
and 83.8% for breadth and height dimensions
respectively. Multivariate analysis incorporating
both ribs measurements improved the accuracy to
86.3% with a sex bias of only 0.7%. Aditi Khatri7
has done a macroscopic study of sex determination
from sternal end of the fourth rib in the Western
Rajasthan population. The present study showed
the sternal extremity of the fourth rib can be used in
determining the sex by direct metrical analysis of an
isolated 4th rib. The samples (67 males, 33 females)
were obtained from individual of known age and sex
and three measurements (SIH, APB and MPD) were
taken from each rib. It is apparent from this study
that the method of measuring height and breadth of
the sternal end of the fourth rib can produce highly
significant association when assessing sex. It was
therefore concluded that sexual dimorphism can be
detected by direct measurement of fourth rib.
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CONCLUSION
The present study shows that several variables
are important for the sex determination from the
sternal end of the fourth rib. All the parameters
showed positive significance which shows that
the sternal end of the fourth rib is also reliable for
determination of sex. All three parameters have
shown that they are highly significant. The method of
measuring the height and breadth of the sternal end
of the rib can produce highly significant association
when assessing the sex.
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ABSTRACT
Aims: This study was a prospective study in which we present the study of circumstances and motives
that provoked the perpetrator to commit the crime, gender distribution of the perpetrator and victim
and occupation of perpetrators along with the consequences under which the murder-suicide had
occurred. Method: In the following study 72 cases were considered in which perpetrator commi�ed
murder followed by suicide almost immediately or within a week. All the cases referred to the National
Criminal Record Bureau (NCRB) were collected and 72 relevant cases were selected and considered
as a material source for the study. The cases which met the criteria for dyadic deaths were studied.
Results: According to national crime records bureau 4358 culpable homicide cases were reported
in India in the year 2014, of them 72 cases were selected which are related to murder-suicide.66
perpetrators were males which make up to 91.66% and the remaining 6 were females (8.34%). Among
them majority of crimes were commi�ed by perpetrators of age 15-30 years’ age group which makes up
to 45.83% of the considered crimes and 37.50% among 30-45 years’ age group, 12.50% in 0-15 years’ age
group and least percentage was observed in above 45 age group i.e., 4.16%.Majority of the perpetrators
involved were employees (29.16%) which is followed by business men (26.38%) and farmers (23.61%).
However unemployed contributed for 12.50% and students the remaining 8.33%.Irrespective of the
occupation, domestic disputes and infidelity were the major reasons for the murder-suicide (44.44%).
Apart from this financial instability and debts also contributed as the major factor (34.72%), Stress
(13.88%) and influence of addictive drugs (6.94%) were additional reasons for commi�ing murder
suicides. Conclusion: It can be concluded that males form the major group of perpetrator. Family,
financial situations, debts and stress related issues are the major motivating factor in murder suicide.
Key words: Murder suicides, Perpetrators, Dyadic deaths.

INTRODUCTION
A Murder-Suicide is an instinct or a motive
driven crime which involves a homicide followed
by suicidealmost instantly or in certain period of
time1 usually within one week2. Homicide-Suicides
are very rare but violent.Sometimes these are
organized while most of the times it’s due to social
provoking, lack of self-confidence or sometimes
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honor killings associated with suicides following
the killing. Considering its paucity, only a handful
of research is currently available in this area. As such
there is no valid classification system available to
categorize these violent acts, however the Marzuk et
al classified murder-suicide as a homicide followed
by thesuicide of the assailant within a week, typical
cases where the victim and assailant are knownand
suicide of the assailant rapidly follows the killing of
the victim8.Hanzlick–Koponen typology classified
them into two broad categories: viz. single victim and
multiple victim events. And according to this, single
victim events (dyadic deaths) include homicide
- suicide or suicide pacts1, 6, 7. There are many such
instances in the recorded human history where mass
dyadic deaths have taken place. among them some
are to avoid humiliation following a defeat in war
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and others over hypocritical issues. After World War
II (1945) to avoid rape and murder by the soldiers
of soviet red army, several mothers of Demmin,
Germany killed their children and commi�ed suicide.
In this incident, it was reported that 900 dyadic
deaths had taken place3. In another instance a mass
murder-suicide by Heavens-Gate members from
united states (1997) by consuming phenobarbital
in lethal doses and subjecting themselves to
asphyxiation4. Up recently shootouts at schools and
universities has become more prominent. These
violent shootouts by students under stress or under
influence of psychotic drugs are also made to the list
of dyadic deaths. All the above listed events involve
multiple victims while some incidents report only
the death of one perpetrator and one victim. Most of
such incidents involve killing of spouse, girlfriends,
ex-wives, bosses under work place induced stress
etc. situations leading to these violent acts are mostly
due to trust related issues in family ma�ers, financial
issues, jealousy, divorce, guilty of murder and
punishment etc.

was carried out in the department of Forensic
Medicine and Toxicology, Osmania medical college,
Hyderabad in 2014-2015. The cases which met the
criteria for dyadic deaths were studied. The deaths
were categorized into four types according to the
reasons which were financial instability/ debts,
domestic infidelity, drug abuse and stress.

MATERIALS AND METHOD

Table 1 shows the gender distribution, 66
perpetrators were males which make up to 91.66%
and the remaining 6 were females (8.34%). Among
them majority of crimes were commi�ed by
perpetrators of age 15-30 years’ age group which
makes up to 45.83% of the considered crimes and
37.50% among 30-45 years’ age group, 12.50% in 0-15
years’ age group and least percentage was observed
in above 45 age group i.e., 4.16%.

In the following study 72 cases were considered
in which perpetrator commi�ed murder followed
by suicide almost immediately or within a week in
the year 2014. All the cases referred to the National
Criminal Record Bureau (NCRB) were collected and
72 relevant cases were selected and considered as
a material source for the study.The present study

RESULTS
According to national crime records bureau 4358
culpable homicide cases were reported in India in the
year 2014, of them72 cases were selected which are
related to murder-suicide.
Table:1 – Age group, gender and relative
percentage distribution of perpetrators.
Age Groups

Number of cases

Percentage

0-15
15-30
30-45
Above 45

09
33
27
03

12.50
45.83
37.50
4.16

Table:2 – Age group, gender and their relative percentage of victims
Victims

Males

Females

No’s.

Percentage

No’s.

