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A Comparative Case Study of Fingerprint Patterns in Male
Convicts of Sabarmati Jail (Ahmedabad) in Gujarati
Population
Astha Pandey1, J M Vyas2
1
Assistant Professor, 2Director, Gujarat Forensic Sciences University, Gandhinagar, Gujarat
ABSTRACT
There are numerous applications of fingerprints for human identification as they are unique and
extensively used tool for identification of criminals during forensic investigations, in both civil and
criminal cases. More elaborate studies are required with reference to ethnic and geographical variations
in Gujarat which could be useful in creating a biometric database of fingerprints in which criminal
history of convicts could also be included which will go a long way in supporting the criminal justice
system and law enforcement agencies. Therefore the study was conducted on the convicts of Sabarmati
jail to assess the patterns frequency in the fingertips of the criminals and their comparison with
reference to normal Gujarati population (control). The study revealed that the convicts (male) had
greater frequency of patterns than control (males) but statistically there was no association between
the control and convict related to patterns in the respective digits. As seen from the p-value of the
tests, we conclude that H1 is accepted i.e. there is association between right and left hand finger tip
patterns in control males, convict males and their total also. Statistically it has also been found that
there is no association between fingerprint patterns in both hands of convicts and control.
Keywords: Biometric, Convicts, Finger prints, Investigation

INTRODUCTION
Dermatoglyphics has been a very fascinating field
of study for the anthropologist, medical professionals,
geneticist, above all the criminalistics as they have been
proved to be the most uniuqe biometric for the
identification of an individual. Though DNA
fingerprint has been found to be same in monozygotic
twins, the fingerprints have been found to be different
in them. It is this uniqueness and infallibility property
which is taken into consideration in forensic sciences
to strengthen the criminal justice system and legal
agencies. Since the years fingerprints have been used
to solve several cases and were responsible for the
punishment of the criminals. The most common
pattern, a simple loop which comprises 60%–70% of
all patterns is characterized by a single triradius.
Whereas whorls have two triradii yielding two counts,
while simple arches have no true triradii as can be seen
in the fig no. 1, 2 and 3.
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Fig 1-Arch

Fig 2- Loop

Fig 3-Whorl

Fingerprints are still the most important
unconquered tool for criminal identifications. The
efficacies of procedure and cost effectiveness are the
reasons which make the fingerprints still the most
dependable tool for identification. The analysis of such
fingerprints of various population groups may be
useful for the prospects of the future.
The literature review indicates that hardly any
study has been reported which could show if
dactylographic was related to the criminal tendency
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in the human beings. Therefore this study has been
taken to find out the most common patterns prevailing
in the convicts. Though it is not possible to directly
ascertain that the individuals having any one of the
patterns in more percentage would be having criminal
tendency, but still there are chances and possibilities
to have an idea that fingerprint patterns are one of the
aspects which, cannot be ignored apart from biological,
environmental, physical and mental conditions
affecting an individual’s life to make him criminal.
Moreover the database has been created to assess
whether overall in the population the same number
of loop, arch and whorl patterns are existing or not.
Therefore an attempt has been made to find out
the frequency of percentage of populations having
different patterns on fingertips.
Although significant advances have been made,
many of them in just last two decades are still on the
tip of the iceberg. With the advent of newer, more
powerful technologies, software, and computer
algorithms, there are opportunities to explore our vast
fingerprint databases. There is a dire need to assess
and quantify the full extent of variation of friction ridge
features, starting with perhaps the most basic (patterns
and minutiae—if one can truly call this “basic”) and
then attempting to assess and quantify other features
such as creases, scars, edge shapes, and so forth.
MATERIALS AND METHOD
In the present study, basically a qualitative work,
in which subjects were chosen from different places
depending on the age groups. Fingerprints of convicts
to be studied were taken from Sabarmati Jail mainly
undergoing life term imprisonment under section 302.
The subjects were mainly males in the age group of 25
to 75 years. The control population was mainly
Gujarati. The fingerprints of control population were
basically taken from the old age ashrams in
Gandhinagar which comprised of 45 to 93 years and
the younger groups 20 to 25 years from the students
of M.Sc. Forensic Science, Institute of Forensic Science,
Gujarat Forensic Science University, Gandhinagar.
The subjects have been explained the above
procedure and the consent were obtained by them in
the standard performa. Modified ink method was
applied. The materials used were printer’s duplicating
ink from Kores, cardboard roller, gauze pads and
sheets of paper.
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PROCEDURE
The hands of the individuals were washed
thoroughly with the soap and water and wiped with
dry cloth before taking prints to remove any amount
of dirt present on the hand. A small quantity of ink
was applied on the glass plate and was spread
uniformly to prevent smudging of the ink. The
fingerprint performa sheet was placed on the edge of
the table and the right thumb of the right hand was
rolled on the glass plate having ink and then was
placed on the space allotted for right thumb on the
fingerprint performa. Similarly all the ten fingers print
were collected on the specified regions of the performa
sheet by rolling method so that the entire print is
covered for evaluation and analysis. The personal
details of the convicts were also collected which
included their name and address, gender, caste, history,
etc. The ten digit fingerprints of the convicts were given
tin number and statistical analysis was done by using
SPSS (Statistical Package for the Social Sciences)
version 20.
RESULTS & DISCUSSION
The fingerprint patterns after comparison has
shown that the loops were the most common patterns
amongst convicts as well as controls but the frequency
of percentage of loops (54.53%) was less in convicts
when compared to that of controls (55.21%) Whorls
were found to have higher frequency of percentage in
convicts (41.51%) than controls (36.90%) followed by
arch which was also higher in convicts (3.95%) than in
controls (3.66%) as can be seen by table no. 6. This
observation was similar to that of Nitin et al.1, who
stated that the most frequent pattern was the ulnar
loop in the total population. Gangadhar.M.R,
Rajashekara Reddy.K reported in a study that the basic
pattern type loops (57.11%) were common followed
by whorls (27.89%) and arches (15.00%) in the general
population with significant sex difference and
insignificant bilateral difference12. Purkait R observed
in his comparative study, a tribal group of Midnapur
district in West Bengal where Mundas exhibit higher
frequency of whorl and loop patterns while loops are
more frequent among Lodhas7. These findings are
almost in consistent with the present study findings
loops followed by whorls. These findings are in
agreement with the present study. Arabind Basu
observed high frequency of loops, moderate whorls
and low arches.9 The overall trends of frequencies of
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the three patterns in males were observed to be similar
in all the studies including the present one.
In the case of convicts it was found that the arch
pattern was highest in both right and left index finger
(5.82%), (12.79%) followed by middle finger of both
right and left (4.65%) and (6.98%). Left ring had higher
frequency of percentage (2.33%) when compared to
RR (1.16%).
Whereas RL of convicts had higher percentage of
arch (3.48%) when compared too little finger (1.16%).
Left thumb did not show any pattern whereas right
thumb had (1.16%) of arch. When the loop pattern was
considered it was found that the little finger (68.60%)
in left hand had the highest percentage followed by
middle finger (61.63%), Thumb (59.30%), Index finger
(47.67%), Ring finger (43.02%). In comparison to left
hand the right hand had the highest percentage
frequency in middle finger (70.93%), followed by little
finger (67.44%), then index finger (55.81%), followed
by thumb and ring finger which showed drastic
decrease in percentage (36.05%) and (34.88%). The
percentage frequency of total loop pattern and arch
pattern was highest in left hand than right hand of
convicts whereas in the case of whorls the highest
percentage of frequency was seen in right hand
compared to left hand. In the case of left hand the
whorls were found to have highest frequency of
percentage in ring finger (54.65%) followed by thumb
(40.70%) then index finger (39.53%) and middle and
little finger had sharp reduction in frequency of
percentage of whorls (31.36%) and (30.23%).
Comparatively in the right hand ring finger had the
highest frequency of percentage of whorls (63.95%)
followed by thumb (62.79%) then index finger
(38.37%), whereas there was tremendous decrease in
percentage frequency of whorls in little and middle
finger (29.06%) and (24.42%). It was also found that
loop had highest frequency range in left hand than
right hand and whorl was more in right hand
compared to left hand. It is similar to study of
Cummins in case of whorls and also conforms to the
generalization of Cummins and Midlo where it is
expected that whorl patterns and radial loops should
occur more commonly on the right hand digits in both
sexes as compared to the left hand digits4.
In the left hand arch pattern had highest frequency
of percentage in index finger (9.85%), followed by
middle (4.22%). Arch pattern was showing highest
frequency of percentage in both index and middle
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finger of left hand in convicts and left index and right
middle of controls. Right thumb of convicts have
shown arch pattern which was nil in controls. Loop
and whorl patterns were having highest frequency in
all fingers of the convicts compared to controls in the
right and left hand. In the world population loops are
supposed to occupy 60-65% which was comparatively
less in convicts compared to controls. Arch pattern is
supposed to be 5% but it was less in both convicts and
controls. Whorl pattern should be around 30-35%
which was found to be more in convicts whereas in
controls was within the limit. The study revealed that
the convicts (male) had greater frequency of patterns
than control (males) but statistically there was no
association between the control and convict related to
patterns in the respective digits. Statistically it has also
been found that there was no association between
fingerprint patterns in both hands of convicts and
control.
The study was also performed in both the hands to
ascertain the bilateral symmetry It was also observed
that the highest percentage of symmetry in loop
pattern was seen between LL of convicts and controls
i.e. 59.15% followed by RL 47.88%, then RM and LM
showed (46.47%) and (43.66%) of symmetry. Least
percentage of symmetry was seen between loop
patterns of control and convict in RR (4.22%). Highest
percentage of symmetry in whorl patterns was seen
in RR (36.61%) and RT (33.80%) in of convicts and
controls. 4% of symmetry of whorl patterns was seen
in RM and LM of controls and convicts. In arch pattern
symmetry was observed only in 1.40% of convict and
control.
These disparities may be due to genetic as well as
environmental factors and it has been reported that
digital dermatoglyphic patterns are genetically
determined and influenced by environmental, physical
and topological factors. This study has provided the
dermatoglyphic patterns of Gujarati population and
convicts; it also shows that digital patterns are more
specific in differentiating population groups. This data
is just a part of database being created for Gujarati
population but to state with confirmation whether the
patterns are related to criminal activity a huge data
has to be analyzed.
CONCLUSION
There was significant difference between the
patterns on each finger/digit of right and left hand of
convicts i.e. within the convicts the percentage of
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frequency of patterns was more in one finger and less
in the other and the same was true for the controls. As
seen from the table No.3. P-value of the tests (P-0.000)

we conclude that there is association between right and
left hand finger tip patterns in control males, convict
males and their total also.

Table No: 1 Distribution of basic fingerprint patterns among the convicts (male) in both hands (N=86)
Patterns on
the fingertip

RT

RI

RM

RR

RL

LT

LI

LM

LR

LL

Arch

1(1.16%)

5 (5.815%)

4 (4.65%)

1 (1.16%)

3 (3.48%)

0

11(12.79%)

6 (6.98%)

2 (2.33%)

1 (1.16%)

Loop

31 (36.05%)

48 (55.81%)

61 (70.93%)

30 (34.88%)

58 (67.44%)

51(59.30%)

41 (47.67%)

53 (61.63%)

37 (43.02%)

59 (68.60%)

Whorl

54 (62.79%)

33 (38.37%)

21 (24.42%)

55 (63.95%)

25 (29.06%)

35 (40.70%)

34 (39.53%)

27 (31.36%)

47(54.65%)

26 (30.23%)

Table No: 2 Distribution of basic fingerprint patterns among the control (males) in both hands (N=71)
Patterns on
the fingertip

RT

RI

RM

RR

RL

LT

LI

LM

LR

LL

0

7 (9.85%)

4 (5.63%)

2 (2.81%)

0

1 (1.41%)

7 (9.85%)

3 (4.22%)

1 (1.41%)

1 (1.41%)

Loop

30 (42.25%)

31 (43.66%)

49 (69.01%)

23 (32.39%)

48 (67.60%)

39 (54.93%)

33 (46.48%)

51 (71.83%)

32 (45.07%)

56 (78.87%)

Whorl

40 (56.34%)

32 (45.07%)

17 (23.94%)

45 (63.38%)

22 (30.99%)

30 (40.25%)

30 (40.25%)

16 (22.54%)

37 (52.11%)

13 (18.30%)

Arch

Table No.3 P-Vaue for all: 0.000 at 0.01 level of significance
Chi Square (99% Confidence Interval)
Category

RT & LT

RI & LI

RM & LM

RR & LR

RL & LL

Convict Male

25.074

33.510

55.990

40.552

79.188

Control Male

105.288

113.546

97.895

101.164

86.764

Control & Convict

215.365

228.640

238.325

227.651

245.099

0.000

0.000

0.000

0.000

0.000

P-Value

Whereas when the complete right and left hand
were taken into consideration the difference was not
significant i.e. the patterns were in almost equal
proportion in both convicts and controls as s χ² cal <
χ″ tab, can be seen by Table No.5. The difference
between the patterns in convicts and control for the

same finger/digit has also not found to be significant
statistically as can be seen in the table no.4. Overall
the frequency of whorl pattern was more in convicts
but statistically it was not significant. Thus more study
is required in this area to state that whorl patterns are
more in convicts.

Table No. 4. (Degrees of freedom (DF) =3, at 0.01 level of significance)
Chi Square (99% Confidence Interval)
Category

RT

RI

RM

RR

RL

LT

LI

LM

LR

LL

Convict &
Control Male

2.693

3.987

1.309

1.305

3.736

2.575

1.585

3.451

1.466

3.526

P-Value

.481

.228

.894

.827

.301

.506

.757

.289

.838

.312

Table No. 5 (Degrees of freedom (DF) =3, at 0.05 level of significance)
Chi Square
Category

RH & LH (Observed)

RH & LH (Calculated)

Convict Male

2.46

5.99

Control Male

2.084

5.99

Control & Convict

3.85

5.99

Table No: 6 Distributions of basic fingerprint patterns among the controls and convicts total
Patterns on the fingertip

Convicts MaleN=86
RH

LH

Controls MaleN=71
TOTAL

RH

LH

TOTAL

Arch(f %)

14(3.26%)

20 (4.65%)

34(3.95%)

13(3.66%)

13(3.66%)

26(3.66%)

Loop(f %)

228(53.02%)

241(56.04%)

469(54.53%)

181(50.43%)

211(59.44%)

392(55.21%)

Whorl(f %)

188(43.72%)

169(39.30%)

357(41.51%)

136(38.31%)

126(35.49%)

262(36.90%)

1. aastha pandey--1-5.pmd

4

2/8/2014, 1:23 PM

Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1 5

ACKNOWLEDGEMENT

7.

The authors are grateful to all the individuals for
their co-operation in giving palm prints and Mr. Prasad
for helping in statistical analysis.

8.

Conflict of Interest : Authors have no conflict of
interest

9.

Source of Funding: Nil.

10.

Ethical Clearance: Not applicable.
REFERENCES
1.

2.

3.

4.
5.

6.

Nithin MD, Balaraj, BM, Manjunatha B, Mestri
SC, 2009. Study of Fingerprint Classification and
Their Gender Distribution among South Indian
Population, J of Forensic and Leg Med, 16:460-463.
Holt SB, 1975. Dermatoglyphic Pattern Human
Variability and Natural Selection. Symposia of the
Society for study of Human Biology.; 13:159-178.
Penrose LS, Lancet. 1967. Effect of Sex
Chromosome on Some Characteristics of Dermal
Ridges on Palms and Soles. 13:298-300.
Cumnins, Mildo C. 1961. Finger prints, Palms
and Soles. New York; Dover publications.
Igbigbi PS, Msamati BC, Palmar 2005. Digital
Dermatoglyphic Traits of Keyan and Tanzanian.
West Afr. J. of Medicine. 24(1): 26-30.
Boroffice RA, Aug. 1978. Digital Dermatoglyphic
Patterns in a Sample of the Nigerian Population.
Am J Phy Anthropol.; 49(2): 167-70.

1. aastha pandey--1-5.pmd

5

11.

12.

13.

14.

15.

16.

Purkait R. Fingerprint classification: A
comparative study among Mindas and Lodhas.
JMFT 2003; 14(1): 31-32.
Jaja BN, Igbigbi. PS, 2008 Digital and Palmar
Dermatoglyphics of the Ijaw of Southern Nigeria.
Afr J Med Med Sci, Mar,; 37(1):1-5.
Basu A. Digital dermatoglyphics of three caste
groups of Mysore. Am.J.Phy.Anthrop 1976;
45(3):437-441.
Reddy GG, Finger Dermatoglyphics of the
Bagathas of Araku Valley (A. P.) India. . 1975. Am
J Phys Anthropol, Mar42 (2):225-8.
Igbigbi PS, Msamati BC. Nov. 2002. Palmar
Digital Dermatoglyphics of Indigenous Black
Zimbabweans. Med Sci Monit, 8(11):CR757-61.
Igbigbi PS, Msamati BC, Dec. 1999. Palmar and
Digital Dermatoglyphic Patterns in Malawian
Subjects. East Afr Med J, 76(12):668-71.
Sharma PR, Gautam AK, Tiwari PK, 2008
Dermatoglyphic variations in five ethno –
geographical cohorts of Indian populations: The
Internet Journal of Biological Anthropology,;
Volume 2 Number 1.
Gangadhar MR and Rajashekara. RK, 1993. A
schedule Caste Population of Mysore City.
Karnataka. Man India, 83. 183-193.
GG Reddy, 1975 Finger dermatoglyphics of the
Bagathas of Araku Valley (A.P.), India. Am. J. of
Phy. Anthropol: 42 (2): 225-228.
Cummins H, Steggerda M, 1935.Fingerprints in
a Dutch Family Series. Am. J. Phys. Anthropol.;
20: 19-41

2/8/2014, 1:23 PM

6 Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1

DOI Number: 10.5958/j.0973-9130.8.1.002

Role of Dentists in Manmade Disasters - A Review
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ABSTRACT
It is true that we have landed up in a very sophisticated and modernised era where the technology
has outraged or excelled in every walk of life. But still, we are facing many new challenges especially
in putting up a hault for the ever growing crime rates. Forensic dentistry proves out to be the major
ray of hope where the conventional means of identification goes in vain. Forensic dental identifications,
especially in times of manmade disasters, depend mainly on the availability of ante mortem dental
records so it is the social responsibility of each and every dentist to maintain dental records of their
patients for the noble cause of identification in the event of manmade disasters.
Keywords: Manmade Disaster, Comparative Identification, Reconstructive Identification, Cheiloscopy, Denture
Marking Systems, Rugae Pattern

INTRODUCTION
The disasters are the worst happenings and one of
the least anticipated events. They shatter the lives of
the victims. Disasters are of two types namely natural
and manmade disasters. It is quite evident from the
recent castatrophic events that the manmade disasters
have overwhelmed the naturally occurring
disasters.When conventional means of identifications
(facial forms &finger prints) fail; dentition enters the
scene as it can sustain very high temperatures. The
professional obligation of we being the dentists is just
not only to rehabilitate the patients that we come across
with but it’s our basic duty to be a part and parcel of
maintenance of law and order in the community.
Basic role of Dentists in the identification of victims
and suspects
Forensic odontology may have been born at the
Battle of Nancy in 1477 wherein the body of Charles
Bold has been identified by dental means2. Paul Revere
identified his friends dead body by the ivory work

which he had done for his friend when alive (first case
of identification by a dentist) 1. M. Raja Jayachandra
Rathore’s body has been identified by his false anterior
teeth in the year 19951. This was probably the first case
of identification using dentition from India. Dr.
Parkman’s dentist, Dr. Nathan C Keep played a
significant role in identifying Dr. Parkman’s
mutilitated dead body in the year 1894 .This was the
first dental identification accepted by law1. DNA
extracts from tooth brushes of the victims were used
in identification of victims in WTC disaster in U.S on
sep 11, 2001.
Dental Identification Procedures
1. Comparative identification
a) Bite mark analysis
b) Lip prints and
c) Radiographic analysis.
2. Reconstructive identification
a) 2D profiling and
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b) 3D profiling.
3. Other techniques
a) Denture marking
b) Rugae pattern
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Comparative identification4, 5: attempts conclusive
identification by comparing the dead individual’s teeth
with presumed dental records of the individual. The
similarities and discrepancies should be carefully
noted at the time of comparison of the records. The
discrepancies are of two types – explainable and
unexplainable.1,5 Explainable discrepancies are the
ones for which an explanation can be reasonably
accepted. Unexplainable discrepancies are the ones
for which the explanation cannot be provided and
hence need to be excluded. The manual of American
Society of Forensic Odontology (ASFO) 1 and the
guidelines for body identification by American Board
of Forensic Odontology (ABFO) provides numerous
additional features to be looked for in the identification
process.
Range of conclusions that can be drawn4, 5
1. Positive identification: when the ante mortem
and post mortem findings match in sufficient
details, without any unexplainable discrepancy.
2. Possible identification: Here ante mortem
findings may be consistent with post mortem
findings, but a positive identification with certainty
may not be established owing to the poor quality
of either the post mortem remains or ante mortem
dental records.
3. Insufficient evidence: Information in the ante
mortem and post mortem dental records are
insufficient to draw a conclusion of any sort.
4. Exclusion: The findings in the ante mortem and
post mortem dental records are clearly inconsistent
with respect to many features
Reconstructive identification or Dental
Profiling4,5: attempts to elicit the ethnicity or race,
gender, age, and occupation of the dead individual.
This is undertaken when virtually no clue exists about
the identity of the deceased. The identity of the race
and sex to some extent can be made by careful
examination of the skull for its shape and form. Along
with shape and form of the skull, other features like
cusps of Carrabelle, taurodonts etc may assist in
determination of the race. The microscopic
examination of teeth for the presence or absence of Ychromatin and DNA analysis can reveal the sex with
certainty.

2. Jaya krishna Babu--6-11.pmd
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Other methods of dental identification5
The two processes described above, comparative
identification and post-mortem profiling, represent the
most common methods of dental identification.
However, in some instances more novel and innovative
techniques have been applied. Labelled dentures can
be of great assistance
Unlabelled dentures5 have been recovered from
patients and then fitted to casts retained by the treating
dentist or laboratory, and this has been an accepted
method of identification. Other dental appliances, such
as removable orthodontic braces have also been used
for identification purposes. Authors have also
described the use of palatal rugae4,5 patterns rendered
on dental casts to compare with found remains.Rugae
patterns like teeth are considered unique to an
individual.
Classification of Palatal Rugae 4
Lysell measured rugae in a straight line from medial
to lateral and categorized as Primary rugae (>5mm),
Secondary rugae (3-5mm), Fragmentary rugae (23mm). (Rugae <2mm is not taken in to consideration).
Thomas & kotze have further detailed various patterns
of primary rugae – branched, unified, cross linked,
annular & papillary.
Analysis of Rugae patterns4: Thomas and Van Wyk
have manually traced rugae pattern on photographs
of plaster model .Recently; Limson and Julian have
developed a computer soft ware program,’rugfp-id
match’ (same principle of finger printing). Discussion
of comparative and reconstructive identification
procedures in detail is important for the dentist to have
a better idea.
Comparative identification
Bite mark analysis6:
Bite marks have been defined by MacDonald “a
mark caused by the teeth either alone or in combination
with other mouth parts”. Biting is considered to be a
primitive type of assault and result when teeth are
employed as a weapon in an act of dominance or
desperation. Bite marks can be caused by humans or
animals; they may be on tissue, food items, or other
objects.
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MacDonald 4 suggested an etiologic classification
pertinent to human bite marks
Tooth pressure marks: Direct application of pressure
by teeth.
Tongue pressure marks: Combination of sucking and
tongue thrusting involved.
Tooth scrape marks: anterior teeth, and present as
scratches or superficial abrasions.
Bite Mark Appearance4
Compression of the skin surface due to tooth
pressure during a bite causes indentations initially.
Indentations, while ideal for bite mark analysis, seldom
persist for more than a few minutes unless the victim

is dead. Owing to the elastic nature of skin,
indentations soon disappear as the skin regains its
original contour. This is followed by a brief period of
edema over the bite area, which usually obscures the
bite mark completely. Once the edema subsides,
subcutaneous bleeding is apparent. These are referred
to as contusions or bruises, and are the most common
presentation of bite marks in criminal investigations.
They appear as reddish/purplish discolorations on the
skin surface, a result of blood escaping into the
subcutaneous tissue from ruptured vessels. When the
intensity of the bite is great, there may be a break in
the integrity of skin surface, resulting in lacerations.
The most extreme form of bite mark injury is avulsion,
where part of the tissue is bitten off.

Table 1 notifies the significant difference between human and animal bite mark.
Human

Animal

•

Human bite mark is broad, U-shaped and
some-what circular or oval

•

Bite mark of the animal is narrow in anterior
aspect and is V-shaped and elongated

•

Human bite marks have broad central and

•

Bite marks caused by animal’s exhibit broad laterals,

relatively narrow lateral incisors and are

narrow central and sharper and deeper canine marks.

blunt & superficial.
•

Deep & tearing.

Present on breast, abdomen, nipple, thigh,
back and shoulders in case of sexual assault
and the extremities in a fight and violence

•

Present on exposed skin surfaces and extremities.

Fig. 1a. and 1b. Represents the difference between human and animal bite marks
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Lip Prints (Cheiloscopy) 4, 7
Tsuchihashi named the wrinkles and grooves
visible on the lips as ‘sulci labiorum rubrorum’. Type
I, I ‘and II patterns dominant in females. Type III and
IV present in males. Lip prints are usually left at crime
scenes, and can provide a direct link to the suspect. In
recent years lipsticks have been developed that do not
leave any visible trace after contact with surfaces such
as glass, clothing etc. Alvarez and associates have
drawn attention to these prints, which are
characterized by their permanence and are, therefore,
referred to as ‘persistent’ lip prints. Although invisible,
these prints can be ‘lifted’ using materials such as
aluminum powder and magnetic powder. Ball states
that the vermilion border has minor salivary glands,
and the edges of the lips have sebaceous glands, with
sweat glands in between. One may, therefore, assume
that secretions of oil and moisture from these enable
development of ‘latent’ lip prints, analogous to latent
fingerprints. However, a major disadvantage pertains
to uncertainty about the permanence of Lip patterns.

mortem to prevent confusion. One hole for ante
mortem films and two holes for post mortem films to
be placed. Once the post mortem record is complete, a
comparison between the two records can be carried
out.
Reconstructive identification/Dental profiling
Facial reconstruction /forensic facial approximation8
Process of recreating the face of an individual
(whose identity is often not known) from their skeletal
remains through an amalgamation of artistry, forensic
science, anthropology, osteology and anatomy.
2-D facial reconstruction8:Two-dimensional facial reconstructions are based
on ante mortem photographs, and the skull.
Occasionally skull radiographs are used but this is not
ideal since many cranial structures are not visible or
at the correct scale. A commonly used method of 2D
facial reconstruction was pioneered by Karen T. Taylor
of Austin, Texas during the 1980s.
3-D facial reconstruction8
Three-dimensional facial reconstructions are either
1) Sculptures (made from casts of cranial remains)
created with modelling clay and other materials
or
2) High-resolution, three-dimensional computer
images.
Other innovative methods of identification-The
Prosthodontic Way:
One of the most widely used methods of marking
the dentures is the I denture system2. Ryan described
numerical identification of the state in which prosthesis
was made, as well as the dentist’s state registration
number and patients name and sex2. Jerman suggested
patient’s social security number2.

Fig. 2. Shows various types of lip patterns.

Radiographic analysis5
The forensic dentist produces the post-mortem
record by careful charting and written descriptions of
the dental structures and radiographs. If the ante
mortem records are available at this time, post-mortem
radiographs should be taken to replicate the type and
angle of these. Radiographs should be marked with a
rubber dam punch to indicate ante mortem and post
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Denture marking systems 2, 3
Two principal methods of marking dentures are
Engraving methods
Inclusion technique
Engraving methods/surface marking 2, 3
It is the simplest way to establish durable identity
on metal and acrylic resin. Marking the denture with
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Fig. 3. Heath’s Method

Fig. 6. RFID Method

a bur is the most common method of engraving.
Identification marks are scratched, engraved or written
on the surface of the denture. Heath3 (fig 3) introduced
spirit based pen or pencil before covering the ID mark
with a clear base polymer dissolved in chloroform. This
method has disadvantages such as poor abrasion
resistance, unaesthetic, chances of loosing the ID if the
denture needs relining and moreover chloroform is a
known carcinogen. Later on Heath modified his
technique by application of dental sealants instead of
chloroform.
Another economic technique introduced by
Stevenson3 where in a scalpel blade was used to make
an ID on the distobuccal flange of the denture the mark
was then highlighted with a graphite pencil.
Fig 4. Oliver's Method

Inclusion technique
It encloses the ID mark within the denture base
material, hence rendering them relatively permanent
.Lose 2,3 described a technique wherein the patients
name was typed on a piece of “onion skin” paper and
incorporated within the fitting surface of the denture ,
during the packing procedure.

Fig. 5. Dippennar's Method

2. Jaya krishna Babu--6-11.pmd
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Young 3 proposed a post fabrication technique
which involves cutting a groove 0.5 -1 mm deep into
the buccal flange of the denture, the length of which
would correspond to the length of the patients name
an ordinary ball point pen or felt tip pen was then used
to print the patients name in the recess before it was
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sealed with fissure sealant. Oliver3, 9 (fig 4) introduced
the technique of producing a label comprising a 0.3mm
thin strip of heat cure resin. Dippennar 3 (fig 5)
introduced the technique of soft metal band that was
either typed or engraved with the patients details
which is inserted into the predrilled cavity of 2-3 mm
width. Reeson3,9 used 0.125 mm thick stainless steel
tape and incorporated it in to the fitting surface of the
denture during trial packing.
Millet and Jeannin implanted a radiofrequency ID
(RFID) 3,10 transponder (Fig 6) into a complete upper
denture. This system consists of a data carrier,
generally known as a tag or a transponder, and an
electronic hand held reader. Tag contains a microchip
with a coiled antenna .The reader energises the
transponder by means of an electromagnetic field
emitted by the readers antenna. It then receives the
coded signal returned by the transponder and converts
it into readable data. Disadvantage is that it’s not fire
proof. Jerman introduced the use of a thin 0.0001 inch
metal strip of stainless steel known as shim stock2, 3. It
has a melting temperature of 15000c.
Venkat and Shenoy 3 introduced a radiographic
technique wherein a lead foil with the patient’s details
is sandwiched between two layers of resin during the
processing of the denture. It’s fire resistant. This
method is simple, quick, durable and cosmetically
acceptable fulfilling all the requirements of ADA.

records hold a potential promise to recognise the
culprits. Teeth can be used as a weapon of attack or
defence. Dentistry has much to offer to law
enforcement agencies in the uncovering and solution
of crime. It is the role of the dentist to help extract this
information and use it in the identification of the
unknown body. Analysis of bite marks is the second
major responsibility of the forensic dentist. The general
practitioner has a major role to play in providing the
accurate dental records on which much of forensic
activity is based.
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ABSTRACT
The utility of cytochrome oxidase I (COI) gene has been tested for the identification of three species
of forensically important flesh flies of the genus Parasarcophaga (Dipera: Sarcophagidae). A 450 bp
fragment of the COI gene has been sequenced for 12 specimens, representing three species of Genus
Parasarcophaga. Nucleotide divergences were calculated using Tamura 3 Parameter distance model.
For graphical display of the patterns of divergence among the species Neighbor-joining and
Parsimonious trees were also made using this software. Musca autumnalis was taken as outgroup in
the phylogenetic analysis. Phylogenetic analysis of the sequenced segments showed that all
sarcophagid specimens were properly assigned into three species, which indicated the possibility of
separating congeneric species with the help of short fragments.
Keywords: COI, Forensic Entomology, Sarcophagidae; MT DNA, Species identification

INTRODUCTION
Forensic entomology is the analysis of insect
evidence for forensic and legal purposes 1. The most
important and most frequently requested task from
this angle is the estimation of the minimum time since
death 2. The typical death-scene investigator learns
quickly that maggots and corpses go together 3. The
fly maggots have proved to be reliable indicators of a
minimum post-mortem interval (PMI) of deceased
humans, i.e. of the minimum estimated time lapse
between death and the actual observation of the corpse
of, for instance, a murder victim. In spite of the fact
that forensic entomology has been with us as a
scientific discipline for more than 150 years 4, there is
still little to be found in standard medico-legal,
pathological and forensic texts 5,6,7, but this may change,
as there is something like a boom in forensic
entomology publications 8,9,10.
The family Sarcophagidae is represented by over
2,500 species in over 100 genera globally, with many
species being carrion breeders and initial corpse
colonizers 11,12,13. Several species have the potential to
be used to estimate the PMI 11-15. Additionally, the
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reproductive cycle of the sarcophagids makes them
prospectively more reliable for PMI estimations
compared with other initial dipteran colonisers 8,13,15,16.
Sarcophagids are viviparous, depositing live larvae
directly onto a meat source, providing instantly
developed immature stages for corpse decomposition
13,17-19
.
To use the sarcophagids for PMI estimation, a
method for easy, yet accurate, species level
identification at any life stage is required 13,20. A DNAbased method can provide a quick and reliable species
determination and is relatively insensitive to the
preservation methods 20,21. Meanwhile, DNA-based
identification can be carried out on any lifecycle stage
(dead, preserved or live samples) without further
rearing. Mitochondrial DNA (mtDNA) has been
widely used for the analyses of metazoan phylogenetic
relationships at various taxonomic levels, because of
the lack of intermolecular recombination, its maternal
inheritance, the relatively rapid evolutionary rate and
the large numbers of copies available in each cell 20,22.
Molecular identification of the forensically significant
flies has now become a routine complement to
traditional morphological methods. For this, the COI
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gene of different lengths and regions has been studied,
and several short fragments have been shown to have
sufficient discrimination power 19,23-27, which makes it
suitable for forensic applications. A 450-bp fragment
of the COI gene has been assessed during the present
studies as a potential marker for the identification of
sarcophagid flies from India.
MATERIALS AND METHOD
Adult specimens of genus Parasarcophaga
belonging to the species P. misera (Walker), P. sericea
(Walker) and P. albiceps (Meigen) have been collected
from nine localities in four states of north India (Table
1). The flies were identified using the keys given by
Senior-White et al. 28 and Nandi 29.
The genomic DNA of all the 12 samples was
extracted by using Coen method 30. To avoid possible
contamination of fly DNA with DNA from ingested
material and gut parasites, only the thoracic muscle
of each insect was used as a source of DNA and the
rest of each specimen were stored in 1.5 mL eppendorf
tubes at -20°C to check the identity and for
accumulation of samples.
A portion with 450 bp fragment of the
mitochondrial COI gene was amplified and sequenced

using forward primer 5’ CAGCTACTTTAT
GATCTTTAGG 3’and reverse primer ’CATTTCAAG
CTGTGTAAGCATC 3; The PCR reaction volume was
25 µL, containing 1–5 µL (20–40 ng) of template DNA,
12.5 µL 2 × Taq polymerase , 4 µL dNTP (1 mmol/mL,
1.0 U Taq polymerase, 2.5 ìL 10 × buffer (Mg2 +1.5
mmol/L), 0.25 to 2.5 µL each primer (10 µM) and
Nuclease-Free Water was added to a total volume of
25 ìL. PCR amplifications were performed in a
thermocycler (Bio-Rad, USA) and programmed with
the following parameters: initial step at 94°C for 3 min
then continued for 30 cycles each of 94°C for 30s; 48°C
for 30s; and 72°C for 30s. An elongation of PCR
products by 72°C for 5 min completed the reaction.
Columns-cycle sequencing was performed on both
forward and reverse strands using an ABI PRISM Big
Dye Terminator Cycle Sequencing Ready Reaction Kit
by ABI PRISM 3730 (Applied Biosystems, Foster City,
U.S.A.) with Big Dye terminator v3.1 as the sequencing
agent.
The sequences obtained have been deposited in
GenBank by Sequin (http://www.ncbi.nlm.nih. gov/
Sequin/index.html) and their accession numbers are
listed in table 1. To identify the species, COI sequences
were compared with Dipteral sequences on the NCBI
website via the BLAST function.

Table 1: Collection sites and reference data for three species of Sarcophagidae
S. No.

Species

1

Parasarcophaga misera (Walker)

2

3

4

Parasarcophaga sericea (Walker)

Parasarcophaga albiceps (Meigen)

Musca autumnalis De Geer

The sequences data was aligned by using Clustal
X software31, Analysis of nucleotide composition,
overall transition:transversion ratio (ts:tv), variable and
parsimony informative sites and pairwise nucleotide
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Voucher number

Collection site

GenBank
Accession
Number

A123

Harike, Punjab

JX507311

D64

Dehradun, UK

JX507308

D201

Andretta, HP

JX507306

JK5

Kathua, J&K

JX507304

A166

Nawanshahr, Punjab

JX507336

D102

Dehradun, UK

JX507338

D254

Kangra, HP

JX507340

JK41

Kathua, J&K

JX507342

A51

Patiala, Punjab

JX507321
JX507323

D115

Sahastradhara, UK

D392

Palampur, HP

JX507325

JK35

Kathua, J&K

JX507327

-

-

GQ223329

distances were calculated using MEGA 5 32. The
evolutionary history was inferred using the NeighborJoining method 33 and Maximum Parsimony method
33
with 1000 replications in bootstrap test. Codon
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positions included were First + second + Third + Noncoding. All positions containing gaps and missing data
were eliminated from the dataset (Complete deletion
option). There were a total of 450 positions in the final
dataset. Musca autumnalis belonging to family
Muscidae was taken as an outgroup for phylogenetic
analyses.
RESULTS AND DISCUSSION
The COI sequence has been assessed as a potential
marker for the identification of sarcophagid flies from
China and was found to be as effective (but easier) as
the morphological method in the identification of
sarcophagid species which otherwise requires
expertise in the specialized taxonomy of this
group 20,24.
COI gene is known to be straightforward to both
amplify and sequence. A 450-bp fragment of the COI
gene was sequenced from 12 specimens, representing
3 species of Indian Sarcophagidae. A total of 450
aligned sites for the COI sequences were included in

the analyses. The percentage of replicate trees in which
the associated taxa clustered together in the bootstrap
test (1000 replicates) has been shown next to the
branches. The high bootstrap values (100%) shown by
Neighbor-joining (Figure 1) and Parsimonious tree
(Figure 2) provide an indication of good percentage
support for the grouping nodes of P. misera, P. sericea
and P. albiceps. The results are in consonant with
Yadong et al. 34 who also observed 100% bootstrap
support for three species of flesh flies viz., Sarcophaga
similis, Sarcophaga albiceps and Sarcophaga
peregrina. Similar results were also provided by Guo
et al. 20 with high bootstrap values (100%) for the
monophyly of P. gravelyi and P. similis. In their results
within P. dux, two specimens clustered together with
a supporting bootstrap of 99%, and other specimens
were sister to them with a supporting value of 85%.
Within P. albiceps, seven specimens clustered together
with a weak supporting bootstrap of 69%, and the
specimen from Changsha (JF416549) was sister to them
with a supporting value of 100%.

Fig. 1. Neighbor-joining tree for three species of Sarcophagidae.
Number on the branch indicates the bootstrap (1000 replications)
value for that particular branch.

Fig.2. Most parsimonious tree for three species of Sarcophagidae.
Number on the branch indicates the bootstrap (1000 replications)
value for that particular branch.

Pairwise divergence between species was
calculated as is shown in table 2 and variation among
all individuals of the species was calculated. The
number of base substitutions per site are given in this
table. The levels of interspecific variation varied from
6% to 10%. However, no significant intraspecific
variation was observed within each of these three
sarcophagid species. The genetic difference between
Musca autumnalis and P. misera and P. sericea was found

out to be 16% and for P. albiceps, it was 15%. These
results are in complete conformity with the results of
Yadong et al. 34. Zehner et al. 19 calculated distances
among twelve species of Sarcophagidae on the basis
of the COI and recorded the genetic distance of 6.5%
to 13.2%, within the species of genus Sarcophaga. Guo
et al. 20 also inferred the interspecific variations between
sarcophagid species that varied from 7% to 11%.