Percentage

0-15

11

25.58

27

25.71

15-30

19

44.19

44

41.90

30-45

12

27.90

29

27.62

Above 45

01

2.32

05

4.76

Total

43

105

Table 2 shows that among the 72 cases there were multiple victims. Total number of victims were 148, of
them majority of victims were females (70.95%) and 29.05% of the victims were males.
Table:3 – Occupation of the perpetrators
Occupation of perpetrators

No. of cases

Percentage

Students

06

8.33

Employees

21

29.16

Farmers

17

23.61

Businessmen

19

26.38

Unemployed

09

12.50
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Table 3 shows majority of the perpetrators
involved were employees (29.16%) which is followed
by business men (26.38%) and farmers (23.61%).
However unemployed contributed for 12.50% and
students the remaining 8.33%.
Table:4 –Consequences that led to the MurderSuicide
Reasons/Consequences

No. of cases

Percentage

Financial instability/ Debts

25

34.72

Domestic disputes/
Infidelity

32

44.44

Stress

10

13.88

Drug Abuse

05

6.94

Table 4 states that irrespective of the occupation,
domestic disputes and infidelity were the major
reasons for the murder-suicide (44.44%). Apart from
this financial instability and debts also contributed
as the major factor (34.72%), Stress (13.88%) and
influence of addictive drugs (6.94%) were additional
reasons for commi�ing murder suicides.

DISCUSSION
Dyadic deaths, murder-suicides or homicides
are very rare but always have a tragic end. In fact,
from a retrospective study performed by Srinivasa
et al14about the deaths due to asphyxiation, only
9.58% of total 438 cases were homicidal and the rest
categorized as suicidal.Among these rare occurrences
it is known fact that perpetrators and victims
involved in such instances are known to each other or
many times closely associated with each other. And
throughout these relationships with each other the
certain differences in thoughts or opinions over an
issue which has been around for relatively long time
are considered as reasons for such events. According
to Tumran et al13majority of issues were related to
domestic quarrel and breakdown of relationships.
About 46% of cases from his study were found to
be result of domestic quarrel. Although rejections
in love also seen a mere 21% of dyadic deaths in
his study the same cannot be ruled out considering
the current statistics about the same. According to
Dhawan et al9deaths by suicide pacts are also in rise.
According to his study suicide pact deaths are mostly
between people who are more intimate to each other
mostly in a relationships like husband –wife and or

in love. According to his study 66.66% of suicides
was a result of disappointment and depression for
facing rejection of their love by family members. On
the other hand murder-suicides are also influenced
by the financial status of the family. Low incomes
and increasing debts are primary motives many of
the homicides in a developing country like India.
Considering the fact that majority of the population
in India is directly or indirectly living on agriculture.
According to the article published in principles of
economics and business about Indian economy at
a glance, by the year 2014 close to 49% of Indian
population is directly making their living from
agriculture and associated jobs10. The recent climatic
changes and untimely rainfalls have incurred severe
losses to farmers forcing them to take drastic measures
by ending lives. Among these deaths majority of
them were suicides but there were instances where
farmers commi�ing homicide followed by suicides11.
These incidents also strengthens one of our major
objectives i.e., financial conditions and occupation of
the perpetrators and victims.Being the bread earners
in many of the families around world, males usually
play a dominant role and the same domination
even continues in the dyadic deaths. According to
our current study majority of perpetrators were
found to be males and a global phenomenon of the
same is observed.Relationship infidelity, domestic
violence and rejection in love are often quoted as the
major concerns for these tragic events. Supporting
our statistics, as per Bossarte et al12 study 91.9%
perpetrators of the murder-suicide incidents are
males and 74.6% of the victims are females. Majority
of perpetrators are as well belonging to the young
adult age groupof 25-45 years.

CONCLUSION
From this study,it can be concluded that males
form the major group of perpetrator. Family (spouse/
girlfriend/ separated partner), financial situations,
debts and stress related issues are the major motivating
factor in murder suicide.The review showed murdersuicide as a rare event that shares characteristics with
both homicide and suicide but has some distinct
characteristics. Studies show a relatively constant
rate of occurrence that was unrelated to the overall
rate of homicides or suicides. It does not seem that
the incidence is increasing, although the coverage in
the media of murder-suicide may be on the rise.
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ABSTRACT
Death due to asphyxia is one of the most important causes of violent deaths. Domestic violence
plays a great role in suicidal and homicidal violent asphyxia deaths. Various epidemiological and
demographical parameters of our study are discussed in the present article. We found, death due
to hanging constituted 321 (5.57%) of total deaths, which were subjected to medico-legal autopsy.
Young adults of age group 21 to 30 years were accounted for maximum cases followed by 31-40 years
group. In victims of hanging, 67% of total cases were of male while only 33% of cases were of female.
Indoor places are the commonest places used by victims of hanging. Sari, dupa�a and co�on rope
are commonly used as a ligature material in hanging cases. Ceiling fan and ceiling hook are the ideal
suspension point used by victims of hanging. Only in 0.93% of hanging cases, hyoid bone fracture is
present.
Keywords: Hanging, Medico-legal autopsy, Ligature mark.

INTRODUCTION
Death is certain for all living beings but only
human end their lives prematurely by commi�ing
suicide. Among various methods opted, hanging is
one of the most common method. V kumar1 quoted
that 71% of suicides in India are by the persons below
the age of 44 years, especially among young adults.
Amongst them, hanging is commonly encountered
in day to day autopsy. It has been shown that deaths
due to hanging are common mode of suicide in all
over India.
Due to population explosion, poverty and
unemployment, underemployment and economic
disequilibrium, lack of housing and displacement,
alcohol and substance abuse, hopelessness and
despair, and increasing stress and strain in our daily
life, we frequently come across cases of suicides,
Corresponding author:
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Dept, Govt. Medical College, Surat – 395001 India
Mobile: +91- 9426362474
Email: pprajapati79@gmail.com

homicides and accidents. Suicide is a self directed
having fatal outcome. There are many methods
for commi�ing suicide like poisoning, hanging,
self-immolation, drowning etc. Various factors are
responsible for a person to hang such as marital
disharmony, financial problems, psychiatrics disease,
chronic physical pain due to malignant disease and
failure in exams.
Hanging is a form of violent asphyxial death
produced by suspending the body with a ligature
around neck and the constricting force being the
whole or part of the body weight.2 It is the method
of capital punishment adopted by Indian legislature.
All cases of hanging are considered to be suicidal
until the contrary is proved.3 Most of the persons
a�empt to use some form of device around the throat
to strangle. Hanging in its face value goes in favors
of being suicidal in nature. Accidental hanging may
be possible in factories, by children during playing
and in masochistic practice but homicidal hanging is
rare.4
In a short drop, the victim may die from a lack
of air asphyxiating the brain; the patient is likely to
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experience hypoxia, skin tingling, dizziness, vision
narrowing, convulsions, shock and acute respiratory
acidosis and if one or both carotid arteries and/or
the jugular vein may be compressed sufficiently to
cause cerebral ischemia and a hypoxic condition in
the brain which will eventually result in or contribute
to the death. In the case of a long drop, the patient
is likely to suffer a fractured 2nd and 3rd and/or 4th
and 5th cervical vertebra which may cause paralysis
or death.

MATERIAL & METHOD
The prospective medico-legal study was
conducted among victims of violent asphyxial death
(n=585) examined at the Department of Forensic
Medicine and Toxicology, Surat Municipal Institute
of Medical Education and Research, Surat, Gujarat,
India, during the period of 4 years, starting from 1st
January 2010 to 31st December 2013.
Total 321 cases were included in the category of
hanging among all violent asphyxial death on the
basis of confirmation/suspicion by the investigating
officer or/and confirmatory or corroborative
findings at autopsy examination while other cases
of thro�ling, strangulation, drowning, smothering
and traumatic asphyxia were excluded for this study.
The anatomical and other objective findings were
recorded in the autopsy reports. The demographic
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characteristics of victims of hanging (age, sex,
used ligature material, suspension point etc.)
were recorded at the time of autopsy examination,
which were later on organized to retrieve data for
observation and discussion.

RESULT
Scientifically significant data of medico legal
nature are highlighted in tables mentioning below.
The figure in bold le�ers in tables highlights the
higher incidence or important parameters.
Table No. 1: Year wise distribution of victims of
hanging.
Year

No. of victims of
hanging

Percentage

2010

86

26.80%

2011

92

28.66%

2012

70

21.80%

2013

73

22.74%

Total

321

100%

During period of four years (from 2010 to 2011),
321cases of hanging out of 5759 post-mortem were
examined and analyzed. Burden of hanging in Surat
zone was 5.57% of total medico-legal autopsy. In
every year, number of incidence of hanging is nearly
same.

Table No.2 Age group wise distribution of hanging victims in relation to sex
Age group

No. of victims of hanging cases
Male (%)

Female (%)

Total (%)

0-10

0 (0%)

0 (0%)

0 (0%)

11-20

34 (10.5)

21 (6.54)

55 (17.13)

21-30

99 (30.8)

47(14.64)

146 (45.48)

31-40

50 (15.5)

21 ( 6.54)

71 (22.11)

41-50

19 (5.91)

14 (4.36)

33 (10.28)

51-60

10 (3.11)

4 (1.25)

13 (4.05)

61-70

1 (0.31)

0 (0)

1(0.31)

> 70

1 (0.31)

0 (0)

1(0.31)

Total (%)

214 (66.66)

107 (33.33)

321(100)

Majority of victims are belongs to male group (67%) which is about 2 times higher than female group.
Hanging is the commonest method of suicide among male and female. The most common age group involved
in hanging cases is 21-30 years (45%) followed by 31- 40 years (22%). The sixth and seventh decade age group
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least use the way of hanging to end their life in
difficult time.
Table No.3 Sex and manner wise distribution
of victims of hanging
Gender

Suicide

Homicide

Accident

Total
(%)

Male

213
(66.35%)

0

1 (0.32%)

214
(66.66)

Female

107
(33.33%)

0

0 (0%)

107
(33.33)

Total

320
(99.68%)

0

1 (0.32%)

321 (100)

Amongst hanging incidences, 99% of hanging
cases were suicidal in nature followed accidental
which is negligible while no one use the way of
hanging for homicidal purpose.
Table No.4 Sex wise distribution of hanging
cases in relation to place of incidence.
Gender

Indoor (%)

Outdoor (%)

Total (%)

Male

206 (64.17)

8 (2.50)

214 (66.66)

Female

107 (33.33)

0 (0)

107 (33.33)

Total

313 (97.50)

8 (2.50)

321 (100)

On eliciting the detailed history from the police
and relatives of the deceased, we came to know the
fact that majority of the victims (313 victims, 97.50
%) were recovered from indoor areas which is either
home place or work place while only 2.5% of victims
hang themselves in open area. Among the male
victims, 64% choose indoor places to end their life
while all female victims choose indoor places.
Table No. 5 Distribution of cases according to
type of hanging

On the basis of

Position of knot

Degree of
suspension

Among the victims of hanging, 285 victims
(89%) hang in atypical form of hanging while only
11% victims hang in typical form. 92% victims of
hanging choose complete suspension or used higher
suspension point which has more length than the
height of victim to end their life.
Table No. 6: Distribution according to the
ligature materials used in hanging cases.
Ligature material

No. of
cases

Percentage

Sari

95

29.60 %

Dupa�a

64

19.94%

Co�on rope

58

18.07%

Nylon rope

12

3.74%

Electric / cable wire

27

8.41%

Piece of co�on/ Bed sheet

42

13.08%

Leather belt

23

7.16%

Total

321

100%

In hanging cases, sari was used as a ligature
material in 29.60% of total hanging cases followed by
dupa�a (19.94%) because of easy availability of these
materials in the house, co�on rope (18.07%) and piece
of co�on / bed sheet (13.08%).
Table No.7: Distribution according to the
suspension point in hanging cases
Suspension Point

No. of cases

Percentage

Ceiling fan

152

47.35%

Ceiling hook

83

25.86%

Iron angle

39

12.15%

Branch of tree

7

2.18%

Electric pole

1

0.31%

Type of
hanging

Total cases
(%)

Door handle

12

3.74%

Roof pipe

27

8.41%

Typical

36 (11.21)

Total

321

100%

Atypical

285 (88.78)

Total

321 (100)

Complete

296 (92.21)

Partial

25 (7.79)

Total

321 (100)

Ceiling fan (47.35%) was commonly used as
suspension point by the victims of hanging followed
by ceiling hook (25.86%), iron hook (12.15%) and so
on.
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Table No. 8 Distribution according to the
placement of ligature material

Place of ligature mark

No. of
Hanging
cases

Percentage

Above the level of thyroid
cartilage

44

13.71

At the level of thyroid
cartilage

95

29.60

At & Above the level of
thyroid cartilage

167

52.02

Below the level of thyroid
cartilage

15

4.67

Total

321

100

Among the total cases of hanging, we observe
that 52% of victims of hanging having ligature
mark over neck at and above the level of thyroid
cartilage followed by at the level of cartilage (30%)
while ligature mark found below the level of thyroid
cartilage (4.67%).
Table No.9 Age group wise distribution of
hyoid bone fracture in hanging.
Age group

Fracture of hyoid bone

0-20

0

21-40

0

41-60

2

>61

1

Total

3 (0.93%)

Among the 321 cases of hanging victims, we
observe only 3 cases (0.93%) showed fracture of
hyoid bone in fifth, sixth and seventh decade.