3. Manish sharma--12--17.pmd

14

2/8/2014, 1:23 PM

Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1 15
Table 2. Pairwise distance matrix of Sarcophagidae for 450 bp COI sequences. The description of the number is
given as: S. Nos. 1-4: Parasarcophaga sericea; 5-8: Parasarcophaga misera ; 9-12: Parasarcophaga albiceps; 13: Musca
autumnalis
[1

2

3

4

5

6

7

8

9

10

11

12

13]

[ 1]
[ 2]

0.00

[ 3]

0.00

0.00

[ 4]

0.00

0.00

0.00

[ 5]

0.10

0.10

0.10

[ 6]

0.10

0.10

0.10

0.10

0.00

[ 7]

0.10

0.10

0.10

0.10

0.00

0.00

[ 8]

0.10

0.10

0.10

0.10

0.00

0.00

0.00

0.10

[ 9]

0.09

0.09

0.09

0.09

0.06

0.06

0.06

0.06

[10]

0.09

0.09

0.09

0.09

0.06

0.06

0.06

0.06

0.00

[11]

0.09

0.09

0.09

0.09

0.06

0.06

0.06

0.06

0.00

0.00

[12]

0.09

0.09

0.09

0.09

0.06

0.06

0.06

0.06

0.00

0.00

0.00

[13]

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.15

0.15

0.15

In the present study, COI gene revealed 400
conserved, 50 variable and parsimony informative
sites in the 450 bp long fragment. The average
nucleotide composition across species was T=41.65%,
A=29.56%, C=13.33% and G=15.48%. The ts:tv ratio
was 1.24. These findings are in agreement with that of
Wolstenholme and Clary 35, Segura et al. 36 and Bajpai
and Tewari 37. Meiklejohn et al. 13 also showed an AT
bias (mean A=29.66%, T=37.02%, C=17.43, G=15.89%)
within the Australian Sarcophagidae.
The goal of the present study was to evaluate the
usefulness of COI for identification of three forensically
important sarcophagid fly species in India and to
simultaneously accumulate genetic data for the global
study on Sarcophagidae. The high bootstrap support
for each group and the level of nucleotide divergence
between groups indicated that sarcophagid species
identification by this partial COI sequences was
possible and highly reliable.
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ABSTRACT
Abuse is improper usage or treatment for a bad purpose. Abuse can be in many forms such as physical
or verbal maltreatment, injury, sexual assault, violation, rape, offense, crime or verbal aggression.
Now-a-days we are observing lot of cases of sexual abuse. Day by day reporting of these cases is also
increased because of awareness of abuse.
Sexual abuse is forcing of undesired sexual behavior by one person upon another. Sexual abuse has
lot of ill effects on the human psyche. It causes distressing behaviors, psychiatric diagnoses and
health risk behaviors. Now it is time to have some understanding about causes of abuse,
psychodynamics involved and how to prevent abuse.
Keywords: Sexual Abuse, Psychology, Social Stigma

INTRODUCTION
Abuse is defined as “Illicit use of a substance and
especially the pathological and driven or compulsive
use of a substance that leads to impaired social or
occupational functioning”. Abuse also has other
definition “Mistreatment; harming or injuring
another” 4. Abuse can be divided into two typesInternal and external. If abuse is done onto self it is
called as internal abuse (Eg: Substance abuse). If abuse
is done externally, it is called as External abuse (Eg.
physical abuse, emotional abuse, sexual abuse).
Depending upon on different age groups abuse can
also be divided into - child abuse, abuse of men and
women, Spouse abuse, Geriatric abuse.

have been found to be greatly influencing the sexual
behavior12.
We know about lord Shiva from our ancient
literature. He is also called as Arthanarreshwara12.
Arthanarreshwara is a combination of three words
“ardha”, “nari”, “ishwara” means “half”, “woman”
and “lord” – lord whose half is a woman. Male half
stands for purusha and female half is prakriti. It
symbolizes male and female principles cannot be
separated. But, women are treated in a different way
from ages.
The historical analysis5 of the status of women shows
that

Role of men and women from ages

•

“A human being is not a pure unisexual organism”.
Each human organism bears the potentiality of both
male and female sex. Neuro hormonal mechanisms

In Prevedic India, men and women were
considered equal.

•

In Vedic India, as revealed by its literature, women
were treated with grace and consideration.

•

In post vedic age, there was a slow but steady
decline of their importance in the home and society

•

In Medieval period and Pre Independence period
– women were further isolated by Purdah system
of female seclusion, Sati tradition of immolating
the widow on the husband pyre, Dowry and child
marriages
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In India’s male dominated tradition, and
everywhere in Vedic, classical, medieval and
modern Hinduism, the paradigms in myths,
rituals, doctrines and symbols are masculine.
Goddess traditions encroached successfully on the
territory of masculine deities5.
Currently the role of men and women is based upon
•

Division of labor based on sex

•

Satisfaction of the fundamental biopsychic drives
of hunger and sex

•

Perpetuate the species through reproduction and
social heritage through the handling down of
traditions from generation to generation.
In current era burning topic is sexual abuse on
women, so focusing few points regarding abuse
on women.

Epidemiology
•

90% of cases of sexual abuse are not reported
(Horner 20027).

•

Prevalence - even higher, with estimates as high
as one in three for women11.

•

Rape and sexual assault are epidemic in some
countries and may be used as a weapon of war to
demoralize large sectors of society.
In general, sexual abuse is done by strangers (22%),
partners or dates (19%) and by family members
(38%) (Tjaden and Thoennes 2002)16.

Age groups
•

Seen in all societies and victims can be of any age.

•

Cases have been reported in which the victims
were as young as 15 months and as old as 82 years,

•

Women ages 16 to 24 are at highest risk.

•

Place of occurrence: Abuse most commonly occurs
in a woman’s own neighborhood, frequently inside
or near her own home.

Etiology of abuse

Drugs and substance abuse: Most common
substance involved is Alcohol. Other substances are
stimulants, cocaine, hallucinogens, marijuana,
Barbiturate, Aerosols and commercial solvents, Opioid
dependence.
Psychodynamics13
The abusers can be categorized into separate groups
I.

Sexual sadists - who are aroused by the pain of
their victims

II. Exploitive predators - who use their victims as
objects for their gratification in an impulsive way
III. Inadequate men- who believe that no woman
would voluntarily sleep with them and who are
obsessed with fantasies about sex
IV. Men for whom rape is a displaced expression of
anger and rage. A woman serves as an object for
the displacement of aggression that a rapist cannot
express directly toward other men.
The common theme throughout is the use of
violence as an Expression of power, Control,
Domination.
Social factors
Women are considered men’s property or
vulnerable possessions, a rapist’s instrument for
revenge against other men. Gender stereotypes, Media
and movies, Urbanization and effects on immigrants,
Cultural brought up.
Sexual abuse on women
Sexual abuse on women can be categorized into
following types
1. Intimate partner violence (IPV).
2. Rape
3. Date rape/ acquaintance rape
4. Sexual coercion – Stalking, Sexual harassment.

Abuse is a form of aggression. Causes can be
explained through various factors and models like –
biological, substance abuse, psychodynamics and
social factors

4. Nishat--18-22.pmd

Biological model: Abuse can be directly related to
androgen levels. Other biological factors influencing
are progesterone, LH, renin, Î²-endorphin, prolactin,
melatonin, NE, DOP, E, ACH, 5HT, 5HIAA17.

19

Intimate Partner Violence (IPV)
MC type of ongoing physical and sexual abuse in
adults 3 . It includes acts of physical aggression,
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psychological abuse, forced intercourse and other
forms of sexual coercion 6 . Various controlling
behaviors such as isolating a person from family and
friends or restricting access to information, finances,
and assistance.
Rape
Rape is defined as unwanted or forced sexual
(vaginal or anal) intercourse - forceful coercion of an
unwilling victim to engage in a sexual act13. Sexual
assault is a broader term that covers other unwanted
sexual acts that do not include penetration. Any of
these acts may include use of a weapon either as a
coercive mechanism or as physically a part of the abuse
or assault. Highly underreported crime - An estimated
four to five of ten rapes are reported13. Underreporting
due to feelings of shame. Can occur between married
partners and between persons of the same sex.
Persons- single, multiple. A woman being raped is
frequently in a life-threatening situation. During the
rape, she experiences shock and fright approaching
panic. Her prime motivation will be to stay alive.
Rapists may urinate or defecate on their victims,
ejaculate into their faces and hair, force anal
intercourse, and insert foreign objects into their vagina
and rectum.

force or compels the other person to perform a sexual
act. Stalking & Sexual harassment.
Stalking
Stalking is defined as a pattern of harassing or
menacing behavior coupled with a threat to do harm.
Some stalkers continue the activity for months to years,
most stalkers are men.
Sexual harassment
Sexual harassment refers to sexual advances,
requests for sexual favors, or verbal or physical
conduct of a sexual nature all of which are
unwelcomed by the victim. In more than 95 percent of
cases the perpetrator is a man and the victim, a woman.
Site – Work place.
Under reporting: due to fear of retribution, being
humiliated, being accused of lying and ultimately of
being fired from the job.
Reactions: victims blame themselves, become
depressed; others victims become anxious or angry.
Indian law
Indian law only targets three crimes against women

Rape trauma syndrome

1. Rape

Described by Burgess and Holstrom2

2. Using force to ‘outrage her modesty’

Acute stage immediately after a rape where
symptoms include disorganization, denial, and shock
[acute stress disorder].The reorganization stage occurs
weeks to months later - Symptoms include anxiety
(fear and avoidance), depression, emotional and social
withdrawal, sleeping and eating disturbances
(including nightmares), self-blame, shame, guilt,
somatization, and sexual dysfunction [PTSD].

3. Making rude sounds or gestures aimed at insulting
the modesty of any woman.

Date rape / Acquaintance rape13

Types of responses to traumatic events1

Applied to rapes in which the rapist is known to
the victim. The assault can occur on a first date or after
the man and woman have known each other for many
months. Victims of date rape berate themselves for
exercising poor judgment in their choice of male
friends and are more likely to blame themselves for
provoking the rapist than are other victims.

There are three types of responses to Sexual abuse.
They are distress reactions, psychiatric diagnoses,
health risk behaviors.

Sexual coercion
Sexual coercion is a term used in DSM-IV-TR for
incidents in which one person dominates another by
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Clinical manifestations of abuse
The manifestations and the degree of damage
depend on violence of the attack itself, vulnerability
of the woman and Support system available to her
immediately after the attack.

Distress reactions: Grief reactions, Changes in
safety and travel, Sleep disturbance, altered
interpersonal interactions (withdrawal, aggression,
violence, and family conflict), Decreased work
functioning (ability to do work, ineffectiveness at job,
problems with concentration, and absenteeism),
Somatic symptoms
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Psychiatric diagnoses18: Acute stress disorder,
PTSD, Major depressive disorder , Substance-use
disorders, Generalized anxiety disorder, Adjustment
disorder, Somatoform disorders, Organic mental
disorders secondary to head injury, toxic exposure,
illness, Psychological factors affecting physical disease
(in the injured).
Health risk behaviors: Changes in alcohol use and
smoking, difficulty in balancing home and work,
disaster behaviors like evacuation, over dedication,
adherence to medical recommendations
Management8
Encourage them to talk about it, Listen nonjudgmentally, Validate and express support,
Document, Assess the danger to your patient, Provide
appropriate treatment referral and support.
A rape victim fares best when she receives
immediate support and can ventilate her fear and rage
to loving family members, sympathetic physicians, and
law enforcement officials. Rape crisis centers and
telephone hot lines are available for immediate aid and
information for victims9
Early Psychological Treatment10
Initial psychological intervention should be
individual, supportive, and educational in nature
about the effects of trauma and rape. It is important to
acknowledge with the patient that any reaction he or
she might be having is acceptable and that it is normal
to need support.
Pharmacotherapy
Short-term use of Benzodiazepines, SSRI or SNRI
medication to treat the severe anxiety
Long term management

potential misattributions can also help reduce the
victim’s experience of shame or self-blame.
PREVENTION
Moral classes: Morality (Latin word moralitas that
means “manner, character, proper behavior”). It is the
differentiation of intentions, decisions and actions
between those that are good (or right) and those that
are bad (or wrong). It contributes to the development
of one’s personality 15 . Moral classes should be
reintroduced into the existing busy academic schedule
and children should be taught about what is morality.
Ultimately we know the famous quote “The child is
father of man”. Reminding oneself of our glorious past
and enriching scriptures and understanding their
essence can bring back the necessary balance for us to
develop and evolve into mature beings. This would
not only benefit the Indian society but also the world
at large. Strict laws should be made to punish the
abusers to prevent abuse.
CONCLUSIONS
Physical and sexual abuse and rape are all common
and may be followed by serious physical and
psychological disturbances. They are often unreported.
A confidential, non blaming, empathetic line of enquiry
is essential for mental health professionals during
short- and longer-term management of victims of
abuse.
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Family Support: Involvement of Family or Friends
Social support is crucial to help restore effective
coping. Education of family members about
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ABSTRACT
Hair is one of the most frequently found evidences in violent crimes where constant struggle is
found as in the cases of murder, kidnapping, sexual assault etc. Forensic Science is solely dependent
on the physical evidences found at the scene of crime. With the help of the intact root in the hair
sample, DNA can be extracted from the sample which would help to trace the culprit and link him/
her with the crime. So, one cannot neglect the importance of hair root in the field of forensic science.
One may find either telogen (shed) hair or anagen (pulled) hair in the crime scene. The pulled hair
may have intact root and at times root with tissues. These hairs may either be on the clothes of the
victim or the crime scene. So, we can say that if the investigation agencies collect these samples
properly and examine it properly, it will be possible to link the culprit with the crime scene and the
victim.
Keywords: Hair, Crime, Forensic Science, DNA

INTRODUCTION
“Forensic Science is defined as the scientific
discipline which is directed towards the recognition,
identification, individualization, and evaluation of
physical evidences by application of principles and
methods of basic science for the purpose of
administration of justice.” Forensic Science is solely
dependent on the physical evidences found at the
scene of crime [1] . Physical evidences may be
macroscopic or microscopic found at/away from the
scene of crime that establishes a link between crime,
victim and the perpetrator, establishes corpus deliciti
and provides leads to the scientific investigation. Some
of the physical evidences found at the scene of crime
are blood/blood stains , semen/semen stains, hair
with/without roots, saliva or other biological fluids,
weapon used, belongings of the suspect/victim,
vehicle used etc [1].
Hair is one of the most frequently found evidences
in violent crimes where constant struggle is found as
in the cases of murder, kidnapping, sexual assault etc
[1]
. One may find either telogen (shed) hair or anagen
(pulled) hair in the crime scene [1]. The pulled hair may
have intact root and at times root with tissues. These
hairs may either be on the clothes of the victim or the
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crime scene. So, we can say that if the investigation
agencies collect these samples properly and examine
it properly, it will be possible to link the culprit with
the crime scene and the victim [1]. With the help of the
intact root in the hair sample, DNA can be extracted
from the sample which would help to trace the culprit
and link him/her with the crime [4]. So, one cannot
neglect the importance of hair root in the field of
forensic science.
Hair is an epidermal outgrowth made up of protein
keratin that originates from hair follicles deep down
in the dermis and is the characteristics of all mammals.
It is an accessory structure of integumentary system
comprising of cutaneous membrane (skin).
Cycle of growth, development and loss of Human
hair
Human hair, like the hair of other animals, follows
the pattern of growth and rest. Hair grows during the
growing phase of the follicle and then it is retained as
a dead club hair during the subsequent resting phase.
A new growing phase follows producing new hairs
which may dislodge the old hair of mat grow alongside
it. This pattern of growth, loss and regeneration is
commonly called the hair cycle (Chase, 1954, 1965). In
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human, the growth cycle of hairs are not synchronized.
Each follicle has its own cycle and is independent of
neighbouring follicles. Human hair growth rates are
affected by age, sex, nutrition, hormonal levels and
location on the body (Hamilton, 1958; Saitoh et al.,
1969).
This dynamic, continuous process of hair cycle is
divided into three stages – ANAGEN (It is the largest
part of growing period lasting from initiation of growth
until the pigment ceases to pass upward from bulb at
the base of the root.), CATAGEN (A regression phase
i.e. hair stops growing.) and TELOGEN (the mature,
stable state of hair growth.)
Cause of frequent occurrence of hair
•

Ubiquitous nature (Gaudette, 1999)

•

Remarkably stable to most of the environmental
conditions and do not breakdown easily (Gaudette,
1999)

•

Relatively unnoticeable to the untrained eye, hence
a criminal is not likely to make efforts to destroy
this evidence (Gaudette, 1999)

•

Hair falling rate increases during emotional stress
(i.e. while committing the crime) Sharma, 2006, ch1).
Hence chances of occurance of hair at the scene of
crime increases.

Techniques used in Dna fingerprinting for analyzing
hair in forensic science
Numerous techniques are currently in use [2, 3]. Some
of them include
1. RFLP using VNTR markers.
2. PCR based STR technology.
3. Mitochondrial DNA analysis
4. SNPs, Reverse Dot Assay to detect HLA DQA1 and
PGM; Single Stranded Conformational
Polymorphism Microchip Technology etc.
Forensic science investigation of human hair
First forensic science investigation of human hair
was reported by Rudolf Virchow (Bisbing, 2002). By
the beginning of 21st century, significance of hair in
criminal investigation had come under scrutiny by
growing number of medico-legal experts. Dr. P.L. Kirk,
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Prof. of Criminalistics at University of California in
Berkeley, found new ways to improve forensic
comparison of hair. In classical series of paper entitled,
“Human Hair Studies” he examined the potential
utilization of various physical and chemical properties
for the purpose of individualizing human hair
(Bisbing, 2002).
Microscopic examination and comparison of hair
started in the very beginning of 20th century. Many
authors had provided numerous data for various
microscopic features of both human and animal hairs,
such as hair shape and form, appearance of hair root,
appearance of hair tip, hair colour, pigment
distribution, pattern of medulla, cuticular traits etc.
DNA typing from hair was first reported by Higuchi
et al., 1988. He along with his co-workers extracted
nuclear DNA from single hair shaft and root using
rapid digestion procedures and also sequenced and
amplified mitochondrial DNA from single hai root
successfully [3]. He concluded that very little amount
of DNA is present in single hair shaft as well as root.
Von Beroldinger et al., 1989 showed that a single
anagen hair root can yield about 50ng of DNA. Higuchi
et al., 1988, Budowle et al., 1995 and Hochmeister et
al., 1996, successfully typed DNA from human head
hair with root sheath using Ampli Type PM + DQA +
D1S80 STR and amelogenin markers. Since majority
of hair encountered at the scene of crime are in telogen
phase, mitochondrial DNA typing has proven
successful, Kalbe et al., 1988, demonstrated that high
molecular weight DNA can be recovered from multiple
hair shafts. Dennis et al., 2005 presented a review of
literature on procedures for obtaining STR genotypes
from keratinized hair by subjecting all types of hair to
DNA degrading keratinization process and concluded
that for the extraction of telogen hairs a reducing agent
should also be used in addition to proteinase K like
calcium. The success of STR typing from telogen hairs
was developed by Klaus et al., 2006 allowing
simultaneous amplification and subsequent analysis
of 11 polymorphic loci known as BioPlex-11 to be
especially used in forensic casework of degraded DNA
from telogen hairs [3].
Environmental studies of simulated and casework
specimens have been conducted on bloodstains by
McNally et al., 1989 using RFLP technique and found
that HMW DNA was obtained in blood stains
subjected to 37 C for 26 weeks, a consistent RFLP
pattern was obtained when samples were exposed to
UV light for 5 days whereas soil samples containing
organic matter exhibited hybridization with bacteria
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pAC 267 probe. Similar studies were performed using
human teeth by Schwartz et al., in 1991 where he used
RFLP markers for their analysis. They found that the
teeth pulp exposed to varied conditions such as
exposure to pH soil, sea water, varying humidity,
temperature and burial in the soil contains sufficient
amount of DNA for RFLP analysis [2].

crime scene. The main evidentiary value of hair in
crime scene is it establishes corpus deliciti, establishes
contact transfer or secondary transfer, indicates route
of ingress or egress at the scene of crime and establishes
chronic poisoning [1].

Significance of the study

1.

As a part of normal hair cycle, humans have an
average daily loss of 75-100 scalp hairs (Orientreich et
al., 1969). Transferase of hair at the crime scene is based
on Locard’s principle of mutual exchange which states
that “whenever two entities come in contact there is
always a mutual exchange of traces.” (Sharma 2006,
ch-1).Hair has got great significance in the field of
forensic science. The crime scene may have anagen or
telogen hair. In case of sexual assault or struggle during
homicide or violent attack, the victim may try to push
the culprit away or even may try to pull the hair of the
culprit, as a result of which one may find the anagen
hair of the culprit in the crime scene or on victim’s
clothes. Telogen hair may also be discovered from the
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ABSTRACT
Water is one of the many contaminated natural products which are consumed by humans.
Contamination of drinking water with toxic metals like Lead and Copper has been studied by earlier
researchers by different methods of sample preparation and analysis. Both lead and copper produce
adverse health effects when taken by the body in excess.
In India, there are many refugee camps; the source of drinking water in these camps being natural
ground water or tap water. Since assessment of drinking water at various places has been done
earlier, we decided to assess drinking water supplied to Pakistani Hindu Refugees and Tibetan
Refugees for toxic lead and copper levels.
Flame atomic absorption spectrometry has been used for quantitation of lead and copper. Standard
addition method has been used for analysis. The recovery of spiked samples in case of lead (99.4%)
and copper (98.4%) showed that the method is reliable for the determination of trace amounts of lead
and copper in water samples. In Pakistani Hindu Refugee camp, lead concentration in tap and ground
water was found to be 1.46 ± 0.0058 µg/l and 1.48 ± 0.0058 µg/l respectively, whereas, copper
concentration was found to be 1.28 ± 0.0058 µg/l and 1.29 ± 0.0173 µg/l respectively. In Tibetan
Refugee Camp, the tap water had lead and copper concentration as 0.61 ± 0.0100 µg/l and 0.63 ±
0.0252 µg/l respectively as determined by flame atomic absorption spectrometry.
Keywords: Toxic Metals, Lead, Copper, Drinking Water, Refugee Camps, Atomic Absorption Spectrophotometry

INTRODUCTION
Lead is a naturally occurring metal. Metallic lead
does not dissolve in water but forms its salts are
soluble. Human activities have spread lead and
substances that contain lead to all parts of the
environment. For example, lead is in air, drinking
water, rivers, lakes, oceans, dust, and soil. [1] The release
of lead in air is now less than the release of lead to
land. Lead in dust may also come from wind-blown
soil. Disposal of lead in municipal and hazardous
waste dump sites may also add lead to soil. Mining
wastes have been used for sandlots, driveways, and
roadbeds can also be sources of lead. [2] [3] Sources of
lead in surface water and sediment include deposits
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of lead-containing dust from the atmosphere, waste
water from industries that handle lead (primarily iron
and steel industries and lead producers), urban runoff,
and mining piles. [4] [5]
Copper is a naturally occurring metallic element
and is an essential nutrient for humans and animals
in small amounts. The major sources of environmental
copper releases include the mining, smelting and
refining of copper, industries producing products from
copper such as wire, pipes, and sheet metal and fossil
fuel combustion. Water pipes are often made of copper.
The principal source of copper in drinking water
results from the leaching of copper from pipes and bath
fixtures due to corrosive (acidic) water. Other releases
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of copper to the environment include agricultural use
against plant diseases and treatments applied to water
bodies to eliminate algae. [6]
In adults, lead can increase blood pressure and
cause fertility problems, nerve disorders, muscle and
joint pain, irritability, and memory or concentration
problems. It takes a significantly greater level of
exposure to lead for adults than it does for children to
sustain adverse health effects. [7] Copper toxicity causes
nausea, vomiting, and abdominal pain, liver toxicity
etc. in acute poisoning cases whereas, chronic effects
include carcinogenicity and reproductive/
developmental effects. [6]
The determination of lead and copper in drinking
and ground waters is of great importance because
water is consumed by all for drinking, cooking etc, on
a regular basis. Refugee camps in India are supplied
with drinking water which is either ground-water or
tap water. Human health was the major concern behind
this assessment so as to determine which sources
contribute to the exposure of some of the refugee
communities in India to these toxic trace metals in the
present time.
MATERIALS AND METHOD
Sample Collection

Pb and Cu which modulate the light of 285 Hz for the
respective metals were employed as radiation source.
The flame used was air/acetylene. Nitrogen was used
as carrier gas.
Chemicals: Nitric acid used was of analytical grade
and were 99.99 % free from the presence of the metals
under analysis (J. T. Baker). The water used in all
experiment as reagent was ultrapure water obtained
from Milli-Q-water purification system (Ranken Rion
Ltd, India).
All containers and apparatus coming into contact
with very dilute solutions were thoroughly cleaned
before use. All glassware was soaked for a minimum
of 16 hours in 50% nitric acid and rinsed in reverse
osmosis deionized water.
Preparation of standard solutions
Working lead and copper standard solutions were
prepared from 1000 ppm stock solution by dilution in
0.2 % V/V nitric acid.
Lead standard solution (1000 ppm) was diluted to
prepare stock solution of 10 ppm. Eight calibrator
solutions of different concentrations (1.0, 2.0 ppm, 3.0
ppm, 4.0 ppm, 5.0 ppm, 6.0 ppm, 7.0 ppm and 8.0 ppm)
were prepared by serially diluting the stock solution
of 10 ppm of lead immediately before use.

Tap water and ground water samples were
collected from Pakistani Hindu Refugee Camp,
whereas tap water was collected from Tibetan Refugee
Camp in India And were coded as 1T, 1G and 2T
respectively.

Similarly, copper calibrator solutions were also
prepared.

In sample collection, fresh polyethylene bottles
were used for the samples and were previously rinsed
with double distilled water. One litre of water samples
was collected for lead and copper determinations after
the water was allowed to flow from the pipe for two
minutes.

Sample Preparation[8]

All samples were analyzed within two days after
sample collection to eliminate or minimize not only
precipitation of analytes but also any possible
contaminations.
Apparatus and Chemicals
Instrument: Atomic absorption spectrophotometer
(EC Electronics Corporation of India Limited
AAS4129) was used for determination of the metalslead (Pb) and copper (Cu) with deuterium lamp for
background correction. The hollow-cathode lamps for
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30% V/V nitric acid was used as diluent for sample
preparation.

Samples were brought to the laboratory and were
filtered through a 0.45 micro pore size membrane filter
to remove suspended particulate matter. The pH of
all water samples was adjusted to about 3 by addition
of 2 mL/L of concentrated nitric acid and the samples
were stored at 4æ%C prior to analysis in acid-cleaned
polyethylene bottles, in order to determine the
“dissolved metal” fraction.
Sample analysis
Calibration lead and copper standards were
prepared fresh every day prior to each analysis. All
samples were analyzed for these two metals using
flame atomic absorption spectrophotometer which was
done using a manual standard addition procedure
where all three drinking water samples were divided
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into two batches each - (A) for Lead analysis and the
(B) for Copper analysis. In batch (A) samples, known
concentration of standard aqueous solutions of Lead
i.e. 5 ppm and 10 ppm were added to each sample
and the ‘test’ samples so prepared along with original
samples were then subject to AAS analysis for
quantification of Lead. Similarly batch (B) ‘test’
samples were analysed for quantification of Copper.
Control samples were also analyzed. Table 1 gives the
volume data for analysis.
All the measurements were made in triplicate for
the samples and standard solutions. The instrumental
conditions during the analysis of trace and heavy
metals are listed in Table 2 giving details about
parameters which are defined for Lead and Copper.
Quality assurance
Reliability of the results was ensured by carrying
out appropriate quality assurance procedures and
precautions. The accuracy of the method was
determined by measuring the recovery of lead and
copper in the matrix containing known concentrations
of lead and copper solutions. A recovery test was
performed using method of standard addition. The
recovery and reproducibility of the method was carried
out by spiking and homogenizing several already
analyzed samples with varied amounts of standards
solutions of lead (Pb) and copper (Cu) and processed
as previously described.
These ‘spiked’ samples were run with the ‘test’
samples using the same analytical procedure. The
analytical recovery for ‘spiked’ water samples with
lead and copper are given in Table 5.
The method of standard addition which is
considered as a validation method was used to
demonstrate the validity of the method used.
RESULTS
Regression data for the standard calibration plots
There was a good linear relation between
absorbance and standard concentration of lead and
copper. The regression equations and coefficient of
determinations obtained for each calibration plot are
summarised in Table 3. Linearity was evaluated for
three runs of drinking water samples each for lead and
copper.
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Determined metal concentration in Refugee Camp
Drinking Water Samples
The spectrophotometer automatically determined
the concentration of Lead and Copper present in the
samples by extrapolating the calibration curve in parts
per million. All samples were run in triplicate and the
mean values were used along with the respective
standard deviation values for statistical analysis. Table
4 shows the data for original and spiked samples.
Figure 1 shows the graph of quantity of the toxic metals
found in different samples. Table 6 summarises the
statistics of the present study.
DISCUSSION
Lead is toxic, persists in the environment, and is
taken up by the body and stored in bone and other
biological tissues for many years. Copper is commonly
found in pipes and is an essential element for humans
as it ensures good health in small amounts. However,
excess copper can cause adverse health effects.
Drinking water is not generally the most significant
source of exposure to lead and copper, however, under
certain conditions, lead can leach into drinking water
through corrosion.
Toxic metals have been monitored in water all over
the world. Children are more vulnerable to toxicity
from these metals than adults.[9] [10] [11]
Based on the information provided by the refugees
themselves (updated till April 2013), it is estimated that
483 Pakistani Hindu refugees and more than 5000
Tibetan refugees are living in Delhi and National
Capital Region, India. They are being served by tap
water and/or ground water for drinking and cooking
purposes. Also, an unreported death case of a refugee
child (below 10 years) because of “persistent
weakness” and “ill-health” came to light at the time of
collection of samples.
Results from atomic absorption spectrometry
determinations show the actual levels of lead to range
from 0.61 to 1.48 ppm and that of copper from 0.63 to
1.29 ppm in all water samples when one litre of
samples were directly tested.
CONCLUSION
In Canada, the Guidelines for Canadian Drinking
Water Quality limit the lead content of drinking water
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to a maximum acceptable concentration (MAC) of
0.010 mg/L in drinking water (0.01 ppm), measured
at the tap. [6] The United States Environmental
Protection Agency (EPA) has established a Maximum
Contaminant Level Goal (MCLG) for copper in public
drinking water systems at 1,300 parts per billion (1.3
ppm). [12]
This study shows that the level of leas in drinking
water exceeds and that of copper is at the higher end

of the permissible limit. Since human health was the
major concern behind this assessment so as to
determine the contribution of drinking water to intake
of toxic lead and copper levels by some of the refugee
communities in India in the present time, it is
recommended that a more detailed analysis on the
subject be done so as to provide safe drinking water
to them.

Table 1: Volume Data for Analysis
S. No.

Vol. of
Sample
taken (mL)

Conc. of
Standard
Solution
spiked (ppm)

Vol. of
Standard
Solution
spiked (mL)

Vol. of
Diluent
added
(mL)

Expected
Final
Conc.
(ppm)

1.

35.0

0.0

10.0

5.0

0.0

2.

35.0

5.0

10.0

5.0

1.0

3.

35.0

10.0

10.0

5.0

2.0

Table 2: Instrumental Conditions for Analysis of Samples (Hair-Dye Powders)
Element

Current (mA)

Slit Width (nm)

Ëmax (nm)

Flame Color

Flame Type

AASTechnique

Pb

5 mA

1.0

217.7

Blue

Air/C2H2

Flame

Cu

5 mA

0.5

324.7

Orange

Air/C2H2

Flame

Table 3: Regression data for the analysis of the standard solutions
S. No.

AAS calibration

Regression equation

Coefficient of
determination (R2)

1.

Pb-1st run

y = 0.0257x + 0.0246

0.9955

2.

Pb-2nd run

y = 0.0272x + 0.0067

0.9916

3.

Pb-3rd run

y = 0.0274x + 0.0016

0.9978

4.

Cu-1st run

y = 0.1635x - 0.0246

0.9906

5.

Cu-2nd run

y = 0.1382x + 0.0388

0.9942

6.

Cu-3rd run

y = 0.1586x + 0.0011

0.9930

Table 4: Toxic Metal Content (Pb & Cu) in Original and Spiked Drinking Water Samples
S No.

Sample Name

Mean Pb Conc.
(ppm)

Mean Cu Conc.
(ppm)

1.

1T-OS

1.46 ± 0.0058

1.28 ± 0.0058

2.

1G-OS

1.48 ± 0.0058

1.29 ± 0.0173

3.

2T-OS

0.61 ± 0.0100

0.63 ± 0.0252

4.

1T-5

2.46 ± 0.0058

2.28 ± 0.0115

5.

1G-5

2.48 ± 0.0100

2.30 ± 0.0153

6.

2T-5

1.61 ± 0.0208

1.60 ± 0.0916

7.

1T-10

3.47 ± 0.0058

3.27 ± 0.0058

8.

1G-10

3.48 ± 0.0058

3.29 ± 0.0115

9.

2T-10

2.61 ± 0.0058

2.64 ± 0.0351

Table 5: Recovery studies for heavy metal (Pb) and trace element (Cu)
Metal

Base Value
(ppm)

Quantity
Added (ppm)

Quantity
Detecteda (ppm)

Recovery(%)b

Pb

1.46 ± 0.0058

5.0

6.43

99.4

Cu

1.29 ± 0.0173

5.0

6.21

98.4

Recovery test,
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a

Mean value (n = 3).
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b

100×[(found-base)/added].
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2.

3.

4.

5.

6.

7.
8.
Fig. 1. Graph of quantity of the toxic metals found in Drinking
Water Samples

9.

10.
Table 6: Summary of statistics of metal analysis
S. No. Parameter

Lead (Pb)

Copper (Cu)

1.

Number of samples
analysed

3

3

2.

Number of samples
with detectable metal

3

3

3.

% of samples with
detectable metal

100%

100%

4.

Minimum conc. of
metal ion detected
(ppm)

0.61 ± 0.0100

0.63 ± 0.0252

5.

Maximum conc. of
metal ion detected
(ppm)

1.48 ± 0.0058

1.29 ± 0.0173

11.

12.

13.
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ABSTRACT
Objectives:
1. To study the Road Traffic accident cases, in a tertiary hospital casualty, Pondicherry institute of
Medical Sciences, Puducherry.
2. Analyse Monthly trends.
3. Identify modes of transport causing injuries.
Materials and Method: The study was done to find out seasonal variations and mode of travel in
fatalities of road traffic accidents.
Results: Seasonal variations in RTA occurrences were noted in May, June, July months - for all vehicles.
Isolated increases in RTA occurrences were noted in January for 2 wheelers, February for 4 wheelers.
Maximum Accidents occurred in two wheelers. Fatalities arriving at casualty were more in Males
compared to Females.
Conclusion: From this study, it was concluded that the maximum deaths occurred in two-wheelers
and four-wheelers. The factors were noted as overspeeding, rise in vehicles plying on the roads,
unmarked barricades, lack of efficient lighting along the roads, driving under the influence of alcohol,
under-developed roads and absent road signs at needy places. Males were more frequently involved.
All head injuries were fatal and not wearing Helmets while on two wheelers were associated with
fatal outcomes. Avoiding seat belts while driving caused more deaths in four-wheelers. Among the
injured a male preponderance was seen as they are the ones who come out more often from the
house [1]. Maximum Accidents -- Two wheelers. Fatality in Males more compared to Females.
Keywords: Road Traffic Accident, Mode of Transport, Types of Injuries, Hospital

INTRODUCTION
Road traffic accident patients entering casualty is
increasing at an alarming rate. The numbers of deaths
on roads are a direct reflection of the fatality due to
these accidents. With the regular inflow of technology
from across the continents and new innovations locally,
powers of vehicles have increased. With such massive
leaps, have the humankind been able to adjust to the
vehicle or does he find breaching the rules of the road
safe and comfortable.
There are few studies done on the fatal injuries
caused in road traffic accidents [1]. The scenic East Coast
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Highway [11], the connection between Chennai and
various southern cities is a witness to many major
accidents each year. This study about the (various road
users against their fatalities) commonest modes of
transport causing fatal injuries are least along this
highway. With this in mind the east coast highway
was chosen for study. This study was designed with
this particular need and conducted for a period of one
year along this major highway.
MATERIALS AND METHOD
Period of study: June 2010 to May 2011[8]. Study
design: Hospital Based Descriptive Study. Sample
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Size: 1250. Exclusion criteria: Injuries due to
accidental falls, falls from height, assaults, and work
place injuries. Software used for Analysis: MS Excel
2007 and SPSS 16.0[1]. Statistical significance, P < 0.05.
Consent obtained for usage of the recorded data from
institution and the patients. The road traffic accident
patients entering casualty were separated meticulously
into groups based on types of vehicular accidents such
as Pedestrians, Two-wheelers, Three-wheelers and
Four-wheelers. Data on the vehicle the person was
travelling at the time of accident, manner of causation,
injuries caused, and treatments given were
documented. Special attention given to consumption
of alcohol, and wearing of helmets both at the time of
accident. Consumption of alcohol determined by
questioning the patient, clinical examination and in
cases by blood examination whereas only 14.9% had
consumed alcohol according to study [8, 15]. Helmet
usage at the time of accident determined by
questioning and accident spot visits. The data about
each accident was entered into a computer for further
analysis and comparison with accidents to other road
users. No funding was availed for the completion of
this study.
OBSERVATION & RESULTS
Table 1. No. of RTA reporting to casualty of 1250 RTA
cases, 179 - pedestrians [2-7], 591 - two wheelers, 70 three wheelers, 410 - four wheelers (Table.1).
Months

Pedestrian

Two

Three

Four

JUNE_10

11

49

4

48

JULY

12

56

3

35

AUGUST

17

36

7

34

SEPTEMBER

11

41

8

28

OCTOBER

24

34

9

31

NOVEMBER

10

43

4

40

DECEMBER

17

40

5

25

JANUARY

22

73

6

26

FEBRUARY

14

57

5

60

MARCH

12

47

1

35

APRIL

12

47

1

24

MAY

17

68

17

24

TOTAL

179

591

70

410

From the above table the Seasonal variations in RTA
occurrences could be understood. RTA occurrences
were noted in May, June and July months – for all
vehicles.
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Fig. 2. Mode of Transport causing Injuries (% Distribution)

The various modes of transport causing injuries,
179 (7.49%) pedestrians [2-7], 591 (24.74%) two wheelers,
70 (2.93%) three wheelers, 410 (17.16%) four wheelers
(Fig.2).
DISCUSSION
During the period taken for the study, 1250 cases
of road traffic accidents were noted reported at
casualty. The highest numbers of cases reported were
two-wheeler accidents [13, 14]. This was followed by the
accidents involving people travelling in four wheelers.
Numbers of people involved in four wheeler accidents
were more, as people travelling per vehicle and injured
are more.
The accidents involving two wheeler were the
largest group. The accidents occurring with two
wheelers involved person riding or pillion-rider or
both.
The monthly variations were noted. Seasonal
variations in RTA occurrences were noted in May, June
and July months — for all vehicles. [8] This agreed with
the study by Nilambar Jha done on Injury Pattern
among Road Traffic Accident Cases: A Study from
South India, done at another part of Pondicherry.
Isolated increase in the number of road traffic
accidents were noted in the months of January for 2
wheelers, February for 4 wheelers. In the study by [1]
Ghosh PK., most of the deaths occurred in the month
of November followed by September. [9] The highest
numbers of accidents were observed in the heavy rainy
season during the months of July – September.
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In the study male-female numbers were noted. Of
this higher number of males were involved in road
traffic accidents. The study by [10] Downing et al, [12]
Jha and [13] sathysekaran [14] Dhingra, [15] also states the
same fact.
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A Descriptive Study to assess Variation in ATD, DAT and
ADT Angles with Reference to Age and Gender in
Palmprints of Gujarati Population
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ABSTRACT
In this study an attempt has been made to correlate the age and the angles of triradius along with the
gender variation in angles. It was found that there was no significant difference between atd angles
between male and female and there was significant difference between male and female in dat and
adt angles. On the other hand the correlation study of angle with age between male and female
indicated strong positive correlation for angle adt, weak positive correlation for angle atd and strong
negative correlation for dat angle. Thus neither age nor angle is the reason for increasing or decreasing
the value of other as correlation does not mean causation.
Keywords: ATD, DAT and ADT Angle, Palm Prints, Biometrics, Investigation