DISCUSSION
Violent asphyxial deaths are the result of
domestic violence or society violence. The incidence
of death due to hanging is 5.57 % of total autopsies
observed in our study which is at variance from the
study conducted by Amandeep singh et al7 (1.28%)
and Ankur patel et al8 (4.65%).
Majority of the cases were belonging to the age
group 21 to 30 years (46%) which is consistent with
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other studies done at Kurnool (Andhra Pradesh)
by T. Saisudheer and T.V. Nagaraja9, Samanta A K
et al10 , Momin et al11 but in contrast with the study
of Sarangi et al12 in which they had found 74.83%
cases of hanging in the age group of 31-40 years. Age
group of 21- 30 years involves maximum number of
cases because it is the most active period of one’s
life. People become violent and arrogant in this age
group, and are more vulnerable to the fast changing
social trends and cultures, as they are mentally a bit
immature with li�le experience of life, and there is a
great fluctuation of emotion in this age group.
Male victims were commonly involved in suicide
by hanging to end their lives. In this regard the
present study is in the same line with most of the
authors. The male predominance may be explained
by the fact that males by nature indulge in more
violent activity as compared to female. In India,
male group is the earning member of the family and
faces different problems while interacting with outer
world of family. One third of the victims are belongs
to female group who are facing domestic problems
in urbanization of society. They also use the way of
silent, painless way of death by hanging.
On eliciting the detailed history from the police
and relatives of the deceased, we came to know
the fact that majority of the victims (97.5%) were
recovered from closed areas like kitchen, drawing
room , bathroom, toilet , balcony inside house or work
place. Only 8 victims (2.5 %) hanged themselves to the
twig of a tree or a beam at open place under the sky.
Amongst the hanging cases, indoor places (97.5%)
were considered as ideal places for suicide which
are not similar to the study by Olive Bunnewith13 et
al (65.4% of suicidal victims hanged in indoor places
and 34.6% cases hanged outside). It is to be explained
that for suicide, way of hanging doesn’t required any
pre-planning or any specific instrument.
In the present study, 29.60% of hanging cases
hanged by sari while dupa�a (19.94%), co�on rope
(18.07%) and piece of co�on/ bed sheet (13.08%)
were also used which was not consistence with Olive
Bunnewith et al that 98.8% of hanging cases used
rope or cord as ligature material. It is to be easily
explained that household things like sari, dupa�a,
co�on/ nylone rope, electric/cable wire, leather
belt, piece of co�on, bed sheet, shirt etc. are easily
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available without any preparation. The difference
in the studies could be because of fact that suicide
is because of an impulse and for that the victim
uses whatever material is available nearby on that
particular period of time.
Both male and female group choose ceiling
fan (47.35%) and ceiling hook (25.26%) as ideal
suspension points for hanging as they are safe
and secure to suicide and placed indoor where no
preparation is required. 92% of hanging cases show
complete hanging as they uses higher suspension
point for suicide. This observation is consistent
with the study of Ankur Patel et al.8 The height of
suspension point to floor is more than the length of
the victim to hang completely. Tree (87.5% of total
outdoor hanging) was the most commonly used
in outdoor hanging which was not similar to the
findings of Olive Bunnewith et al.
On external examination, it was seen that in all
the 321 cases (100 %) the ligature mark is obliquely
placed and going upwards on side of neck. In 306
cases (95 %), the mark was situated at and above the
level of thyroid cartilage. In all these cases soft and
broad material was used as ligature. In remaining
15 cases (5 %) the ligature mark was because of hard
material and situated below the thyroid cartilage
and ligature material used in these cases have broad
surface.
The hyoid bone may be fractured in persons
above 40 years of age due to fusion of greater cornu of
hyoid bone to its body. Hyoid bone may be fracture
in older persons in 15 to 20% of hanging cases
according to K S N Reddy14. In the present study,
only 3 cases (0.93%) found in which fracture of hyoid
bone seen which is somewhat similar to the finding
of R N Karmakar16 that hyoid bone fracture was not
seen in a single case from 500 cases of hanging. Broad
and firm ligature material, long drop and age more
than 40 years are required for hyoid bone fracture in
hanging cases. In this study, frequency of hyoid bone
fracture in strangulation was 10 times more than
hanging cases.

showed more involvement to hang themselves for
suicide
3. Involvement of male group is 2 times higher
than female group.
4. Hanging is the commonest method for
suicide.
5. Indoor places are the commonest places used
by victims of hanging.
6. Most commonly used ligature materials are
sari, dupa�a, and co�on rope in hanging cases.
7. Ceiling fan or ceiling hook was the
commonest suspension point in hanging cases.
10.
Out of 321 hanging cases, only 3 cases
(0.93%) which were more than 40 years
showed hyoid bone fracture.
Suggestions:
In medico legal cases, the forensic pathologist
must determine the cause of death and the
circumstances of death, without any clinical history
or clue to guide him except the lesion of trauma or
disease which he discovers in post mortem. The
recognition of asphyxia as a cause of death at autopsy
is occasionally difficult and requires considerable
care, skill and understanding based on experience of
the forensic pathologist.
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ABSTRACT
A fingerprint is an impression left by friction of ridges of fingerprints. Its pa�erns are unique in each
individual. Since the beginning of 20th century, it is commonly used in Forensic Investigation in crime
scene. Therefore, it has got a great application in court of law. Amongst many blood grouping system
ABO and Rh system considered for present study. Aim of the study is to correlate fingerprint and blood
group of an individual.
Present study was carried out in 2010 on 270 common people of Jagdalpur, CG who resides in areas
nearby to Govt. Medical College, Jagdalpur. Objective of this study is to correlate the finger print
pa�ern with blood group of an individuals. This study was carried out for a period of 3 months (MayJuly 2010). Males (63.33%) out numbered females (36.66%). Out of 270 cases, highest of blood group O
(119 cases, 44.07%) and lowest was of blood group AB (36 cases, 13.33%). Blood group of A and B were
(63 cases, 23.33%) and (52 cases, 19.25%) respectively.
Present study suggest loop as highest Number of finger print pa�ern (1738, 64.37%) and composite (60,
2.22%) as least type. Other pa�ern whorl was found in (747, 27.66%) and arches in (155, 5.74%).
Keywords: Finger print, Blood group, Loop, Whorl.