INTRODUCTION
Dermatoglyphic patterns of the hand are unique
to an individual in which atd angle is of paramount
importance in forensic science and criminal
investigation apart from medical field. This is true of
all the skin-ridge patterns on the surface of the hand
as a whole, and especially to the science of fingerprints
as these patterns do not change. Among which palm
prints study could have greater relevance in near
future apart from fingerprints as it has got numerous
applications in different areas of science apart from
human identification and one characteristic among
them is angle atd, dat and adt. At the base of the palm,
there are usually four triradii: a, b, c, and d (see Figure
1). An axial triradius (t) is usually located near the point
where the palm is connected to the wrist. This angle is
formed by lines drawn from the digital triradius (a) to
the axial triradius (t) and from this triradius to the
digital triradius (d). The more distal the position of‘t’,
the larger the atd angle. Sometimes accessory ‘a’ or‘d’
triradii are present on the palm. Thus the atd angle is
a dermatoglyphic trait formed by drawing lines
between the triradii below the first and last digits and
the most proximal triradius on the hypothenar region
of the palm. This trait has been extensively used in
dermatoglyphic studies with major applications in
medical sciences.
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Two percent of normal individuals have this
triradius positioned near the center of the palm
(termed t”). A triradius found halfway in between
these two positions (t’ ) is found on 21% of the normal
population. Approximately 11% of the population will
have some combination of more than one axial
triradius. The atd angle averages 48° among normal
individuals. People with Down syndrome have an atd
angle averaging 81°. Elevated atd angles are also found
on individuals with other forms of chromosomal
abnormalities including trisomy 18, trisomy 13,
Klinefelter Syndrome (XXY), and Turner Syndrome
(XO).
The first important point to be considered is that
atd angles change with age (the angle is larger in
children than adults) and with sex (the angle is larger
in men than in women; Cummins and Mildo, 1961). If
these two variables are not taken into consideration,
biases may result if the age or sex-composition of the
samples differs among studies.
In the present study dermatoglyphics of 136 normal
Gujarati population of different age groups in the
ranges of 22 to 93 were analyzed for axial tri- radius
from prints of left and right palms of both males and
females. This research was mainly focused on the
correlation between three angles and age. Comparison
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of the angles atd, dat and adt was also performed
between male and female. Thus significant changes
with the age group and gender were recorded with
reference to all the three angles. There has been a
tremendous study which has been done in the study
of atd angle with respect to medical applications and
genetic effects. But hardly there has been any study
which has been done in Gujarati population nor there
is any literature quoting the significance of other angles
like dat or adt. The relativity between the age of the
individual and the angle made by triradius has also
not been recorded in the literature, though some
studies have been done in different age groups and
with respect to the gender. Therefore this study was
performed whereby the changes in atd angle with the
increase in age is observed and other angles are also
studied which are further reported among Gujarati
population. The comparison is also made between
control male and female for correct assessment.
Therefore it can be given that the atd angle is the most
stable phenotype compared to some other palmar
quantitative characters.
MATERIAL AND METHOD
The present study was performed in the vicinity of
Institute of Forensic Science. The subjects were mainly
the Gujarati population. The subjects were of different
age groups varying from 22 to 90 years. Total 136
samples of Gujarati population in which male were 71
and females were 66 were included for the descriptive
quantitative study. The fingerprints were basically
taken from the old age ashrams in Gandhinagar which
comprised of 30 to 93 years and the younger groups
20 to 25 were collected from the students of M.Sc.
Forensic Science, Institute of Forensic Science, Gujarat
Forensic Sciences University, Gandhinagar.
The subjects have been explained the procedure
and the consent were taken by them in the performa
letter. Simple ink method was applied for taking the
palm prints. The materials used were printer ’s
duplicating ink from Kores, cardboard roller, glass
plate, gauze pads and sheets of paper.
PROCEDURE
The hands of the individuals were washed
thoroughly with the soap and water and were wiped
with dry cloth before taking prints to remove if any
dirt present. A small quantity of ink was applied
uniformly over the glass plate. The palms of each
individuals were placed on the ink on the plate and
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palm prints of both hands were taken on the plain
paper. The palms were rolled on cardboard roller with
paper, taking care that the cupped regions of the palm
were printed properly.
The palm prints were further screened with the
magnifying glass and then with the scale lines were
drawn from triradii ‘a’ to‘d’, ‘d’ to ‘t’ and ‘a’ to ‘t’ and
the angles between them were measured with the aid
of protractor. Parameter observed were three angles
i.e. <atd, <dat and <adt. All the three angles were
measured quantitatively in both right and left hand of
males and female subjects for further comparison.
Statistical test was performed with the software SPSS
(Statistical Procedure for Social Sciences) version 20.
T test and Correlation Coefficient of Variation were
done to correlate the data at significant level of 0.05.
RESULTS AND DISCUSSION
Literature reports average angle of normal
individual is in range 44.5o. Higher range of atd angle
was reported in some cases of mental retardation 8, 9, 10,
11
. Any deviation from the stated value of angle would
be strong indicative of certain anomaly in
dermatoglyphics. The mean of atd, dat and adt angles
among the Gujarati populations are given in table 1.
Based on the statistical tests it was found that the mean
values were higher in male series when total was
considered whereas in males RH atd value was less
compared to females and LH atd value was higher in
males (RH=48.24; LH=53.52) than in female series
(RH=48.78; LH=47.58). Bilateral and bisexual
differences as evidenced by‘t’ test in Gujarati
population indicated that there was no significant
difference in the value of atd (RH & LH ) and total
between male and female.
The result was proved to be on tract with the study
of B. K. C. Reddy and K.S.N. Reddy, who have found
that the mean values of ‘atd’ angle along with the
statistical derivatives among the Sugalis were higher
in male series than in female series and on left then on
the right hand in both sexes of the Sugalis, bilateral
and bisexual differences are not found to be significant
as evidenced by‘t’ test. Another study by E. Anibor
et.al study has shown that there was gender
dimorphism which was observed in one of the study
concerning the atd angle. The males had higher atd
angles than the females (p < 0.05) which did not
confirm to the findings of a previous study of the Ijaws.
In that study, females showed significantly greater atd
angles than males (p < 0.05). This could be due to
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differences in sample sizes of the two studies. Most of
the previous investigators have not observed ‘adt’ and
‘dat’ angles. Whereas the present study we have done
the comparison between all three angles. Therefore
angle dat was (RH =60.86; LH=67.70) in males and
(RH=65.14; LH=65.97) in females. There was large
difference seen in this angle between male and female.
Angle adt was found to be (RH=68.77; LH=70.11)) in
males compared to (RH=64.14; LH=64.68) in females.
It was noted that there was significant difference
between angle dat (RH & LH), and angle adt (RH and
LH) of males and females.
Though there has not been any study related to
gender in all three angles the study by Osunwoke E.A,
et.al was performed on atd and dat angles in both Krika
and Ikwerre population, where they have found that
there was no significant difference in the atd angles
between the two ethnic groups. There was a significant
difference (P<0.05) between the dat angles of both
ethnic groups. However, in the dat angles, it was
observed that there was a significant difference in both
ethnic groups when compared statistically (P<0.05).
Since dermatoglyphic variables have been shown to
have ethnic and racial variations (Harich et al, 2002;
Kusuma et al 2002; Igbigbi and Msamati, 2001; Oladipo
and Akanigha, 2005) the difference in dat angles can
be deduced to be as a result of variations in ethnicity.
In another study related to atd and dat angle study it
was found that the mean atd and dat angles of the
two groups in both male and female were significantly
different (p<0.05) on the left hand but not on the left
hands of the subjects.
Correlation coefficient value of angle adt (RH &
LH) in males is (0.592; 0.767) and females (0.802 and
0.731) is between 0.5 and 1 indicating strong positive
correlation. Correlation coefficient value of angle atd
(RH &LH) in males was (0.075 &0.076) and females
(0.118 & 0.300) was between 0 & 0.5 indicating strong
weak correlation i.e. the increase in value of one
variable will increase the value of other and vice-versa.
Whereas angle dat for males RH & LH (-0.774; -0.711)
and females(-723 & -755 ) the value was between -0.5
& -1 indicating that there is strong negative correlation
and increase in age might decrease the angle dat of
other and vice-versa. i.e. higher values of age is
associated with higher values of angles and lower
values are associated with lower values, which
indicates that as age(angle) is increasing the angle(age)
is also increasing and vice-versa while decreasing.
However here it should be noted that neither age nor
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angle is the reason for increasing or decreasing the
value of other.
From the table no. 2 it can be found that among the
male the angle atd was more in the age group of 20-30
but after that there was decrease and then consistent
increase in the angle from the age 41-90 in the right
hand. Whereas in the left hand there was no
consistency and the angle kept on increasing and
decreasing with the age. < dat in the right hand of male
had shown highest angle in the age group of 20-30 later
it decreased from the age group 41-50, then there was
fluctuation in the angle with the age. In males < dat in
the left hand was also highest in the age group 20-30
and lowest in the age group >90. In between age group
the angle increased and decreased. < adt was found to
decrease in male from the age group 41-90 in the right
hand and left hand. Whereas < adt in right hand of
age group 20-30 was less i.e. 59.86 when compared to
left hand 58.67.
The atd angle in the age group 20-40 increased and
then decreased. The same pattern was followed in the
left hand. < dat in the right hand of female was highest
in the age group 20-30 and then there was consistent
increase in the angle with the age. Whereas in the left
hand there was increase and decrease in the angle with
the age and the highest angle was shown in the age
group 20-30 and then in 51-60. < adt in female right
hand had highest angle in the age group 41-50 then
there was consistent decrease in the angle with the age.
The same pattern was observed in the left hand also.
But a sudden increase in the angle was noted in the
age group >90. Whereas in female the angle atd
increased consistently in right hand between 41-80 age
group. Then there was sudden decrease in the angle
atd in age group >90.
Thus as indicated earlier atd angle could be used
as a dermatoglyphics marker for certain diseases and
also for forensic and criminal investigation to indicate
the tendency of criminality in individuals. This study
is basically a non invasive study which could be useful
for diagnostic & assessment tool for the mental
retardation.
CONCLUSION
This analysis could be of immense importance to
forensic scientists, anthropologists and clinicians in
respect to genetics in the identification of the ethnicity
of a particular individual and criminal investigation.
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Table No.1. Angle atd, dat and adt among males and females of Gujarati population
Control

Male (N=70)

Female (N=65)

T Test

S.No.

Variable

N

Mean

Std. Error

Std. Dev

N

Mean

Std. Error

Std. Dev

1.

ATD_RH

71

48.240

.480

4.044

65

48.780

.577

4.655

0

0

2.

ATD_LH

71

53.52

3.

ATD_TOTAL

71

101.760

4.

DAT_RH

71

60.860

.847

7.136

5.

DAT_LH

71

61.700

1.015

8.555

0

.466

7.049

59.397

65

47.58

.466

3.758

.423

7.082

59.674

65

96.370

.944

7.611

.471

65

65.140

1.045

8.424

.002

65

65.970

1.099

8.860

.005

0

6.

DAT_TOTAL

71

122.56

1.785

15.044

65

131.11

2.068

16.674

.002

7.

ADT_RH

71

68.770

.971

8.179

65

64.140

1.109

8.941

.002

8.

ADT_LH

71

70.110

1.028

8.666

65

64.680

1.132

9.124

.001

2.189

17.652

.001

9.

ADT_TOTAL

71

138.89

0

1.903

16.035

65

128.82

0

Table No. 2. Mean of angle atd, dat and adt in different age groups of males
AGE

ATD_RH

ATD_LH

ATD_TOTAL

DAT_RH

DAT_LH

DAT_TOTAL

ADT_RH

ADT_LH

20-30

48.14

47.29

95.43

70.71

72.71

143.43

59.86

58.67

ADT_TOTAL
118.52

41-50

46.00

45.50

91.50

54.50

55.50

110.00

78.00

78.00

156.00

51-60

47.67

46.67

94.33

57.58

56.33

113.92

72.92

74.58

147.50

61-70

48.00

45.83

93.83

56.94

59.00

115.94

73.33

74.44

147.78

71-80

48.40

47.20

144.80

57.10

57.60

114.70

71.40

72.50

143.90

81-90

49.00

46.17

95.17

57.17

57.67

114.83

70.83

75.00

145.83

>90

52.50

48.50

101.00

58.00

54.50

112.50

65.00

79.00

144.00

Table No.3 Correlation Coefficient Values of Angles atd, dat and adt with reference to Age.
AGE

ATD_RH

ATD_LH

ATD_TOTAL

DAT_RH

DAT_LH

DAT_TOTAL

ADT_RH

ADT_LH

20-30

49.27

46.97

96.24

70.35

72.89

143.24

57.11

57.65

ADT_TOTAL
114.76

31-40

47.00

45.20

92.20

55.40

55.00

110.40

74.80

77.00

151.80

41-50

45.00

49.00

94.00

55.00

51.00

106.00

75.00

77.00

152.00

51-60

48.00

45.00

93.00

56.00

63.00

119.00

72.00

70.00

142.00

61-70

48.50

48.50

97.00

59.25

58.75

118.00

71.00

75.50

146.50

71-80

50.43

49.86

100.29

57.00

55.14

112.14

72.29

73.14

145.43

81-90

50.83

49.67

100.50

58.33

59.50

117.83

71.67

72.17

143.83

>90

46.75

47.00

93.75

59.50

59.00

118.50

74.75

72.00

146.75

Table No. 4. Mean of Angle atd, dat and adt in different age groups of Females
Male(Control)

Female(Control)

Male and Female

Variable

Pearson
Correlation

Pearson
Sig.(2-tailed)

Sig.
Correlation

Pearson
(2-tailed)

Sig.
Correlation

(2-tailed)

ATD_RH

.075

.538

.118

.363

.083

.343

ATD_LH

.076

.533

.300*

.018

.080

.364

ATD_TOTAL

.080

.508

.221

.085

.087

.321

DAT_RH

-.774**

.000

-.723**

.000

-.762**

.000

DAT_LH

-.711**

.000

-.755**

.000

-.748**

.000

DAT_TOTAL

-.772**

.000

-.766**

.000

-.783**

.000

ADT_RH

.592**

.000

.802**

.000

.721**

.000

ADT_LH

.767**

.000

.731**

.000

.765**

.000

ADT_TOTAL

.718**

.000

.785

.000

.770**

.000
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3.

4.

5.
6.

7.

8.
9.
Fig. 1. Scheme to show digital patterns, a, b, c, d and triradii, atd,
dat and adt angles (6)

10.
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Study of Growth & Skeletal Development in Sickle Cell
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ABSTRACT
Objective: It is well known that sickle cell anemia influence growth & skeletal development. However
the clinicians caring for patients with sickle cell anemia has no growth curves or guidelines for
predicting when skeletal maturation is likely to occur. This study was designed to analyze the growth
& skeletal development in sickle cell anemic patient
Material & method: Present study comprises 120 subjects (61 female, 59 male) attending sickle cell
clinic at Indira Gandhi government medical college, Nagpur. & 122 normal subjects (69 female, 53
male), age range was 5-20 yrs. Height & weight was measured. Single radiograph of left hand &
wrist were taken from sickle cell patient. A criterion by Sharat was used to determine skeletal maturity.
Results: Sickle cell anemic patients show significantly less height & weight as compared to control.
Appearance of ossification center for lunate, trapezium, trapezoid, Ist metacarpal & other metacarpals
was delayed. Fusion of epiphysis with diaphysis in metacarpals, phalanges & distal end of radius
and ulna was delayed.
Conclusion: Growth of sickle cell anemic children is definitely affected. Children are shorter & weigh
less. Appearance & fusion of ossification centers is delayed.
Keywords: Sickle Cell, Skeletal Maturity, Ossification Center, Epiphysis

INTRODUCTION
For years clinicians and forensic experts have been
aware of the variation in clinical severity associated
with the different sickle syndrome such as sickle cell
disease, sickle cell trait etc. The clinician caring for a
patient with a sickle syndrome has no growth curves
for height, weight or skeletal maturation to judge,
whether the degree of delay is appropriate for
hemoglobinopahties. Similarly there are no guidelines
for predicting when skeletal maturation is likely to
occur. Antecedent data suggests that children with
Corresponding author:
Santosh L Wakode
Assistant Professor
A-405, N I T complex,
Sakkardara, Nagpur- 440024
E-mail - santoshwakode@gmail.com
Phone No- 9423446073
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homozygous sickle cell disease were found to be
shorter, lighter weight and generally thinner body built
than normal children.(1, 10)
Considering this the present case-control study was
designed to analyze the growth and skeletal
development of patients with sickle cell anemia.
MATERIAL & METHOD
Present study comprises of 120 subjects consisting
of 59 male& 61 female attending the sickle cell clinic
of Indira Gandhi Government Medical Collage and
Hospital, Nagpur. The diagnosis of each hemoglobin
type was made on the basis of peripheral blood smears,
sickling test and electrophoresis. Persons having
obvious skeletal deformity were excluded from the
study. The control group consists of 122 normal
subjects consisting of 53 male & 69 female and their
age ranged from 5-20 years.

2/8/2014, 1:23 PM

Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1 41

The measurements were taken with light clothing
and without shoes. Height was measured using an
anthropometer with subject standing erect with heel
together with head in Frankfurt plane. Weight was
measured on beam balance scale measuring in
kilograms having accuracy of 100gms. A single
radiograph of the left hand and wrist were taken using
non-screen film. Criteria as suggested by Sharat
(1970),(11) were used to determine skeletal maturity.
These radiographic findings were compared with data
of normal Indian children as studied by Gaulstaun
(1937).(3)

10 sickle cell anemic patients shows presence of
scaphoid center at age of 10 years. While at the age of
11 year, it is seen in 12 patients. Pisiform appear at 10
years in 3 patients, at 11 years in 6 patient & at the
age of 12 years in 7 patients. (Table.3)

Male AS+SS patients were compared to total male
control subjects. Female AS+SS patients were
compared to female control subjects.

At the age of 7 year ossification centre for first
metacarpal epiphysis, phalanges were seen in 3 girls,
4 boys & 2 girls, 8 boys respectively. At 8 year center
for both first metacarpal and other metacarpal
appeared in 10 girls & 10 boys. Fusion for first
metacarpal epiphysis and other metacarpal seen in
single girl & boy at 17 years of age.2 girls show fusion
at 19 & 20 year for other metacarpals. Appearance of
ossification center for first metacarpal & other
metacarpal also delayed in both sexes as compared
with Galstaun study. (3) Fusion of epiphysis with
diaphysis in case of metacarpal also delayed in both
male & female adolescent. Appearance of ossification
center for phalanges also delayed. (Table no. 4, 5, 6 &
10)

Statistical analysis was done with unpaired t-test
and differences were calculated. The significant p value
was less than 0.05.
RESULTS
Height
It was observed that male (AS+SS) patient have
significantly less value as compared to control male
(P<0.005). Height (AS+SS) of female appear to be
significantly less than female control (P<0.005).
(Table.1)

Thus In both sexes Lunate appear late in sickle
cell anemic patient. Appearance of trapezium was also
delayed by one or two year as compared to normal
children. Most delayed appearance was found in case
of trapezoid. (Table. 9)
Metacarpals and phalanges

Table 1: Calculated value of height

Weight
Weight of total male patient (AS+SS) & Weight of
total female patient (AS+SS) have significantly less
value (P<0.01) as compared to control subjects. On
comparison weight of total sickle cell anemic patients
appear to be highly significant (<0.0005). (Table.2)
Determination of skeletal age

Type

Mean
(cm)

Standard
Deviation (cm)

P
value

Sickle cell anemia
(AS +SS)

124.08

14.91

<0.01

M (AS +SS)

121.39

13.18

<0.005

F (AS +SS)

126.67

16.09

<0.005

Subjects (Ctl)

130.71

17.64

M (Ctl)

127.18

15.18

F (Ctl)

133.42

18.98

Carpal Bone

Table 2: Calculated value of weight

Capitate, hamate & triqueteral were excluded as
their ossification centre appears before 5 years of age.
Ossification centre for lunate appeared at 7 year in 10
patients. Ossification centre for trapezium appeared
at the age of 8 year in 18 patients & at 9 year in 17
patients. 6 sickle cell anemic patients show appearance
of trapezoid at age of 8 years.
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Type

Mean
(kg)

Standard
Deviation (Kg)

P
value

Sickle cell anemia(AS +SS) 22.85

8.15

<0.0005

M (AS +SS)

7.139

<0.01
<0.01

21.94

F (AS +SS)

23.73

8.99

Subjects (Ctl)

27.55

9.54

M (Ctl)

26.01

7.78

F (Ctl)

28.73

10.60
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Table 3: Appearance of ossification centre for carpals
Carpal

Age in
years

No. of
patients examine

Appearance
of centre

Lunate

5 yrs

8

—

6 yrs

9

3

7 yrs

12

10

8 yrs

21

21

6 yrs

12

—

7 yrs

12

—

8 yrs

21

18

Trapezium

Trapezoid

Scaphoid

Pisiform

9 yrs

17

17

5 yrs

8

—

6 yrs

12

—

7 yrs

12

—

8 yrs

21

6

7 yrs

12

—

8 yrs

21

—

9 yrs

17

2

10 yrs

13

10

11 yrs

12

12

9 yrs

17

—

10 yrs

13

3

11 yrs

12

6

12 yrs

7

7

Table 4: Appearance of centre for metacarpal epiphysis
First metacarpal

Other metacarpal

Age in
years

Girls
examined

Boys
examined

Appearance
in No. of girls

Appearance in
No.of boys

6

6

3

—

—

7

3

9

3

4

8

10

10

10

10

6

6

3

—

—

7

3

9

3

9

8

10

10

10

10

Table 5: Fusion of metacarpal epiphysis
First metacarpal

Other metacarpal
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Age in
years

Girls
examined

Boys
examined

Appearance
in No. of girls

Appearance in
No.of boys

16

2

1

1

-

17

2

1

1

1

18

-

-

-

-

19

2

1

2

-

20

2

0

2

-

16

2

1

1

-

17

2

1

1

1

18

-

-

-

-

19

2

1

2

-

20

2

0

2

-
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Table 6: Appearance of ossification centre for phalanges
Age (Yrs)

No. of Girls
Examined

No of Boys
Examined

Appearance in
No. of
Girls

Appearance
in No. of
Boys

6

6

3

-

-

7

3

9

2

8

8

11

10

11

10

Appearance in
No. of

Appearance
in No. of

Girls

Boys

Table 7: Appearance of ossification center for distal end of ulna
Age (Yrs)

No. of Girls
Examined

No of Boys
Examined

7

3

9

-

-

8

11

10

3

1

9

9

8

8

2

Table 8.Fusion of distal end of radius and ulna
Distal end of radius

Distal end of ulna

Age in
years

Girls
examined

Boys
examined

Appearance
in No.
of girls

Appearance
in No.
of boys

17

2

1

-

-

18

2

-

-

-

19

-

1

1

-

20

2

-

-

-

17

2

1

--

--

18

-

-

-

-

19

2

1

-

-

Table 9: Comparisons of appearance of ossification center for carpal bones (Numerical indicate age in year)
Carpal bone

Gaulstan

Lunate

Present study

male

female

male

female

5

5

6

6-7

trapezium

7

6

8

8

trapezoid

4-7

5-6

8

8

scaphoid

7-11

7-11

9

9

pisiform

9-12

9-12

11

10

Table 10: Comparisons of ossification center of appearance and fusion of epiphysis with diaphysis
Epiphysis

Galstaun

Present study

Male

Female

Male

Female

6

6

7

7

16-18

15

17

16

6

6

7

7

16-18

14-15

17

16

Phalanges (appearance)

6

6

7

7

Phalanges (fusion)

16

14-15

-

-

Distal end of radius (fusion)

18

16.5

-

19

Distal end of ulna (appearance )

8-10

8-10

10

8

Distal end of ulna (fusion)

18.5

17

19

-

Ist metacarpal (appearance)
Ist metacarpal (fusion)
Other metacarpal (appearance)
Other metacarpal (fusion)

Radius and Ulna
The epiphysis for distal end of ulna was seen in 3
girls & 1 boy at the age of 8 year & 8 girls & 2 boys at
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the age of 9 year. At 19 years of age Only 1 girl show
fusion for distal end of ulna. None of the patient shows
fusion for distal end of ulna up to 20 years of age. (Table
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no. 7& 8)
Mean of chronological age & derived skeletal age
were plotted on a graph to note the difference. Skeletal
age was calculated by scoring as suggested by
Sharat.(11)
It is observed that skeletal age curve run at lower
level than chronological age. (fig.1)
It can be observed from sample x-ray wrist that only
two carpal bones & distal end of radius is seen (fig. 2).
As per the criteria given by Sharat, the skeletal age of
the patient is 3 to 4 years; however his chronological
age is 6 years. Similarly another sample x-ray (fig.3)
shows three carpal bones & distal end of radius, the
skeletal age of the patient is 4 to 5 years, however his
chronological age is 8.5 year.

Fig. 3. X-ray left wrist and hand of sickle cell patient

DISCUSSION

Fig.1. The growth curve for skeletal age runs at lower level than
for chronological age.

Fig. 2. X-ray left wrist and hand of sickle cell patient
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Previous reports have presented varying & often
conflicting data on growth and skeletal maturation in
patient with the sickle syndromes.(1,8) Most studies have
concentrated on patients with SS disease & have shown
that as compared with normal subjects, these patients
weigh less, may be taller or shorter.(1,4) Less has been
written about the skeletal development and
maturation. Whereas some researchers suggested that
in sickle cell anemia, height, weight are not different
from values for control population. (6, 10)
Our study of growth and skeletal development in
sickle cell disease involved hundreds of patients who
were widely distributed in Vidharba region of
Maharastra. A striking, consistent pattern of growth
and skeletal development emerged. In present study,
it has been shown that as a group, children with sickle
cell anemia weigh less and are shorter in comparison
with normal controls. It was noted that the persons of
both sexes suffering with sickle cell anemia exhibit low
height, low weight as compared with control and the
finding are in agreement with previous studies. (1, 5, 6, 7,
8, 9.)
Growth delay starts in early childhood but becomes
more apparent during adolescence when the growth
spurt of normal children separates them form the
patients with sickle cell anemia.

2/8/2014, 1:23 PM

Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1 45

Low weight is the most obvious abnormality, and
may be most critical in influencing the differences in
physical maturation among the hemoglobinopahties.
The pathophysiology of the low weight is not known,
but it is tempting to consider two hypotheses. Patient
with sickling have more acute or chronic
vasoocclusion, which may lead to poor nutritional
intake. On other hand, even without vasoocclusion,
patient with more hemolysis have a lower hematocrit,
more marrow and cardiovascular compensation and
a large calorie requirement. Since the weights of
children with sickle cell anemic are more severally
affected than their height, the preponderance of linear
or asthenic physique would be anticipated. (12)
In agreement with other researchers, (6, 8) present
data indicates difference in somatic development
between normal and sickle cell anemia subjects. For
skeletal development & maturation there is definite
delay of one to two years in respect of patients &can
be appreciated from the comparison. (Table no.9&10)
Our findings closely associate with findings of
previous workers. (1, 6) A delay in skeletal maturation
in early adolescence in sickle cell anemic patient was
coinciding with findings of other workers. (1, 9) The
delay in skeletal maturation is reflected in smaller body
dimension in sickle cell anemic subject as compared
with controls.
The pattern of skeletal maturation shows
constitutional delay & roughly correlates with degree
of hemolysis and sickling. Greater degree of delay in
skeletal maturation is seen in male subject. The reason
for such finding may be attributed to high calorie
requirement, lower hematocrit, more marrow &
cardiovascular compensation. However this data
should be regarded as preliminary & further study is
required to address this issue. The delay in skeletal
maturation is reflected in smaller body dimension in
sickle cell subject. So while examining a person for age
assessment the forensic expert should address such
issue & opinion should be furnished accordingly.
CONCLUSION
It can be concluded from present study that the
growth of sickle cell anemic children is definitely
affected by the disease process; children with sickle
anemia are shorter and weigh lesser. Appearance &
fusion of ossification centre is delayed, fusion of
epiphysis with diaphysis is delayed & fusion of
epiphysis with respective diaphysis takes place early
in females than in males. So this data can serve as a
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guide for clinical management and investigation, &
also for forensic age assessment.
ACKNOWLEDGEMENT
The authors are thankful to Department of sickle
cell & Department of radiology for kindly providing
facilities to carry out this work. Our heart felt thanks
to Dr M P Fulpatil, Professor Anatomy, IGGMCH
Nagpur & Dr Rajesh Bardale, Assistant Professor,
Forensic medicine & toxicology, GMCH Nagpur for
their timely guidance during completion of the study.
Conflict of Interest: None.
Source of Funding: None
Ethical Committee Clearance: was taken from
institutional ethical committee, as per Ref: letter no.
IGGMC/ Medicine/EC/1208/06
REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

Aschroft MT, Serjeant GR, Desai P: Heights,
weights and skeletal age of Jamaican adolescents
with sickle cell anemia. Arch Dis Child 1972;
47:519-524.
Bargotra RN, Singh J, Singh S: Effect of climate
on time of fusion of distal epiphysis of radius and
ulna with their respective diaphysis in different
regions of Jammu and Kashmir State. J Anat Soc
India 1984; 33(1): 55-56.
Galstaun G: A study of ossification as observed
in Indian subjects. Ind J Med Res 1937; 25(1): 267323.
Gross S, Godel J: Comparative study of height &
weight as a blood volume reference standarad in
normal children and children with sickle cell
anemia. Am J Clin Path 1971; 55(6): 662-70.
Jimenez CT, Scott RB, Henry WL, Sampson CC,
Ferguson AD: Studies in sickle cell anemia XXVI.
The effect of homozygous sickle cell disease on
the onset of menarche, pregnancy, fertility,
pubescent changes and body growth in Negro
subjects. Am J Dis Child 1966; 111: 497-504.
McCormack MK, Dicker L, Katz SH, Celeb M,
McDaniels J, Humphery A, Buchert E, Lubin B:
Growth patterns of children with sickle cell
disease. Hum Bio 1976; 48(3): 429-437.
Michael CG, Hayes RJ, Serjeant GR: Body shape
in young children with homozygous sickle cell
disease. Pediatrics 1983; 71(4): 610-614.
McCormack MK, Salapatek SS, Polesky H,
Thomson W, Katz SH, Barker WB : A comparison
of the physical and intellectual development of

2/8/2014, 1:23 PM

46 Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1

9.

10.

black children with and without sickle cell trait.
Pediatrics 1975; 56:1021-1025.
Platt OS, Rosenstock W, Espeland MA: Influence
of sickle hemoglobinopathies on growth and
development. N Engl J Med 1984; 311: 7-12.
Serjeant GR, Richards RR, Barbar PRH, Milner
PF: Relatively benign sickle cell anemia in 60

9. santosh --40--46.pmd

46

11.

12.

patients over 30 in West Indies. Br Med J 1968; 2;
86-91.
Sharat S, Khanduja PC, Agrawal KN, Saha MM,
Gupta S, Bhardwaj OP: Skeletal growth in school
children. Ind ped 1970; 7(2): 98-108.
Whitten CF: Growth status of children with sickle
cell anemia. Am J Dise child 1961; 102:355-364.

2/8/2014, 1:23 PM

DOI Number: 10.5958/j.0973-9130.8.1.010
Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1 47

An Update on Hazards and Management of Industrial
Toxins

1

Vivek Sharma1, MC Gupta2, Sushma Sood3, Shalini Sharma4
Associate Professor, Pharmacology, 2Senior Professor and Head, Pharmacology, 3Senior Professor and Head,
Physiology, 4Senior Resident, Physiology, PGIMS, Rohtak
ABSTRACT

A hazardous chemical is defined by the U.S. Occupational Safety and Health Administration as "any
chemical that has been shown scientifically to be a health hazard (causes acute or chronic health
effects) or a physical hazard (combustible liquid, explosive, flammable, etc.)". This federal agency
estimates that there are about 5.7 lakhs chemicals in the workplace, with 50,000 being potentially
hazardous. Considering that unplanned exposures and contamination that can occur at any time
during manufacturing, transport, storage, usage, or disposal of these chemicals, inevitably, emergency
physicians will, at some time, be responsible for the management and care of a hazardous materials
patient. When managing a patient exposed to an industrial chemical, it is helpful to refer to the
material safety data sheet. Here, specific physical and hazardous properties of a particular substance
are described, including the risk for absorption after inhalation or dermal exposure, and the potential
for systemic toxicity . But although the material safety data sheet will also include "first aid"
recommendations, it is strongly recommended to consult with a medical toxicologist or a regional
poison control center to discuss optimal, case-specific hazards, treatments, and dispositions. Some
agents may result in delayed onset of symptoms that require at least 12 to 24 hours of monitoring.
Also, contacting the regional poison control center facilitates accurate data collection and analysis of
toxicologic exposures in the community.
Keywords: Cholinergic Toxicity; Delayed Toxicity; Hydrocarbons; Pulmonary Edema; Respiratory Symptoms;
Metabolic Toxicity

INTRODUCTION
Agents absorbed through intact skin that may result
in systemic toxicity includes acrlamide, acetonitrile,
aniline, chlordane, dinitrophenol, various
hydrocarbons like benzene, gasoline, toluene, xylene,
hydrogen cyanide, hydrogen fluoride, mercury,
thallium, methyl bromide, methylene chloride, nerve
agents, nitrates, nitrobenzene, pesticides, phenol and
T2 toxin.
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Table 1: Toxins with Delayed Onset of symptoms or
requiring prolonged monitoring
Agents

Potential delayed toxicity

Acetonitrile

Cyanide toxicity

Aniline

Methemoglobinemia

Arsine

Hemolysis

Benzene

Bone marrow suppression and leukemia

Cadmium

Pulmonary toxicity

Chlorine

Pulmonary edema

Ethylene oxide

Pulmonary edema and neurotoxicity

Halogenated solvents

Hepatorenal toxicity

Hydrofluoric acid

Pulmonary edema, dermal burns, hypocalcemia

Hydrogen sulfide

Pulmonary edema

Metals

Hepatorenal and neural toxicity

Methanol

Neurologic toxicity and acid-base disturbance

Methyl bromide

Pulmonary edema

Methylene chloride

Carbon monoxide toxicity, dysrhythmias

Organophosphates

Cholinergic toxicity

Nitrogen oxides

Pulmonary edema, methemoglobinemia

Paraquat

Pulmonary edema, Pulmonary fibrosis

Phosgene and Zinc
phosphide

Pulmonary edema
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Respiratory toxins like phosgene, chlorine, vinyl
chloride, nitrogen oxides and ammonia causes
pulmonary edema. The metabolic toxins like cyanide,
hydrogen sulfide, carbon monoxide and Ricin can
produce coma, seizures and cardiac arrest, whereas
halogenated hydrocarbons can cause confusion,
lethargy, coma, cardiac dysrhythmias and even
respiratory arrest.
Children are uniquely sensitive to some chemical
exposures. 1-3 Physiologically, they have increased
respiratory exposure, as their minute volumes are
higher, resulting in greater inhalational doses of
airborne toxins. Once these agents have been inhaled,
the results may be more devastating, as children have
smaller airway diameters and may have increased
difficulty clearing secretions. Dermal absorption is also
increased, as their skin is thinner and more permeable,
and their body surface/mass ratio is higher. Children
also are at risk for profound dehydration, resulting
from vomiting and diarrhea secondary to toxic
exposures. Many of the emergency protocols and
antidote kits were developed for healthy adults, so
dosing and care for pediatrics can be a challenge. A
pregnant patient should be treated as an adult patient
owing to the fact that the best care for the baby is
proper care of the mother.4
Respiratory toxins
Gases, mists, aerosols, fumes, or dusts may be all
inhaled. Determinants of airborne agent toxicity
include many factors such as concentration of the
inhaled toxin, duration of exposure, and whether the
exposure occurred in an enclosed space.

General management of the patient with toxic
inhalation injury begins with removal from the source,
100% oxygen, and inhaled bronchodilators for
bronchospasm. The physical examination should
include inspection of the upper airway for evidence
of singed nasal hair, soot in the oropharynx, facial or
oropharyngeal burns, stridor, hoarseness, dysphagia,
cough, carbonaceous sputum, tachypnea, retractions,
accessory muscle use, wheezing, or cyanosis. Flushing
of the eyes and skin should be carried out as
appropriate. Copious airway secretions, hypoxia,
bronchospasm, and pulmonary edema should be
anticipated. Prophylactic antibiotics are not indicated
following toxic gas inhalation. There is no evidence to
support the use of prophylactic steroids after a toxic
inhalational injury, with the possible exception for the
use of prophylactic steroids with antibiotics after
nitrogen dioxide exposures. Steroids should be
considered in those with underlying reactive airways
disease and toxin-induced bronchospasm.
Pertinent laboratory studies include arterial blood
gas
analysis
with
carboxyhemoglobin,
methemoglobin, and lactate levels; whole-blood
cyanide levels if persistent acidosis occurs ;
electrocardiographic monitoring; and chest
radiography.
Many highly toxic gases produced in large
quantities in the industrial sector are potential agents
for malicious use. Those with a history of previous
battlefield use or stockpiling, such as phosgene,
chlorine, or ammonia, are of particular concern.
Additional toxicity can result from products of
combustion such as hydrocarbons or carbon
monoxide.

Table 2: Industrial toxins affecting respiratory system can be tabulated as:
Toxins

Clinical picture

Onset of symptoms

Phosgene

Pulmonary edema

Delayed

Mild

Organophosphates

Increased secretion,

Vapor : immediate

Mild

bronchospasm

Dermal liquid: delayed

Increased dyspnoea and flu-like symptoms

Delayed

Yes

Coughing, nausea and vomiting(low level)

Immediate

Yes

Pulmonary edema(high level)

Delayed

Nitrogen dioxide

Irritant

Transient improvement
Worsening dyspnoea due to pulmonary edema
24-72 hour after exposure
Chlorine
Ammonia

Coughing, hoarseness, bronchospasm

Immediate

Yes

Hydrogen sulfide

Burning eyes and mucus membranes

Immediate

Yes

Pulmonary edema

Delayed

Normal Lung examination

Immediate

Cyanide
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Phosgene
Phosgene has widespread use in manufacturing
and industry as a chemical precursor in the production
of plastics, pharmaceuticals, dyes, polyurethane, and
pesticides. Phosgene release and contamination can be
insidious. It is relatively water insoluble and therefore
has poor warning properties. Only mild initial eye,
nose, throat, and upper airway irritation are expected,
and these may be entirely absent. When released, it
forms a white cloud with a characteristic odor of newly
mown hay. The major toxicity involves an acid burn
to lower airways as phosgene reaches the alveoli and
hydrolyzes to carbon dioxide and hydrochloric acid.
Acylation of alveolar capillary membranes results in
diffuse capillary leak and noncardiogenic pulmonary
edema, which may be delayed for up to 24 hours.5,6
Symptoms are typically dyspnea and chest tightness.
If the exposure is massive, immediate dyspnea and
mucous membrane and eye irritation may occur. The
onset of dyspnea or pulmonary edema within 4 hours
of exposure suggests a very poor prognosis.5 Recovery
occurs in 3 to 4 days with respiratory supportive care
and management of acute lung injury (noncardiogenic
pulmonary edema). Because exertion is known to
increase pulmonary edema from phosgene, rest is
mandatory for those exposed.6 Furthermore, a 24-hour
observation period with frequent reassessments is
prudent even for asymptomatic patients.
Chlorine
Chlorine is widely available in the industrial sector,
in the setting of laboratories, paper manufacturing,
swimming pool chemical distribution, and municipal
water treatment. World War I soldiers exhibited both
central airway damage and pulmonary edema.7 Early
inflammatory injury results from the formation of
hydrochloric and hypochlorous acids and oxidants
upon contact with moist membranes. Immediate
ocular and upper airway irritation along with nausea
and vomiting are common following mild exposures.8
More significant exposure results in coughing,
hoarseness, and pulmonary edema, usually within 6
hours, with some exposures leading to acute
respiratory distress syndrome.9 Care is primarily
supportive, with the use of humidified oxygen and
bronchodilators as needed. Prophylactic antibiotics are
not recommended. The role of inhaled steroids and
nebulized sodium bicarbonate as a neutralizing
therapy is controversial and is avoided.10-11 Chlorine
may cause dermal injury at high concentration, and
skin decontamination may be required.
Nitrogen oxides
Nitrogen dioxide and other nitrogen oxides are
encountered in the form of silo gas labeled as”silo filler
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disease”, as products of fire combustion, in industrial
processes, or as components of military blast weapons,
smokes, and obscurants.12 These oxides have limited
water solubility that results in primarily lower airway
toxicity. An exposure to a high concentration may only
produce very mild initial discomfort. Slow conversion
of nitrogen dioxide to nitric acid in the alveoli results
in delayed alveolar injury and pulmonary edema.12-13
A triphasic illness typically is seen with initial dyspnea
and flulike symptoms, transient improvement, and
then worsening dyspnea, which heralds the onset of
pulmonary edema 24 to 72 hours after exposure.13-15
Methemoglobinemia has been reported from nitrogen
oxide exposure. Case reports describe apparent benefit
with early corticosteroid treatment for acute lung
injury following nitrogen dioxide exposure.16
Ammonia
Ammonia is widely available; it is found in
household and industrial chemicals and fertilizers, and
is used in the synthesis of plastics and explosives, to
name a few. Ammonia has good warning properties
due to its odor and immediate symptoms of mucous
membrane, eye, and throat irritation. Lower airway
involvement resulting in bronchospasm, pulmonary
edema, and residual reactive airways disease have all
been described following massive exposures,
especially in those who are entrapped in enclosed
spaces. Treatment is supportive with humidified
oxygen and bronchodilators. Concentrated ammonia,
such as 8.4% ammonia hydroxide, is extremely
hazardous to the eyes. Therefore, following ocular
irrigation in symptomatic patients, evaluation for the
presence of corneal burns should be considered, and
a careful ophthalmologic examination and
consultation is warranted.
Metabolic toxins
Cyanide
Table 3: Signs and symptoms of acute cyanide toxicity
Cardiovascular system

Grading

Tachycardia , Hypertension ,
Bradycardia Hypotension

Mild

Asystole

Severe

Central nervous system
Headache, Seizures

Mild

Coma

Severe

Respiratory system
Dyspnea, Tachypnea

Mild

Apnea

Severe

Although cyanide levels are not closely correlated
with toxicity, they can be used to confirm a clinical
diagnosis in retrospect, or for forensic purposes.
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Whole-blood cyanide levels are the most commonly
reported values.17 The slow release of cyanide by the
spontaneous degradation of sodium nitroprusside,
which is increased by exposure to sunlight, also results
in delayed toxicity, particularly during prolonged or
high-dose infusions.18 There are multiple antidotes,
along with an active debate in the literature as to which
one is most effective.19 Proper airway support with
100% oxygen is critical. Crystalloids and vasopressors
should be used for hypotension. Acidemia should be
treated with adequate ventilation with 100% oxygen
and sodium bicarbonate administration, as it enhances
the effect of nitrite and thiosulfate.20
The standard accepted antidote therapy for cyanide
poisoning in the U.S. has been developed by Chen and
colleagues in 1933.21-22 The antidotes contained in the
cyanide treatment kit include ampules of amyl nitrite
for inhalation, 10-mL vials of 3% sodium nitrite (300
milligrams), and 50-mL vials of 25% sodium thiosulfate
(12.5 grams). The sodium nitrite-thiosulfate antidote
is administered in a comatose, bradycardic patient with
a history of cyanide exposure.
Nitrites:
The rationale for using nitrites is based on their
ability to form methemoglobin, which binds cyanide
more avidly than the ferric iron of cytochrome oxidase.
23
Also the vasodilatory effects are thought to possibly
contribute.24-25 Inhalation of the amyl nitrite ampule
generates approximately 5% methemoglobin while
sodium nitrite given IV generates approximately 8%
to 20%. 27 But nitrites can cause hypotension and
excessive methemoglobinemia.19,20,26 The pediatric dose
of sodium nitrite should be adjusted according to the
patient’s hemoglobin level.17,26
Sodium Thiosulfate:
Following the administration of sodium nitrite,
sodium thiosulfate is infused. Sodium thiosulfate
enhances the activity of the enzyme rhodanese, which
catalyzes the transfer of sulfate from sodium
thiosulfate to cyanide to form thiocyanate, a less toxic
form that is excreted by the kidneys.19-21 Animal studies
using lethal doses of cyanide demonstrate that the
therapeutic effects of sodium nitrite and sodium
thiosulfate are synergistic.20,21 It may also be useful
therapy for victims of inhalation injury where there is
concern that the induction of methemoglobinemia in
the setting of carbon monoxide exposure may further
reduce oxygen carrying capacity.27
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Hyperbaric Oxygen:
The role of hyperbaric oxygen for cyanide
poisoning are conflicting. 28,29. Animal studies of
cyanide poisoning show no benefit of hyperbaric
oxygen over 100% oxygen.20
Other Therapies:
Because of the side effects of nitrites, an effort has
been made to develop equally efficacious but less toxic
therapies.20 Hydroxocobalamin (vitamin B12a), 5 grams
(or 70 milligrams/kg) IV over 30 minutes), in
combination with sodium thiosulfate, has been
licensed as an antidote in France since 1996.
Hydroxocobalamin is a metalloprotein with a cobalt
center that binds cyanide, removing it from
cytochrome oxidase, forming cyanocobalamin, which
is either eliminated by the kidneys or the cyanide
moiety is later released to bind with thiosulfate, which
is coadministered with hydroxocobalamin. Because of
its low toxicity and its efficacy, it is thought to be ideal
in cases where the diagnosis is uncertain or in cases
where the induction of methemoglobinemia may be
detrimental.30,31
Dicobalt edetate, a cobalt compound with a high
affinity for cyanide18,20,21, is the first-line agent for the
treatment of cyanide poisoning in the United
Kingdom. The adult dose for dicobalt edetate is 300
milligrams IV over approximately 1 minute.
Hydrogen Sulfide:
Hydrogen sulfide is a colorless, flammable gas that
may be encountered in industries such as oil and gas
or as a natural product of organic decomposition, such
as sewer or manure gas.32 It is among the most common
causes of fatal gas inhalation exposures. It causes
disruption of oxidative phosphorylation through
inhibition of cytochrome oxidase aa3. Hydrogen
sulfide causes respiratory and ocular irritation. 32
Treatment begins with 100% oxygen and good
supportive care with administration of the nitrite
component of the cyanide antidote kit and withholding
the thiosulfate portion has also been recommended.
The concept is that low level methemoglobin formation
may enhance conversion of sulfide to the less toxic
sulfmethemoglobin.
Conclusion:
We are constantly bombarded by toxins, whether
from industry waste; farmlands; or simply common
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household detergents and other toxic substances like
spraying for insects. Eventually so many toxic and
semi-toxic substances build up in our bodies over time
and have various effects on our health and well-being.
There is a urgent need in future to minimize the
industrial waste instead of making newer drugs to
treat their toxicity.
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ABSTRACT
This present study reviews 65 consecutive coroner's autopsies performed at Department of
Pathology,Asokoro District Hospital,Abuja,Nigeria over two year period(March 2010 to February
2012). The coroner autopsies represent 70% of the total autopsies during this period of study. There
were 60 males against 5 females with a male: female ratio of 12:1 and their ages ranged between 17
and 62 years with a mean of 37.5 years. 98.5% of the studied groups were Negroid while 1.5% was
Caucasian. The most common indications for coroner autopsies were homicidal deaths (47.6%), sudden
unexpected natural deaths (32.4%). Accidents deaths made 18.5%, of all deaths and suicides 1.5%.
Of the 31 homicide deaths, 28 were males and 3 females with a ratio of 9.3:1. Fire-arm injuries were
responsible for 38.7% of the homicide deaths with gun-shot wounds accounting for 29% of this and
bomb-blast 9.7%. Blunt trauma claimed 32.3% of cases, penetrating stab wounds, 25.8%, and
strangulation injury 3.2%. Hemorrhagic shock was the cause of death in 68% of homicide deaths,
intracranial injury in 29% of cases and asphyxia 3%.
For the sudden natural deaths, cardiovascular diseases accounted for 52% of cases. Of these, the
male: female ratios were 11:0. Ten (48%) cases were of hypertensive heart failure, 4% of myocardial
infarction, 24% of liver pathology, and 9.5% of AIDS related diseases. Renal pathology, maternal
death (anemia in pregnancy) and bacterial meningitis accounted for 4.7%, each of the total sudden
natural deaths.
75% of the accidental deaths are from road traffic accidents with a male female ratio of 9:0. Fall from
height was 17% and accidental electrocution, 8%.
Suicide death was responsible for 1(1.5%) of the total deaths. It is also pertinent to say the only
suicide death was also the only Caucasian death recorded in the study. Suicide deaths remain extremely
rare in African patients and our study confirmed this.
Keywords: Coroner, Autopsies, Abuja

A coroner will request an autopsy if there is
reasonable cause to support that the person has died a

sudden death where the cause of death is unknown
and a medical practitioner does not feel able to provide
a natural cause of death to the best of his knowledge
and belief or because they have not seen the patient
for more than two weeks1.
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In Nigeria, coroner autopsies dated back to 1917
when the law stipulated that only sudden death
involving colonial masters were to be reported to the
coroner for autopsy as reported in laws guiding births
and deaths in Nigeria published in 19482. It extended
to everybody, including the indigenous Nigeria
population by 19453.