INTRODUCTION
Dermatoglyphic (derma= skin and glyphs=
curves) to the dermal ridge configurations on the
digits, palm and soles3. It is develop between 13th to
19th weeks of prenatal life and Purkinje9 distinguished
first time its nine configuration of rugae and sulci
present on terminal phalanges of human hands. The
pa�ern of it remain unchanged throughout life as
first described by Faulds10. Galton11 was whom give
us its primary pa�ern as loop, whorl and arches.
Forest HP12 reported that dermatoglyphic laid
down in embryogenesis and represent a part of
structural constitution and expressed a correlation
between physical characters and blood groups.
Hahne KW13 in his study asserted that blood group
O is associated with more loops and less whorls than
Corresponding author:
Dhaval J Patel
Associate Professor, Forensic Medicine Dept., GMERS
Medical College, Gandhinagar.
Email: drdhavaljpatel@yahoo.com

blood group A. Herch M14 found high frequency of
loops in blood group A.
FBI extensively used fingerprint both in civil
and criminal needs. Almost had record of 41 million
subjects in criminal cases and 40 million in civil cases.
Each day approximately 7000 new individuals in FBI
data files added.
A blood group decided by which type of antigen if
inherited on RBC’s surface. A total of 32 human blood
group systems are now recognized by International
Society of Blood Transfusion. Most common are ABO
and Rh system.

MATERIAL & METHOD
This study was carried out by Dept of Forensic
Medicine and Toxicology at Govt. Medical college,
Jagdalpur, CG. Study was carried out on 270 common
people who came to Medicine OPD for common
ailments. This people are resides mostly in the
nearby vicinity of Govt. Medical College, Jagdalpur,
CG. The total time taken for study from taking finger
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OBSERVATIONS AND RESULTS

print, asking for their blood group by documentary
source (eg. lab report or case paper of hospital) only
and collecting other datas take 3 months (May-July
2010). Before asking for their documentary evidence
regarding blood group, take wri�en consent. Only
those persons having already documentary evidence
regarding their blood group were chosen.
The procedure was clearly explained to each
person. Each subject was asked to clean his/ her hands
before procedure. Special care was taken to avoid
smudging of the print. The materials used for the
study were a stamp pad of Faber Castell Company of
size 110mm × 69 mm, a white sheet of paper with ten
different blocks for all the digits of both the hands. The
subject was asked to press fingertip on the stamp pad
and thereafter to the paper to transfer the fingerprint
impression. Fingerprints of all 10 digits were taken
separately on a single sheet of paper which consisted
of 10 different blocks for all fingers of right and left
hand respectively. Specific number was assigned to
each finger. Persons having any hand deformity or
permanent scars on their fingers and those who don’t
have documentary evidence of their blood groups
were excluded.

Fig:1 Cases according to Gender and Blood group

Fig:1: Interpretates that male as majority
group with 171(63.33%) in the study belonged to
blood group O; followed by blood group B,A and
AB which were 52(19.25%),63(23.33) and36(13.33%
respectively.

Fig:2 Different types of Finger print pa�ern

Fig no. 2 shows maximum no. of finger print
pa�ern is loop 1738 (64.37%) and least no. of pa�ern
is composite 60(02.22%). Whorl and Arch had 747
(27.66%) and 155 ( 05.74%) respectively.

Table No. 1 Distribution of cases according to Rh factor and Sex
Blood
Group

Male
Rh positive

Rh negative

Female

Total

Rh positive

Rh negative

Total

A

32 (11.85%)

03 (01.01%)

35(12.96%)

27 (10.00%)

01 (0.37%)

28 (10.37%)

B

32 (11.85%)

01 (0.37%)

33(12.22%)

17 (06.20%)

02 (0.74%)

19 (07.03%)

AB

28 (10.37%)

00

28 (10.37%)

07 (02.59%)

01 (0.37%)

08 (02.96%)

O

67 (24.81%)

08 (02.96%)

75 (27.77%)

42 (15.85%)

02 (0.74%)

44 (16.29%)

Total

159 (58.88%)

12 (04.04%)

171 (63.33%)

94 (34.81%)

05 (01.85%)

99 (36.66%)

Table no. 1 shows Rh positive cases 253(93.71%) total which outnumbered Rh negative cases 17(06.29%)
only. Maximum no. of Rh positive cases occurred in Blood group O 67(24.81%) in males and least no. of cases
in blood group AB with only 07 cases(02.59%)
Table No. 2 Pa�ern of finger prints amongst ABO blood groups
Blood groups

Type of Finger
print

A

B

AB

O

Loop

409 (15.14%)

312 (11.55%)

208 (07.70%)

809 (29.96%)

Total
1738 (64.37%)

Whorl

157 (05.81%)

143 (05.29%)

126 (04.66%)

321 (11.88%)

747 (27.66%)

Arch

44 (01.62%)

46 (01.70%)

18 (0.66%)

47 (01.74%)

155 (05.74%)

Composite

20 (0.74%)

19 (0.70%)

08 (0.29%)

13 (0.48%)

60 (02.20%)

Total

630 (23.33%)

520 (19.25)

360 (13.33%)

1190 (44.07%)

2700 (100%)
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Table no. 2 shows loop is the pa�ern which is most in 1738(64.37%) fingers and composite in least fingers
60(02.22%). In all blood groups highest to lowest finger print pa�ern is as loop, whorl, arch and composite.
Table No. 3 Finger print pa�ern in individual fingers
Blood group
Type of
finger

A

B

AB

O

L

W

A

C

L

W

A

C

L

W

A

C

L

W

A

C

T

49

31

08

07

71

18

05

06

48

10

01

03

273

121

12

00

I

131

42

07

04

58

54

09

03

12

39

00

01

179

54

09

07

M

101

53

12

08

34

29

21

00

38

48

00

00

114

38

00

01

R

77

12

09

00

99

38

04

00

92

13

11

02

149

51

08

00

L

51

19

08

01

50

04

07

10

18

16

06

02

94

57

18

05

Total

309

157

44

20

312

143

46

19

208

126

18

08

809

321

47

13

T= Thumb, I=Index, M=Middle, R=Ring and L=Li�le
Table no. 3 shows most fingerprints are fall in O
blood group while least numbers in AB. A and B both
have almost same total numbers