INTRODUCTION
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Most workers in Nigeria have reported accidental
deaths, homicides and sudden natural deaths as the
commonest indications for coroner’s autopsies in
decreasing order 4,5,6. Road traffic accidents is the
commonest cause of accidental deaths in young people
in various parts of Africa6,7,8,9. A 1997 study from
Ibadan 7 Nigeria reported sudden natural deaths
(55.6%) followed by accidents (35.3%) as the
commonest indication for coroner autopsy in contrast
to previously cited works4.5.6.
Myocardial infraction is the commonest cause of
sudden natural deaths in developed countries of
Europe and America11,12,13. The incidence is low in
developing countries4,14,15,16. Though cardiovascular
disease is also the most common cause of sudden
natural deaths in a study done in Nigeria 10 ,
hypertension constituted the majority of causes.
Suicide deaths remain extremely uncommon in
African patients10 when compared with industrialized
countries, where it has been identified as a serious
public health problem by the World Health
Organization17.
Abuja is Nigeria new capital city with admixture
of different ethnic nationalities that made Nigeria a
country with different socio-cultural and economic
background and beliefs. With this in mind we set to
determine the pattern and causes of death in coroner
autopsies in this capital city, compared it with previous
works in other part of Nigeria and the world in general.

RESULTS
65 cases of consecutive coroner autopsies were
recorded during this period of study. This represented
70% of the total autopsy examinations performed
within the same period.
There were 60 males against 5 females with a male:
female ratio of 12:1 and their ages ranged between 17
and 62 years with a mean of 37.5 years. 98.5% of the
studied groups were Negroid while 1.5% was
Caucasian. The most common indications for coroner
autopsies were homicidal deaths (47.6%), sudden
unexpected natural deaths (32.4%). Accidents deaths
made 18.5%, of all deaths and suicides 1.5% (Table 1).
Table 1: Manner of deaths
Event
Homicide

Male

Female

Total

%

28

3

31

47

Natural

19

2

21

32.4

Accidental

12

0

12

18.5

Suicide

1

0

1

1.5

Total

60

5

65

100

Of the 31 homicide deaths, 28 were males and 3
females with a ratio of 9.3:1. Fire-arm injuries were
responsible for 38.7% of the homicide deaths with gunshot wounds accounting for 29% of this and bombblast 9.7% (Table 2). Blunt trauma claimed 32.3% of
cases, penetrating stab wounds, 25.8%, and
strangulation injury 3.2%. Hemorrhagic shock was the
cause of death in 68% of homicide deaths, intracranial
injury in 29% of cases and asphyxia 3%.
Table 2: Causes of Homicidal Deaths

MATERIALS AND METHOD
The medical records and autopsies findings of 65
consecutive coroner autopsies at Asokoro District
Hospital, Abuja, Nigeria between March 2010 and
February 2012 form the basis of this study. The
autopsies were carried out by the attending
pathologist. The medical records, manner of death and
post-mortem findings were all entered into the
coroner’s inquest form and reviewed. The autopsies
were performed using a standard format. Their
demographic features, clinical data including manner
of death and the causes of death confirmed at postmortem were analyzed using simple statistical
methods like mean, percentage and presented with
tables.
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Event

Male

Female

Total

%

Firearm

10

2

12

38.7

Gunshot

8

1

9

29

Bomb blast

2

1

3

9.7

Blunt trauma

9

1

10

32.3

Penetrating
stab wound

8

0

8

25.8

Strangulation

1

0

1

3.2

Total

29

3

31

100

For the sudden natural deaths, cardiovascular
diseases accounted for 52% of cases.Of these, the male:
female ratios were 11:0. Ten (48%) cases were of
hypertensive heart failure, 4% of myocardial infarction,
24% of liver pathology, 9.5% of AIDS related diseases.
Renal pathology, maternal death (anemia in
pregnancy) and bacterial meningitis accounted for
4.7%, each of the total sudden natural deaths (Table 3).
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Table 3: Causes of sudden natural deaths
Event
Cardiovascular disease

Male

Female

Total

%

11

0

11

52.1
24.1

Hepatic pathology

5

0

5

AIDS related

1

1

2

9.5

Renal pathology

1

0

1

4.7

Maternal death

0

1

1

4.7

Bacterial meningitis

1

0

1

4.7

Total

20

1

21

100

75% of the accidental deaths are from road traffic
accidents with a male female ratio of 9:0. Fall from
height was 17% and accidental electrocution, 8%
(Table 4).
Table 4: Causes of accidental deaths
Event

Male

Female

Total

Road traffic accident

9

0

9

%
75

Fall from height

2

0

2

17

Electrocution

1

0

1

8

Total

12

0

12

100

Suicide death was responsible for 1(1.5%) of the
total deaths. It is also pertinent to say the only suicide
death was also the only Caucasian death recorded in
the study (Table 1).
DISCUSSION
This study shows that homicide, natural sudden
deaths and accidental deaths constitutes the reasons
for majority (98.5%) of coroner’s autopsies in Abuja,
Nigeria capital city. This is in consonant with a Jos,
Nigeria18 study that found the three constituting 66%
of coroner’s autopsies in north central Nigeria. It is
important to say Abuja is also situated in north central
Nigeria. While accidental death (51.3%) is the leading
cause of coroner’s autopsies in the Jos study, our work
show homicide deaths been responsible for majority
of cases at 47.6%. This is in keeping with earlier work
of Rafindadi4 work in this region, where homicide was
the commonest indication for coroner’s autopsies. Our
findings was also at variance with work done in south
west Nigeria10 where sudden natural deaths (55.6%)
was the commonest indications for coroner ’s
autopsies. This shows that even in the same country,
variance exists in the manner of death in which postmortem examinations are performed for purposes of
the law. These different findings may also be a
reflection of the different socio-economic situations,
religious and cultural practices in different regions of
Nigeria.
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Among the homicide death, 38.7% was attributed
to firearm injury with 29% as gunshot wound deaths
and 9.7% due to bomb blast. The recent upsurge in
using violence means to settle communal disputes as
well as armed robbery attack that are also on the
increase are factors promoting the use of fire-arms in
Nigeria. During communal clashes no weapon is
spared so long as maximum damage is inflicted on
the opposing camp4. The armed robbery is a systemic
problem in Nigeria fuelled by unemployment18 and
political activities. During elections, political parties
and members employed thugs and armed them with
guns to intimidate their opponents. After the election
and with no post-election employment, they resolve
to the use of weapon procured for them by the
politicians to find means of survival. Public
enlightenment, respect for the rule of law and
sustainable security for life and property would reduce
the incidence as well as the severity of communal
violence18 coupled with political tolerance. The bomb
blasts are due to terrorist attack by ethnic and religious
militia fighting for perceived neglect or the other. There
is a need for all Nigerians to come to the table and talk
about their grievances instead of resorting to bombblasting.
About 52% of the sudden natural deaths in this
report were cardiovascular in origin and more than
90% of them were males. The cardiovascular causes
of death were hypertensive heart failure in 48%. This
has also been shown by other workers 10,18. This
significant finding implies that these deaths could have
been prevented by adequate blood pressure control, a
point that should be emphasized in the epidemiology
and prevention of non-communicable diseases in our
environment18. Myocardial infection accounted for 4%
of sudden natural deaths. Similar low incidence had
been recorded in Nigeria and other developing
countries11,12,13. Death from anemia in pregnancy was
the only cause of maternal death in the study. This is
in contrast to abortions, post-partum hemorrhage and
eclampsia representing major causes of maternal death
in other study10. This maternal death recorded could
have been prevented with adequate antenatal
screening and attendance.
Accidental deaths accounted for 18.5% of deaths
in this study. Of this, round traffic accident was
responsible for 75%. This finding is consistent with
other workers in Nigeria 4,6,10. Abuja has one of the best
road networks in Africa. Reckless driving and
increasing rate of drunk-driving are possible causes;
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the affected are usually the young and active segment
of the population who contributes to the economy. The
country cannot afford to loose its productive work
force to preventable causes like this. There is a need to
educate our drivers and young ones to imbibe safe
driving culture.
Suicide accounted for death (1.5%) in this series.
Suicide deaths remain extremely uncommon in African
patients as confirmed by other workers4,10. This is in
contrast to the high rate of suicide in coroner ’s
autopsies in developed countries11. Genetic causes for
tendency to commit suicide have been reported19,20 and
the World Health organization has instituted
guidelines on suicide behaviour prevention (17).
A properly performed autopsy can serve as an
educational and quality control tool. The low hospital
autopsy rate in this study (30%) is detrimental to good
medical practice in this environment. We do not have
the advanced investigation techniques to monitor
disease and must rely more on autopsy to study
disease process and sharpen our clinical diagnostic
skill.
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ABSTRACT
This work examines characteristics of psychopathic patients, the methods of evaluation and recent
concepts for validating polygraphs, and important polygraph studies in psychopathic subjects. The
purpose of the study is to review what kind of results can be expected from polygraph analyses in
respect to psychopathic patients.
Keywords: Polygraph, Psychopath, Lies, Deceit

INTRODUCTION
“The psychopath is a subject with a personality
with particular characteristics and of a particular
lifestyle. The psychopathic person does not adapt to
the norms of society, nor follow its rules. This
individual is highly narcissistic, of utmost importance,
is the satisfaction of his or her needs, without regard
for the consequences, neither for him/herself, nor for
others” 1.
The best way to gain an understanding of what the
term “psychopath” encompasses is by means of the
analyses of the most common characteristics of this
disorder. For example, within the entry of codes for
the psychopathic personality there is a characteristic
called “alloplastic defense.” This term refers to a form
in which the psychopath justifies his/her actions,
placing the responsibility for all unfavourable results
on others or on the environment. This peculiarity is of
crucial importance in order to understand why the
psychopath is susceptible to interrogation and
polygraph tests.
Some psychopaths are well integrated into society,
and may even be a part of diverse social groups, many
Corresponding author:
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individuals are impulsive, simple, cold, insensitive or
anti-social, but that does not mean that they are
psychopaths 2.
Many psychopaths are not criminals, but they are
individuals who naturally lie, manipulate and deceive
in order to meet their objectives. When psychopaths
remember past events, they have a good memory, and
they are very intelligent and are able to react to the
polygraph test. New theories suggest that the fear of
being discovered and a variety of stimuli play a role
in detecting lies 3, these factors may have a relation to
memory in a test for hidden information 4.
The polygraph in the detection of lies and deceit
The detection of lies by the polygraph is based on
the premise that the act of telling a lie causes the
specific, universal, and reproducible physiological
responses of the autonomous nervous system to be
modified or changed 5. These physiological responses,
which are outside of the influence of voluntary control,
are measured by the polygraph.
There are three principal exam methods which are
used in the polygraph. The most common method is
the Control Question Test (CQT) which is the preferred
method in most countries, Japan and China being
notable exceptions. On a lesser scale, the technique of
Relevant-Irrelevant (RI) is used, a method that was
originally used in penal testing, currently, the RI is also
used in applications of multiple topics or screenings.
For many years the RI was used to test criminals but
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its use began to decline with the diffusion of the
Control Question Test (CQT). The third method can,
generically, be called the Concealed Information Test
(CIT). Modification of CIT includes the Peak of
Tension Test (POT), the Guilty Knowledge Test (GKT),
and the Stimulation Test (STIM). While the majority
of polygraph administrators have used the Peak of
Tension Test and the Stimulation Test, the Guilty
Knowledge Test (GKT) is less familiar 6, 7.
The Control Question Test (CQT), also known as
the test of question comparison, examines the
responses to relevant questions with the corresponding
control question responses 8. The control questions
are faced with the acts that are indirectly related to the
crime that is being investigated; their focus is of a
general nature, deliberately vague, and covering long
periods of time. The control questions’ goal is to shame
the innocent individual in order to evoke excitement
or a reaction from that person. In this sense, the CQT
is based on the notion that in the innocent individual,
the control questions are going to generate more
excitement than the relevant questions because the
innocent person is more worried about what is referred
to as the answers to the control question; hence, the
answers to the control questions will provoke a certain
grade of autonomous activity that can serve as a point
of departure to compare them to subsequent questions.
The relevant questions pertain to the actual
investigation and represent the most immediate threat
to the examinee, who is expected to exhibit an even
greater physiological response to the relevant
questions than to the control questions. The magnitude
of the responses to the relevant questions and the
control questions is compared and interpreted, or the
examiner interprets them. The reliability of this
technique depends on the optimal functioning of the
equipment utilized and the capabilities of the
individual who administers the study.
Validated methods
Validated methods are the result of a meta-analysis
from the American Association of Polygraphs (APA).
Thirty-eight reports that met the qualitative and
quantitative requirements of the test were selected.
The data demonstrated that the techniques designated
for specific events or of a single subject yielded a
precision rate of 89%. When polygraph techniques that
involve multiple-topic questions were examined, they
resulted in a precision rate of 85%. The combination
of all the valid techniques or Psychological Detection
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Deception (PDD) (excluding atypical results) produced
a precision rate of 87% 9.
Kraphol D 10 validates polygraph techniques,
indicating that a validated method is a combination
of exam formats that are adjusted to accepted and
validate principles. Among these are the selections of
objective topics; a good development of the interview;
the formulation of adequate questions; the
presentation in the “In Test” of the questions of stimuli,
control, and relevant questions. Cases studies which
have been randomly selected, and studies which had
been replicated and published, show inconclusive rates
of up to 20% of all cases among other parameters, a
valid model for the analyses and grading of graphics
or (TDA) like the Empirical Scoring System (ESS), the
observation and interpretation of valid physiological
characteristics like Utha Kircher and the defendable
dozen, amongst others.
The methods , which agree with the validated
principle are the Concealed Information Test (CIT,
AKA Guilty Knowledge Test), the Reid Technique, the
Relevant-Irrelevant (RI) Screening Test, the Test for
Espionage and Sabotage and the Utah Zone
Comparison Technique, among others.
The polygraph analysis of the psychopath
Psychopath subjects have a reduced electrodermal
response because of the decrease in cerebral activity
in the limbic system. This reduction in the
electrodermal response is equally observed in people
with hyperactive attention deficit disorder, in antisocial personalities, and in psychopaths 11.
When it is suspected that an individual is a
psychopath, polygraphists need to use indications
from previous evaluations, like that of the Revised
Psychopathy Check List (PCL-R) in order to determine
if the subject has anti-social traits or psychopathic
traits. This indication can prepare the approach for
the polygraph test, so that a subject without or without
psychopathic traits will not react in the same way.
Paul Ekman 12 explains a phenomenon, useful to
us now, which he calls the differential facial expression,
in which he explains that a gesture can have different
interpretations and can be expressed by different
stimuli. It is a concept similar to the “salience
differential” used in polygraphs, not only does fear
evoke an adrenergic response, but also a variety of
stimuli can affect a polygraph test. This last concept
supplanted the psychological set posited by Cleve
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Backster (who discovered the “primary perception”
from his experiments in bio communication with
plants), that the examinees may pay more attention to
the category of question that presents more risks to
their interests, whether they are relevant questions or
comparison questions. Subjects who lie to relevant
questions consider these questions more threatening
than others, while innocent subjects will find control
questions more disconcerting, the latter group paying
more attention to the control questions. For lack of
scientific proof, this observation has given rise to the
term “salience differential,” as previously described
13
. The importance of the differential facial expression
and salience differential is that it allows multiple
explanations of physiological activity, not only are
immediate threatening circumstances limited, like the
conventional explanations observed in the past in
polygraph material, but rather to the contrary, the
physiological responses occur due to a variety of
reasons, and they can be expressed in varied forms.
Upon taking a polygraph test or a psychological
test, people suffering or experiencing fear or anxiety
fro relevant questions, will fix their attention on the
area or areas that generate a greater immediate threat
to their survival instinct or to their general well-being.
If a psychopath has a lack of traditional conscience,
the question then is: How can polygraph or
psychological tests be developed to permit us to create
a measurable response?. The answer could be simple,
as described by Don Donald Krapohl and Brett A. Stern
14
, psychopaths are in charge of their faculties, they
know what they are doing, and why they are doing it.
Psychopaths are simply not affected by the impact of
their actions on others. If they do not harbour any
preoccupation for their criminal acts, then the
psychopath is very motivated not to be trapped. The
design of a polygraph/psychological test adequate for
the psychopath will result in the same physiological
reactions as any other person.
The possibility of a psychopath guilty of a crime
passing a polygraph test will depend on the ability of
the examiner to administer the test and if the test has
a scientific base that validates it. In 1977, Raskin,
Barland, and Podlesny undertook a project about the
validity and viability of polygraph techniques. At that
time, they carried out laboratory experiments
concerning little-studied situations. One of the studies
addressed the question of whether psychopaths could
“beat” the polygraph. After developing a scheme in
which 24 subjects classified as psychopaths were
tested, a precision rate of 96% was obtained. There
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was only one classification error and that was a “false
positive.” There were no inconclusives, and no guilty
psychopath was capable of producing a “false
negative.” Of the 24 subjects in the group who were
not psychopaths, 19 of the 24 (79%) were correct
decisions; there was one classification error, and 4
inconclusives 15.
Although some hypotheses exist to suggest that
psychopaths have a reduced conductance response of
the skin, Raskin and Hare tested a sample of 48
prisoners (half of whom were diagnosed as
psychopaths) in order to determine if psychopaths are
capable of “beating” the polygraph test by having this
hypo-electrodermic reaction of the skin 16. The 48
prisoners were tested on the polygraph with an
experiment that involved the “planned” theft of a
certain amount of money. Half of the prisoners were
deemed “innocent,” and the other half were instructed
to take the amount of money from an envelope when
the guard was not watching. The innocent subjects
were informed of the “crime” of the guilty parties,
while the guilty received a bonus of that money if they
could prove their innocence in the exam. In other
words, the “guilty” subjects could earn that money by
“beating” the polygraph test. The result was that not
a single guilty party could report a true response.
Raskin and Hare discovered that if psychopaths, (even
with a low electrodermic response, whatever the
origin) are sufficiently stimulated or motivated, they
will react in the same way that a subject without
psychopathic characteristics would react. Hence, the
preparation and the ability of the examiner are
important, because the conduct of the examiner can
influence the result 17.
Equally important is the methodology of the
technique employed in the pretest or interview prior
to the polygraph test. In this milieu, the cognitive and
emotional capabilities of the subject can be introduced,
in order to arrive at a response geared to the relevant
or control questions, above all when a CQT (Control
Question Test) is administered, which plays such an
important role in the determination of the exactitude
of the results. Not only the way in which the exam is
carried out, but also the manner in which the examiner
interacts and evaluates the conduct of the evaluated,
can the result be influenced, so that these people can
be psychologically or physiologically stimulated at the
moment of the test.
On the other hand, there exists the possibility that
delinquents previously prepared, (with or without
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psychopathology) and given formal training in the use
of counter measures, may be capable of escaping
polygraph detection. Honts, Hodes, and Raskin 18,
found that 47% of guilty subjects, previously prepared,
could “overcome” the polygraph test after being
trained to augment their responses to the control
questions. This result is significantly reduced if the
examiner is well trained, and above all if techniques,
principles, and systems of validated proofs with 90 %
for evidentiary polygraph techniques and 80% for
investigative polygraphs are utliized by the
polygrapher 10, 19.
The final analysis shows that with a pretest question
and validating polygraph techniques, the polygraph
test reduces false positive, and negative results.
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Technological Institute of Oaxaca.
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ABSTRACT
Suicide is considered a major preventable public health problem. It is the third leading cause of death
among young adults worldwide. It is generally accepted that suicide marks the tragic endpoint of a
highly complex behavior shaped by psychological, social, developmental, and neurobiological factors
that translate into a predisposition for the act itself. Prevention strategies need to be tailored to the
region-specific demographics of a country and to be implemented in a culturally-sensitive manner.
This study explores the demographic factors of suicide in Andhra Pradesh state and strategies for
prevention of suicides. It is observed that in comparison to 2010 there is a decline -5.2% of suicide in
2011. Youth in the age group 15-29 years accounted for the largest proportion 33.90% of suicides,
Men accounted for 67.12% whereas Women were 32.87%. Marital status is not necessarily protective.
Majority i.e.79.72% who were married committed suicides, amongst them 54.65% were married male
and 25.06% were married Female's. Low intelligence results in a 2-3-fold increased risk of suicide
31.43% were illiterate. The motives and modes of suicide are also distinct. Preventive strategies
implemented at a community level and identifying vulnerable individual's maybe more effective.
Keywords: Suicide, Andhra Pradesh, Prevention, Demographic Factors

INTRODUCTION
The word “suicide” was first used by the English
author, Sir Thomas Browne in 1642 in his treatise
“Religio Medici”. The word originated from SUI (of
oneself) and CAEDES (murder)19. Suicide is associated
with thwarted or un-fulfilled needs, feelings of
hopelessness and helplessness, ambivalent, conflicts
between survival and unbearable stress, a narrowing
of perceived options and a need for escape the suicidal
person sends out signals of distress. According to the
WHO, every year, almost one million people die from
suicide and 20 times more people attempt suicide, a
global mortality rate of 16 per 100,000, or one death
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every 40 seconds and one attempt every second, on
average are being reported. Suicide worldwide was
estimated to represent 1.8% of the total global burden
of disease in 1998; in 2020, this figure is projected to be
2.4% in countries with market and former socialist
economies24. The rates of suicide have greatly increased
among youth, and youth are now the group at highest
risk in one-third of the developed and developing
countries.
Suicides in India
The suicide rate in India is comparable to that of
Australia and the USA; and the increasing rates during
recent decades are consistent with the global trend.
Data on suicide in India are available from the National
Crime Records Bureau Ministry of Home Affairs. The
suicide rates in India rose from 6.3 per 100,000 in 1978
to 8.9 per 100,000 in 1990, an increase of 41.3% during
the decade from 1980 to 1990, and a compound growth
rate of 4.1% per year13.
More recent data, however, reveal a different
picture. The rate of suicide showed a declining trend

2/8/2014, 1:23 PM

Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1 63

from1999 to 2002 and a mixed trend during 2003-2006,
followed by an increasing trend from 2006 to 201014.
During 2009, the rate was 10.9 per 100,000 population15.
This represented a 1.7% increase in suicides since
200816. In the NCRB report the rate in 2010 rose to 11.4
per 100,000 population; an increase of 5.9% in the
number of suicides13-16. However in the most recent
data of NCRB report the rate in 2011 had decline to
11.2 per 100,000 populations; a decline of 1.6 % suicide
over year 2010, as well in Andhra Pradesh state there
is a decline of -5.2% suicides over year 201017.
OBJECTIVES
1. To study socio-demographic profile of study
subjects.
2. To identify causes of committing suicides in the
study subjects.
MATERIAL AND METHOD
The present study was carried out by retrospective
evaluation of suicide data in Andhra Pradesh state
from National Crime Records Bureau, accidental
deaths and suicides in India 2011 Ministry of Home
Affairs, Government of India New Delhi; 2012.
All the cases of consummated suicides reported
during the year 2011 for the Andhra Pradesh state were
selected for the study. The observation are tabulated,
figured and discussed.
OBSERVATION AND DISCUSSION
Age
In the NCRB report of 2011 for Andhra Pradesh,
Figure no 1 we had observed that Youth in the age
group 15-29 years accounted for the largest proportion
(33.90%) of suicides followed by those in the age group
30-44 years (33.86%), followed by 22.37% amongst age
group of 45- 59 Years whereas 60 years and above were
8.16%.

Suicide rates are commonly highest among older
adult males; rates among young people have been
increasing. Young adults are a particularly vulnerable
group and currently show the highest rates of suicide
the world over. Suicide is responsible for 6% of all
deaths among young people18.
Other studies in India also indicate that young
adults are at increased risk, with ages 20-24 years
followed by 25-29 years showing the highest rates of
suicide in a psychological autopsy study8, and the 1539 age group identified as the most vulnerable in
another study21. In India, the high rate of suicide among
young adults can be associated with socioeconomic
stressors that have followed the liberalization of the
economy and privatization leading to the loss of job
security, huge disparities in incomes and the inability
to meet role obligations in the new socially changed
environment. The suicides among the elderly above
60 years were 8.16%, this low prevalence may be
because the aged are well-integrated and respected in
the family; children take responsibility for their care.
Gender
As per NCRB report for Andhra Pradesh state for
year 2011 Figure No 1, we found that in Andhra
Pradesh Suicide amongst Men 67.12% are at higher
incidence than in Women 32.87% comparatively. As
per NCRB data for Andhra Pradesh State suicides
amongst Men accounted for 67.12% whereas Women’s
were 32.87%. Globally, attempted suicide is common
in women and completed suicide is common in men.
Men commonly use more lethal methods and plan the
act more meticulously to avoid detection. In contrast,
women commonly use less lethal methods and are
more impulsive, not well planned, and more likely to
be found and rescued. Some Indian studies had found
a higher incidence of suicide in men than in women7
which is similar with our findings where men have
accounted for 67.12%. Others have found the contrary1,
11
. Divorce, dowry, love affairs, cancellation or the
inability to get married, illegitimate pregnancy, extramarital affairs and such conflicts relating to the issue
of marriage play a crucial role particularly in the
suicide of women in India.
MARITAL STATUS

Fig. 1. Distribution of Suicide Age wise year 2011
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As per NCRB report for Andhra Pradesh state,
Figure no 2; our observation for 2011, 79.72% were
married who had committed suicide, amongst them
54.65% were married male and 25.06% were married
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females. 1.27% were divorcees and individuals who
were separated accounted for about 4.37%, while
widows and widowers comprised 4.01% of the total
suicide victims in Andhra Pradesh state.

Fig. 2. Suicide victims Marital Status in Year 2011

These NCRB data, however, may reflect the
proportion of persons with different educational
attainment in India. Low intelligence results in a 2-3fold increased risk of suicide. Possible explanations
are that persons with low intelligence are less able to
compete for jobs and therefore acquire lower income
and social status. They may also be less efficient in
coping-up with stress. Level of educational attainment
is a surrogate marker of intelligence, though drawing
conclusions on this premise is problematic when
education is not universally available and it is hard to
interpret these data in the absence of information about
the educational attainment of the population from
which the samples originated12.
Occupation

In the West, marriage is generally protective against
suicide; this empirical regularity is referred to as the
“coefficient of preservation” based on Durkheim’s
1897 seminal monograph Le Suicide3. Marriage is not a
strong protective factor for suicide attempts in
developing countries23. In individual studies, some
show higher attempted suicides among unmarried
persons, while others show a higher rate among those
who are married. Among attempters, men were more
likely to be single and women were married20. The
quality of marital relationship, emotional warmth,
extended family support, and ability to handle stresses
related to marriage and child rearing are more
important than marital status per se but these
qualifiers of marital status are difficult to study2, 9.

The NCRB data for Andhra Pradesh state Figure
no 4; shows that housewives account for 15.7% of total
persons committing suicides and for 46.15% of the total
female victims. Those involved in farming and
agriculture form the another largest group after self
employed, comprising 14.63% of the total victims and
self employed 21.86%, those working in the private
sector (10.81%). Students accounted for 3.73% of total
suicides, while unemployed persons accounted for
4.25%. Those employed in the public sector
undertaking accounted for 2.43% of total suicide and
government servants 0.72% of total suicides were the
least represented group followed by Retired persons
0.27%.

Education
The NCRB data for Andhra Pradesh state, Figure
no 3, for year 2011 reveal that 19.80% of suicide victims
were educated up to primary level, 22.25% had a
middle-school education, 31.43% were illiterate, and
2.14% were graduates and 0.39% were postgraduates
and above17.
Fig. 4. Suicides victim Occupational status in year 2011

Fig. 3. Suicide victim’s Educational status in Year 2011
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There is a fairly strong association between
unemployment rates and suicide, but the nature of this
association is complex. Unemployment may drive up
the suicide risk through factors such as poverty, social
deprivation, domestic difficulties, and hopelessness12.
The effects of modernization, specifically in India, have
led to sweeping changes in the socioeconomic, sociophilosophical and cultural arenas of people’s lives,
which have greatly added to the stress in life, leading
to substantially higher rates of suicide5.
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Mode of suicide
As per NCRB data report for Andhra Pradesh state
figure no 5, during 2011 consumption of Insecticides
and pesticides accounted for 26.31%, consuming other
poison accounted for 20.60%, hanging (21.02%), self
immolation (10.59%), and drowning (6.44%) were the
commonest modes of suicide. Coming under running
vehicles/ trains accounted for 5.36%.

accounted with 5.81% while males were 4.77%. With
the practice of Sati and Jauhar, in ancient India, selfimmolation was seen as an escape from hardship and
humiliation. More recently, self-immolation has been
employed in India as a means of protest against
government policy6.
Causes of suicides: Top 10 causes of suicides:
As per NCRB report for Andhra Pradesh state
Figure no 6; the top 10 causes or correlates of suicide
in 2011 were illness (19.23%) which do not include
insanity/ mental illness which accounted for (7.05%),
family problems (18.43%), poverty (8.30%),
bankruptcy or sudden change in economic status
(7.38%), dowry dispute (2.85%), love affairs (2.22%),
failure in examination (1.20%), unemployment (1.07%)
and drug abuse/addiction (0.83%).

Fig. 5. Suicide Victims Modes of Suicides in year 2011

The difference between countries in methods
employed for suicide may reflect differences in
socioeconomic factors, availability of lethal means, and
firearms legislation, rather than differences in the
nature of the behavior, per se. Common methods used
in developed countries include firearms, car exhaust
asphyxiation, and poisoning whereas in developing
countries, pesticide poisoning, hanging, and selfimmolation lead the list. Studies show that
consumption of pesticides, such as the readily available
agricultural pesticides in rural areas, is the commonest
means of suicide and attempted suicide in India and
in rural areas of low income countries. Men are more
likely to use organophosphate poisons and women are
more likely to use plant poisons10.
Suicide by hanging is the next most frequent
method in India. The profile of victims comprises
married females or unmarried males in the age group
of 21-30 years, faced with stressors in the form of
unemployment, harassment for dowry, prolonged
illness, and failure in examinations, financial duress,
or interpersonal problems. Violent methods such as
drowning, jumping from a height are less common
comparatively.
Self-immolation accounts for more than 1% of
suicides in western studies, but has strong socio
cultural motivations in Indian culture, and accounts
for a substantial proportion of suicides. Females
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Fig. 6. Suicide victim’s causes of suicides in year 2011

The high rates of suicide among persons with
mental illness and drug abuse/addiction, though not
a measure of intent, are of much concern.
Many of the remaining causes namely, suspected/
illicit relation, cancellation/non settlement of marriage,
not having children (barrenness/impotency), death of
a dear one, dowry dispute, divorce, ideological causes/
hero worship, illegitimate pregnancy, physical abuse,
poverty, and professional/career problem reflect the
unique social structure of our society and the social
pressures that individuals face.
CONCLUSION
Suicide is an preventable public health problem.
The problem is however a difficult one; as aptly
expressed by Gajalakshmi et al as “a complex array of
factors such as poverty, low literacy level,
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unemployment, family violence, breakdown of the
joint family system, unfulfilled romantic ideals, intergenerational conflicts, loss of job or loved one, failure
of crops, growing costs of cultivation, huge debt
burden, unhappy marriages, harassment by in-laws
and husbands, dowry disputes, depression, chronic
physical illness, alcoholism/drug addiction, and easy
access to means of suicide”. Suicide is a multifaceted
problem and hence suicide prevention programme’s
should also be multidimensional. Collaboration,
coordination, cooperation and commitment are needed
to develop and implement a national plan, which is
cost-effective, appropriate and relevant to the needs
of the community. In Andhra Pradesh, suicide
prevention is more of a social and public health
objective than a traditional exercise in the mental health
sector. The time is ripe for mental health professionals
to adopt proactive and leadership.
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ABSTRACT
Paraquat commonly used as weedicide is chemically known as 1, 1?-dimethyl-4, 4?-dipyridylium is
associated with both accidental and suicidal ingetion leading to severe and often fatal toxicity. Reports
of herbicide poisoning in India are not common. Diagnosis is often difficult in the absence of proper
history, nonspecific clinical features, and lack of diagnostic tests and time lapse between consumption
and detection in blood or urine as it is concentrated mostly in lungs and kidneys making reports of
analytical toxicology not dependable. We report a case of fatal paraquat poisoning from a tertiary
care hospital, Eluru, West Godavari, and Andhra Pradesh, India.
Keywords: Paraquat Poisoning, Herbicide Toxicity, Weedicide Poisoning, Autopsy Diagnosis In Paraqaut
Poisoning, Lung Injury By Free Reactive Oxygen Species, Gramoxone, Weedol

INTRODUCTION
Paraquat is a quaternary nitrogen herbicide that is
sprayed on unwanted weeds before planting crops. It
is nonselective compound, which destroys tissues of
green plants on contact and by translocation within
the plant. Paraquat exerts its herbicidal activity by
inhibiting reduction of NADP to NADPH during
photosynthesis. This disruption leads to the formation
of superoxide anion, singlet oxygen, and hydroxyl and
peroxyl radicals. These reactive oxygen species (ROS)
interact with the unsaturated lipids of membranes,
resulting in the destruction of plant organelles,
inevitably leading to cell death 3 . It is produced
commercially as a brownish concentrated liquid of the
dichloride salt in 10–30% strength under the trade
name of “Gramoxone” and for horticultural use as
brown granules called “Weedol” at about 5%
concentration 1. Paraquat poisoning has been widely
reported worldwide, but only a few case reports are
described in literature from India 2,4.
We are reporting a fatal case of paraquat poisoning
from south Indian state of Andhra Pradesh. The patient
was agriculturist admitted in a tertiary care hospital.
DISCUSSION
The present case posed a number of diagnostic
challenges to the critical care team. Firstly, there was
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considerable confusion regarding the identity of the
liquid ingested. Secondly, the initial clinical features
were nonspecific. Initial symptoms of nausea,
vomiting, drowsiness, or mucosal burns are common
in many corrosive poisons.
Acute suicidal poisoning is a significant problem
in parts of Asia, the Pacific, and the Caribbean 5. The
most frequent route of exposure to paraquat
accidentally in humans is through direct skin contact.
Frequent suicidal route is ingestion. If ingested,
paraquat induces a burning sensation of the mouth
and throat, followed by gastrointestinal irritation,
subsequently resulting in abdominal pain, loss of
appetite, nausea, vomiting, and diarrhoea. Contact
with paraquat aerosol mists may cause skin burns and
dermatitis. When splashed in the eyes can irritate,
burn, and cause corneal damage and scarring of the
eyes. Irrespective of its route of administration in
humans, paraquat is rapidly distributed in most
tissues, with the highest concentration found in the
lungs and kidneys. The compound accumulates slowly
in the lungs. Poisoning with paraquat leads to both
local and systemic effects. In a study on 17 patients,
the most common symptoms were vomiting (100%),
followed by altered sensorium (59%), oral ulceration
or dysphagia (53%), dyspnea (41%), or loose stools
(24%) 9. Systemic effects of paraquat are renal and
hepatic failure, pulmonary edema and fibrosis, cardiac
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failure, shock, convulsions, and multiorgan failure.
Pathogenesis in lungs in the form of diffuse alveolitis
and subsequent pulmonary fibrosis is the hallmark of
paraquat poisoning. Acute respiratory distress
syndrome because of paraquat usually appears 24–48
h after ingestion 2.
Our patient 27 year old male consumed gramoxane,
treated in a primary health care center by gastric lavage
and supportive care devoleped jaundice dyspnea in a
week brought to a tertiary care hospital,
He was treated by antibiotics and other
symptomatic treatment. They with held oxygen
supplementation initialy as oxygen can worsen lung
damage.Oxygen should be withheld unless the pO2 is
less than 70 mmHg because oxygen may contribute to
the pulmonary damage which is mediated through
lipid peroxidation 6. In due course of time he developed
renal failure manifested by oliguria increasing
dyspnea, and was now given ventilator support and
kept on cyclophosphamide haemodialysis. Inspite of
good efforts he was succumbed to death due to multi
organ failure.
Hemodialysis is used as a support of acute renal
failure, but it does not increase clearance of the
substance as it is rapidly distributed to the lungs and
other organs 9. Immunosuppression with combination
of cyclophosphamide and methylprednisolone was
shown to be beneficial in moderate-to-severe cases by
prevention of ongoing inflammation 4.

specific. Liver may show pallor, mottled appearance
and fatty change due to microscopic centrilobular
necrosis. Lungs often become stiff due to ARDS (adult
respiratory distress syndrome), may show pulmonary
fibrosis. Kidneys may show evidence of tubular
damage.
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CONCLUSION
As there is no specific antidote for paraquat, early
diagnosis and understanding the value of laboratory
results if available aggressive supportive therapy are
the only ways to prevent mortality. The autopsy
diagnosis is based on history and hospital records
corroborating with multiple organ pathology including
lungs, kidneys and liver mainly.
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Prognosis in paraquat poisoning is largely
dependent on the amount of paraquat consumed .In
spite of advances in treatment and critical care
paraquat poisoning carries high mortality.
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An Unusual Midline Mass of the Neck Encircling the
Right Common Carotid Artery found on Routine
Dissection - A Case Report
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ABSTRACT
Background: The differential diagnosis of a patient who presents with a neck mass is broad and
extensive. An unusual midline mass in the neck, encircling the right common carotid artery was
found on routine dissection of about 45 year old male embalmed cadaver which was brought to
K.V.G. Medical College and hospital, Department of Anatomy.
Aims: To study this unusual midline mass in the neck and its relevant anatomical importance
Material and Method: Radical neck Dissection was conducted and details of the swelling were
examined.
Results: The mass extended from the root of the neck in the midline and continued in the anterior
mediastinum. Upper part was glandular and lower part was smooth. Upper part had involved only
the right common carotid artery including the brachiocephalic trunk.
Conclusion: This could be due to Malignant Thymoma, Lymphoma, secondaries to the neck from
unknown primaries, or thymic carcinoma.
Significance: ENT Surgeons, general surgeons, and dentists have to be very careful while operating
on the midline structures, as the mass like this sometimes can result in syncope due to compression
of carotid vessels and the adjacent structures like the trachea, carotid sheath and its contents as well.
The patient may collapse on table due to syncope or may have dyspnoea due to compression.
Keywords: Neck Mass, Midline, Cadave

INTRODUCTION
Human neck is such an intricate area where
compact structures of utmost importance are situated.
When swellings or lesions of the neck are found, its
awkward position can pose a great difficulty in their
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treatment. The situation becomes doubly tragic when
the diagnosis is delayed wherein the disease can spread
to other areas due to heavy vascular supply in the neck.
One such unusual midline mass in the neck,
encircling the right common carotid artery was found
on routine dissection of about 45 year old male
embalmed cadaver which was brought to K.V.G.
Medical College and hospital, Department of Anatomy
in 2012 June. On further dissection a mass was located
inferior to the thyroid gland and connected to it by a
ligament. Anteriorly it was related to the skin,
superficial fascia, infra-hyoid muscles and deep fascia
of the neck. Posteriorly it is related to tracheal rings at
C7-T2 level.
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Aim- To study this unusual midline mass in the
neck and its relevant anatomical importance

All the specimens were sent for histopathology
examination but autolysis was set in before we could
begin the routine dissection.

MATERIAL AND METHOD
The following materials were used for neck
dissection i.e. scalpel and a pair of scissors. We made
a midline incision from the symphisis menti to the
suprasternal notch. We then exposed all the structures
of the neck in Toto. The flaps reflected were the skin,
superficial fascia, deep fascia of the neck. The
platysma,
srtylohyoid,
myohyoid,
sternocleidomastoid, levator glandulae thyroidae,
cricothyroid, trapezious, omohyoid, levator scapulae,
scalenius medius, scalenius anterior, scalenius
posterior and longus capitis muscles were exposed.
Meticulous dissection was carried out until all the
structures were exposed. The strenomandibular
ligament, carotid sheath, common carotid artery,
external jugular vein, greater auricular nerve, and
transverse cervical nerve were also exposed. We made
a humble attempt to be very judicious in cutting the
deeper structures of the neck. We could expose the
submandibular, submental, upper carotid and lower
muscular and posterior triangle during the course of
our dissection.
FINDINGS
There was a mass found extending from the root of
the neck in the midline and continued in the anterior
mediastinum. It measured the size of an adult thumb.
It was bi-lobed butterfly shaped structure firm in
consistency. Its upper part was glandular and lower
part was smooth. Upper part had involved only the
right common carotid artery including the
brachiocephalic trunk.

DISCUSSION
Thymus varies in size, shape, and density between
individuals. It undergoes involution and fatty
replacement with age. Shrinkage occurs in severe
illness and stress and the size rebounds after recovery.
In many cases it is difficult to decide whether anterior
mediastinal soft tissue density in an adult represents
normal thymus, thymic abnormality, or a space
occupying lesion of a different nature. In a study done
by Simanovsky N et al (2012) Ct scans of 194 trauma
patients aged 14-78 were taken and retrospectively
reviewed. They found that the density of the thymic
tissue decreased with age and also the volume which
was statistically significant (p= <0.01)1
Thymus maintains it ability to grow back to any
size any time at any age. Nasseri F et al (2010) did a
review of normal and abnormal thymus and found
that the there are many mimics for thymic tissue both
radiologically and clinically. There are anatomical
variations and these leads to confusion with
pathological
conditions.
In
turn
these
misinterpretations may lead to prolongation or
alteration of the chemotherapy regimen or to
unnecessary radiation therapy, biopsy, or thymectomy.
Familiarity with the embryology, anatomy and
physiology of the thymus is essential to avoid
unnecessary imaging and invasive procedure. 2

We were concerned since the swelling encircled the
right common carotid artery.

Enlarged thymus is common in children but rare
in adults. Neck mass in an adult over the age of 40 yrs.
should be considered to be neoplastic in origin unless
proven otherwise. The probability of benign masses is
very low particularly in an Indian setting where
tobacco and alcohol use is extremely rampant. 3

Besides this striking finding, the other systems
findings that the cadaver had were Coeliac and
mesenteric Lymph nodes were enlarged and matted.
Descending colon was narrow and constricted, distal
to which an abnormal dilatation was found. There was
a fold of peritoneum from the body wall to the parietal
surface of the spleen. Liver span was 15 cm. In both
the lungs Emphysematous bullae were found. There
was hardness noticed at the ileocaecal orifice. There
were inflammatory changes in the lung tissue
suggestive of TB.

In the current study the condition might have been
due to Malignant Thymoma, Lymphoma, thyroid
cancer, secondaries to the neck from unknown
primaries, or thymic carcinoma. Most likely is a
Thymoma which has its peak prevalence during the
fifth and sixth decade of life. It has no sex predilection,
they are benign in nature, and are the most common
anterior mediastinal primary neoplasms in adults.1
there are reports of thymic hyperplasia in patients with
Graves’ disease. 4, 5, and 6 This diagnosis seems to very
unlikely in our case.
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Masses of such sort can result in syncope due to
compression of carotid vessels and the adjacent
structures like the trachea, carotid sheath and its
contents as well. It could even have been the cause of
death in some patients as it could compress the carotid
artery.
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ABSTRACT

Burns are one of the most devastating injury encountered in Medicine. Though common both in
developed and developing countries, burns are major problem in developing country like India. No
age bar to sustain injuries with burns. Many factors such as social, economical, cultural and
psychological influence cause of death. A prospective study of the admitted patients, showed the
most commonest substance causing burn being Kerosene. Females were affected mostly
housewives(27%), while males mostly were electrocuted. Most deaths were accidental in
nature(81.8%).
Keywords: Burns, Substance used, Death

INTRODUCTION
Everyone knows that fire is an essential element of
human life, it is also a most dangerous mean which is
responsible for majority of un natural death.
Burns are one of the most devastating conditions
encountered in medicine. It affects all age groups, and
is a problem in both the developed and developing
countries(15).
Burns are also a major problem in a developing
country like India. More than 2 million burn injuries
are occurring each year. Mortality in the developing
world is much higher than in developed world.
Children aged upto 4 years comprise 20% of all
patients with burn injuries. Most injuries are scalds
(70%) due to children spilling hot water or hot liquids.
Boys are more likely to be injured.
Keeping all these facts in view, a study was taken
up to evaluate the various factors involved in cause,
mode, manner, treatment, follow up and prognosis of
burn cases treated at Mamata General Hospital,
Khammam.
OBJECTIVES
1. To evaluate epidemiological aspects of burns
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2. To assess the factors which help in determining
the nature of incidence, whether it is accidental,
suicidal, or homicidal.
3. To evaluate percentage of burn not compatible
with life.
MATERIAL & METHOD
The study was conducted from October 2006 to
September 2007, a total of 55 burn cases were studied
in the Mamata General Hospital, Khammam.
History about scene of incident, history given by
victims and their relatives, pattern of injuries occurred,
manner of incidents and death, and extent of burn and
percentage of total body surface area with rule of ‘9’.
Detailed postmortem examination was conducted on
16 bodies who succumbed out of 55 cases.
All findings were compiled in a specially designed
proforma for study and data were reduced to tables
and statistically analyzed and conclusions were drawn
after campaign and
discussing with similar type
of the work carried out by foreign and Indian authors.
This study included all type of burn cases, such as
flame burns, electrical burns, scalds, contact with dry
heat, whether they are occurred accidentally, suicidal
or homicidal.
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Table 3. Distribution According to the Substance
Involved

RESULTS
1) Of the total 55 cases, males were 28 (50.91%) and
female were 27 (49.09%) in number, making a M:F
ration of 1:1. The mean age of males 28.7 years
and the female was 20.6 years age group.
Table 1. Distribution of Cases According to Age and
Sex Involvement
Age (years)

Sex

0-9
10-19

Total

Male

Female

2(7.1%)

6(22.2%)

5(17.9% )

3(11.1%)

1(3.7%)

2(3.6%)

0

1(3.7%)

1(1.8%)

Furnace

0

1(3.7%)

1(1.8%)

Fire chulla

0

1(3.7%)

1(1.8%)

Electricity

6(10.9%)

8(14.5%)

Hot silencer

1(3.6%)

0

28(100.0%)

27(100.0%)

15(27.3%)

40-49

2(7.1%)

2(3.6%)
3(5.5%)
55(100.0%)

2) The above table No. 1 shows age wise distribution
of cases shows that 20-39 years group were mostly
affected 34 (61.8%) cases with female
preponderance 18 (29.9%) and males 16 (25.8%),
followed by 40-60 years age group, only males
were involved in 5(9.09%) cases and in 1-19 years
age group, female victims were 9 (16.3%)
comparing to male victims 7(12.7%).
Table 2. Distribution of Cases According to Socio
Economic Status
Male

Female

Number

25(89.2%)

25(89.2%)

50(90.9%)

Middle class

1(3.6%)

1(3.6%)

2(3.6%)

Upper class

2(7.1%)

1(3.6%)

3(5.5%)

28(100.0%)

27(100.0%)

Total

1(3.6%)

LPG

17(30.9%)

19(34.5%)

Low class group

Petrol

26(47.3%)

2(7.4%)

5(18.5%)

Socio economic status

17(63.0%)

4(14.8%)

13(48.1%)

27(100.0%)

9(32.1%)

2(7.1%)

6(21.4%)

3(10.7%)

Kerosene

15(53.6%)

10(35.7%)

28(100.0%)

Total
Female

Hot oil/water

30-39

Total

Sex
Male

8(14.5%)

20-29

50-59

Type of substance

55(100.0%)

3) As per socio-economic status, low socio economic
group consisted of 33 (60.0%) and lower middle
class 17 (30.9%) followed by upper class 3 (5.5%)
and middle class 2 (3.5%). Table No.2

Total

1(1.8%)
55(100.0%)

4) In our study most of the burn cases were due to
flame burns which consisted of 31 (56.4%),
followed by electrical burn 17 (30.9%) and scalds
6 (10.9%) and lastly contact burn 1 (1.8%) out of 31
(56.4%) flame burns, female victims affected were
21 (37.2%) and male victims were 10 (17.7%). Table
No.3
Out of 17 (30.9%) cases of electrical burn, male
accounted 15 (48.5%) and female were 2 (6.4%).
Out of 6 (10.9%) cases of scalds, female were affected
in 4 (36.6%) and male 2 (18.3%) cases, lastly contact
burn was seen in 1 (1.8%) case in male. Table No.3
5) Kerosene was the most common factor 26 (47.3%)
out of this female victims were 17 (35.9%) and male
victims were 9 (19.02%). Table No.3.
6) In our findings, all electrical burns were accidental
in nature 17 (100%) cases. Whereas in flame burns,
21 (67.7%) were accidental and 10 (32.3%) were
suicidal in nature. All burns due to scalds 6 (100%)
were accidental in nature. Contact burn seen in 1
(100%) case was accidental in nature. Table No.3.

Table 4. Table Showing Percentage of Burn According to Sex and Age Involved
%Age of burn
0-10
11-20
21-30
31-40
41-50
51-60
61-70
71-80
81-90
91-100
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Male
Age
25-53
19-43
26-27
25-55
33
25
32-35
19

75

Female
Number
9(16.3%)
5(9.0%)
2(3.6%)
2(3.6%)
0(0%)
1(1.8%)
1(1.8%)
2(3.6%)
2(3.6%)
0(0%)

Age
18
25-27
21
20-32
19-25
25-36
22-27
16-30

Number
0(0%)
1(1.8%)
3(5.4%)
1(1.8%)
3(5.4%)
5(9.0%)
4(7.2%)
0(0%)
2(3.6%)
2(3.6%)

Male child
Age
Number
0(0%)
0(0%)
12
1(1.8%)
3
1(1.8%)
0(0%)
2-10
2(3.6%)
0(0%)
0(0%)
0(0%)
0(0%)
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Female child
Age
Number
3-9
2(3.6 %)
0(0%)
3
1(1.8%)
0(0%)
0(0%)
3-6
2(3.6%)
4
1(1.8%)
0(0%)
0(0%)
0(0%)
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7) In the study, the percentage of burns showed, 030% of burns were 24 (43.6%) followed by 31-50%
of burns are 7 (12.7%) and 51-100% of burns are 25
(45.4%). Table No.4.
Out of this male were involved from 0-30% of
burns in 17 (30.9%) cases and female were 7

(12.7%), next was from 31-50% of burns, the
number of male were 3 (5.45%), whereas female
were 4 (7.2%). Lastly from 51-100% of burns the
male victims were 8 (14.5%), whereas female
victims 16 (29.09%). Table No.4.

Table 5. Distribution Showing Nature of Burn and Manner of Death
Nature
of burn

Sex

Total

Manner
of death

Sex

Total(out of
total 55 cases)

Male

Female

Male

Female

Accidental

23(82.1%)

22(81.5%)

45(81.8%)

Accidental

1(4.3%)

8(36.3%)

9(16.3%)

Suicidal

5(17.9%)

5(18.5%)

10(18.2%)

Suicidal

2(40.0%)

5(100.0%)

7(12.7%)

Homicidal
Total

0

0

28(100.0%)

27(100.0%)

55(100.0%)

8) Accidental burns were observed in 45 (81.8%)
victims followed by suicidal 10 (18.2%) cases and
homicidal 0 (0%), out of this male involved in
accidental burns were 23 (28.1%) and female 22
(26.8%), where as in suicidal burns, males were
affected in 5 (17.9%) and female 5 (18.5%) cases.
Table No.5.
9) The outcome of the patients reveals that discharge
were seen in 27 (49.1%) cases, followed by deaths
in 16 (29.1%) and Left against Medical advice were
11 (20.0%) and lastly 1 (1.8%) was referred case.
10) Study shows the deaths accounted more in female
13 (81.2%) while comparing to male 3 (18.7%).
Table No. 5.
11) As with the manner of death, out of 16 deaths, 9
(56.2%) cases were accidental death, followed by
suicidal 7 (43.7%) and no case of homicidal was
reported. Table No.5.
The female, 8 (61.5%) cases were accidental and 5
(38.4%) were suicidal in nature. Whereas in male,
1 (33.3%) case was accidental and 2 (66.6%) cases
were suicidal. Table No.5.
DISCUSSION
Of the total 55 cases, male were 28(50.9%) and
female were 27 (40.9%) which included children also.
The mean age of the male was 28.7 years and for female
mean age was 20.6 years. Male predominance was also
observed in studies carried out at Turkey by Turegun
M et al 2005 (14)
Young adults in 20-39 years age group, constituted
maximum number of cases 34(61.8%) of the total and
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Homicidal

0

0

0

Total

3(10.7%)

13(48.1%)

16(29.0%)

least number of cases 3.6% were in the age group above
50 and below 60 years. These results are consistent
with the work done by Sharma B.R., Jayaraman and
Ambade V.N. (4,8,1)
With regard to manner of sustaining burn, it was
found that burn were sustained among 17 (63.0%) of
females due to their saree being caught by fire while
cooking with kerosene stove and least due to gas and
petrol was 2 (3.7%) each. These findings are supported
by study conducted by Dr. Shaik Khaja and Dr. Hari
Krishna in Andhra Pradesh (5).
A higher percent i.e. 45 (81.8%) of cases was found
to be due to accidents, with the rest 10 (18.2%)
accounted for suicidal in nature. Bull (1958) study also
quoted similar findings that 85% of cases were due to
domestic accidents. (3)
Similar findings were reported by several of the
studies conducted by Ghuliani K.K. (1988), Gupta M
(1993), Subramanyam (1996) and Batra (2003)(6,7,12,2).
In the present study, majority of cases i.e. (42) 76.3%
was observed to be in 10-39 years age group. This is
consistent with study done by Singh et al (1998)
(83.3%), Subramanyam (1996) (79.4%), Batra (2003)
(71.9%) and Tang K (73) (10,12,2,13).
People belonging to low socioeconomic group
accounted for 33(60.0%) and lower middle class 17
(30.9%) followed by Middle class 2 (3.6%) and lastly
upper class 3 (5.5%).
In the study most of the burn cases were of flame
burns (31) 56.4% followed by electric burn (17) 30.9%
and scalds (6) 10.9% and lastly contact burn (1) 1.8%.
These similar findings were reported by other Indian
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authors namely Subrahmanyam M. (1996), Gupta.M,
(1993) and Singh D. (1998) (12,7,10).
Kerosene is the major culprit for flame burn 26
(47.3%) of which, females accounted for 17(65.3%)
whereas males 9 (34.6%). Similar facts have been
previously emphasized by other authors. Stuart P.
Pegg, Jayaraman, Ambade V.N. (11, 8,1).
The majority of the victims suffered with 51 to 100
percent burn. From the study it was observed that 55%
or more of burn injuries are not compatible with life.
The exception is 1 case where only with 35 percent
burns, death occurred in a female victim.

Khammam. Andhra Pradesh. Thesis was submitted
and accepted by Dr. N.T.R. University of Health
Sciences, Vijayawada.
REFERENCES
1.

2.

3.

CONCLUSION
In the study, accidental burns were most common,
seen mostly among females. Flame burn was seen
mostly among females while males suffered electrical
burns. Scalds were seen among children mostly.
Age groups between 20 – 39 years were the most
susceptible group seen. Death was mostly seen in cases
involving more than 55% of total body surface area.
All deaths were due to flame burns.

4.

5.

6.

7.
RECOMMENDATIONS
1. Education of Safety measures.

8.

2. Introducing Solar Cookers.
3. ‘Dowry’ the word should eradicate in the society.

9.

4. The government need to concentrate to bring down
morbidity and mortality rate of burn deaths and
incidents by directing the NGO’s, social groups
and health sector.

10.

5. Upgradation of ICU’s and burn units with recent
advances and techniques.

11.

ACKNOWLEDGEMENT
I am highly thankful to Dr. Satya Sai Panda,
Associate Professor, Department of Forensic Medicine,
Mamata Medical College, Khammam for his help in
securing literature and his finely help in finishing this
present comprehensive study on Burn cases.

12.

13.

14.

Conflict of Interest: There was no conflict of interest.
Source of Funding : Self.
Ethical clearance: Ethical committee clearance was
taken at Mamata Medical college & Hospital,

16. Srinivasulu--74--77.pmd

77

15.

Ambade V.N and Godbole H.V. Study of burn
deaths in Nagpur. Central India. Burns, 2006;32:
902-08.
Batra.A.K. Burn Mortality. Recent trends and
determinants in rural India. Burns 2003; 29:
270-275.
Bull. Plastic reconstruction surgery transplant.
The relationship between granulation tissue,
bacteria and skin grafts in burned patients. Bull
1958 July; 22(1): 42-55.
B.R.Sharma, Dasari.H, Sharma V, Vij K. Kitchen
accidents vis-a- vis dowry death. Burns,
2002;28:250-53.
Dr. Shaikh Khaja, Dr. P.Harikrishna. Fire the
nemesis of Indian women. Published in souvenir
(XV Annual conference of IAFM) Feb-1994; 21.
Ghuliani KK, Tyagi NK, Narang R, Nayar S. An
epidemiological study of burn injury. Indian
Journal Public Health, 1988; 32:24-30.
Gupta M, Gupta OK, Yadavanshi R.K., Upadhaya
J. Burn epidemiology, the Pink city scene. Burns,
Feb 1993; 19(1):47-51.
Jayaraman V, Ramakrishnan K, Davies MR. Burns
in Madras, India: an analysis of 1368 patients in
1 year. Burns 1993; 19(4): 339-44.
Singh D, Jash P, Tyagi S. Recent trends in burn
mortality in Northwest India and its preventive
aspects. JIAFM, 1998, Vol.19 (4): 79-88.
SinghD, singh A, Sharma A.K. & Sodhi L. Burn
Mortality in Chandigarh Zone – 25 years autopsy
experience from a territory care hospital of India.
Burns, March 1998; Vol 24, (2):150-156.
Stuart P Pegg. Burn epidemiology in the Brisbane
and Queensland area. Burn 2005; 31: 27-31.
Subrahmanyam M. Epidemiology of burns in a
district hospital in Western India. Burns. Sep.
1996; 22 (6):439-42.
Tang K. Jian L, Qin Z, Zhenjiang L, Gomez M.
Characteristics of burn patients at a major burn
center in Shanghai. Burns 2006; 32(8): 1037-43.
Turegun M et al. The last 10 years in a burn centre
in Ankara. Turkey an analysis of 5264 cases.
Burns. Nov. Dec.1997; 23 (7.8): 584-90.
Xiao Jie, Cai Baoren. Mortality rates among 5321
patients with burns admitted to a burn unit in
China. 1980-1988. Burn 2003; 29: 239-45.

2/8/2014, 1:23 PM

DOI Number: 10.5958/j.0973-9130.8.1.017
78 Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1

Prevalence of Tobacco use among In-Patients at
Sangareddy, India
Suguna D1, Madhavi L H2, Nagaiah G2, Balakrishna N3
Assistant Professor, Professor, 3Scientist D, Division of Biostatistics, National Institute of Nutrition, Hyderabad
2

1

ABSTRACT
Objective: To know the prevalence and patterns of tobacco use
Materials and Method: Cross-sectional Hospital based study was carried out among 300 In -Patients
of MNR Medical College and Hospital, Sangareddy during July to December 2012.
Result: Overall tobacco usage was 49%. Higher rates (31%) were found in age group 60 yrs and
above and in males (79%). The risk of usage was higher among illiterates (71%) than among educated
(5%). According to occupation, unskilled workers constituted (70%). Pattern of tobacco usage was as
follows: Smoke form (77%), Smokeless form (23%). Cigarettes (28%), Bidis (57%), Cigarettes and
Bidis (15%), Gutka (16%), Tobacco Chewing (71%) and Panmasala (13%)
Conclusion: Hence effective intervention and attention of policymakers and researchers should be
directed towards rural illiterate population.
Keywords: Burns, Substance used, Death

INTRODUCTION
Tobacco use in low-income and middle income
countries contribute to an increasing share of the global
burden of disease in future decades. 1 Smoking is
estimated to have been the cause of about 62 million
deaths, mostly men (52 million) in the developed
countries between 1950 and 20002. In China, analysis
of large retrospective and prospective evidence
suggests that smoking is already killing about 800,000
people each year, mostly men3. Overall, smoking
currently causes about 700,000 deaths per year in
India4.
Nearly 30000 chemical constituents identified in
smokeless tobacco & 4000 in tobacco smoke are
harmful. It contains tobacco-specific nitrosamines
(TSNAs), naphthalene and polycyclic aromatic
hydrocarbons (PAH), high levels of benzapyrene in
masheri, snuff and two samples of chewing tobacco.
PAH, N-nitrosamines such as TSNAs and aromatic
amines identified in cigarette tar are all carcinogenic5
.The other toxic effects include mutagenicity and
genetic damage, as shown by various assays, cell
culture studies, animal experiments and tests on
humans who either use tobacco or work in processing
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it. Dependency is related to effects of nicotine and
related alkaloids present in tobacco leaves and smoke.
Indicators of social class, caste, education,
occupation and income levels are used interchangeably
to measure socioeconomic status.5 The World Health
Organization’s Framework Convention on tobacco
Control under-scores the importance of tobacco control
efforts within developing countries as part of a
worldwide strategy to reduce the health, economic and
social consequences of tobacco use.6
In view of this, the present study was planned to
know profile and deleterious effect of varies pattern
of tobacco use on health among the rural study
population admitted at MNR Medical College &
Hospital situated in Falsawadi village, Sangareddy,
Medak District, Andhra Pradesh State, India.
MATERIAL AND METHOD
This cross-sectional hospital based study was
conducted to assess overall prevalence of tobacco use
among the admitted patient at MNR Medical College
& Hospital situated in Falsawadi village, Sangareddy,
Medak District, Andhra Pradesh State, India. The
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ethical committee of MNR Medical College approved
the study.

(1) having no habit in either the past or present (“never
user”), (2) Current smokeless tobacco user (including
betel quid, mishri, chewing) in the last six months, (3)
current cigarette smoker in the last six months and (4)
current bidi smoker (including other forms of smoked
tobacco as well, e.g, chillum and hooka) in the last six
months. Social class of caste was assessed as per Social
Welfare department, Government of Andhra Pradesh.
They were coded as Open category (OC), Backward
Class (BC), Scheduled Caste (SC), Scheduled Tribe (ST).
Occupation was assessed following the standard
Indian classification system and coded as follows
skilled workers, unskilled workers, traders, service
workers and professionals.7 Additional categories
included “dependents” and “house-wives”. Education
level is classified as illiterate, primary school (up to 5th
Standard of education), middle school (6 th to 8th
Standard of education), secondary school (9th to10th
Standard of education), Intermediate (11th to 12 th
standard of education) and college (attainment of
degree). Gender and age data were also collected.
Descriptive statistics were calculated for the overall
study population as well as for men and women
separately. SPSS statistical software (SPSS Inc, Chicago
and III) was used in analyzing the data.

This is a teaching hospital of MNR Medical
College. Most of study population who sought medical
care was from rural area as the hospital is situated in
Falsawadi village. At the hospital, all in-patients 18
yrs or older were eligible to be interviewed. The cutoff age of 18 yrs was selected as a result of the study’s
over-all goal of studying prevalence of tobacco usage.
The sample size of 274 (rounded off to 300) is calculated
based on the prevalence of 56% as per the National
Household Survey of Drugs and Alcohol Abuse
conducted in 2002 using the formula 4xPQ/L 2
(P=Prevalence of 56%, Q=(1-P) and L=6 i.e allowable
error. The survey was conducted by trained interns.
Pre-tested Structured Questionaire was used to record
data at the time of the interview. Interviews were
conducted in local languages, i.e. Telugu and Hindi.
No surrogate responses were permitted. A total of 300
subjects (185 men and 115 women) participated in the
study whose detailed demographic characteristics,
addictions, patterns of tobacco consumption, impact
on health etc., were collected in the course of
interviews. The primary outcome in this present
analysis was tobacco use was categorized as follows:

RESULTS
Table 1. Socio-Demographic Characteristics of the Study Population
Demographic
characteristic
Age(Y)

Sex
Education

Tobacco users
No. 141
(49%)
13

(09)

67

(42)

67

(27)

30-39

27

(19)

27

(17)

54

(18)

40-49

24

(17)

21

(13)

45

(15)

50-59

33

(23)

19

(12)

52

(17)

>=60

44

(31)

25

(16)

69

(23)

Male

111

(79)

74

(47)

185

(62)

Female

30

(21)

85

(53)

115

(38)

Illiterate

100

(71)

98

(62)

198

(66)

16

(11)

14

(09)

30

(10)

Secondary School

18

(13)

23

(14)

41

(14)

Intermediate

07

(05)

17

(11)

24

(08)

Graduate

0

07

(04)

07

(02)

Dependent

14

(10)

31

(19)

45

(15)

Trader

07

(05)

05

(03)

12

(04)

Service

03

(02)

07

(04)

10

(03)

Skilled

12

(09)

21

(13)

33

(11)

Unskilled

98

(70)

69

(43)

167

(56)

House-wife
Religion
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Total n=300
No.
(%)

20-29

Middle School

Occupation

Tobacco non-users
No.159
( 51%)

07

(05)

26

(16)

33

(11)

124

(88)

144

(91)

268

(89)

Muslims

13

(09)

14

(09)

27

(09)

Christians

04

(03)

01

(01)

05

(02)

Hindus

79
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Χ² value

p-value

34.214

<0.05

32.742

0.0001

10.889

<0.05

25.798

<0.05

2.258

>0.05
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Table 1. Socio-Demographic Characteristics of the Study Population (Contd.)
Demographic
characteristic
Caste

Housing
Type of Family

Tobacco users
No. 141
(49%)

Tobacco non-users
No.159
( 51%)

Total n=300
No.
(%)

Other Caste

23

(16)

33

(21)

56

(19)

Backward Caste

74

(53)

82

(52)

156

(51)

Scheduled Caste

30

(21)

29

(18)

59

(20)

Scheduled Tribe

14

(10)

15

(09)

29

(10)

Kuccha

97

(69)

105

(66)

202

(67)

Pacca

44

(03)

54

(34)

98

(33)

Nuclear

90

(69)

110

(69)

200

(67)

Extended

51

(36)

49

(31)

100

(33)

The socio-demographic characteristics of study
population are shown in table. 1, the total number of
tobacco users 141(49%) and tobacco non-users 159
(51%). Men represented 62% of the sample. The
unskilled workers were 56%, whereas as 11% of
women were classified as house-wives. Illiterates 66%
and only 2% of them were Graduates. Overall, 27% of
the participants were between the ages of 20-29 yrs
and 23% 60years and above. Women were less likely
than men to have ever used tobacco (53% vs.47%)

Χ² value

p-value

1.172

>0.05

0.258

>0.05

0.963

>0.05

which is because of socio-cultural factors that
discourage smoking among women. Among Hindus
(88%), Christians (3%) used tobacco. Prevalence in
Backward Caste (53%) followed by Scheduled Caste
(21%).Though housing had no influence on prevalence
of tobacco use, it was found that subjects from Kaccha
house used more (69% ) than those living in Pacca
houses(3%). Subjects from nuclear family used more
of tobacco (69%) than those from extended family
(36%) which might be due to stress at family level.

Table 2. Patterns and various features in relation to Tobacco use
Pattern of Tobacco use
Smoking
109

Cigarettes

(77%)

Total number

Percent (%)

31

28

Bidis

62

57

Cigarettes and Bidis

16

15

Smokeless

Gutka

5

16

32

Tobacco chewing

23

71

Panmasala

4

13

Enjoyment

68

48

Relaxation

63

45

Attributed to Maturity

5

4

Reinforcement

3

2

Independence

2

1

Yes

55

39

No

86

Read about Warnings

Yes

21

15

on Tobacco use

No

120

85

(23%)

Reasons of Tobacco use

Alcohol Addictions

Patterns and various features in relation to Tobacco
use are shown in table. 2. More
Subjects used tobacco in smoke form than in
smokeless form (77% vs 23%). The commonest form
of Smoking was bidis (57%), followed by cigarettes
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61

(28%) and both cigarettes and bidis (15%). Most
common reason for using tobacco was for enjoyment
(48%), followed by relaxation (45%) and attributed to
maturity (4%). Tobacco users addicted to alcohol (39%).
The tobacco users (85%) did not read about warnings
on tobacco use.
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The pattern of diseases in tobacco users and nonusers is shown in fig. 1. The number of them suffering
from diseases in users is Hypertension (25.5%),
Diabetes (3.5%), Bronchial Asthma (2.8%), Tuberculosis
(3.5%) and Chronic Bronchitis (7%). Number of them
not suffering from any disease was 71% in non-users
which was statistically significant. Thus the impact of
tobacco use was seen in users.

Table 3 Health Problems among study population
Health problems

Tobacco users
No.
(%)

Non-Tobacco users
No.
(%)

Cough & Breathlessness

17

12

08

5

Nervousness, Tingling and Numbness

15

10.6

10

6.3

Irritability, Headache and sleep disturbances

38

26.9

09

5.7

Lack of Concentration

10

7

0

Dimness of vision

30

21.6

14

8.8

No Symptoms

31

21.9

118

74.2

13.489

χ² value

P-value

67.755

<0.05

System Involvement
Oral Cavity
Staining of the teeth

08

5.7

0

Staining of the gums

04

2.8

0

Foul Smelling

04

2.8

02

1.3

No oral cavity involvement

125

88.7

157

98.7

Central Nervous System involvement

Respiratory System involvement

Cardiovascular System involvement

-

-

-

Gastro-intestinal System involvement -

Genito-Urinary System involvement

-

Yes

05

3.5

2

1.2

No

136

96.5

157

98.6

Yes

15

10.6

9

5.7

No

126

89.4

150

94.3

Yes

01

0.7

0

1.131

No

140

99.3

159

100

Yes

05

3.5

6

3.8

No

136

96.5

153

96.2

Yes

02

1.4

03

1.9

The impact of tobacco in study population is shown
in table. 3. In tobacco users irritability, Headache and
sleep disturbances were more (26.9%), followed by
dimness of vision (21.8%), Cough and
breathlessness(12%) and nervousness, tingling and
numbness(10.6%) which are statistically significant and
can be attributed to tobacco use. Staining of teeth (6%),
staining of gums (3%) foul smell in the oral cavity (3%)
in users but there were no such findings in non-users
except that there was foul smell in 1.3% of non-users.
The involvement of oral cavity was statistically
significant. The Central nervous system in (3.5%),
Respiratory System (11%), Cardio-vascular system
(0.7%), Gastro-intestinal system (3.5%) and Genitourinary system (1.4%) was affected among tobacco
users which was not statistically significant.
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<0.05

1.717

>0.05

2.516

>0.05

>0.05

.011

>0.05

.100

>0.05

DISCUSSION
Overall current prevalence of tobacco use in all
forms was (49%) similar to study conducted by
D.V.Bala in Gujarat (47.6%) 8. The tobacco use increased
with age. The maximum number of tobacco users were
observed in =>60 yrs (31%), followed by 50-59 yrs
(23%), 40-49 yrs (17%) in the current study whereas
the study conducted by Glorian9 in Mumbai shows
that the users above 60 yrs was only 5%, 50-59 yrs
(24.3%) which is similar to current study and 40-49
yrs (42.1%). The tobacco users in males were 111 (79%)
and in females 30 (21%) respectively. Similarly results
were seen in a study conducted by Singh Madhavi L
H 10 in rural community of New-Hebbal village,
Gulbarga district, Karnataka state showed the
prevalence of (74%) in men and (25.8%) in women.
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The same was seen in a study conducted by Dhirendra
N. Sinha11 in rural area of Bihar state Males (74.1%)
and in a study conducted by D.V.Bala8 in Gujarat state
showed a prevalence of (61.87%) in men which is
slightly on lower side when compared to present study.
Tobacco use is more in illiterates (71%) which is similar
to study done by Singh Madhavi. L H (71.62%)10 , study
done by R.Gupta in Rajisthan both rural and urban
areas of Jaipur Heart Watch found greatest tobacco
consumption in illiterates (60%)12 , study.done by
D.V.Bala (50.6%)8 showed a little lower figures. In the
present study by occupation, users are more in
unskilled workers (70%), whereas studies in Karnataka
by Singh Madhavi. L H10 and by D.V.Bala8 in Gujarat
showed tobacco consumption in labourers (50.49%)
and (59.88%) which is on lower side. As per religion,
maximum in Hindus (88%) unlike in the annual report
of Regional Medical research centre, North East region,
ICMR, Assam where in prevalence in Hindus was
(38.5%)13. In Caste group, more in Backward caste
(53%), followed by Scheduled Caste (21%) which is
almost similar to D.V.Bala8 study in Gujarat , where
the prevalence in Socio-economically backward class
and Scheduled Caste (48.97%). The maximum number
of tobacco users was in subjects living in kaccha houses
(69%) which reflected their low socio-economic status.
Those who lived in nuclear family used more of
tobacco (69%) unlike the study conducted by Singh
Madhavi L H in Karnataka (48%) 10. Stress at family
level might had an influence on life style. Smoking was
the commonest form (77%), Smokeless (23%). Bidis
(57%) similar to study conducted by D.V.Bala5 in
Gujarat (40%). Tobacco chewing was most common
(71%) similar D.V.Bala8 study. Most of tobacco users
attributed tobacco for enjoyment (48%) similar to
findings of study conducted by Singh Madhavi L H
(31.62%) 10. Majority of tobacco users were alcoholics
(39%) similar to study in Karnataka by Singh Madhavi
L H (58.6%) 7, N.V.Dhupdale study in rural Goa (34.8%)
14
. Smokers who use alcohol are at an even higher risk
of oral cancer due to synergistic effect. The GOI in 1975
enacted the Cigarettes (Regulation of Production,
Supply and Distribution) Act, which made it
mandatory to display a statutory health warning on
all packages and advertisements of cigarettes but in
the present study, 85% of tobacco users did not read
about the statutory warnings due to illiteracy and it
also reflects on ignorance about hazards of tobacco.The
tobacco users who had oral cavity problems (11%)
unlike the findings of Singh Madhavi. L H10 in rural
Karnataka (56.96%). The impact of tobacco was seen
in users who suffered from Hypertension (25.5%),

17. Sugna--78--83.pmd

82

Diabetes (3.5%), Bronchial Asthma (2.8%), Tuberculosis
(3.5%) and Chronic Bronchitis (7.8%).
Identifying Religion, caste, occupation and
education specific disparities in tobacco use indicated
inequities that need to be addressed by policymakers.
The results indicate that tobacco use in Medak district,
India follows a social gradient. If one has to look into
the patterns of disparities, it is important to consider
multiple indicators of socioeconomic position,
including religion, caste, occupation and education,
as well as gender. Additional research on these factors
which influence tobacco use can inform future policies
and other interventions.
CONCLUSION:
The results of this study indicated that illiterates
did not read about the statutory warnings.
RECOMMENDATIONS
The statutory warnings on tobacco products should
be both in written and pictorial form which will help
the illiterate’s .To create awareness in public on
harmful affects of tobacco and how to quit it.
LIMITATIONS
Hospital based study
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ABSTRACT
Facing a medicolegal problem while serving in a govt. or semi govt. or private hospital has become
a headache for medical professionals. It may be in the form of civil or criminal or corporate or composite
negligence. Problems arising from treatment in intensive care unit are a recent edition in this regard.
Death of a patient in ICU, organ transplantation from a beating heart donor may bring charge of
negligence against the doctor, nurse, hospital staffs and authority. Here we have tried to focus on this
aspect medicolegal disputes and the way to overcome these problems in short.
Keywords: Medicolegal, Negligence, Organ Transplantation, Intensive Care Unit

INTRODUCTION

•

Head injury with depression of respiratory centre

Medical science is being developed everyday. It’s
carrying with it more and more medicolegal problems.
In most of the cases medical practitioners do some
mishap unintentionally and become victim of law and
medical ethics. Treatment in the intensive care unit
(ICU) is a very recent edition to medical advancement.
It has made the recovery possible for many patients
who are critically ill and would have died otherwise.
One of the sophisticated and life saving device used
in ICU set up is a mechanical ventilator. In one hand,
it has opened a new window of medical science
whereas in other hand, it has complicated medical
practise from medicolegal point of view.

•

Acute exacerbation of COPD

•

Neurotoxic snake bite

•

Pulmonary thromboembolism

[B] Prophylactic ventilator support as in
•

Prolonged shock

•

After major surgery

[C] Hyperventilation therapy

Indications and contraindications6

Along with the indications, untreated pneumothorax
is an absolute contraindication of mechanical
ventilation.

Few indications of mechanical ventilation are

What is mechanical ventilation?

[A] Acute respiratory failure due to

Mechanical ventilation is a method to assist or
replace spontaneous breathing mechanically. There
are two main divisions of mechanical ventilation:
invasive
ventilation
and
non-invasive
ventilation.[1] There are two main modes of mechanical
ventilation within the two divisions: positive pressure
ventilation, where air (or another gas mixture) is
pushed into the trachea, and negative pressure

•

Acute respiratory distress syndrome

•

Severe poisoning with barbiturate and other
hypnotics, sedatives, insecticides, curare, nerve gas
etc.

•

Electrolyte imbalance
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ventilation, where air is essentially sucked into the
lungs.
Mechanical ventilators are of following types•

Transport ventilators – Small, can be powered via
AC or DC.

•

Intensive care ventilators – Used in ICU and these
are run by AC power. These are larger in size.

•

Neonatal ventilator – Specialized subset of ICU
ventilators used only for neonates.

•

Positive airway pressure ventilators – Specifically
designed non invasive ventilators. These are used
at home for treatment of sleep apnoea and COPD.

How mechanical ventilator may create fatality?
Use of mechanical ventilator in the ICU may create
fatalities in the following way
•

If there is fault in the machine

•

If endotracheal intubation is not done properly

•

If ventilator is not operated properly

•

If it is used when it is contraindicated

•

ICU acquired infection

•

Potential complications may occur like alveolar
damage, ventilator associated pneumonia,
diaphragmatic atrophy, oxygen toxicity and acute
lung injury, all of which may be fatal2, 3

Mechanical ventilation and organ transplantation
Very recent concept to solve the problem of cadaver
and living donor is introduction of beating heart
donor 4. After brain death of an individual, if life
supports can be continued by artificial means
particularly mechanical ventilation, viable organs from
the individual can be donated to a needy person. This
procedure definitely needs valid consent from the legal
heir or the surrogate decision maker. Here the result
of transplantation is more appropriate. This type of
organ transplantation has no legal sanction till now.
Medicolegal problems arising from use of
mechanical ventilator in ICU
This most advanced technology also has some
limitations and fallacies. It may be fatal due to various
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reasons to the patient as discussed previously.
Simultaneously it may be a headache to the physician,
hospital staffs and hospital authority in many cases.
This intervention while allows some patients to
survive, merely prolong the dying process of others
and thus creates number of medicolegal disputes.
Even after giving initial consent, patient or patient’s
family members or surrogate decision makers may
withdraw consent later either considering it to be not
beneficial or due to its cost. In such cases sudden
withdrawal of ventilator support may be life
threatening to the patient and it may create an ethical
complication.
Any wrong selection of patient for mechanical
ventilation, improper introduction of endotracheal
tube, faulty device, improper operation of mechanical
ventilator, lack of knowledge regarding handling and
withdrawal of ventilator support, ICU acquired
infection in a patient under ventilator support leading
to multi organ failure may cause fatality. In all such
cases charge of criminal negligence, composite
negligence, corporate negligence, vicarious or product
liability may be brought against the doctor, nurse, other
hospital staffs, hospital authority and manufacturing
company.
Problem may arise while declaring brain death of
a patient who is under ventilator support. To declare
brain death the patient is to be taken out of mechanical
ventilation. It may produce a wrong impression in the
mind of the patient’s family members. Moreover in
some cases though it is quite known that the patient
will not survive even with mechanical ventilation, the
support can’t be withheld on ethical ground. It
deprives others who need the same kind of treatment.
In this way mechanical ventilation based ICU
management has become a challenge to the ICU team
and following measures may help them in this regard.
Measures to overcome medicolegal problems5
To overcome the legal, social and ethical problems,
following steps should be taken during introduction,
maintenance, continuation and withdrawal of
mechanical ventilator
•

Determine whether the patient has decision
making capacity or not. If it is present, his/her
informed consent should be taken. If patient is not

2/8/2014, 1:23 PM

86 Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1

in such situation, informed consent of surrogate
decision maker or nearest family member should
be taken.
•

Determine whether patient expressed his/her
preference for medical care over invasive
mechanical ventilatiory support before admission
in ICU.