DISCUSSIONS
In present study we found O positive blood
group was highest number of loops pa�ern. This
finding was consistent with the finding of Hahne13. In
study by Hahne13 whorl and arches not found highest
in O blood group.
Whorl was found most in O blood group. The
same finding was observed by Dr. Rastogi et al4 and
Sharma P. et al in 20086. Gowda and Rao8 reported
moderate frequency of Whorl pa�ern in O blood
group.
Loop and arches in the present study were
highest in blood group O. This finding was not
consistent with Bhavana D et al5 study in which both
types were more in blood group B.

were consistent with studies by Bloterogel H and
Bloterogel W7 and Dr. A Bharadwaja2. Primary
distribution pa�ern of fingerprint was in identical
order in individuals with ABO blood groups.
In present study we have more or less uniform
pa�ern of highest number of fingerprint pa�ern and
that was in blood group O, most numbers of loops
and whorls. In study by Dr. A Bhardawaja et al2
pa�ern of fingerprints in ABO blood groups, they
found subjects with A blood group had more loops
and AB had more whorls.
In present study we were not using medical
students instead of which used normal people
of society. Dr. Meril Arn. Soman et al1 and Dr. A
Bharadwaja et al2 both used students of medical
college as their primary material for study. The
purpose of not choosing the medical student was to
know whether any correlation between occupation,
dietary habits or any other factors which can change
proportion in different blood groups.

Amongst the four primary types, composite
was one which was not studied by Dr. Meril Arn.
Soman et al1 and Dr. A Bharadwaja et al2. In present
study we include it to know its correlation with ABO
blood groups but significant results cannot drawn
and required more detail work on composite pa�ern
alone.

Most common type of fingerprint pa�ern was
loop and least common was composite. Highest
number of finger print pa�ern except composite were
found in blood group Composite was the pa�ern
which was least found in both sexes.

Our
study
found
association
between
fingerprint pa�ern and blood groups. The findings

Rh positive blood groups more in both sexes
compared to Rh negative ones.

CONCLUSION
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In blood group O all three primary types of
fingerprints were most while composite marginally
more in blood group A.
In present study we try our best to find out any
specific pa�ern between blood group and fingerprint
pa�ern. Here we can find common finding in peoples
(other than medical students) that loops were again
predominant and found most in O blood group. So
we thought more studies need to be conducted in this
field.
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ABSTRACT
A six year old child presented to emergency in state of coma and shock following accidental ingestion
of 1⁄4 th of unlabelled container of 35% hydrogen peroxide. Autopsy and CT scan suggested diffuse
infarction possibly due to air embolism. 35% hydrogen peroxide is lethal when ingested. Emergency
physician should have high index of suspicion of air embolism and brain infarction in these cases.
Hydrgen peroxide should be stored appropriately and victim needs to be treated with caution.
Keywords: Caustic injury, Hydrogen peroxide.

INTRODUCTION OR BACK GROUND
Hydrogen peroxide is a clear, colourless, water
soluble,caustic oxidizing agent found in concentration
ranging from 3% to 90% , which is used in number
of household product as disinfectants, as bleaching
agent in industries, medicinally for wound irrigation,
for the sterilisation of ophthalmic and endoscopic
instruments and in dentistry. Despite the potential
for severe injury from hydrogen peroxide, it is being
used extensively.We present one of the rare case of
hydrogen peroxide intoxication presenting as air
embolism and infarction in central nervous system
along with circulatory collapse.

CASE REPORT
A healthy six year old child presented to
the emergency on ambulatory positive pressure
ventilation in unconscious state following accidental
ingestion of 1⁄4 th of unlabelled container of 35% of
hydrogen peroxide which was mistaken for water. By
history, within 5 minute after ingestion, hematemesis
was noted and patient become unresponsive
,developed seizure followed by circulatory collapse
. At the time of his admission, his heart rate150/m,no
Corresponding author:
Dr Amitabh Ranjan
Senior resident),138 E,1st Floor, Back Side,
Dr Kapur Street,munirka, New Delhi 110067
E mail dramitabhranjan@gmail.com
Mobile No - 8800667679/ 9313004301

respiratory effort, blood pressure60/30 mmHg,
Spo82% GCS 3/15,The oral cavity and oropharynx
were slightly erythematous. Abdominal examination
reveal mild distension and normal bowel sound.
Chest and CVS examination were normal. His GCS
score was 3/15, weakness with power 2/5 in all limb
observed. Meningeal sign were absent. The treating
paediatrician put the patient under mechanical
ventilation,inotropes were started after fluid boluses.
Chest x ray was normal. Brain imaging CT scan
was done showing diffuse ischemic changes. Blood
picture was normal except mild leukocytosis.ABG was
showing pH=7.35, pO2=88mmHg, Pco2=38mmHg,
HCO3=20meq, BE= -5 ,Blood sugar was=150mg/dl,
Na=133meq/L. K=3.4meq/L,Serum Creatinine=0.8mg/
dl, Blood Urea=70mg/dl.LFT was normal
Fundus was normal, Lumbar puncture was done
due to hemdynamic instability,EEG and endoscopy
could not been done and patient expired of refractory
shock after 2 days.
Complete autopsy was performed, as is
mandatory in children with a possible non-natural
cause of death.Post mortem report suggested gas in
brain and diffuse brain infarction as cause of death.
The presence of gas in autopsy and cerebral
infarction in autopsy and CT scan suggested
brain gas embolism. Toxicological analysis of the
gastric and duodenal contents was negative. This
could be a�ributed to the rapid decomposition of
the hydrogen peroxide in the stomach and to its

Indian Journal of Forensic Medicine & Toxicology, July-December 2016, Vol. 10, No. 2

absorption through the gastric wall. We believe that
this report demonstrates that cerebral gas embolism is
a potential consequence of the ingestion of hydrogen
peroxide.