•

Establish trust and effective communication with
surrogate decision makers and other family
members to avoid any future litigation.

•

Continue to convey the time to time prognosis and
also uncertainty of treatment to the surrogate
decision makers and other family members.

•

Inform the patient and other family members that
mechanical ventilation will not cure actual
underlying disease if it is other than respiratory
origin such as any carcinoma, subdural
haemorrhage etc.

•

Final decision is to be taken considering standard
medical protocol and other circumstances
prevailing at that material moment.

•

In case of organ transplantation from an individual
under mechanical ventilatiory support, proper
guideline for declaration of brain death is to be
followed and proper consent from legal heir in
written should be taken.
This is the context where the principle of bioethics
if applied, solution of social, ethical and legal
dilemmas become easier. Basic principles of
bioethics include –

1. Respect for patient autonomy
2. Beneficence and non malefficence
3. Distributive justice
When these three basic principles are
interconnected, they prevent the medicolegal disputes.

Whenever new windows of medical science open,
medicolegal dilemmas aggravate. Use of mechanical
ventilator is a very recent edition in this regard. It is
the duty of health care providers to take proper
precautionary measures so that future medicolegal
litigations can be avoided. This is the responsibility of
medicolegal experts to guide the medical professionals
and other hospital staffs and also hospital authority
about the possible disputes and also the measures to
prevent them. Here we have tried to focus on the
matter in short. More discussions are needed in this
aspect in future to make this sophisticated instrument
as a safeguard of human being and to prevent the
health care providers from becoming the victim of
negligence.
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ABSTRACT
Effect of Ethylene dibromide (EDB) administration on antioxidant enzymes in rabbit liver was studied.
The animals were given experimental diets 0.075 ml EDB/rabbit along with alcohol. In EDB group
24 hr. Urine chemistry and blood samples were examined heart and liver sections were stained with
Von kossa's stain for histological examination.
Antioxidant enzymes and lipid peroxidation were measured in tissues and Blood samples. Results
revealed significantly increased levels of Urine creatinine (Pre 36.40 ± 4.12; post 36.66 ± 3.92 mg/dl)
Urea (Pre -649.20 ± 73.72; post 670.83 ± 6292 mg/dl) serum GPT (Pre 10.41 ± 1.48; Post -19.75 ± 0.95
lo/L) in rabbit blood after EDB administration.
Plasma ascorbic acid (Pre 1.00 ± 0.18; Post 0.87 ± 0.19 mg/dl), erythrocyte SOD (Pre 2.47 ± 0.33; Post
1.86 ± 0.22 Units/ml Haemolysate), GSH-Px (Pre 7.14 ± 1.16; Post 5.23 ± 1.12 mg GSH/min at 37°C)
and GSH (Pre -58.62 ± 14.55; Post -1.86 ± 0.22 mg/dl) levels decreased as SOD activity increases.
Increased TBARS production after EDB treatment (Pre 2.66 ± 0.99; Post 4.00 ± 0.82 nmol/ml) in the
liver indicate that the organ is being subjected to oxidative stress in acute EDB poisoning.
Keywords: Ascorbic acid, Antioxidant, Peroxidative stress, EDB(ethylene dibromide), GSH (glutathione),
GSH-PX (glutathione peroxide), SOD(superoxide dismutase)

INTRODUCTION
EDB (CH2 Br – CH2 Br) is a colourless liquid having
a specific gravity of 2.17 and has a boiling point of
131.6°C It has molecular weight of 187.88 EDB is a
synthetic organic chemical which acts as lead
scavengers in gasoline. Increasing amounts of EDB are
also found in fumigants of fruits and vegetables (1). It
has also been used to a very limited extent as a fire
extinguisher, a solvent and as a guage fluid. Acute
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toxicity observed in laboratory animals following
single or repeated exposure to EDB appeared to be
similar to the lesions seen in human (2). It is also
reported that chronic toxicity effects in rats exposed
to EDB. This chemical is both a carcinogen (3,4) and
Mutagen (5) Halogenated hydrocarbons 1, 2Dibromoethane 1, 1-Dichloro 2, 2 – Bisethane (DDB)
and trichloroethylene are also toxic to isolated lung
cells (6). Ethylene dibromide vapours are highly toxic
to guinea pigs and that the liquid was readily absorbed
in lethal quantities through the intact skin of the rat.
All these data suggest that exposure to EDB may be
hazardous to human health (7). Several studies support
the involvement of lipid peroxidation as one of the
mechanism of irreversible cell damage, particularly in
the acute hepatic damage. (8, 9)
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Six cases of poisoning with EDB injection have been
reported of which two died due to wide spread
congestion and haemorrhage into vital organs viz liver,
lung, kidney, spleen and brain (8). The adverse effects
include acute toxicity resulting from inhalation, skin
absorption and ingestion. The most commonly
occurring tissue lesions were changes in the liver and
kidney (9).
EDB can produce metabolic acidosis, acute renal
and hepatic failure and necrosis of skeletal muscle and
many other organs, due to alkylating agent properties
of EDB, which can interrupt many critical metabolic
processes and lead to cell death.
Several studies support the involvement of lipid
peroxidation as one of the Mechanisms of irreversible
cell damage induced by substances like carbon tetra
chloride, EDB etc (9).
Potentiation of lipid peroxidation as one of the
mechanism involved in the synergistic action of CCl4
and EDB and caused irreversible damage to
suspensions of rat hepatocytes. (10) Unfortunately cases
of EDB poisoning have also been reported from India
and elsewhere. The present paper reports detailed
biochemical and histological findings in experimental
EDB poisoning.
MATERIAL & METHOD
All experiments involving animals were done in
accordance with the guidelines laid down by animal
ethics committee rules and regulations of the
institution. Twenty adult rabbits from both sex male
(10) and female (10) were chosen for the experimental
study and were suitably distributed among different
groups as per standard procedure. All animals were
placed for twenty days on standard diet. The animals
were then divided into two groups. Blood sample and
twenty four hour urine sample of all animals,
maintained on standard diet were collected on
fifeteenth day. Urine samples were filtered through a
Muslin cloth. pH, creatinine were analysed in the
sample immediately after the collection. Remaining
Urine samples were kept at 4°C and analyed within a
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week. After the initial collection of Urine and blood
samples, the animals were given experimental diets,
single dose of 0.075 ml EDB/rabbit along with alcohol.
In EDB group 24 hrs Urine chemistry and blood sample
were examined at the end of the experiment. After this,
all animals were sacrificed under light ether anesthesia
and blood was collected directly from the heart in plain
and EDTA vials. Liver was grossly examined. A part
of each tissue was preserved in 10% formalin, for
histological examination. Sections of the tissues were
cut on microtone and were stained with von kossa’s
stain for histological study. Another part was preserved
in chilled buffer solution and kept at -20°C for
biochemical and enzyme estimations. Biochemical tests
were performed using standard procedures.
RESULTS AND DISCUSSION
The animal study was quite informative to reveal
ROS mediated EDB poisoning. Serum creatinine and
urea levels in rabbits were significantly raised and so
were SGPT. Retinol, B-carotene and a-tocopherol levels
were lower but were non-significant. Ascorbic acid
levels were decreased significantly (Table 1-4). The
three important features in relation to oxidant injury
were (a) Depletion of reduced glutathione, (b)
reduction in SOD activity and (c) slightly but not
significantly, increased level of TBAR. Urinary TBAR
levels were also slightly increased. The total picture
suggested that EDB was hepatotoxic and that oxidative
insult could be one of the etiological factors. The
observations on liver tissues lend further support to
this contention. In liver tissues, EDB caused decreased
in reduced glutathione level and increase in TBAR
levels. No other significant changes were seen.
(Table-4)
Histological findings revealed changes in liver
tissue but not in Heart tissues. The changes noted in
liver tissue were congestion, hepatic necrosis in
peripheral zone and formation of micro cyst in hepatic
parenchyma. Fig (1-3) our observations on animals
collectively strengthen the earlier reports about its
hepatotoxic effects and that oxidant injury could be
one aspect of its toxic expression.
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Table 1. Some selected parameters in blood before and
after EDB administration.
Parameters

EDB administration
Before
(Mean±SD)

1.

TBAR (nmol/ml)

2.

Retinol (µg/dl)

After
(Mean±SD)

2.66 ± 0.99

4.00 ± 0.82*

36.20 ± 14.82

22.44 ± 10.14

3.

Ascorbic Acid (mg/dl)

1.00 ± 0.18

0.87 ± 0.19***

4.

β-Carotene (µg/dl)

195 ± 60.14

162.3 ± 48.55

5.

α-tocopherol (mg/dl)

0.97 ± 016

0.87 ± 0.19

6.

SOD (units/ml Haemolysate)

2.47 ± 0.33

1.86 ± 0.22

7.

SGPT (IU/L)

10.41 ± 1.48

19.75 ± 0.95

8.

AL. PO4 (K.A. unit/100ml)

9.60 ± 1.35

10.33 ± 0.89

9.

Albumin (gm/dl)

4.00 ± 0.31

3.70 ± 0.88

10.

Globulin (gm/dl)

2.83 ± 0.37

2.49 ± 0.47

11.

Total Protein (gm/dl)

12.

GSH (mg/dl)

13.

GSH-Px (mg GSH/min
at 37°C)

6.71 ± 0.46

6.20 ± 0.88

58.62 ± 14.55

1.86 ± 0.22*

7.14 ± 1.16

5.23 ± 1.12

* P < 0.001 *** P < 0.05 compared to before v/s after EDB administration in rabbits.

Table 2. Selected urinary parameters before and after EDB
administration.
Parameters

EDB administration
Before
(Mean±SD)

After
(Mean±SD)

300.00 ± 99.20

340.00 ± 98.00

1.

TBAR (nmol/ml)

2.

Protein (gm/d)

3.

Calcium (mg/dl)

4.

Magnesium (mg/dl)

4.42 ± 0.75

4.22 ± 0.78

5.

Inog. PO4 (mg/dl)

15.64 ± 2.19

16.13 ± 2.72

6.

Urea (mg/dl)

649.20 ± 73.72

670.83 ± 62.92

7.

Creatinine (mg/dl)

39.40 ± 4.12

36.66 ± .92

NIL

NIL

11.64 ± 2.12

12.73 ± 2.33

Fig. 1. Normal Liver: - Showing normal hepatic architecture with
portal area (× 70)

Comparison did not show any significant difference.

Table 3. Selected urinary parameters in liver tissue of
rabbits before and after EDB administration.
Parameters

EDB administration
Normal
(Mean±SD)

EDB Posioning
(Mean±SD)
7.41 ± 0.74*

1.

SGPT (14/gm fresh tissue)

6.00 ± 0.57

2.

SGOT (lu/gm fresh tissue)

4.68 ± 0.89

5.85 ± 0.94

3.

Al. PO4 (K.A. Unit/gm fresh)

0.70 ± 0.32

0.81 ± 0.22

4.

Calcium (mg/gm fresh tissue)

0.31 ± 0.12

0.38 ± 0.17

5.

Magnesium (mg/
gm fresh tissue)

0.45 ± 0.021

0.41 ± 0.10

* P < 0.001 compared before and after EDB administration.

Table 4. Antioxidant system and oxidative stress in liver
tissue of rabbits before and after EDB administration.
Parameters

EDB administration
Normal
(Mean±SD)

EDB Posioning
(Mean±SD)

1.

Retinol (mg/gm fresh tissue)

481.0 ± 56.22

470.61 ± 53.00

2.

Ascorbic Acid (mg/gm
fresh tissue)

0.32 ± 0.031

0.24 ± 0.09

3.

a -tocopherol (mg/gm
fresh tissue)

0.82 ± 0.021

0.27 ± 0.05

4.

SOD (Unit/gm fresh tissue)

1.54 ± 0.69

1.29 ± 0.47

5.

GSH (mg/gm fresh tissue)

575.0 ± 84

485 ± 79.82

6.

TBAR- (nmol/gm fresh tissue)

0.89 ± 0.02

3.00 ± 0.04*

* P < 0.001 compared before and after EDB administration.
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Fig. 2. Liver section after EDB poisoning: - Showing marked
destruction and nectrosis of several hepatocytes (× 280).
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ABSTRACT
This cross sectional study was done over a period of 10 years to study the epidemiological and
Patho-anatomic findings in cases of death due to hanging .A total of 246 cases were studied and
findings were as follows, victims aged 21-30years constituted largest group 44.3%(Cases),56.09%(cases)
were males,54.47%(Cases) were married, place preferred for suicidal hanging were indoor in
99.59%(cases).soft ligature material used in 63.41%(cases).The Patho anatomic findings were ,ligature
material was present in 98.78%,it was above the level of thyroid cartilage in 75.72%cases,protursion
of tongue was seen in 25.64%cases,salivary discharge in 30% of cases. No soft tissue hemorrhage,
intimal tears of carotid artery, neither fracture of hyoid bone and thyroid cartilage were seen in these
246 cases.
Keywords: Hanging, Patho-Anatomic, Petechiae, Hyoid bone, Thyroid Cartilage

INTRODUCTION
Amongst the various methods adopted for suicide
,hanging is commonly adopted for suicide, since it
provides painless death it is adopted for suicide and
as form of judicial execution in few countries.
This study was undertaken to determine the
various factors of the victim like age, sex trait, marital
status of the victims, to study the scene of crime to
determine the ligature material used, the position of
the knot, complete or partial hanging, to study pathoanatomic findings such as ligature mark and other
findings in cases of death due to hanging, with special
reference to fracture of hyoid bone and thyroid
cartilage.
MATERIALS AND METHOD
The subjects for this study are cases of hanging that
were referred to the department of Forensic Medicine,
St. John’s medical college for medico legal autopsy .The
hanging deaths that comprise this study includes 246
cases investigated from 2002 to 2012.Detailed
information regarding the circumstances of death were
collected from police reports, through relatives,
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photographs related to the scene of crime and
occasional visit to scene of crime. The personal
particulars of the victims, post mortem changes, and
Patho–anatomic findings were recorded. The neck was
dissected at the end of autopsy to ensure flap dissection
in a blood less field .Neck organo complex was severed
at the level of pre- sternal notch and carefully
examined, there after soft tissues were removed; the
separated hyoid bone and thyroid cartilage were
subjected for radiological examination for detecting
fracture. The findings recorded were tabulated for
analysis and descriptive statistics used .
OBSERVATION AND DISCUSSION
246 cases of hanging were studied prospectively in
detail.138(56.09%) cases were male and 108
(43.90%)cases female(Table 1).A similar observation
was observed by simonsen5 . 212 (86.10%) cases were
aged less than 40 years and 34(13.82%) were aged
above 40 years. This finding is comparable with that
of Sengupta1 and Khokhlov10 whereas in other series 2,
3,4,7,8
cases of hanging aged more than 40 years ranged
from 44% to 74%.
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Table 1: Age & Sex distribution
Age
(Years)

No. of cases (%)

preferred ranging from 65-80.4% 2,3,5,6,7.The most
preferred ligature material in this study was saree.

Male

Female
Total

1 - 10

-

-

11 - 20

21

43

64

26%

21 - 30

58

51

109

44.3%

Saree

31 - 40

31

08

39

15.85%

Coir rope

29

(11.78%)

41 – 50

17

04

21

08.53%

Plastic rope

25

(10.16%)

51 - 60

09

01

10

04.06%

Lungi

24

(9.75%)

61 - 70

02

01

03

01.21%)

Cotton rope

17

(6.91%)

138
56.08%

108
(43.90%)

246

Duppatta

17

(6.91%)

Table 3: Ligature material used for Hanging

The lowest age recorded was 14 years and highest
was 68 years old .Individuals aged between 21 and 30
constituted the largest group 44.30% in this series and
similar were the findings of Sengupta, Reddy, Morlid
and Luke, This can be explained in this series because
this particular age group is vulnerable for various
forms of stresses, ranging from dowry harassment,
marital problems, and failure in studies,
unemployment and financial debts.
Whereas in other 5-8studies those aged 60-70 years
formed the largest group. It may be assumed that the
older age groups are abandoned by their loved ones,
and which is rare in our country.
It was also observed among the hanging cases that
it was more common among married 54.47% than
unmarried or single 44.2%.This series findings are
comparable with that of Sengupta1,whereas in the
study conducted by Simonsen 5 more cases of hanging
were noticed in single status(55%) than married(32%).
Most hanging cases (245 cases, 99.59%) were
noticed indoors (Table 2) and it is comparable with
findings of Luke 2 and Davison 6 though in their
findings, outdoor was preferred in 14-31.8% cases.
Table 2: Place of Hanging
Indoor

Place

(43.08%)

Bed Sheet

06

(2.43%)

Electric wire

05

(2.03%)

Towel

02

(0.81%)

Packing Material

02

(0.81%)

Denim strap

01

(0.40%)

Twine

01

(0.40%)

Pant

01

(0.40%)

Metallic wire

01

(0.40%)

Not known (ligature material
not sent with body)

09

(3.65%)

It was observed that of 246 cases studied
,213(86.58%)cases were complete hanging and
33(13.41%)cases were partial hanging(Table 4).The
findings are similar to that of Sengupta 1,James and
Silocks8 ,Morlid9,where as incomplete hanging was
more in the studies done by Luke et al 7.
Table 4: Petechiae in incomplete/complete hanging
Type of Hanging

Present

Absent

Incomplete hanging

23

10

Total
33

Complete hanging

67

146

213

Total

90

156

246

Chi-square=15.84, df=1, P value= <0.05

In this series (Table 5)26.42% of cases were typical
hanging and 68.6% were atypical hanging. This finding
correlates with that of simonsen 5 and Morlid 9.The knot
was slip knot in 164(70.08%) and fixed knot in
70(29.91%) cases in this series, and it is comparable
with studies done by Patel et al 18

%

239

(97.1%)

Lodging

02

(0.8%)

Office

02

(0.8%)

Jail

01

(0.4%)

Hospital

01

(0.4%)

Type of Hanging

present

Absent

Park

01

(0.4%)

Typical Hanging

17

48

65

Atypical Hanging

73

96

169

Total

90

144

234*

The ligature material most commonly preferred
in this series was(Table 3)soft material (63.4%) as
compared to hard materials(32.9%).This finding is
comparable with that of Sengupta 1,but contrary to
other series wherein hard material was the most
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No. of cases (%)
106

No. of cases

Residence

Outdoor

Material used for hanging

93

Table 5: Petechiae in Typical/Atypical hanging
Total

*out of total 246 cases, ligature material not produced in 9 cases
and 3 cases ligature material not in situ.
Chi-square=5.8, df=1, P value=<0.05
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A note of duration of suspension (Table 6) was
made depending upon the history furnished by the
relatives, such as, when the person was last seen alive
and the time of recovery of the body.64.22% of cases
were noticed by relatives within 8hours of suspension.
Table 6: Duration of suspension
Hours of suspension

No. of cases

(%)

0-8 hrs

158

64.22%

8-16hrs

71

28.86%

16-24hrs

13

5.28%

24-32hrs

01

0.40%

32>hrs

03

1.21%

In the present study post mortem staining was
present on legs and hands in 24.39% of cases and in
61.38% cases postmortem staining was seen over the
back. This findings correlates with duration of
suspension noted.
Ligature mark; A patterned abrasion reflecting at
times the imprint of the overlying ligature mark was
present in 98.78% cases and absent in
1.21%cases,where in they were removed immediately.
This finding is comparable with that of Sengupta 1,
Luke 2 and Luke et al 7. A note on position of the ligature
mark in relation to thyroid cartilage was noted, and it
was observed that in 184(75.79%) cases it was above
thyroid cartilage, in 18.93% of cases it was over thyroid
cartilage and in 5.34% of cases below thyroid cartilage,
and is to other series like Sengupta 1 and Reddy 3.
Petechiae over the face, conjunctivas were present
in 38.46% of cases .It was also observed in this study
that Petechiae are significantly associated with atypical
and incomplete hanging (Table 4 & 5).
Tongue was protruded in 60 cases (25.64%) in this
series. No note of tongue protrusion is mentioned in
any of the literature reviewed except Sengupta 1 where
in tongue was protruded in 55.45% cases.
Le facie sympathique originally described by
Etienne Martin as cited by Polson and Gee 11 states that
if the ligature knot presses on cervical sympathetic,
the eye on the same side may remain open and its pupil
dilated. The above finding was seen in none of our
cases. The eyes were closed or partly open in most of
our cases.
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In this series (Table 13), 74 cases (30%), dried
salivary stain mark were present over the angle of
mouth, sides of chin and front of chest. This is
supposed to be sure sign of ante mortem hanging
.Other fluid discharges like semen were present in
22(8.94%) cases, menstrual blood in 9(3.65%) cases
,fecal discharge 17(6.91%) cases and this findings are
of no diagnostic value, as they are seen in other forms
of death.
The soft tissue under the ligature mark was pale
and glistening in all cases, except in 10 decomposed
cases of hanging, there was neither extravasation of
blood nor muscle tears/rupture/intimal tear of carotid
vessels, whereas in other series reviewed,
extravasation of blood in neck ranged from 1.88% to
60.65%.This is contrary to our findings. The possible
explanation could be as cited by Mallik 13, Vijaychadha
14
and Umadethan 15,”injuries to the muscles and deep
seated structures of neck are to be found only in cases
of hanging with sudden long drop or in judicial
hanging”. In this series most of the hanging occurred
indoor and the maximum ceiling height could only be
12 feet from floor level, hardly allowing for a long drop.
Hyoid bone and thyroid cartilage were intact / not
fractured in 246 cases of hanging studied. This finding
is comparable with that of Sengupta 1 and also as stated
by smith and Fiddes 11 1905,”The hyoid bone is never
practically never injured” .Franklin 12, Mallik 13,
Krishnan 16 are of similar view. However, the above
findings are contrary to the findings of other
investigators 2, 3, 10.The possible reasons for the above
finding could be;
First in the present series a larger proportion of the
victims were young i.e. 212 (86.10%) cases were less
than 40 years .It is generally considered that frequency
of fracture of hyoid bone increases after the age of 40
years, when the joints of the hyoid bone becomes
ossified or anklyosed and hence becomes liable to
fracture 13,14,17 ,but surprisingly in the literatures
reviewed is that fracture of the latter was also present
in young individuals. Simonsen observed fracture of
hyoid bone in 30% of cases, aged less than 40 years,
Davidson noticed in 46.80% of cases, Luke et al series
27.72%, Morlid9 series 2.5% fracture of hyoid and 9%
of thyroid cartilage.
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Secondly it was observed by few investigators 2,5
that hard variety of ligature material used for hanging
could cause increased frequency of hyoid bone and
thyroid cartilage and in the present study soft hanging
material was preferred in 156(63.41%) cases and hard
Hanging material was used in 81 (32.92%)cases.
Thirdly, increased duration of suspension is said
to be a factor for increased frequency of fracture of
fracture of hyoid bone and thyroid cartilage as
observed by Simonsen and Morlid, but in this series
64.22%were suspended for less than 8 hours and
21.86% were suspended for less than 16 hours and also
it was observed by simonsen that fracture incidence
was more within 16 hours of suspension.
Fourthly, few authors’ 13-15 attribute damage to
muscle and deep seated structures of neck to cases of
hanging with sudden long drop or in judicial hanging.
The above mentioned type of hanging was not
encountered in this study
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ABSTRACT
The aim of this study is to evaluate the pulmonary effects of manufactured ultra fine (10 nm) aluminum
oxide particles (UFAOP) upon repeated exposure by inhalation. Rats were exposed with UFAOP in
nose-only inhalation chambers at concentrations of 0, 50, 100, and 160 mg/m3 for 6h per day on 5
days. Bronchoalveolar lavage analysis showed pulmonary inflammation and cytotoxicity.
Histopathology of lungs showed particle induced cytotoxicity and inflammation characterized by
mononuclear inflammatory cell infiltration. Lung burden data showed less percentage of clearance
and higher biological half time for UFAOP. Based on our results we conclude that repeated inhalation
exposure of UFAOP induced concentration dependant toxicity to lungs of rats at different time points
of post exposure.
Keywords: UFAOP, Inhalation, Inflammation, Nanoparticles

INTRODUCTION
Manufactured nanoparticles of aluminum oxide
have been widely used in the environment; however,
their potential toxicity provides a growing concern for
human health [2] . Alumina is among the most
abundantly produced chemical in nanosized particles,
estimated to account for approximately 20% of the 2005
world market of nanoparticles [13]. Studies in recent past
with Aluminum showed it can act as a disrupter of
cell membranes and has been implicated as an
etiological factor in a variety of neurodegenerative
diseases [16]. Nano-alumina nano particles can elicit a
pro inflammatory response and thus present a
cardiovascular disease risk [5]. This study focused on
assessing the pulmonary toxicity, dose-response and
time course changes of inflammatory end points in
lungs upon repeated exposure of agglomerated
UFAOP.
MATERIALS AND METHOD
Aluminum Oxide Ultrafine particles
Aluminum Oxide ultrafine particles (gamma) (99%,
10 nm) were purchased from Nanostructured and
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Amorphous Materials, Inc. Houston, TX, USA.
Manufacturer size specifications were confirmed using
scanning electron microscope. Zeta potential
measurements were done to know about the surface
charge properties of the UFAOP using malvern
zetasizer.
Animals
Seven to nine weeks old Wistar (Crl:WI) rats
purchased from Charles River, USA and bred at animal
house facility, IIBAT were used for the study. The
environmental conditions were set at a temperature
of 21 ± 2°C, relative humidity of 55 ± 5%, and a 12 h
light/dark cycle. The number of animals used in this
research is monitored by the Institutional Animal
Ethics Committee, IIBAT.
Study design
Fifty rats (25 Male and 25 Female) were randomly
assigned to four exposure groups and exposed to
targeted concentrations of 0, 50, 100, and 160 mg/m3
for 6 hours per day on five days. Post exposure
sacrifices were performed on days 0, 3, 7, 14 and 28.
On each sacrifice, 10 rats per group were used for lung
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lavage, lung burden analysis and histopathology.

the data are expressed as the total micrograms of
UFAOP.

Exposure technique and atmosphere generation.

Histopathological examination

The powder was dispersed into inhalation
chambers using a Wright-Dust-Feeder (BGI, Inc.,
Waltham, MA). Aerosol concentration was measured
gravimetrically by placing membrane filters
(Durapore, 0.47 µm) with inline filter holders
connected with calibrated critical orifices. Particle size
distribution was determined by using a Mercer seven
stage impactor (In-Tox Products, USA) operated at 0.5
L/min.

Paraffin embedded left lung, lymph node
tissues were sectioned at 5 µm and stained with
hematoxylin and eosin (Leica ST5020–Autostainer,
Germany) evaluated through light microscopy (Nikon
50i, Japan) and images captured through an image
analyzer (Q–Imaging systems, Canada).
Statistical Analysis
Statistical analyses were conducted with NCSS 2007
software. Data were expressed as mean ± SD (n=10).
Student’s t-test was carried out to illustrate the
significant difference between the treated groups and
the respective control groups and levels of significance
were represented for each result.

Broncho alveolar Lavage fluid (BALF)
BALF was obtained by lavaging the right lung five
times with equal volumes of cold sterile phosphatebuffered saline and was centrifuged at 3000 rpm for
10 min. Cells were spun onto slides using cytofunnels
(Shandon, Thermo Corp., Pittsburgh, PA). Cell
differential counts were performed on Wright-Giemsa–
stained cyto centrifuge slide preparations. Cell viability
was determined using haemocytometer and trypan
blue dye exclusion. Lactate dehydrogenase, total
protein and gamma-glutamyl transpeptidase levels in
cell-free fluid were quantitated spectrophotometrically
using a Seimens Dimension Xpand plus fully
automated biochemistry analyzer.

RESULTS
Characterization of Ultra fine aluminum oxide
The mean size of nanoparticles confirmed by SEM
was 29 nm, which was higher than the size reported
by its commercial supplier. The zeta potential for
UFAOP was found to be -2.28 mv. (Fig. 1 & Table 1).
Table 1. Characterization details of Ultra fine
aluminum oxide particle

Lung burden analysis
Aluminum burden analysis of lung was performed
according to the method of Levine et al 2003. Samples
were analyzed using an Atomic Absorption
Spectrophotometer VARIAN Model SPECTRAA 220.
Data for lung tissue are expressed as milligrams of
UFAOP per gram dry lung. For lymph node tissues,

Shape

Spherical

Specific Surface area

>160 m2/g

Zeta potential(mV) measured

-2.28

Particle size measured by SEM

29 nm

Average size in solution

577.1

Poly dispersity index (PDI)

0.815

Table 2: Clearance of Ufaop and Faop from Rat Lung During 28 Day Post Exposure
Group

Time after
exposure days

Lung clearance
male

3

UFAOP160 mg/m

Female

mg deposited

mg cleared

% cleared

0

117.00

18.7

15.98

28

98.3

mg deposited

mg cleared

% cleared

118

22.33

18.92

95.67

Table 3. Summary of Histopathological Findings
Organs

Lungs

Macroscopic Findings

High Concentration(160 mg / m3)

Control
0

3

7

14

28

0

3

7

14

28

Mononuclear cell infiltration

1

0

0

1

0

0

0

0

7

10

Lympho histocytic aggregation

0

0

0

0

0

0

0

0

8

10

Number of animals n=10.
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Exposure atmosphere characterization
The mean gravimetric concentrations obtained
were 50 ± 0.72, 100 ± 0.65 and 160 ± 1.52 mg/m3
respectively. The average MMAD ± GSD values
obtained at the above concentrations were 3.89 ± 2.90
ìm, 3.17± 2.24 ìm and 2.25 ± 1.89 ìm respectively

surrounding particle engulfed AM’s on day 28 Fig 6
G&H. Presence of ultra fine aluminum particles laden
AM’s were seen in the tracheo bronchial lymph nodes
at this dose interval indicating the movement of
particles to the extra pulmonary organs.

Broncho alveolar lavage Fluid (BALF) analysis.
Cell viability decreased in all the treated groups
up to day 3 post exposure and increased by the end of
day 28 post exposure across the groups Fig. 2.
Significant increase in the total number cells,
percentage of neutrophils was observed in the rats
exposed with 160 mg/m3 concentration on all the post
exposure day’s up to day 28 Fig. 3& Fig. 4. Increase in
the percentage of macrophages on day 7 of post
exposure was observed in highest dose 160 mg/m3.The
macrophages percent decreased on day 28 post
exposure Fig 5. Significant increases of total protein,
LDH and ã-GT were observed.

Fig. 1. Representative SEM picture: The above photograph is the
SEM of UFAOP.

Lung burden analysis
Particle burdens in lung showed a slight decrease
with time towards the 28 day post exposure in all the
group of rats. The amount of lung burden retained at
the end of post exposure across the groups was 39.33,
66.67 and 98.33 mg per gram lung in males and 40.0,
71.67 and 95.67 mg per gram lung in females
respectively.
Burdens of UFAOP increased in the lymph nodes
with time dose dependently in all the group rats. The
high concentration group male and female showed
1.08 and 1.04 mg UFAOP on day 28 of post exposure
period.
Histopathology
Lung and tracheo bronchial lymph nodes showed
particle-induced lesions (Table 3 and Fig. 6).The rats
exposed with 160 mg/m3 showed primarily particle
laden macrophage accumulation and aggregation in
alveolar spaces of lungs Fig 6A, 6B, 6C. UFAOP
appeared as transparent agglomerated particles
engulfed by the phagocytic alveolar macrophages in
the low and mid groups Fig 6D, 6E. Pulmonary
parenchyma of Lungs in high concentration group
showed mild to moderate mononuclear inflammatory
cell infiltration (Fig 6F) and presence of the particle
laden AM’s in the BALT on day 14 and mild
inflammatory response characterized by the
aggregation of lymphohistiocytes in the alveolar space
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Fig. 2. Changes in cell viability (A-male; B-female) in BALF of
rats at the designated days of post inhalation exposure of ultra
fine aluminum oxide. Values are mean ± S.D.; 10 animals/group.
Significantly different from respective control group: * P < 0.05.
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Fig. 5. Changes in alveolar macrophage percentage (A-male;Bfemale) in BALF of rats at the designated days of post inhalation
exposure of UFAOP. Values are mean ± S.D.; 10 animals/group.
Significantly different from respective control group: *P < 0.05;

Fig. 3. Changes in total cell count (A-male;B-female) in BALF of
rats at the designated days of post inhalation exposure of ultra
fine aluminum oxide. Values are mean ± S.D.; 10 animals/group.
Significantly different from respective control group: *P < 0.05;

Fig. 4. Changes in neutrophil percentage (A-male; B-female) in
BALF of rats at the designated days of post inhalation exposure
of UFAOP. Values are mean ± S.D.; 10 animals/group. Significantly
different from respective control group: *P < 0.05;
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Fig 6. Photomicrograph of rat lung in (A, B&C) high concentration
- exposed group (160 mg/m3) at day 0 post exposure showing
aggregates of particle laden alveolar macrophages in alveolar
spaces -200- (D & E) particle laden alveolar macrophages in
alveolar spaces of low and mid concentration exposed rat lung on
28 day post exposure -1000- (F) particle laden alveolar macrophages
in alveolar spaces of high concentration exposed rat lung on 14
day post exposure along with mononuclear inflammatory cell
infiltration (arrow) -200- (G & H) inflammatory response
characterized by aggregation of lympho-histiocytes in the alveolar
space on 28 day post exposure -200- & -400- respectively.
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DISCUSSION
The rapid use of nanotechnology in treatments,
diagnosis, monitoring, and controlling of biological
systems generated concerns related to the potential
toxicity of nano compounds to human health [8,15].
A key element of any nanomaterial toxicity
screening strategy is a detailed and comprehensive
physicochemical characterization of the test material
being studied. [3] . UFAOP characterization was
performed using SEM and Zeta potential methods to
confirm the size and surface charge. As the UFAOP
have shown agglomeration it was difficult to
determine the individual size by SEM, a rough estimate
made for average size was found to be 29 nm. UFAOP
showed a Zeta potential of -2.28 mv at which there
was no force to prevent particles coming together and
hence agglomerated.
Four groups of rats were exposed with targeted
concentrations of 0 (control), 50, 100, and 160 mg/m3.
The selected concentrations were based on the
concentration at which the MMAD and GSD are at the
respirable region and on the results of 4 week
inhalation study with aluminum oxyhydroxide[11,12]
and a 13 week sub chronic inhalation toxicity study
with ultra fine TiO2[1]. Post exposure sacrifices were
done on day 0, 3, 7, 14 and 28.
The number and types of cells recovered by lavage
of the lungs can be used to indicate the extent of
pulmonary inflammation. The total cell count in BALF
indicates the degree of inflammatory response to nano
particle exposure [14] . Pulmonary inflammation
stimulated by UFAOP in lungs was evidenced by the
increased number of macrophages, Neutophils and
TCC in the high dose group on post exposure days.
Decrease in cell viability upto 14 days post exposure
shows UFAOP induced apoptosis.
These results were further supported by elevated
levels of LDH (a cytoplasmic enzyme used as a
primary cell injury indicator in nano particle exposed
animals [11, 14]) throughout the study in all the dose
groups. Increase in TP levels in BALF can be attributed
to the injury of the alveolar epithelial-capillary barrier
[7]
. Elevated levels of TP in BALF were observed in all
the post exposure days indicating a chance of injury
to the alveolar epithelial barrier. Increase in ã-GT was
evident in high concentration exposed groups on day
14 and 28 post exposure.
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Lung burdens increased in a concentration
dependent manner and were at the maximum at the
end of exposure. Studies in recent past indicate that
the reduction in clearance is due to the loss of
macrophage mobility at high particle burdens and by
volumetric increase of cells by phagocytized
particles[10]. Our results also showed a dose dependant
increase in lung burden. This is correlated with the
increase in percentage of macrophages in the BALF
and presence of particle laden macrophages in the
histological section of lungs on day 28 post exposure,
suggesting that the lung overload is due to the inability
in clearance of particles by the AM’s.
Longer elimination half-times occur when the
intracellular particle volume exceeds approximately
6% of the phagocytic cell[10]. Our results showed less
percentage of decrease in lung burdens (15.98 %,
18.93%.) indicates the longer elimination half time for
UFAOP. Ultra fine particles caused lung overload
(failed clearance) which lead to the build up of particles
leading to persistent inflammation [4]. Cytotoxicity and
inflammation induced by UFAOP is due to lung
overload resulted due to the failure in the clearance
mechanism by alveolar macrophages.
Studies with ultra fine particles in rats developed
particle induced lesions that were time and
concentration dependant [1]. Histopathological changes
were confined to lung and lymph nodes only. On day
14 the high concentration exposed pulmonary
parenchyma revealed mild to moderate mononuclear
inflammatory cell infiltration and presence of the
UFAOP laden AM’s in the BALT of the exposed lung.
On day 28, the high concentration exposed rat lung
revealed minimal to mild inflammatory response
characterized by the aggregation of lymphohistiocytes
in the alveolar space surrounding particle engulfed
AM’s. The above mentioned histopathological changes
were consistent in either sex.
Previous studies with ultra fine particles shown that
the overload of the lung noted in rats was reflected in
the translocation of particles to lung-associated lymph
nodes [1]. Our results showed the presence of UFAOP
laden AM’s in the tracheo bronchial lymph nodes and
BALT at 160 mg/m3 dose level is due to lung overload
and role of lymphatic clearance. Non-phagocytosed
free UFAOP were not found in the lung parenchyma
at any dose level along the post exposure days.
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In summary rats exposed of UFAOP showed
cytotoxicity and inflammation. Moderate mononuclear
inflammatory cell infiltration, mild inflammatory
response characterized by the aggregation of
lymphohistiocytes was consistent in either sex. The
inflammatory changes were due to the lung over load
which resulted due to the inability of AM’s to clear
the ultra fine particles. Presence of AM’s laden with
ultrafine particles was observed in all the treated
groups. Inhalation exposure ultra fine particles of
aluminum oxide induced concentration dependant
toxicity to lungs at different time points of post
exposure.
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ABSTRACT
Establishing the individuality of an unidentified or mutilated body is a challenging task in the forensic
practice. In the current study an effort was made to find out the feasibility estimation of stature from
mandibluar arch length (MAL) as measured at autopsy between prominent landmarks. Statistical
analysis of the data collected from 65 individuals was done to find out the relationship between of
MAL with that of stature and to derive a regression equation formula. By using this formula we can
calculate the stature of an individual using mandible with small error.
Keywords: Identification, Mandibular arch Length (MAL), Stature

INTRODUCTION
Determination of stature is one of the important
parameter in the identification of unknown and
mutilated body. Majority of the studies relating to
estimation of stature have utilised the long bone
measurements to formulate regression equation or
multiplication factors. Few attempts have been made
to find out body height by other body parts like foot
length, hand length, measurements of skull and spine.15
It is desirable to have an alternative parameter in
conditions where limb measurements cannot be used
like in cases of limb deformity, limb dysplasia,
traumatic amputation. Keeping these views in mind
an effort was made in this study to establish the stature
of the person by using mandibular arch length.
MATERIAL AND METHOD
The study was conducted in the department of
Forensic Medicine and Toxicology, S.N.Medical
College Bagalkot, Karnataka from June 2007 to May
2009 involving 65 males subjected to postmortem
examination. At autopsy the stature of the body was
determined by standard method. Mandible was
exposed after conventional neck incision and cutting
the muscle attachments. The mandibular arch length
was determined by using flexible steel tape in
centimeters.6 Landmarks for the measurements were
between outer border of gonion to anterior most point
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on the convexity of symphysis menti. The subjects
having skeletal or spinal deformity or having
mandibular injuries were excluded from the study.
RESULTS AND OBSERVATIONS
The data thus obtained was analysed for the range,
mean, standard deviation and standard error which
have been presented in table no 1
TABLE 1
Trait

Stature

MAL

Range

149-176

9.6-11.7

Mean

164.5

10.78

5.5

0.57

Standard deviation

Various parameters like intercept (a), slope (b) and
standard error were determined for both the sexes and
a regression equation formula was derived for both
which is presented in table no 2
TABLE 2
Mean stature

164.5

Co-relation

0.71

Slope (b)

6.79

Standard error of slope (b)
Intercept (a)

+ 3.91
91.4

Regression equation

2/8/2014, 1:23 PM

Y =91.36+6.793 X MAL+ 3. 91

104 Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1

DISCUSSION
Identification of decomposed and mutilated body
is one of the challenging yet satisfying tasks for a
forensic person and investigating officers. Stature
estimation can be of immense help towards that goal
in situations when an isolated body part like a skull or
mandible is alone presented. Mandible is utilised to
estimate the age, sex and race often but seldom for the
estimation of stature.7 Similar attempt to find out
stature from mandible can be found in study of
Mahapatra SC, Kulkarni DV. Statistically a high
correlation (r=0.71) was found between mandibular
arch length and stature of individual.8 With the given
regression equation formula the stature can be known
with small standard error of 3.91 cms.
The method of using mandibular arch length from
the cadaver has many advantages as anatomical
landmarks are well defined. The measurement is
simple, easy to apply and require routine equipments.
A further study of a larger sample size involving both
sexes is needed to apply to the general population as
the present study involves only male individuals.
CONCLUSION
Estimation of stature is an important factor for
identification. The present study indicates the
feasibility of stature estimation from mandibluar arch
length. There was a positive correlation between the
mandibular arch length and stature and therefore can
be utilised to estimate the stature of an individual with
small error.
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ABSTRACT
Aim: Suicide is one of the most heart- rending causes of injury and death in the world. In Iran,
suicide is the fifth cause of loss of valuable years of people's life. This study aimed to determine the
epidemiological and demographic factors in self- immolation cases.
Method: In this retrospective study, medical records of all victims of Self-immolation cases referred
to Shahid Motahari Hospital, Tehran, Iran, between March 2006 to March 2011 were identified. The
data were analyzed using SPSS software version 17 (SPSS, Chicago, IL).
Results: A total of 251 patients were studied including 119(47.20%) women and 132(52.4%) men. The
patient's mean age was 33 years old. 156(61.9%) were married, 89(35.3%) were single and 6(2.4%)
were divorced. 196(77.8%) cases occurred in cities and 51(20.2%) occurred in village. Mortality rate
was 60% in this study. There was a significant relationship between sex and region (P<0.001), sex and
burning means (P<0.001), educational levels and burning means (P<0.03), age and cause of burning
(P<0.05) and burning percentage and burning means (P<0.001). A significant negative correlation
was obtained between the burning percentage and duration of hospitalization.
Conclusion: self- immolation was more common in men; mean age of women was higher than men;
and its most common age was 30 years old. The most widespread means were flammable liquids.
Keywords: Self-Immolation, Suicide, Burn Injury

INTRODUCTION
Suicide is one of the most heart-rending causes of
injury and death in the world; and despite the
advancements in treatment of suicide victims in the
past decade, the incidence of suicide has largely
remained constant [1]. According to the World Health
Organization, all around the world 400000 people
commit suicide every year and this factor is one of the
10 leading causes of death in the world [2, 3]. In Iran,
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suicide is the fifth cause of loss of valuable years of
people’s life and female suicide is ranked as the third
leading cause of loss of useful years of women’s life
after trauma and breast cancer [4]. In Iran, attempted
suicides by Self-immolation are more common than
the western countries that use other methods of suicide
[2, 3, 6]
. Official statistics show that on average, 36.4
percent of all successful suicides are due to Selfimmolation [7]. In different parts of Iran, 1.39 to 9.5%
of people who decide to commit suicide and 25 to
40.3% of those who commit suicide use self –
immolation. Self-immolation is the sole cause of 0.37
to 40% of admissions to fire and burn injuries centers
all around the world and it is accounted for 4.1 to 36.6%
of the centers admissions in Iran; and about 80% of
such events will end to death [7]. Whichever the reason,
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Self-immolation is a fatal, harmful, painful and costly
issue from individual and social perspectives, and as
an indicator of social pathology it has been highlighted
by many researchers [8,9,10].There are cultural and
psychological factors associated with the Selfimmolation. This type of suicide was uncommon until
recently in the western countries, but in 1963 the
countries went up in suicide statistics mostly as a
means of political protest [6]. We tried to determine the
epidemiological and demographic factors in Selfimmolation cases referred to Fire and Burn injuries
Center of Shahid Motahari Hospital, Tehran, during
2006 to 2011.
RESEARCH METHODOLOGY
The present study is classified as a retrospective
study. Records of all victims of self –immolation cases
referred to Fire and Burn injuries Center of Shahid
Motahari Hospital, Tehran, between 2006 to 2011 were
included in the study using the convenience sampling
method. The studied variables including age, sex,
marital status, educational level, place of residence,
month of incident, history of mental illness, cause of
burning, injury severity, extent of injury, location of
injury, duration of hospitalization, history of drug
addiction and ultimate fate of victims all were
extracted from the patient’ records by one of the
members and were included in a predesigned form.
DATA ANALYSIS
The collected data were recorded in standardized
forms and were analyzed using SPSS software (Version
17) and statistical test for all analyses a value of p <
0.05 was consider statistical significant.