DISCUSSION
Hydrogen peroxide is relatively unstable and
rapidly decomposes through an exothermic reaction,
into water and oxygen in the presence of enzyme
catalase, which is found in mucous membranes, liver,
kidney, red blood cells and bone marrow . There are
three main mechanisms of toxicity from hydrogen
peroxide: caustic injury, oxygen gas formation and
lipid peroxidation(1). It undergo rapid dissociation in
blood due high concentration of enzyme catalase in
erythrocytes.(1)
Exposure to concentrated ( >30-35%) hydrogen
peroxide may cause cardiorespiratory insufficiency,
shock, convulsions, coma, and chemical burns
of skin and mucous membranes. Arterial gas
embolization in central nervous system is a relatively
rare complication. Possible mechanisms of gas
embolization include persisting patent foramen
ovale, pulmonary gas emboli caused by aspiration
of hydrogen peroxide to the lower respiratory tract
and formation of gas emboli after reaching the brain.
Intravascular foaming following absorption seriously
impede right ventricular output and produce
complete loss of cardiac output(4 ) .
In Utah Poison Control Center a retrospective
review of all exposures over a 36 month period
found that of out
95,052 exposures reported,
325 (0.34%) were due to hydrogen peroxide. The
pediatric population (< 18 years) accounted for 71 %
of hydrogen peroxide exposures and ingestion was
the most common route of exposure (83%). Nausea
and vomiting were the most common symptoms
secondary to ingestion. Severe outcomes seen those
who ingested a concentration greater than 10% (6).
In our country no such data is available, till date.
There are reports of epidemics of hydrogen
peroxide enteritis that developed in gastrointestinal
endoscopy unit during 1988 with 3% hydrogen
peroxide after the glutaraldehyde cycle, blanching
(snow white sign) and effervescence were noted on
the mucosal surfaces (3), portal gas embolism due to
hydrogen peroxide been also reported(4). Adults who
suffered stroke shortly after an accidental ingestion
of concentrated hydrogen peroxide and complete
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neurologic recovery with hyperbaric therapy have
been reported (5,8)
Radiological and autopsy appearance, with
history of ingestion highly suggestive of air
embolisation leading to brain infarction .
Management of hydrogen peroxide exposures
depend on the severity of ingestion and include
airway management, frequent monitoring, and
diagnosis and therapy of associated complications.
Endoscopic
assessment should be done as it
strongly correlate with risk of death and systemic
complication(9). Gastric lavage not indicated following
ingestion due to the rapid decomposition of hydrogen
peroxide to oxygen and water and hence not done.
Early aggressive airway management is critical in
patients who have ingested concentrated hydrogen
peroxide, as respiratory failure and arrest appear to
be the proximate cause of death. Corticosteroids in
high dosage, may be required for life-threatening
laryngeal oedema. hyperbaric oxygen therapy
has been shown to reverse neurological deficits in
cerebral air embolisation.In this circumstances, it
appeared to be primary treatment modality(5), but it
is not available even at most of the advanced centers
in our country.
Hyperbaric therapy should be considered after
stabilization of patient showing neuro-logical deficits
after the ingestion of hydrogen peroxide(5). The well
established physical properties of gases and extensive
clinical experience justify its use as the primary
treatment. Treatment should begin immediately at
pressures of 250-300 kPa for 2-5 hours. Benefit is
reported when hyperbaric oxygen therapy started,
even several hours after the onset of air embolism but
further trials are required to establish the delay after
which hyperbaric oxygen is no longer of value(10)

CONCLUSION
Most exposures to hydrogen peroxide are with
the 3% solution of hydrogen peroxide, which results
in li�le or no morbidity. However, the storage and
use of 35% hydrogen peroxide for natural health
benefits results in an emerging source for more
serious ingestions. 35% hydrogen peroxide can be
lethal when ingested, and needs to be treated with
caution and stored appropriately.
Public awareness and regulation of the use of
this substance is required. Emergency physicians

307

Indian Journal of Forensic Medicine & Toxicology, July-December 2016, Vol. 10, No. 2

should have high index of suspicion of air embolism
and brain infarction in a case of hydrogen peroxide
ingestion showing neurological deficit and must
consider hyperbaric oxygen as treatment for severe
cases.
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successfully treated with hyperbaric oxygen. J
Toxicol Clin Toxicol. 1998;36:253–6.

6.

Hydrogen Peroxide Exposure 325 Exposures
Reported to a Regional Poison Control
Center,1994, Vol. 32, No. 6 , Pages 705-714 Kurt
F. Dickson, E. Martin Caravati,clinical toxicology.
7. Laurence J. Walsh. Australian Dental Journal
2000;45:4.257,Safety issues relating to the use of
hydrogen peroxide in dentistry

Acknowledgement- None
Conflict of Interest- None
Funding- None
Ethical Clearance-None

REFERENCES
1.

Wa� BE, Proudfoot AT, Vale JA. Hydrogen
peroxide poisoning. Toxicol Rev. 2004;23:51–7.

2.

Accidental ingestion of 35% hydrogen peroxide
Sean Pritche�, Daniel Green, Peter Rossos, Can J
Gastroenterol v.21(10); Oct 2007

3.

Bilo�a JJ, Waye JD. Hydrogen peroxide enteritis:
The “snow white” sign. Gastrointest Endosc.
1989;35:428–30.

4.

Ghai S, O’Malley ME. Portal vein gas resulting
from ingestion of hydrogen peroxide. AJR Am J
Roentgenol. 2003;181:1719–20.

8 . S J Sherman, L V Boyer and W A Sibley,Cerebral
infarction immediately after ingestion of
hydrogen peroxide solution.,Stroke,Journal of
American heart association ,1994;25:1065-1067
9.

Poley JW, Steyerberg EW, Kuipers EJ, et al.
Ingestion of acid and alkaline agents: Outcome
and prognostic value of early upper endoscopy.
Gastrointest Endosc. 2004;60:372–7

10. R M Leach, P J Rees, P Wilmshurst. BMJ. 1998
October 24; 317(7166): 1140–1143. Hyperbaric
oxygen therapy.

DOI Number: 10.5958/0973-9130.2016.00119.5

Fatal Abdominal Injuries in Blunt Trauma - A
Retrospective Study at District Hospital, Tumkur
Raju K1, Gunnaiah2
1

Professor, 2Assistant Professor Department of Forensic Medicine & Toxicology,
Shridevi Medical college& Hospital, Tumkur

ABSTRACT
Blunt trauma refers to physical trauma caused to a body part, either by impact, injury or physical
assault. The abdomen is the third common region of the body injured in civilian trauma1. Blunt
abdominal trauma is a leading cause of morbidity and mortality among all age groups. Road traffic
accidents are the commonest cause of fatal abdominal injuries. The predominant injuries were of the
solid abdominal organs. The injuries occurred predominantly in men, while the type of trauma and
injuries in women paralleled those in the men. The fatality rate in road traffic accident in India is one of
the highest in the world and reported to be 20 times more than that reported in developed countries2
Keywords: Blunt trauma, abdominal organ injuries, road traffic accidents.