RESULT
In this study, 251 patients were studied including
119 (47.2%) women and 132 (52.4%) men. The patient’
mean age was 33±14 with the range of 11 to 82. Of the
patients, 156 were married (61.9%), 89 were single
(35.3%) and 6 were divorced (2.4%). In terms of
education level, 32 patients were illiterate (12.7%), 67
with under-diploma degrees (46.4%), 117 with high
school diploma (26.6%) and 12 with above-diploma
degrees (4.8%).the access to academic information of
24 patients was impossible (9.5%). 196 cases of Selfimmolation events occurred in cities (77.8%) and 51
cases occurred in village (20.2%). Distribution of Selfimmolation events according to the months of year is
shown in table 1. As specified in the table, Selfimmolation events are higher in spring than in other
seasons. Among the cases, 47 drug addiction cases
were identified (18.7%).
Table 1
Percentage

Prevalence(individual)

Month

12.3%

31

April

14.3%

36

May

9.1%

23

June

8.3%

21

July

9.1%

23

August

10.7%

27

September

10.7%

27

October

3.2%

8

November

5.6%

14

December

4%

10

January

6.7%

17

February

5.2%

13

March

Incidence of Self-immolation events is shown in
Table 2. As it can be seen from the table, most common
means of Self-immolation used are oil and gasoline,
respectively.

Table 2
Average age (years old)

Average burning percentage

percentage

Prevalence(individual)

32.8

62.5%

40.9%

103

Burning means
Oil

32.5

64%

36.5%

92

Gasoline

32

50%

4.8%

12

Gas

39.5

55%

3.2%

8

Thinner

28

39.5%

8.3%

21

Alcohol

40

53%

2.8%

7

Fire

29

70%

0.4%

1

Acetone

50

8%

2%

5

Electric shock

With regard to the burning percent, 59 cases (23.8%)
experienced below 30% burning, 48 cases (19.3%)
experienced between 30 to 50% burning, 66 cases
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experienced between 50 to 80% (26.7%) burning, and
75 cases (30.2%) experienced between 80 to 100%
burning. In the final group, 28 patients (11.1%)
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experienced 100% burning. The average duration of
hospitalization among the studied subjects was 15 days
and most of them experience at least one day
hospitalization (Mode= 1 day). The time range of
hospitalization was between 20 and 200 days.
Inhalation burning was seen in 26 cases (10.3%). 93
cases were discharged (36.5%), 5 case discharged by
personal satisfaction (2%) and 152cases were died
(60.3%).
There was a significant relationship between sex
and region (P<0.001) such that the highest rate of Selfimmolation was obtained among men in urban region
(115 cases: 46.3%) and the lowest rate was obtained
among men in rural region (14 cases: 5.6%). Drug
addiction was found to be significantly higher (38 cases
from 47 cases) in men (P<0.001). There was also a
significant relationship between sex and burning
means (P<0.001) such that the highest rate of Selfimmolation among men was due to using gasoline and
for women, it was oil; in both sexes, the lowest rate of
Self-immolation was due to using acetone. In all
educational levels, Self-immolation using oil was more
prevalent than other means expect among subjects
having higher diploma degrees who used alcohol as
Self-immolation means. The least used means was
acetone among both groups (P<0.03). The people who
had experienced injury in their head and neck, oil and
gasoline were the most common causes of burns,
respectively (P<0.002). These results were also
meaningful for the relationship between the burning
means and trunk burn. Oil, gasoline and alcohol
respectively were the most common causes of burning
(P<0.001). There was a significant relationship between
the inhalation burning and patient’ outcome (P<0.03).
Twenty two out of 26 cases of inhalation burning finally
resulted in death (84.6%). The mean age of men at
Self-immolation event was 34.6 years old which
significantly was higher than women with the average
of 31.6 years (P<0.03). There was also a meaningful
relationship between age and cause of burning
(P<0.05) such that the highest average age was related
to electric shock (50 years old) and the lowest average
age was related to alcohol (28 years old). There was a
significant relationship between burning percentage
and burning means (P<0.001). In this way, the highest
percentage of burning was due to acetone (70%) and
the lowest percentage was due to electric shock (8%).
The results are shown in Table 2.
A significant negative correlation was obtained
between the burning percentage and number of days
of hospitalization such that the increase of burning
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percentage was associated with the decrease of
hospitalization length (P<0.001, r= -0.237).
DISCUSSION
In this study, most cases of Self-immolation were
found among men. In the majority of the studies in
Iran and other parts of the world (Asian countries),
Self-immolation incidence among women is higher
than men [5, 6, 8]. But in some studies (Hong Kong), Selfimmolation cases are higher in men [11, 12]. In a study
that examined the pattern of Self-immolation in
different countries, it was concluded that in the western
countries self –immolation incidence is more common
in men and in the Middle East and India it is more
prevalent among women. In this study, the average
age was 33±14; the average age of men at Selfimmolation event was 34.6 years old which was more
than women with the average age of 31.6 (P<0.03). The
average age varies based on different social and
cultural settings [5, 6, 8]. In addition, the average age in
Self-immolation in European countries is 10 years older
than the Asian countries [13]. According to studies, it
seems that social, cultural and economic conditions in
each region are effective on gender and age of Selfimmolation. In the present study, the number of
married patients was higher; the findings are
confirmed by studies in North Indian and other
countries [6, 14]. However, the number of single patient’
Self-immolation cases is reported higher in one study.
In this study, Self-immolation cases were more
prevalent among people with lower educational level.
This finding is proved by other studies [8, 10, 14]. Of
course, in one study, Self-immolation cases were higher
among more educated people [6]. In our study, most
cases of Self-immolation happened in urban areas [8,
15]
, but some studies indicated that more Selfimmolation incidences are occurred in rural areas [8,
15]
. It seems that the rural texture and setting of west
provinces in Iran is the main causes of such difference.
In this study, spring was the most common season for
Self-immolation occurrence. In a study undertaken in
Kurdistan, Iraq, similar trend was reported [16]. One
study reported that winter was the most common
season for Self-immolation occurrence [17]. It seems that
the geographic differences and climate changes play a
role in such disparities [18, 19]. As in this study, other
studies highlight the drug addiction and mental illness
as risk factors of Self-immolation [6, 10, 11, 12]. In the present
study, the average percentage of burning in Selfimmolation cases was 59%. In Kurdistan, the figure
was 40% [20], in South Africa it was 63% [9], and in Sri
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Lanka it was 48% [21]. Higher mean percentage of
burning in this study compared to other studies in Iran
may be due to high percentage of burning referrals
from other provinces to Motahari Hospital (countrywide referral center). The mean duration of
hospitalization was 15 days, but in Hong Kong it was
reported 35 days [12]. According to the low mortality
rate in this study compared to other studies, shorter
hospitalization time may be due to more proper health
care and treatment services in this medical center. On
the other hand, the early death of patients with high
burning rate is contributed to this result. The mortality
rate in our study was 60% and in other studies the
rate has been reported 70 to 80% [6, 21]. The mortality
rate in each area depends on access to medical care
and quality of medical services. In this study, the most
common cause of Self-immolation was oil.
Furthermore, in the majority studies it is reported that
the flammable liquid (oil) are the most common cause
of Self-immolation [5, 10]. Among the burning means,
the highest percentages of injuries are due to oil and
gasoline. The most effected organ is the upper
extremity because of using hands in the process of Selfimmolation during. In urban areas, Self-immolation
was most prevalent among men. One of the possible
causes of such findings maybe higher social and
economic problems in the urban areas compared to
rural areas. Most cases of men’s Self-immolation were
resulted from gasoline and among women, oil was the
used means. In both sexes, the prevalence of Selfimmolation with acetone was low. The reason is that
women have easy access to oil (at home) and men have
easy access to gasoline (at home and workplace). In
all educational level, self –immolation with oil was
more common that other causes, except people with
above-diploma education level who mostly use alcohol
for the purpose. Other studies did not examine the
relationship between education level and etiology.
Perhaps the reason is that the more educated people,
the higher their income levels. They may thus use
heating fuels other than oil. For example, such people
may use central heating systems or similar methods
that do not require oil. Therefore, they do not have
access to oil. In this study like other studies, there was
a significant negative correlation between the extent
of injury and mortality [22] . The increase in the
percentage of burn, length of hospitalization period
was reduced. The increase in the percentage of burning
is associated with shorter hospitalization duration.
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CONCLUSIONS
According to the study, Self-immolation was more
common in men by gasoline and women dominant
etiology was oil; mean age of women was higher than
men. Self-immolation victims were typically married
people with lower education levels. Self-immolation
was more common in urban areas, mostly in spring
season. Drug addiction and mental illness were
enumerated as risk factors for Self-immolation. The
most widespread means for Self-immolation were
flammable liquids (oil and gasoline). And of course,
head, neck and upper limbs were the most burnt parts
of body, respectively. Self-immolation mortality in this
study was 60%. Inhalation burning was identified as
a factor in poor prognosis.
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ABSTRACT
Suicide is a one of the common causes of unnatural death and it is continues to be a major public
health problem. Suicide is the second most common manner of death, the first being accidents. The
study was under taken to focus on Sociodemographic profile of suicidal victims, reasons of suicide,
methods of suicide and various trends of suicidal distribution in Khammam region of Andrapradesh;
was conducted over a period of one year from Jan2011 to Dec2011.During this study period total
162 suicidal victims were admitted, which 42 victims were death suicidal cases, 120 remaining cases
were survived suicidal cases. Maximum number of 101 cases [62.34%] was in the age group of 20- 30
years and mean age is 29.21 years. Male120 [74.07%] predominate with female and male to female
ratio being is 2.85:1 .Majority were married 108 [66.66%] population .Rural victims 108 [66.66%]
outnumbered urban victims .According to occupation majority were farmers68 [41.97%] .Reference
to literacy status most of victims were illiterate 88[54.32%]. Most of the victims136 [83.95%] were
choosen the residence as place of incidence. As per day and seasonal variation, maximum141 [87.03%]
cases encountered during day time and 74 [45.64%] were occurred during winter season. Majority of
victims were belong to middle socioeconomic class 100 [61.72%] .Most of the victims were living as
nuclear family 102[64.51%] at time of incident. Financial crisis, domestic problems, chronic illness,
psychiatric illness were the most common reasons and poisoning was the most preferred method in
both sexes.
Keywords: Suicide Pattern, Survived, Burns, Adult, Poisoning

INTRODUCTION
Suicides are defined according to the WHO, death
from self-inflicted injury or intentional self-harm, as
well as those that are of undetermined intent1. Suicide
is considered as a complex behaviour that has
biological, social and psychological implications. The
patterns of suicidal cases in a region depends upon
different factors ,which are ranging from availability
and access of the method , the socio-demographic
profile , status of individual and also the prevailing
cultural religious influences .The methods adapted by
victims generally reflects the different avenue available
in the community. Knowing the pattern of suicidal
cases admitted at a tertiary care hospital, in an area
not only helps in early management of such cases but
also suggests taking earliest preventive measures.
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About half million people commit suicide worldwide
every year. In India the suicide rate has increased
from 11.4 to >15 per 100,000 , and for every 4 minutes
one suicide was taking place, more than 24 people
kill themself very hour, suicide attempters are 10 times
the suicide completers according to statistics of
National Buero of Crime Records2.Suicide is posing a
major public health problem, trauma and painful to
family members ,effects on economic status of
individual as well as country ,loss of reproductive
human resources. Present study is undertaken to focus
on socio-demographic profile, pattern trends of the
suicidal cases, methods and reasons forsuicides. This
may help the different professionals actively involved
with problem in society, not for its complete
prevention but at least for reduction of incidence to
minimum and provide a basis for preventive strategies
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AIMS AND OBJECTIVES

suicide notes left over by victims, and postmortem
reports of suicide cases and also by direct interrogation
with friends, relatives and other accompanied. A
Proforma prepared to get collect data, data obtained
is analyzed and the result is compared with previous
studies.

To find out the pattern of suicidal cases in an area
with Socio-demographic profile
To find out the reasons and adopted methods
To study the psychosocial, cultural and risk factors
in relation with a view to preventive measures

OBSERVATIONS

MATERIALS AND METHOD

The findings were noted, analyzed, tabulated

The study period is one year that is from Jan 2011
to Dec 2011, during this study period total 1800 medico
legal cases were admitted in emergency department,
MamataGeneral Hospital Khammam, Andhra
Pradesh. A total of 162 cases were suicidal in nature,
of which 42 died and 120 survived. Data was obtained
from victims, hospital case records, police records,

A total 162 cases of which 101 cases [62.34%] were
from age group of 20-30 years followed by 31-40 year
age group 51[31.48%] .Less significant in the age above
41 years 6[3.70%] and below 20 years 4 [2.46%] .93.82%
were in the 20-40 year age group, indicating that most
of victims were young aged population and the mean
age is 29.21 years. table. no1

Table No. 1. Age & Sex wise
Age yrs

Male

%

Female

%

Total

%

<19 yrs

4

2.46

3

1.86

7

4.32

20-30yrs

81

50.00

20

12.34

101

62.34

31-40yrs

20

12.34

15

9.25

35

21.60

41-50yrs

8

4.93

4

2.46

12

7.40

51-60yrs

2

1.23

1

0.06

3

1.85

>60yrs

2

1.23

2

1.23

4

2.46

Total

120

74.07

42

25.92

162

Urban

Rural

Total

Poisoning

41

82

123

75.92

Burns

16

7

22

13.58

Hanging

7

1

8

4.93

Drowning

1

1

2

1.23

Jump from Train

3

0

3

1.83

Jump from height

3

0

3

1.83

Total

71

91

162

Table No.2. Domicile patterns of suicides
Method

%

Table no.3 methods of suicides and mortality
Sl.no

method

suicidal
cases

%

1

Poisoning

123

75.92

100

23

2

Burns

22

13.58

7

15

3

Hanging

4

2.46

3

1

4

Drowning

2

1.23

1

1

5

Jumping from height

4

2.46

2

2

6

Jump from train

3

1.85

3

-

8

Alcohol/drug abuse

2

1.23

2

-

9

Over dose of sleeping pills

2

1.23

2

-

120

42

Total
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Male victims were 120 [74.07%] predominate with
female 42[25.92%] victims, male to female ratio being
is 2.85:1
Majority victims were from Hindu community 120
[74.07%] followed by Christian 26[16.04%] and least
were from Muslim community 16[9.87%]
Married victims were outnumbered108 [66.66%]
unmarried 33[20.37%]. Male married victims 79 were
dominate female married victims 21.Divorced victims
were8 and 6 were widower.
Rural population was dominated 91[56.17%] urban
population 71[43.82%]. In rural and urban areas most
common method used to commit suicide is poisoning.
Most of victims were illiterate 88[54.32%] as
compared to literate 74[45.67%] includingliterates22
[13.58%],primary21 [12.96%] and secondary educates
15[9.25%] graduates 10[6.17%] minimum were post
graduates 6[3.70%].
Majority victims were belong to middle class 100
[61.72%] followed by lower 56 [34.56%] and minimum
6[3.70%] were from high socioeconomic group.
At time of incident, most of the victims were living
as nuclear family 102[64.51%] whereas joint family
victims were 60 [37.03%]
Farmers 68 [41.97%] were top among other
occupation, followed by unemployed were 18 [11.11%],
next is house wife 12[7.40%] and minimum werefrom
laborer class 10 [6.17%]
Maximum victims were chosen the residence as
place of incidence 136[83.95%], followed by at field
10 [6.17%], next is outdoor9 [5.55%], and jump from
train were 3[1.85%], least were selected well 2[1.23%]
as place of committing suicide.
According to time of incidence, most of victims
were committed during day time141 [87.03%] while
21 cases were committed during nighttime.
Maximum cases74 [45.64%] were occurred during
winter season followed by summer season 50[30.86%],
minimum cases occurred during rainy season38
[23.45%].
Regarding survived period, majority 120[74.07%]
victims were admitted in hospital within 1-4hours; no
brought dead was reported and 42 [25.92%] cases were
succumbed to death after 72 hours after incident.
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Present study observed that poisoning was the most
common method selected by victims 123[75.92%] in
both sexes, followed by burns 22 [13.58 %] only
females. Hanging 4 [2.46%], jumping from height
4[2.46%], jump from train 3[1.85%] and 2 [1.23%]
drowning were other least preferred methods in this
region. Alcohol/drug abuse 2[1.23], over dose of
sleeping pills2 [1.23] cases were noted. Fire arm cases
were not reported .Table no.3
Financial crisis was the most common reason52
[32.09%] followed by domestic problems 34 [20.98%]
and chronic illness 19 [11.72%], psychiatric illness 18
[11.11%], academic failure 6 [3.70%], love failure
4[2.46%], HIV positive 2[1.23%], extramarital affair
4[2.46%], death of family members and infertility is
one .In 4 cases exact reason was not known.
According to sex wise choice of method, poisoning
was the most prepared method in both sexes123 [75.
92%] burns 22[13.58%] was most prepared method in
female; hanging and jump from train were male choice
of methods
Sex wise modalities of death, Males were 22 and
females were 20 among the death cases. Total deaths
42[25.95%], majority death cases 23[54.76%] were from
poisoning followed by burns 15 [35.71%] andjumping
from height 2 cases; hanging and drowning each one
1 case.
SUMMARY
Maximumnumber of victims was in the age group
of 20-30 years
Majority of victims were male seen in married
people and from Hindu community and illiterate
Majority of victims were from rural population
belong to middle socioeconomic class
Farmers top among the other occupations
Most of victims were selected residence as the place
of incidence and occurred during day timein winter
season
Financial crisis was the most common reasons are
domestic problems and chronic illness Poisoning was
the method of choice in both sexes
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DISCUSSION
This study was observed that the
Sociodemographicprofile is variable from region to
region .A proper understanding of risk profile and
etiological aspects about a particular region is a
prerequisite for investigation of these cases.
Majority of victims were in the age group of 20-30
years 121 [74.69%], followed by 31 -40 years 31 [19.13%]
.less significant in the age above 41 years 6[3.70%] and
below 20 years 4 [2.46%].These are consistent with
other authors3-12. High suicidal incidence is more in
this age group is due to during this period of life the
youth are more emotional when exposed to stress and
strain in their life that leads to commit suicide.
Malevictims120 [74.07%] predominate the female
victims 42[25.92%].similar findings are observed by
authors1-14. Male preponderance is due to the fact that
males are more often exposed to the stress and strain
of day to day life.
Married people108 [66.66%] were outnumbered
unmarried people 54[33.33%].Similar observations
were made by authors 9-13. The married people have to
undergo more amount of stress in their day to day life
which makes them more vulnerable to suicide.
Maximum victims were from Hindu
community120 [74.07%] whereasMuslim24 [14.81%]
and18 [11.11%] minimum from Christian community
.which shows the distribution of population of
different religion in this area .These are consistent with
previous study14
Rural 122 [75.30%] population group outnumbered
urban population group. These are consistent with
authors11,14The occurrence of more suicidal cases is
due to lack of education, modern civilization, urban
migration and financial crisis due to loss of crafts, poor
work sources. The incidence of suicidal poisoning cases
are more in this area is due to easily available at local
areas , abundant use of pesticides in agricultural fields
, and no laws preventing in sale and storage of such
poisons.
Occupation wise, farmers were top of list 68
[41.97%].These are consistent with previous
studies10,11,14.Because agriculture is the main occupation
in this area and it is dependent on monsoons and
financial status of farmers
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Illiterates were most common victims88 [54.32%]
because responsibilities and day by day life stress due
to lack of education, unemployment, rain based
agriculture, financial crisis, migration, modern
civilized society. These are consistent with
authors10,12,14.The failure in the life, tolerance to the
problems and financial crisis are make them intentional
self-poisoning .
Majority of victims were belong to middle
socioeconomic group 102 [62.96%]rain dependent
agriculture, civil modern life styles are reasons. The
middle and lower socioeconomic groups are under
continuous financial strain and day to day life stress.
Similar findings are made by authors10,11,14.
Majority victims were chosen the residence as place
of incidence, because which is easily accessible and
greater possibility of victim to arrange needs of tools
within short period of time. Similar findings are made
by previous studies14. Which indicate that the suicidalpoisoning are generally performed when the patient
is alone and committed in surroundings familiar to
the victim, particularly in side their house
Maximum number of victims committed during
day time152 [93.82%], because family members are
busy with their own work and victim stay alone. These
are consistent with authors4,8,10.This clearly explains
that the family members were engaged with their
works and the person poisoning had easy assesbility
to materials during day time .
Most of cases74 [45.64%] were encountered during
winter season. Similar findings were made by
authors8,10,13. It explains that the agricultural occupation
is rain dependent and it shows that the winter season
is the most vulnerable for self-poisoning
Majority 120[74.07%] victims were admitted in
hospital within 1-4hours.These are consistent with
authors18,20
The present study shows poisoning, burns, hanging
were the top three common preferred methods and
accounting for 90% of cases. Similar findings are made
by others 19
Regarding to method by victims was significant
differences between two sexes, poisoning was common
in both sexes, burns commonly used by females and
hanging was commonly used by males.These are
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consistent with authors20,21.Insecticides were maximum
numbers preferred type of poison abused due to easy
availability and lack of laws.
Victims at time of incident by leaving farewell
letterfound in 22 cases. Minimum number of victims
5 was repeaters.
Total medico legal autopsies742, of 42 [5.66%] were
suicidal victims succumbed to death .Of total deaths
42[25.95%], majority death cases 23 [54.76%] were from
poisoning, next burns 15 [35.71%] and hanging and
drowning each one 2 cases.Males were 22 and females
were 20 among the death. These are consistent with
authors 21
CONCLUSION
It can be concluded that most of victims were
young, married males from 20-39 years age group,
farmers from rural population. Poisoning, burns,
hanging, drowning were common methods chosen by
victims. Financial crisis and domestic problems, family
disputes, unemployment were being reasons. As
suicide continue to be a major problem, pose a
challenge and need to be aware of the common
scenario involved so that a proper and thorough
investigation can be performed. Help to identify
people at risk and thorough psychotherapy for
attempters .Properly assign the cause and manner of
death and work towards its prevention in future
Recommendations

g. strengthening the storage and sale of commonly
used chemicals in the agriculturalsector should be
controlled through strict regulations and
implementation
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ABSTRACT
Neck of the femur is a mystery in terms of its position, blood supply, direction and function. It doesn't
lie in the same plane like that of the femoral shaft and its condyle. The neck sustains an angle with the
shaft and lies anterior to it in the coronal plane- referred conventionally as femoral ante version. In
rare occasion neck lies posterior to the shaft calls as femoral retroversion.
Exclusive of any deformity or fracture are studied with 100 cadaveric adult femurs with the help of
Martins Dioptrograph. The angle between the long axis of the neck and the long axis of the shaft
were evaluated. Various workers of the country have evaluated this aspect and globally the literatures
covering the subject are plenty and the prosthesis commonly used for hemi and total hip arthoplasty
are foreign manufactured. Considering the neck shaft angle, when used in our population it presents
some pitfall like restriction of squatting position, chronic hip Pain etc. Hopefully this study will
throw some light and guidelines for the manufacturer of prosthesis in this century keeping these
facts in mind.
Keywords: Martins Dioptrograph, Neck shaft angle, Osteometric Board, Coxa Vera, Coxa Valga

INTRODUCTION
With modernization of medical science, we update
ourselves medical profession with the latest. We come
to the world under the brim of pelvis and go out of
the world through the fracture neck of femur. Neck of
femur is a mystery in terms of its position, function,
direction and blood supply. Fractures of upper end of
the femur are common in any individuals between
adult to old age. Fracture of neck of femur is still more
common; understanding the angle (angle of
inclination) of the femur helps the mechanics of the
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hip joint. The angle of inclination between the long
axis of the femoral neck and the femoral shaft varies
with age sex and development of the femur. It may
also change with any pathological process like
weakness coax valga, Coxa vara causes a mild
shortening of the lower limb and limits passive
abduction of the hip. On the neck of the femur. When
the angle1 of inclination is decreased, the condition is
Coxa vara. When it is increased it is the angle2 widest
at birth and diminishes gradually until the adult
condition is reached. It is less in females than in males
owing to the increased breadth of the lesser pelvis and
greater obliquity of the shaft of the femur. The reason
of faulty angle due to racial and geographical
distribution has also to be borne in mind.
AIMS AND OBJECTIVE
·
To identify the variability in the neck shaft
angle of the femur in Northern region of Karnataka.
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MATERIALS & METHOD
The study of the neck shaft of femur started with
the following material collection.
100 femora were collected from the Department of
Anatomy, Shri B. M. Patil Medical College Bijapur and
surrounding places from January2004 to 2005.
Osteometric Board from the Department of
Forensic Medicine, Shri. B.M. Patil Medical College,
Bijapur. Calipers’, Scale, Sketch pen, Protractor, Lead
pencil etc,
Martin’s Dioptrograph instrument of the
department of Anthropology, Karnataka University,
Dharawad.
According to Parson’s table of mathematical sexing
of the femur, 100 femora were separated into male and
females. With the help of the calipers, Osteometric
board and scale.
The following five measurements required for the
sexing of femur were taken.

Bones with following conditions were excluded from
the study.
1) Deformed bones – Deformed upper or lower end
of the femur
2) Malunion Bones
OBSERVATION AND RESULTS
The neck shaft angle of the femur was measured in
100 femora. Among these (50) belongs to right side
and (50) belongs to left side of the body. Among 50
right side bones 38 were belonging to male and 12 to
female and on left side 35 belong to male and 15 to
female. The minimum angle recorded was 1070 and
maximum angle recorded was 1470 and In case of
female bones the angle was more than males. The
differences of angles between male and female bones
were not significant.
Table No1. The angle of 50 Femur Right Side
Bone No

Angles in

Bone No

Degrees

Angles in
Degrees

1

122

26

2

124

27

117

3

133

28

125

4

116.5

29

130

5

114.5

30

113

6

135

31

110

7

121

32

132

8

125

33

114

9

120

34

130

10

123

35

115

11

128

36

120

12

113

37

116

13

124

38

129

14

110

39

125

15

123

40

128

4) The trochanteric oblique length – it is the vertical
distance from the top of the greater trochanter of
the Infracondylar line.

16

130

41

124

17

122

42

124

18

126. 5

43

114

19

121

44

122

5) The oblique length of femur – it is the distance from
the highest point of the head to the Infracondylar
plane.

20

118.5

45

134

21

123

46

115

22

122

47

114

23

121

48

120

Inclusion Criteria

24

124. 5

49

122

25

120

50

142

1) The vertical diameter of the head – It is the
measurement from the highest point on the
superior aspect or deepest point on the inferior
aspect of the head. In the living condition this
measurement while the more by three mm due to
the presence of cartilage.
2) The popliteal length – It is measured from the apex
of the popliteal surface to the centre of the
intercondylar line.
3) The Bicondrylar width – it is taken parallel to the
Infracondylar plane.

Bones are selected which are having proper head, neck
and trochanter.
Exclusion Criteria:
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131

Mean = X = 122.53
STD = = 6.85
Coefficient Variation = CV = /X x 100 = 5.59%
Conclusion : - Variation in Neck shaft angle of the femur is 5.59%
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TableNo2. The angle of 50 Femur Left Side
Bone No

Angles in

Bone No

Angles in
Degrees

Degrees
1

118

26

119

2

123

27

130

3

130

28

107

4

128

29

124

5

125

30

134

6

128

31

126

7

121

32

130

8

131

33

129

9

130

34

130

10

143

35

125

11

128

36

135

12

120

37

125

13

124

38

124

14

132

39

144

15

120

40

130

16

129

41

132

17

133

42

130

18

119

43

115

19

123

44

131

20

118.5

45

117

21

125

46

112

22

117

47

127

23

118

48

147

24

127

49

118

25

139

50

133

Mean = X = 126.48
STD = = 7.18
Coefficient Variation = CV = /X x 100 = 6.17%
conclusion : - Variation in Neck shaft angle of the femur is 6.17%

Table 3. Random and sex wise mean values of Neck
shaft angle of femora
Specimens

No. of Bones

Min
(Degrees)

Max
(Degrees)

Avg.
(Degree)

Random

100

107

147

124.495

Males

73

107

146

123.32

Females

27

118

147

128.18

DISCUSSION
Studies on neck shaft angle of femur showed
variations with regard to age, sex and race in Northern
region of Karnataka. The neck shaft angle of femur in
early fetal life was highest3. The angle varies from 1600
in the child to 1250 in the adult (Callender) and is
widest at birth and diminishes steadily until the adult
condition is reached. The present work is chiefly
concerned with neck shaft angle in random, males,
females and also in comparative study. Sitaram Rao4
(1957) measured angles taken at random it was 1320 to
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2050 the average neck shaft angle was found to be
127.70.Similarly by Grossberg5 (1924) the angle found
out to be in males 123.90 and females 127.10.Greater
degree of the angle in south Indians 1350 – 2050 may
possibly be due to their habit of squatting when
compared to Europeans 1250.The angle was found to
be larger in south Indians and Western Indians being
129.60 to 133.10 highest 1510 at Madura (Kate 1947)
According to studies done by Kate6 (1976) the angles
were lowest in Faros an and highest in Andaman femur
average 125.6 0 and 134 0 .In 1980 L Henriksson 7
presented an analysis that represents a new general
principle using computer technique which revealed
that the angle diminished with the age from 1370 at
three year to 1310at six year .Hartly & charpy8 observed
that the angle was similar in degree in both the sexes
I e 1270. According to present study of the neck shaft
angles, at random ware found to be ranging from 1070
to 1470 the average angle being 124.4950.
CONCLUSION
1) The neck shaft angle of the femur was measured
in 100 femora of Northern region of Karnataka, the
average angle being 124.4950.
2) The neck angle of the femur is larger in females
than in males. This is 128.18 0 and 123.32 0
respectively.
3) The difference between the angles of both sexes is
4.860 and it is of no use in determining the sex of
the individuals.
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ABSTRACT
Objectives: Is use of tobacco a major health problem among medical students? To find out the factors
associated with the use of tobacco.
Materials and Method: A cross sectional study was done on 260 under graduate male medical students
Using pre designed pretested questionnaire to study about the problem and various correlates of the
tobacco use, Data was analyzed through chai-square test and Fisher's exact test.
Results: Among the tobacco users (31.53%),smoking was find in 24% and 2.6% tobacco chewing in
the form of gutkha, khaini thota dried tobacco leaves 6.5%.Hostellers were found to be more frequent
tobacco users as compared to day-scholars. There was a significant relationship between the presence
of a smoker in the family and picking up the habit in the present study.
Conclusions: Tobacco use is significant problem among the male medical students and we need to
take step to stop its use by them so as to prevent them from being exposed to its harmful effects
Keywords: Medical Student, Smoking, Tobacco

INTRODUCTION
Use of tobacco is the second major cause of death
in the world1. Each year, tobacco abuse kills some 5
million people worldwide and this number is
increasing. WHO estimates that, unless current
smoking patterns are reversed, tobacco will be
responsible for 10million deaths per year, by the decade
2020-2030, with 70% of them occurring in developing
countries2-4
Education regarding harmful effects of the use of
tobacco and related diseases is essential for the
undergraduate medical students, especially to reduce
the burden of the deadly effects of the same. Physicians
occupy a key position in this regard as they are
uniquely placed to lead smoking cessation
programmes in the community5. But if the future
physicians themselves are entangled in the web of the
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abuse and dependence on tobacco, then the plight of
the smoking cessation programmes can well be
imagined
As medical students, who are usually in their
adolescence, progress through the medical school, their
behavior regarding the use of tobacco equals or even
exceeds the rates in the non medical peer groups,
despite their knowledge of smoking-related diseases.
As such, many researchers have worked on this group.
As future doctors who will witness the burden of
smoking-related disease among their practices,
medical students represent a primary target for
prevention programmes. Therefore, the aim of the
study was to evaluate the use of tobacco in the medical
students and to elucidate the factors associated with
its use.
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OBSERVATION AND RESULTS

OBJECTIVES
1. Is use of tobacco a major health problem among
medical students?
2. To find out the factors associated with the use of
tobacco.
MATERIALS AND METHOD
Study design and participants
A cross-sectional study was done among the male
medical undergraduate students of BLDEU,s Shri B M
Patil Medical college Bijapur. The students were
briefed about the purpose of the study. Out of the total
male medical students, we could distribute the pre
tested structured questionnaires to a total of 267
undergraduate male medical students. Participation
in the study was voluntary and verbal informed
consent was taken from the participating students. Out
of the total 267 students, only 260 students had
responded and 07 had given incomplete response and
hence were therefore excluded from the study. Thus
260 completed questionnaires were used for analysis.
Students were instructed not to write their names to
ensure confidentiality and elicit correct responses from
them. The information was collected regarding age,
religion, residential background, current place of
living, age at initiation, precipitating factor for the
initiation, form of product used, pattern of tobacco use
and tobacco used in the family

Form and pattern of tobacco use
The results in the present study revealed that, out
of total students (n=260) 82 (31.53%) were found to be
current tobacco users. Among these 63 students, ie
24.23%were found to be consuming tobacco as
cigarettes or other forms of smoking, while the use of
smokeless tobacco in the form of Gutka, khaini, thota
(dried tobacco leaves) was found in 17 ie 6.5% of the
total current tobacco users (table 1).The mean age of
our study subject was 22.5± 1.3 years.
Current tobacco use in the students and its correlates
We also came to a significant conclusion through
this study that the residential background of the
student, ie rural or urban, was not significantly
associated with the tobacco use. Another important
observation was that religion also had no association
with the use of tobacco. The apparent difference in the
percentage of tobacco use in Hindus and Muslims was
not statistically significant.
Table 1. Form and pattern of use of tobacco.
Smoking Status

Number

Percentage
(95% - CI )

Current Tobacco users*(82)

63

24.23

Smoking

17

6.5

Use of Tobacco in any other form
Non – Tobacco users currently 178
Ever users

20

8.0

Never users

158

57.2

DEFINITIONS

MULTIPLE RESPONSES

Ever use: having used tobacco even once in their
life time

The current place of residence was found to
significantly affect the use of tobacco. The hostellers (
31.8%) were found to be using more tobacco as
compared to day-scholars (13.6%).

Current use: having used tobacco at least once in
the last 30 days preceding the survey
Never use: having not used even once in their life
time6
Study period: The survey was conducted fromSeptember 12 to October 12
Statistical analysis
Was done by using rates and ratios, percentages
and chi-square test, Fisher’s Exact Test was used for
statistical significance.
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The familial aggregation of the tobacco use was also
quite evident in the present study, with tobacco use
being more common among students belonging to
families where tobacco use is prevalent (Table 2)
An enquiry in to the factors leading to the initiation
of the use of tobacco revealed that it is mostly initiated
due to peer pressure. The other, less important factors
responsible were curiosity and the effect of family
members.
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DISCUSSION
Various efforts have been made in the direction of
assessing the effect of various factors on smoking
behavior among the medical students in different parts
of the world. With the increasing use of the smokeless
forms of tobacco as well, it has become important to
bring out the overall use of tobacco and its various
correlates. Therefore we have tried to find out the
overall burden of tobacco use among the male medical
students, who may serve as the role model for the
patients with respect to the smoking cessation activities
The proportion of current tobacco users in our
study sample was found to be 31.53% with the smokers
constituting 24.23% The overall prevalence of current
use of tobacco in the population above 10 years of age
was observed to be 36.5% in Uttar Pradesh (50% among
males and 9.1% among females),while that of current
smoking was 18.1% (27.1% among males and 2.6%
among females) in Uttar Pradesh7. The percentage of
currents smoking in our study sample is comparable
to that in the general population and is a matter of
serious concern. The finding of our study are also

comparable to the results of a similar study done in
the neighboring country Pakistan , which revealed a
22% prevalence of smoking among the male medical
students8. The figures are comparable to our study and
reveal that religion, most probably , does not have
much effect on the use of tobacco. A report from the
study in 15 medical schools from nine Asian countries
revealed that the prevalence of daily smoking in males
varied from 4 to 11% from first year to final year; of
occasional smoking 18 and 24 %, respectively 9 ,
indicating that the use of tobacco does not respect
international boundaries. However, the Rates of
smoking vary from that in our study because this study
was spread over nine countries which have a variation
in the use of tobacco between them. The figures
obtained were a reflection of an average of all the nine
countries and are therefore less specific and
comparable with our study which is more localized .
The corresponding figures of tobacco use in similar
studies done in Kerala (14.1%)10 ,Orissa (12.4%)11 and
West Bengal (3.2%) among the newly admitted medical
students12 were found to be quite low, which may be
due to the various other un identified factors.

Table 2. Bivariate Analysis of current tobacco use in the students
Characteristics of students (n= )

X2-Value

Tobacco users

Non-Tobacco users

Hindus(244)

80

164

Fisher’s

Muslims(16)

2

14

exact test

Hostellers(224)

78

146

0.1695

Day scholars(26)

8

18

P- Value

Religion
P=0.1033
No Association

Current place of residence
P=0.6805
No Association

Practice among family members
Family users(133)

70

63

No-Family users(127)

10

117

61.094

P<0.001
Association
is significant

Family background
Rural (63)

25

38

Urban (187)

57

130

The absence of an association between the
residential background and the tobacco use highlights
the importance of the spread of the epidemic of tobacco
use. Similar observations have been made in the young
boys in the general population of Uttar Pradesh and
in another similar study on the male medical students
in 198913, which may be an indication that the trend of
tobacco use is deep-rooted and not a recent one.
The preventive effect of religion and other cultural
factors on behavior related to the use of tobacco losing
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1.81

P=0.1785 No
Association

its impact, with religion having no significance in the
present study
The preventive effect of parental supervision on the
use of tobacco was quite evident in our study and
another similar one in Orissa, with hostellers using
more tobacco as compared to day scholars.
There was a significant relationship between the
presence of a smoker in the family and picking up the
habit in the present as well as other studies.
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The over whelming effect of peer pressure on the
initiation of tobacco use is a matter of serious concern
because it is very difficult to prevent the effect of this
factor in an age group which likes the company of their
friends as well as is influenced maximally by them,
more so while living in a hostel away from their homes.
It has a direct or indirect synergistic effect to the other
factors and needs in depth research.

3.
4.

5.

Limitation
There could be a possibility that students who are
using tobacco would not have participated in the study
despite the assurance of maintaining confidentiality.

6.

7.

CONCLUSION
We took medical students as the focus of our study,
as the approach and credibility of future doctors as
treatment provides for smoking-and tobacco related
diseases may be influenced by their smoking habits.
The results in our study are discouraging and reveal
that the medical knowledge regarding the ill effects of
tobacco use have not enabled them to check its use.
Recommendations
•

Strong health education and health promotion
messages about ill effects on health due to use of
tobacco.