INTRODUCTION

DISCUSSION

Blunt trauma refers to physical trauma caused
to a body part, either by impact, injury or physical
assault. The abdomen is the third common region of
the body injured in civilian trauma1. The major causes
of fatal abdominal injuries are Road traffic Accidents.
Increase in Road Traffic Accidents are due to rapid
increase in personalized modes of transportation, not
fallowing the traffic rules, drunken driving & use of
mobile phones while driving.

Visceral injuries of the abdomen following
blunt trauma present a great medico-legal problem
to the forensic experts as grave visceral injury may
be present in the absence of external injuries on the
abdomen.Road traffic accidents account for 83.75%
of cases of blunt abdominal Trauma. The two main
mechanisms are deceleration injury and deformation
force. Ejection from the vehicle frequently results in
life threatening injuries. Seat belt restraints can cause
characteristic coup and counter coup injuries.

MATERIALS & METHOD
This is a retrospective study conducted at
mortuary of District Hospital, Tumkur during the
year January 2013 to December 2015. A total of 80
cases of fatal abdominal injuries were documented
during the study period. Data was collected from
the postmortem report & also from the case sheet
wherever required. Majority of victims were young
adult males (92%) between 20-29 years of age group
(36%). Road traffic accidents (84%) were the most
common cause of blunt trauma abdomen comprising
mostly of two wheeler occupants (52.3%). External
injuries on the abdomen were found in 89.13% of
cases. The most common abdominal organ injured
was liver (36%) among solid organs and small bowel
(32%) among hollow organs. Majority of cases were
accidental (92%).

This study has found that majority of the Road
Traffic Accidents (RTA) victims were aged 11 to
30 years(64%). Other similar studies conducted by
Chaudhary et al.[3] and Suresh Kumar[4] founds the
similar findings (51.2%) and (83%), respectively. The
greater elasticity of tissues in young age tolerate
trauma be�er than the less resilient or fixed tissue
of older people and this accounts for the difference
in significant intra-abdominal injury following blunt
trauma in youth and old age(7).
Most of the victims were males (86%). Agnihotri et
al.[5]and Khajuria et al.[6] studies observed the same
result, (80.58%) and (85.14%), respectively. This male
predilection is due to the fact that adult males are the
earning members of the family and are most exposed
to the outdoor activities in contrast to females who
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tend to stay at home engaged in house-hold chores.

victims of blunt abdominal trauma with ratio 11.5:1

Most common cause of death in our study was
hemorrhage & shock (71%), similar findings were
seen in study conducted byRavindra et al.[8] study
and Meera et al.[9] study; shock was the major culprit
(62.7%) and (44%), respectively.

Most common cause of blunt abdominal trauma
was road traffic accidents 67(84%) followed by
abdominal blows 6(8%) while fall from heights and
crushing injury were the least common 3(4%) as
shown in table 1. Among road traffic accident cases,
majority of the victims were two wheeler occupants
(57%) followed by pedestrians (30%)

Among solid organs, liver (36%) was most
affected by blunt trauma as compared to spleen
(32%) and kidneys (20%). This is because liver is
the largest of all organs and more anteriorly placed,
thus more susceptible to injury by blunt trauma. The
perforations of intestines were more common (32%)
as compared to stomach (8%) and gall bladder (4%)
amongst the hollow organs, as was observed by other
authors as well (10, 11).
The commonest cause of blunt injuries of
abdomen was road traffic accidents with next
common cause being direct impact by blunt objects.
It can be said that the increase in population and
vehicle leading to increased congestion on the roads
can be directly related to the number of road traffic
accidents.
External injuries were present in 89% cases
while in 11% cases no external injuries were found
despite underlying visceral injuries. Simpson(12) has
the same opinion that in some cases there is no
external abdominal injury although there are deep
seated injuries of abdominal viscerae. The absence of
external traumat does not preclude the presence of
grave internal injuries.

Table 1: Causes of blunt injuries of abdomen
Causes of blunt injuries of abdomen

N

Road traffic accidents

67(83.75%)

Fall from height

3(3.75%)

Direct impact e.g., kick, punch

7(8.75%)

Crushing injury e.g. stampede

3(3.751%)

Out of 80 cases of blunt injury abdomen, 89%
cases had visible signs of external injury either on
anterior and posterior aspect of abdomen or both. On
the other hand, 11% cases did not show any sign of
external injuries on the abdomen despite underlying
visceral injuries. Among abdominal organs, liver was
most commonly injured organ & it is injured in 47
cases, Spleen in 38 cases, kidneys in 27 cases, small
intestine in 25 cases, stomach injury in 6 cases and
Gall bladder was injured in only 3 cases. Combined
organ injury is more common than the individual
organ alone (Tables 2)
Table 2: Blunt injuries of organs

Splenic injury was found in 32% cases. Singh et
al
reported splenic injury in 30.91% of cases and
Khichi et al (10) in 20% of cases thus supporting our
findings.

Internal organs

N

%

Liver

12

15

Spleen

10

12.5

Small intestine

10

12.5

Injury to intestine was found in 32% cases all
due to road traffic crashes. This incidence was 25%
in the study of Jagannatha et al(14) consistent with our
findings.

Stomach

3

3.75

Liver, spleen, small intestine

9

11.25

Liver, small intestine

6

7.5

Liver, spleen ,kidney

9

11.25

Liver , kidney

8

10

Liver, kidney, gall bladder

3

3.75

Spleen, kidney

7

8.75

Spleen, stomach

3

3.75

(13)

RESULTS
Highest number of cases of blunt abdominal
trauma occurred in age group 21-30 years 29(36%)
followed by 11-20 years 22(28%) and 31-40 years
13(16%) respectively. Age groups 41-50 years and
61-70 years showed equal incidence 6(8%) while age
group 51-60 years 3(4%) was the least affected. Males
69(86.25%) outnumbered the females 11(13.75%) as

Out of 80 cases, majority (86%) were accidental in
nature. Homicidal constituted 13% & a single case of
suicidal nature was recorded
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Table 3: Manner of injuries
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Manner of injury

N

Accidental

86%
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