•

Legislative steps banning the use of tobacco in the
college campus

•

Specific training and counseling of the students
on regular basis to overcome of this habit
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ABSTRACT
Background: Alcohol consumption has serious economic, social and medical consequences. Chronic
alcohol consumption can lead to serious medical consequences especially neurologic disorder. So far
there is scanty of literature about neurological manifestations of alcohol consumption in India and
overseas.
Aims & Objectives: To study the various neurological manifestations, clinical profile and prognostic
factors of patients admitted with history of alcohol consumption.
Material & Method: This was a retrospective, observational study, which included 312 alcoholic
patients admitted in the medicine department, during one year period (January 2012 to December
2012). Data was analysed by SPSS statistical package trial version 11.
Results: A total 312 (3.28%) were admitted with significant history of alcohol consumption. All patients
were males with age >15 yrs. Out of 312 patients 146 (46.8%) had neurological manifestations at the
time of presentation. Out of 146 patients 13 (8.92%) had ischemic stroke, 2 (1.36%) had intracranial
hemorrhage and 3 (2.08%) had cortical venous sinus thrombosis. and 10 (6.84 %) with seizures. A
total 7 (4.81 %) presented with hypoglycemia, 5 (3.42 %) presented with meningitis, and 2 (1.36%)
presented with neuropathy. A total 36 (24.65 %) had alcohol withdrawal syndrome and 38 (26.02 %)
patients were admitted with alcohol intoxication and 30 (20.54 %) presented with Wernicke-Korsakoff
syndrome. Total 25 (8.01 %) patients succumbed with alcohol consumption. Out of 25 deaths 12
(48 %) deaths were associated with neurological manifestations and 13 (52 %) with non neurological
complications. Total deaths were 25 (8.01%) with mean age of 50.96 ± 8.7 yrs. Mortality was associated
with increasing age hypoglycemia and seizures in neurological complications ('p'<0.0231).
Conclusions: Half of patients with alcohol consumption had neurological manifestations and
associated morbidity and mortality. Alcohol withdrawal syndrome, W-K syndrome and alcohol
intoxication were common neurological manifestation. Mortality was more associated with
neurological manifestations compared to the non-neurological complication.
Keywords: Wernicke-Korsakoff Syndrome, Neurological Manifestations, Alcohol Withdrawal Syndrome,
Hypoglycemia, Seizures

INTRODUCTION
According to WHO, Alcohol is said to account for
about 4% of Global deaths.
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Alcohol and tobacco are important products of the
global addictive demand and have experienced a rapid
increase in per capita consumption. The fastest growth
has been in developing countries in the Asian
subcontinent where the per capita pure alcohol
consumption has increased by over 50% between 1980
and 2000. Approximately 25% of male medical
admissions may be regarded as problem drinkers, with
the group at highest risk being young male patients
admitted to medical wards and ICUs.1 Alcoholism is a
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chronic, complex disease and addictive disorder.
Sudden cessation of alcohol consumption can lead to
alcohol withdrawal, an acute process with devastating
and potentially life-threatening consequences. Recent
literature states that, more than half of all alcohol
drinkers in India falling into the criteria for hazardous
drinking, alcohol abuse is emerging as a major publichealth problem in the country. India’s reputation as a
country with a culture of abstinence especially in
matters regarding alcohol is underserved.2, 3 Alcohol
related problems emerging as a major public-health
concern in India. So far there is scanty of literature
about neurological manifestations of alcohol
consumption in India and overseas.
MATERIAL & METHOD
This was a retrospective, observational study,
which included 312 alcoholic patients admitted in the
medical wards and intensive care unit of tertiary care
centre of teaching hospital in western Maharashtra
during one year period (January 2012 to December
2012). All patients with history and findings suggestive
of alcohol consumption with age > 15 years were
included in this study. Patient’s history, presenting
complaints, clinical examination, laboratory
investigations, brain imaging (C.T. scan brain, MRI
brain), EEG and CSF study were considered and
entered in data sheet. The other routine investigations
like NCV/EMG study, USG abdomen, chest
radiogram, CBC, serum electrolytes, blood sugar level,
serum amylase level, LFT, renal function tests.
Alcohol consumption was labeled by presence of
alcohol smell, history of alcohol consumption given
by patients or their relatives.
Alcohol intoxication: A person is said to suffer from
alcohol intoxication when the quantity of alcohol the
person consumes produces behavioral or physical
abnormalities. In addition to the signs of physical and

mental impairment, alcohol levels can also be
measured in the blood. Most states have specific levels
at which the driving of a motor vehicle is forbidden.4
Alcohol withdrawal syndrome: Alcohol
withdrawal syndrome is the set of symptoms seen
when an individual reduces or stops alcohol
consumption after prolonged periods of excessive
alcohol intake. The withdrawal syndrome can include
seizures and delirium tremens and may lead to excitoneurotoxicity.4
Wernicke–Korsakoff syndrome is a manifestation
of thiamine (vitamin B1) deficiency, or beriberi. Patient
had confusion, nystagmus, ophthalmoplegia,
anisocoria, ataxia, sluggish pupillary reflexes and
anterograde amnesia, retrograde amnesia,
confabulation and hallucinations or coma.5
All the patients were treated according to the
standard
protocol
including
thiamine
supplementations and treatment of individual disease
associated with alcohol consumption.
Statistical analysis: Data was analysed by SPSS
statistical package trial version 11. Mean, standard
deviation, percentage and ‘p’ value by chi square test.
‘P’ value < 0.05 was considered as statistically
significant.
RESULTS
Out of 9485 patients, admitted in medicine wards
and ICU, 312 (3.28%) were admitted with history of
alcohol consumption. Out of 312 patients 146 (46.8%)
had neurological manifestations at the time of
presentation with mean age of 44.36 ± 12.01yrs. A total
166 (53.20 %) patients were presented with nonneurological manifestations of alcohol consumption
having mean age of 44.57± 13.37 yrs. There was no
statistically significant age difference in both group.
(table no.1)

Table No.1: Neurological and non-neurological manifestations of alcohol consumption
Variables

Total

%

Mean age

SD

Neurological manifestations

146

46.8

44.36

±12.01

Non Neurological manifestations

166

53.2

44.57

±13.37

‘p’= 0.1093

Out of 146 patients 13 (8.92%) had ischemic stroke
(figure no: 1b) 2 (1.36%) had intracranial hemorrhage
(figure no:1a) and 3 (2.08%) had cortical venous sinus
thrombosis (figure no: 1c, 1e, 1f). Total 30 (20.54%)
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presented with encephalopathy and 10 (6.84%) with
seizures. A total 7 (4.81%) presented with
hypoglycemia, 5 (3.42%) with meningitis (figure no:
1d), and 2 (1.36%) with neuropathy. A total 36 (24.65%)
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had alcohol withdrawal syndrome and 38 (26.02%)
patients were admitted with alcohol intoxication. A
total 30 (20.54%) had encephalopathy. The
hypoglycemia was associated with increased age (fifth
to sixth decade) while CVST (cerebral venous sinus
thrombosis), alcohol intoxication, alcohol withdrawal
were more observed in fourth decade of life. Alcohol
intoxication were 38 (26.02%) and alcohol withdrawal
36 (24.65%) were the most common presenting

manifestations in neurological group while intracranial
bleed 2(1.36%) and isolated neuropathy 2(1.36%) were
least presenting manifestation. Metabolic
encephalopathy (W-K syndrome) alcohol intoxication
and withdrawal syndrome were commonest
manifestations among neurological manifestations in
patients with alcohol consumption with ‘p’<
0.0001significant. The mean and standard deviation is
shown in table number two. (table no.2)

Table No. 2: Neurological manifestations of alcohol consumption
Variables

Total (n=146)

%

Mean Age

± SD

(n=312) %

Infarct

13

8.92

50.92

8.142

4.16

Bleed

2

1.36

51.5

23.33

0.64

Meningitis

5

3.42

40.6

3.78

1.60

Encephalopathy

30

20.54

51.13

12.79

9.61

Withdrawal

36

24.65

40.75

11.07

11.53

Intoxication

38

26.02

39.23

11.06

12.17

CVST

3

2.08

37.66

2.51

0.96

Neuropathy

2

1.36

46

12.72

0.64

Seizures

10

6.84

44.2

11.39

3.20

Hypoglycemia

7

4.81

52.85

8.43

2.24

(‘p’< 0.0001significant)

had acute pancreatitis. Total 20 (12.04%) had
pneumonia and 4 (2.4%) had pulmonary tuberculosis.
Total 19 (11.44%) had upper GI bleeding and one (0.6%)
presented with deep venous thrombosis. Out of
admitted 312 alcoholic patients 23 (7.37 %) had
anaemia, 17 (5.4%) had septicemia and or septicemic
shock. (table no.3). Liver involvement was
significantly high in population with nonneurological manifestations of alcohol consumption
(‘p’< 0.0001).
Table No. 3: Non-neurological manifestations of
alcohol consumption
Variables

Fig. 1a, 1b, 1c, 1d, 1e & 1f: C.T scan findings of neurological
complications of alcohol consumption

Non neurological manifestation
A total 166 (53.20 %) patients were presented with
non-neurological manifestations of alcohol
consumption. Of 166 patients, 43 (25.90%) patients had
alcoholic liver disease, 35 (21.08) had alcoholic liver
cirrhosis, 2 (1.2%) had hepato-cellular carcinoma. A
total 23 (13.85%) had acid-peptic disease and 11 (6.62%)

27. Virendra Patil --124--129.pmd

126

Total

(n=166) %

(n=312) %

ALD

43

25.9

13.78

ALC cirrhosis

35

21.08

11.21

HCC

2

1.2

0.64

Gastritis

23

13.85

7.37

Acute gastroenteritis

11

6.62

3.52

Acute pancreatitis

8

4.81

2.56

Pneumonia

20

12.04

6.41

PTB

4

2.4

1.28

GI Bleed

19

11.44

6.08

DVT

1

0.6

0.32

Total

166

100

53.17

Chi-Square:27.17

DF:2

‘p’< 0.0001significant
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Out of 166 patients of non-neurological
manifestations 141 were having gastroentestinal
manifestations with average age of 43.74 ± 12.71 yrs.
Respiratory manifestations were present in 24 (14.44%)
patients with mean age of 49.62 ± 13.60 yrs. DVT was
present in one (0.6%) patient. Gastrointestinal
manifestations were common amongst the nonneurological manifestations of alcohol consumption
(‘p’<0.001).
Table no. 4: Non-neurological manifestations of
alcohol consumption:
Variables

(n=166)

Mean Age

±SD

G. I. Manifestations

141

43.74

± 12.71

Respiratory Manifestations

24

49.62

± 13.60

D.V.T

1

40

0

Total

166

44.51

± 12.98

‘p’<0.001

Out of 12 patients who died with neurological
manifestations, maximum 11 (91.66%) had Wernikeskorsakoff syndrome with hepatic encephalopathy with
sepsis. one patient died with right MCA territory
infarct with pneumonia. Wernikes-korsakoff syndrome
with hepatic encephalopathy with sepsis was
statistically significant cause of death in neurological
group compared to other causes (‘p’ <0.02)
Table No. 6: Cause of death amongst patients with
neurological manifestations of alcohol consumption
Cause of Death
Neurological (n=12)

Total

%

Right MCA territory infarct
with pneumonia

1

8.33

Wernikes-korsakoff syndrome
with Hepatic encephalopathy
with sepsis

11

91.66

Total

12

100

DF:1

‘p’= <0.001

Chi-Square:16.66

Total 25 (8.01%) patients succumbed out of 312
patients who presented with alcohol consumption. Out
of 25 deaths 12 (48%) deaths were associated with
neurological manifestations and 13 (52%) with non
neurological complications. Total deaths were 25
(8.01%) with mean age of 50.96±8.7yrs. Mortality was
associated with increasing age (mean age 50.96 ±
13.79yrs) as compared to discharged patients (44.47 ±
11 yrs). Hypoglycemia and seizures were the poor
prognostic factors for neurological complications
associated death (‘p’<0.0231). Out of 146 patients
presenting with neurological manifestations, 12
(8.21%) patients died. while out of 166 patients
presenting with non-neurological manifestations 13
(7.83%) died. Out of all admitted alcoholic patients 3.85
% deaths were associated with neurological
manifestations and 4.17 % patients were associated
with non-neurological manifestations. Mean age of
succumbed patients of neurological group was 51.42
± 12.34 yrs while 52.42 ± 14.79 yrs was the mean age
of died patient of non-neurological group. Percentage
of death in neurological group was relatively more
than non-neurological group. The mean age of death
in neurological manifestation group was slightly lower
than non-neurological group in present study. Overall
mean age of death in present study is less compared
to life expectancy in India.
Table no. 5: Alcohol consumption associated with case
fatality rate
Variable
Neurological (n=146)
Non-Neurological (n=166)
Chi-Square:0.08
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Total (n=25)

%

Mean age

± SD

12

8.21

51.42

12.34

13

7.83

52.15

14.79

DF:1

‘p’ =0.773

Not significant

Out of 312 alcoholic patients admitted 13 (4.17%)
succumbed due to non neurological manifestations
like, pneumonia with septicemia in 8 (61.53%), acute
pancreatitis 2(15.83%). Decompensated liver cirrhosis
was responsible for the death of 3 (23.07%) patients
with non-neurological manifestations. Infection related
death were significantly higher in non-neurological
group compared to other causes (‘p’ =0.048) (table no.6)
Associated co-infection was the common factor as a
cause of death in neurological and non-neurological
group in present study. Mortality was associated with
increasing age (mean age 50.96 ± 13.79 yrs) as
compared to discharged patients (44.47 yrs ± 11 yrs).
Hypoglycemia and seizures were the poor prognostic
factors for neurological complications with death
(‘p’<0.0231).
Table No. &: Cause of death amongst patients with
non-neurological manifestations of alcohol
consumption
Non-neurological (n=13)

Total

%

Pneumonia with septicemia/
septicemic shock

8

61.53

Acute Pancreatits

2

15.83

Decompensated liver cirrhosis

3

23.07

Total

13

100

DF:2

‘p’= 0.048

Chi-Square: 6.0727

DISCUSSION
We compared our results with various other
studies. Sri EV et al6 reported a quarter (23.3%) of the
in-patients had associated drinking problems which
were more among medical than surgical in-patients.
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Lockhart SP et al7 stated that in a general medical unit
27% of 104 admissions and 17% of bed occupancy were
attributed to alcohol consumption. Clinical suspicion
and questions on the level of alcohol consumption are
more efficient than questionnaire, biochemical or
haematological screening tests in detecting alcoholrelated medical problems. Herzig R et al 8 stated
that,chronic alcohol intake is considered to be a risk
factor for spontaneous intracranial hemorrhage
(SICH). These findings are comparable with present
study in which 2 (1.36%) had intracranial hemorrhage.
Hammerstedt H et al9 stated that hypoglycemia is a rare
but important complication seen in patients who
present with alcohol intoxication. In present study a
total 7 (4.81%) were presented with hypoglycemia.
Damsgaard L et al 10 in their study reported that,
Wernicke's encephalopathy occurred in 52 of a total of
497 patients (11%). In our study W-K syndrome was
present in 30 (20.54%). Out of 12 patients who died
with neurological manifestations, maximum11
(91.66%) had Wernikes-korsakoff syndrome. Davidson
P et al11 stated that, the 5-year mortality rate among
alcohol-intoxicated patients was 2.4 times with
premature death. These findings are comparable with
our study. Gerke P et al12 in their study data of 1288
patients frequently diagnosed disorders in alcoholdependent patients included delirium tremens (12.8%),
seizures (11.4%), head injuries (9.4%) and cirrhosis of
the liver (8.1%). These findings are comparable with
present study where 43 (25.90%) patients had alcoholic
liver disease, 35 (21.08%) had alcoholic liver cirrhosis
and 10 (6.84%) patients had seizures in present study.
Lopes MA et al13 stated that, the heavy alcohol use was
associated with dementia. Present study found W-K
syndrome alcohol intoxication and withdrawal
syndrome were commonest manifestations. Ronan
Hearne et al14 stated that, the most efficient screening
tool was the CAGE questionnaire. These findings are
comparable with our study. D Malone et al15 in their
study discussed screening tools similar to our study,
were we used history of alcohol consumption to
patient, relatives and smell of alcohol was considered
as alcoholic. A. Jarque-Lopez et al16 stated that, the liver
cirrhosis was the entity most frequently observed in
the heavy drinkers. In present study decompensated
liver cirrhosis was associated with mortality of 23.07%
patients. Gossop M et al17 stated that, alcohol related
most common problems were gastrointestinal and liver
disorders, but about a quarter of the sample had
cardiovascular or neurological problems. These
findings are comparable with present study.
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CONCLUSIONS
Present study highlights the burden of alcohol
consumption related neurological manifestations. Half
of patients with alcohol consumption had neurological
manifestations and associated morbidity and mortality.
Mortality was associated with increased age,
hypoglycemia and seizures. Alcohol withdrawal
syndrome, Wernikes-korsakoff syndrome and alcohol
intoxication were common neurological manifestation.
Mortality was more associated with neurological
manifestations compared to the non-neurological
complication. There is thus a strong justification for
the health profession to step up its health advocacy
with respect to policies to reduce rates of alcohol
consumption. There is strong need of prohibition of
alcohol to reduce morbidity and mortality related with
alcohol consumption in our country as it is affecting
earning population of the nation. We should also have
functioning alcohol de-addiction counseling and
rehabilitation centre throughout the nation. The key
message of this article is to ask patient about their
alcohol habit.
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Effects of He-Ne laser and Enhanced Ultravlolet-B
Radiation on Lamin B of Wheat
WEI Xiao-Li,Han Rong
College of Life Science, Shanxi Normal University, Lin Fen, China
ABSTRACT
The 7d seedlings of wheat ('ML7113') were exposed to He-Ne laser irradiation (L) with 5mW·mm-2
power density after enhanced UV-B radiation (10.08KJ·m-2·d-1). Total protein were extracted in each
treatment group. The total protein were assayed by SDS-PAGE and identified by Western Blot. And
analyses the influence of enhanced UV-B radiation-induced wheat leaves lamin B damage repair
effects by He-Ne laser.The results shows that enhanced UV-B radiation can damage the lamin B in
the seedlings. It may have certain role for repairing the damaged lamin B irradiated by He-Ne laser
in the wheat seedlings.In order to futher investigate the effects of UV-B radiation on the relationships
between laminB arrangements and 'Partition-bundle division'the dynamic variation of laminB in
wheat root-tip cells was studied with confocal laser scanning microscopy(CLSM).The results shows
that laminB arrays at the periphery of the nucles.
Keywords: Wheat; He-Ne Laser; UV-B Radiation; Lamin B;CLSM

INTRODUCTION
With the large number of polluting gases released
by human activities, particularly chlorofluorocarbons
(CFCs) and nitrogen oxides, et al. Gases remaining in
the atmosphere for a long time will catalytic
destruction of ozone in the stratosphere [1] . The
destruction of the ozone layer led to reach the ground
of the solar ultraviolet radiation enhancement[2] .It is
estimated that the ozone is reduced by 1%, to reach
the surface UV-B radiation increased by 2%[3].Studies
show that enhanced UV-B radiation on plant,
especially for UV sensitive plants in growth and
development [2], physiological and biochemical
metabolism, genetics level have important effects [4-6].
Therefore,revealed that UV-B on crop damage and
mechanism of action, looking for effective protection
is particularly important[2].
Laser has been studied and applied in many fields.
Low dose of laser irradiation can promote plant growth
and development, physiological metabolism[2].
LaminB is a bifunctional protein that is also an
important component of the spindle matrix, participate
in the nucleus forming and spindle assembly.Spindle
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assembly, the lack of laminB will cause the spindle and
the pole disorders[7]. There are many researchs on in
animals, such as linfei by detecting changes in laminB
to study 6-DMAP induced nuclear membrane
formation mechanism[8],Xue Huiwen has done the
related research on the relationship between lamin B
and cell division[9]. Takahisa Kuga et al. Studies have
found that the laminB phosphorylation sites mainly
phosphorylation level of change, through the cell
cycle[10].
Our group has been tested wheat materials, from
the morphological, physiological and biochemical,
chromosomal, DNA, cytoskeleton studied different
aspects of He-Ne laser and enhanced UV-B radiation
on wheat [11-13]. With wheat as subjects, this study
adopts the He - Ne laser and enhanced UV B radiation
processing of wheat seedlings, extract the total protein
of leaves and roots , The total protein were assayed by
SDS-PAGE and identified by Western Blot. The repair
effects He-Ne laser on the enhanced UV-B radiation
caused by laminB damage in wheat. Follow-up study
for the relationship between changes in lamin B and
“partition-bundle division”formation mechanism lay
the foundation .
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MATERIALS
Plant Materials
ML7113(Triticum aestivum)was supplied by Wheat
Research lnstitute of Shanxi Academy of Agricultural
Sciencesÿ
MateriaI culture
The full-grain wheat seeds of unjform size were
selected and surface disinfected by 1.5ÿNaClO and
wished with clear water ,and then cultured in petri
dishes with 30 seeds per dish,at 25 ,under a
photoperiod 8/16h light/dark for 7d to be processed.
Three repetitions were set for treatment.
Material handling
The test consists of normal light (CK), UV-B (B),
He-Ne laser treatment (L) and UV-B and He-Ne laser
composite treatment (BL) four groups,training every
day after 8 h light into the dark 16 h , CK and L group
of light 8h, CK group into the dark cultured 16h, L
group in the dark He-Ne laser treatment of 2min after
dark culture; group B and group BL UV-B irradiation
8h, B group into the dark culture 16h, BL group is in
the dark He-Ne laser treatment of 2min after dark
culture 16h, 7 d after drawn.

adding acetone extracts 2(0.07% β - mercaptoethanol,
2mmol / L DTT), forced oscillation mixing, -20 
precipitated 2h, 4  12000g centrifugal 30min
discarded supernatant, joined the precooling acetone
washing three times,every time is 4  12000g
centrifugal 5min discarded supernatant, adding
sample lysate 1ml, 37  water bath for 30min. Room
temperature 27 , 12000g centrifugal supernatant for
30min, the supernatant is total protein sample.
Protein electrophpresis and immunoblotting[16]
The totle protein samples were separated on 12.5ÿ
one-dimen-slonal SDS-PAGE.The gained with
coomassie brillant blue.For immunoblotting,proteins
were transferred from the gel onto PVDF membranes
and probed with rabbit anti-laminB diluted 1:300.The
secondary anti-rabbit horseradish peroxidase
conjugates were used at a dilution of 1:1000 and
detected using the enhanced ECL kit(Amersham
Blosciences,Buckinghamshire;UK).
Determination of lamin B contents in wheat
The amount of laminB was quantified using
Quantity One and SPSS analyzer software.
Acquisition and observation image
RESULTS AND ANALYSIS

UV-B radiation treament
UV-B irradiation treatment according to
Feng[14],UV-B radiation intensity is 10.08KJ·m-2·d-1, the
equivalent of ozone decreased 20%, UV-B enhanced
of 40% (RAF = 2.0)

The SDS-PAGE electrophoresis of total protein in
leaves roots of different groups wheat

He-Ne laser irradiation
High-power laser irradiation apparatus biological
(Nanjing Laser Instrument) wavelength of 632.8nm,
according to preliminary results, the choice of
irradiation dose 5mW·mm -2 , 120s, 25  . Laser
treatment schedule nightly to eliminate stray light
effects.
METHOD
The extraction of total protein in the wheat[15]
With reference to Saravanan and Rose’s
method.Leaves and roots said take 0.5g of four groups
wheat,adding 2 ml of acetone extract 1(10% (w/v)
TCA, 0.5% β-mercaptoethanol, 2mmol/L DTT)
immediately ground into powder, mixing hard upside
down, -20  precipitated overnight, the next day 4 
12000g centrifugal 30min discarded supernatant,
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Fig. 1. The SDS-PAGE electrophoresis of total protein of different
groups in leaves
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Note: The arrow indicates laminB band the in the
different groups of wheat leaves.

Fig. 4. Results of the Western-blot of wheat leaves in different
treatment groups

Note: The arrow indicates laminB band the in the
different groups of wheat leaves

Fig. 2. The SDS-PAGE electrophoresis of total protein of different
groups in roots

Note: CK is the detection of total protein in the
control group within wheat leaves; B is the detection
of total protein in the UV-B radiation treatment group
within wheat leaves ; L is the detection of total protein
in the He-Ne laser treatment group within wheat
leaves; BL is the detection of total protein in the HeNe laser and Enhanced UV-B radiation combined
treatment group within wheat leaves; M is a protein
molecule as a standard, the arrow indicates the
corresponding molecular weight.

Different groups in wheat leaves lamin B, LaminB
identification results shown in Figure 3 and Figure 4
in different treatment groups of wheat. The results
showed that are present lamin B in wheat four
treatment groups .
Determination of laminB in different treatment groups
of wheat
The gray strip was analyzed by Quantity One
software in figure 3,4, quantitative obtained histogram
as shown in Figure 5,6:

Different groups of total protein in wheat SDSPAGE electrophoresis patterns shown in Figure1 and
Figure2.Indentification of laminB of diffferent groups
in wheat for the next step lay foundation.
Identification of laminB different groups of wheat
leaves and roots by Western Blot
Fig. 5. The band’s average gradation of purpose strap after westernblot by quantity one in leaves

Note: The abscissa represents different groups; the
ordinate indicates the average gray of the bands of
Western-blot results .

Fig. 3. Results of the Western-blot of wheat leaves in different
treatment groups
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The results of Western-blot purpose of the average
gray by Quantity One analysis in leaves of wheat were
shown in figure 5, the results show that compared with
the control group (CK), the UV-B radiation treatment
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(B), laminB content is reduced by 23.3% (P < 0.01)in
leaves of wheat, difference are significant , while single
laser (L) treatment group, its content is reduced by 5.7%
(P > 0.05); difference was not significant; Compared
with single laser (L) treatment group, He - Ne laser
and UV-B compound processing (BL) group, the
protein content is reduced by 6.1% (P < 0.05),difference
are significant ; And compared with UV-B radiation
treatment (group B), He - Ne laser and UV-B
compound processing (BL), laminB content increase
12.3% (P < 0.05) in leaves of wheat ,difference are
significant.

LaminB arrangements of control groups cells

Fig. 7. LaminB arrangements of control groups cells

Fig. 6. The band’s average gradation of purpose strap after westernblot by quantity one in roots

Note: The abscissa represents different groups; the
ordinate indicates the average gray of the bands of
Western-blot results .
The results of Western-blot purpose of the average
gray by Quantity One analysis in leaves of wheat were
shown in figure 5, the results show that compared with
the control group (CK), the UV-B radiation treatment
(B), laminB content is reduced by 11.1% (P < 0.01)in
leaves of wheat, difference are significant , while single
laser (L) treatment group, its content is reduced by 2.8%
(P > 0.05); difference was not significant; Compared
with single laser (L) treatment group, He - Ne laser
and UV-B compound processing (BL) group, the
protein content is reduced by 7.2% (P < 0.05),difference
are significant ; And compared with UV-B radiation
treatment (group B), He - Ne laser and UV - B
compound processing (BL), laminB content increase
2.6% (P < 0.05) in leaves of wheat ,difference are
significant .
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Note: (A)DAPI and laminB composite channel,
DAPI is blue, laminB is green.(B)LaminB is green in
Green fluorescence channel.(C)DAPI is blue.(D)DAPI
and transmission composite channel.
The results shows that laminB arrays at the
periphery of the nucles in figure 7.
DISSCUSSION
Protein is not only the important parts of organisms,
but also as a biological enzyme catalytic reaction, play
an important role in various physiological function[17].
Due to the maximum absorption wavelength of protein
is just UV-B radiation wavelength range, so the protein
itself will be affected by UV B radiation[18] .
Laser impact on the mechanism of the organism
mainly effects of electromagnetic fields and optical
effects.On the one hand,He-Ne laser can cause cell
multiple nuclear fission and irregular divided, damage
the structure of the nucleus[19] .The other hand, laser
irradiation of the enzyme conformational changes
leaving the activity increased[20], laser has a certain
repair function for has a certain repair function for the
damage of plasma membrane by UV-B radiation[21].
Therefore, a certain dose of He-Ne laser irradiation can
reduce or repair effect of UV-B radiation on plant
damage.
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Lamin B is a bifunctional protein, an important
component is the spindle matrix, spindle assembly,
lack of lamin B will cause the spindle and poles
disorder [7]. At the end of cell division early, laminB
phosphorylation,
nuclear
membrane
disintegrated,laminB dephosphorylation, reassemble,
mediates by the nuclear envelope reconstruction at
telophase. Therefore,lamin B changes can reflect the
formation of the nuclear envelope [8].
This study identification of total protein in wheat
by Western blot, preliminary conclude that lamin B
does exist in wheat , as early as in 1996, with various
techniques and approaches, researchers demonstrates
that does exist plant nuclear lamina in higher plants,
the protein composition and animal lamin antibodies
in the immune response, the presence of Lamin protein,
molecular weight of 84 KD[22] .
This study found that after the enhanced UV-B
radiation of laminB content in the wheat significantly
reduce, shows that a certain dose of UV-B radiation
on wheat laminB damage, and compared with UV-B
treatment group (B), He-Ne laser and UV-B compound
processing (BL) the content of laminB significantly
increased, explain to some extent, laser processing can
repair the enhanced UV-B radiation on laminB damage
of wheat. Laser plays a role on proteins and enzymes
in cells by its photosynthetic efficiency and magnetic
field effect, from a variety of levels of cells repair UVB damage[2]. This was similar with the study results
which He - Ne laser for wheat enhanced UV-B
radiation damage repair effect and its mechanism by
Dr Han Rong [2].
In this study, for subsequent immunofluorescence
labeling and further explore enhanced UV-B radiation
conditions during mitosis lamin B change and “beam
splitting” correlation foundation.

Ethical clearance: I declare that the dissertation I
submitted was carried out and the research results
were obtained under the guidance of my instructor.
As far as I know, in addition to the marked text and
acknowlegements especially labeled, the paper does
not contain the research work that other people have
already published or authored.The paper was without
any plagiarism, copying, falsification of data and other
academic misconduct.
REFERENCES
1.

2.

3.

4.

5.

6.

7.

ACKNOWLEDGEMENTS

8.

I am very grateful to my senior fellow apprentice
Chen Huize, classmate Cheng Nana, young brothers
and sister.They gave me consistent care and help

9.

Conflict of Interest: I declare that I have no conflict of
interest.
Source of Funding : National Natural Science
Foundation of China(30671061);Shanxi Natural Science
Foundation of China(20081101).

28. Wei china--130--135.pmd

134

10.

Cai xi-an,Xia han-ping,Peng shao-lin.Influence of
Enhanced UV-B Radiation on plant[J].Ecology
and Environment.2007,16(3):1044-1052.
Han rong.The effects and mechanism of He-Ne
laser radiation on wheat by enhanced UV-B
radiation[D].Northwest University,2002.
LI shen-ning,DUAN jiang-yan.Influence of
Enhanced
UV-B
Radiation
on
Crops[J].Agricuhure&Technology.2008,28(1)
26-28.
Kalbin G,Hidema J,Brosche M,et al.UV-Binduced DNA damage and expression of
defencegenes under UV-B stress: tis-sue-specific
molecular marker analysis in leaves[J].Plant Cell
and Environ.2001,24: 983-990ÿ
Jeremy DB,Kevin EP,Nigel DP,et al.The influence
of UV-B radiation on the physicochemical nature
of tobacco (Nicoticana tabacum)leaf surface[J].J
Exp Bot.1996,47(294):99-109.
Mulpuri
VR,Gopinadhan
P,Douglas
PO.UItraviolet-B and ozone-Induced biochemical
changes in antiomdant enzymes of Arabidopais
thaliana[J].Plant Physiol.1996,110: 125-136ÿ
Li Ma,Ming-Ying Tsai,Shusheng Wang,et
al.Requirement for nudel and dynein for
assembly of the lamin B spindle matrix[J].Nature
cell biology.2009.
Fei LinÿChao JiaÿGen-Bao Shao,et al.Dynamic
Characteristics of Lamin B during the Formation
of PM-embryos Induced by 6-DMAP[J].Chinese
Journal of Cell Biology. 2006,28:577-581.
Xue hui-wen,Zhang jing-bo.Lamin B is closely
related to cell division[J].Basic&clinical
Medicine.2007,27(11):1250.
Takahisa Kuga,Naohito Nozaki,Kazuyuki
Matsushita,et al.Phosphorylation statuses at
different residues of lamin B2,B1,and A/C
dynamically and independently change

2/8/2014, 1:23 PM

Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1 135

11.

12.

13.

14.

15.

16.

throughout the cell cycle[J].Experimental cell
research.2010,3 1 6 : 2 3 0 1-2 3 1 2.
GUO Ai-Hua,GAO Li-Mei,LI Yong-Feng,et
al.Innuence on microtubule in wheat mesophyll
cell exposed to enhanced ultraviolet-B radiation
and He-Ne laser irradiation[J].Guihaia 30(2):250255.
GUO Ai-Hua,GAO Li-Mei,LI Yong-Feng,et
al.Influence of Enhanced Ultraviolet-B Radiation
on Microtubule Cytoskeletonin Wheat Root-tip
Cells[J].Chinese Journal of Cell Biology. 2010,
32(2):256-260.
CHEN HuiZe, ZHAI JingRu, DU MeiTing,et
al.Influence of Enhanced UV-B Radiation on Factin in Wheat Division Cells[J].Plant Diversity
and Resources. 2011,33 (3): 306-310.
Feng H Y,AN L Z,TAN L L,et al.Effects of
enhanced ultraviolet-B radiation on pollen
germination and tube growth of 19 taxa in
vitro[J].Environmental and Experimental
Botany.2000.43(1): 45-53ÿ
Saravanan R S,Rose J K C.A critical evaluation of
sample extraction techniques for enhanced
proteomic analysis of recalcitrant plant
tissues[J].Proteomics.2004,9: 2522-2532ÿ
TOWBIN H,STAEHELIN T,GORDON J.
Electrophoretic transter of proteins from

28. Wei china--130--135.pmd

135

17.

18.

19.

20.

21.

22.

polyacrylamide gels to nitrocellulose sheets:
procedure and some applications[J].Proc Natl
Acad Sci USA,1979,76:4350-4354.
Feng Guo-ning,An li-zhe,Feng hu-yuan,et
al.Effects of He-Ne laser and enhanced UV-B
radiation on Protein Metabolism of Bean[J].
Chinese Bulletin of Botany.1999,41(8):
833-836.
LUO Liqiong,CHEN Zongyu,GU Jin,et al.Effeets
of enhanced UV-B radiation on protein synthesis
and DNA damage in plants[J].Chinese Journal of
Ecology.2006,25(5):572-576.
Xiang Yang.Study on laser mutagenesis and
biological
mechanism
[J].Journal
of
Optoelectronics laser. 1994,5(4)87-90.
Wang Jing,Guo Weisheng.Mechanism of
increased enzyme activity in the laser[J].Chinese
J.Lasers.1997,24(8): 765-768.
WANG Xiao-hua,HAO Jin-hua,HAN Rong.The
Alleviating Effects of He-Ne Laser on Membrane
Lipid Peroxidation in Wheat Seedling Exposed
to Enhanced Ultraviolet-B Irradiation [J]. 2008,
17(3):317-322.
Wang Jian,Zhai zhong-he.Plant nuclear lamina
confirmed[M].Science China.1996ÿ

2/8/2014, 1:23 PM

DOI Number: 10.5958/j.0973-9130.8.1.029
136 Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1

Advantages of Computer Generated Evidence: Forensic
Animation in Indian Judiciary System
Anurag Sahu1, Nitin Singh Mandla2, Gaikwad Yogesh3
Assistant Professor, Department of Forensic Science, Govt. Institute of Forensic Science, Aurangabad, Maharashtra,
2
M.Sc. (Forensic Science), LNJN National Institute of Criminology and Forensic Science (M.H.A.), New Delhi,
3
Student, B.Sc. 3rd year (Forensic Science), Govt. Institute of Forensic Science, Aurangabad, Maharashtra

1

ABSTRACT
Judiciary animation or Forensic animation or legal animation is computer based perform of turning
professional reports, detailed information of witness, police investigator and forensic experts into
3D animated recreation of scene of crime. Since 1985 Forensic animation has been used in foreign
nation's judiciary system till now with new advance technologies. Gradually judiciary animation is
becoming increasingly legal animation, which is used as visual tool to help jurors and other viewers
understand the facts of crime without using long verbal information about the case and create lasting
visual impression that is retained in juror's memories longer than a verbal presentation. This paper
describes range of animation evidence which are mostly presented in courtroom using digital media
and how computer generated animation is valuable to our judiciary system.
Keywords: Forensic Science, Judiciary Animation, Digital Evidence, Forensic Animation, Computer Generated
Evidence

INTRODUCTION
About fifteen year ago, not even in India but in
other countries also, our courtroom environment was
totally based on oral tradition for judgment, but slowly
changed into digital environment. But our academics,
lawyers, and judges generally asked “Can computer
exist in a court of law?”1 In present scenario the use of
electronic evidence and computer generated exhibits
in the courtroom are wieldy accepted because judicial
system is embracing the use of technology in the court
room to increase the fast working process, rapid
accumulation and slow disposal cases of pending cases
and oral public speaking of lawyers is increasingly
being replaced by visual media displays presenting a
range of digital evidence in a convincing and credible
Corresponding author:
Anurag Sahu
Assistant Professor
Department of Forensic Science, Govt. Institute of
Forensic Science, Govt. Institute of Science Campus,
Nipat Nirajan Nagar, Caves Road, Aurangabad,
Maharashtra-431004
Email-anuraggifs@gmail.com
Mo:-09730890291

29. Anurag Sahu--136--139.pmd

136

manner. In so many aspects of life, society has become
dependent upon the power and facility of the
computer. It makes sense that the newest boundary
upon which the computer has staked its claim is the
courtroom.
In a modern courtroom, the presentation of forensic
evidence by an expert witness can bring about the need
for hard descriptions by lawyers and experts to get
across the specifics of complicated scientific and
temporal data. Now experts have had to develop new
ways to present such complex evidence in court.
Digital visual evidence presentation systems
(including digital displays, computer-generated
graphical presentations and three-dimension
animation) have already been used in many
jurisdictions. These visual tools can be used to present
evidence and illustrate hypotheses based on scientific
data, or they may be used to show the awareness of a
witness, such as what may have occurred (seen from
a specific viewpoint) during a particular incident2.
Forensic animation is one kind of computer
generated evidence, which is a powerful method of
creating a continuous series of computer-generated
images or pictures. Like commercial animation, each
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image in the series is altered slightly frame by frame
(30 frame per sec.) and then recorded in rapid
succession in order to mimic actual movement 3.
Popular examples of this technique include animated
films and movies such as Shrek by Dream works
Animation and Ice Age by Blue Sky Studio. Computer
graphics by software applications (in this paper,
technologies are not defined and described) that can
be used to produce outputs such as rendered images
and animations. Computer graphics systems can
utilize numerical three-dimensional models of real
world objects to create artificial virtual environments.
Based on scene survey data, objects such as equipment,
vehicles, human figures, environment details,
landscape features and other relevant evidence items
can be accurately positioned and exactly scaled within
the artificial three-dimensional environment. The scene
objects can then be texture mapped with relevant
photographic images to produce a credible lifelike
appearance 4 . There is various ranges of visual
evidences (Forensic animation) widely admitted in
judicial system such as road traffic animation,
pathology animation, bullet trajectory animation,
debris identification animation etc. The first forensic
animation has been successfully used in federal civil
case for Delta flight 191 crash in USA in 1985.
Reliability and Standards for judiciary animation
A sequence of illustrations (an animation) is
computer generated evidence creates the illusion that
the illustrated objects are in motion. With an animation,
there is no intent to recreate or simulate an event. The
animation simply demonstratively depicts witness
testimony. Although one cannot cross examine the
animation itself, one can still cross-examine the witness
upon whose testimony the animation was created.
Thus, it is required that a witness
(1) has personal knowledge of the scene depicted in
the animation.

the computer processes used to create the animation
are subject to judicial scrutiny for their reliability and
accuracy6.
ADVANTAGES
The appropriate use of technology to display
evidentiary exhibits can change the dynamic in a
courtroom in productive and helpful ways. For judges,
technology can increase opportunities to control the
proceedings, set time limits, and decide matters
expeditiously. For jurors, it can increase the sense of
participation and improve the understanding of the
facts. Jurors have a constant need for visual incentive
to reinforce verbal content. Studies show that visual
presentation is more effective than verbal
communication, and that verbal communication is
most effective when coupled with a visual
presentation. Mathematical data show that jurors
retain 70% of what they hear three hours later and only
10% of what they hear 72 hours later. However, if the
method of presentation involves both telling and
showing, jurors retain 85% after three hours and 65%
after 72 hours. As one professional animator put
“images of picture directly into bloodstream and
bypass the brain”7. Additionally, there are following
advantages
•

Explains complicated information and situation in
easy way.

•

It consumes time during trail process.

•

Explaining a chronological sequence of events.

•

Allow the viewer to be placed in a position where
it is physically impossible to be with a normal
camera.

•

Present views of a crime or accident from
previously unseen points of view.

•

It reduces the manual work such as paper, file or
register maintenance of exhibits etc.

•

No chance to miss any evidence.

•

It maintains chain of custody.

•

Cost affordable.

(2) Witnessed the event depicted in the animation as
it actually transpired.
The reliability of the animation depends completely
on the witness’s testimony and credibility. The witness
can be fully cross-examined regarding the animation
which, again, is simply the graphic depiction of the
witness’s testimony5. Demonstrative animations must
clarify relevant events in the case or provide useful
background information. Additionally, the expert who
developed the animation must testify as to its validity
and accuracy. Further, both the source information and
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Future Aspects
Over three million cases are pending in India’s 21
High Courts and 26.3 million cases are pending in
subordinate Courts across the country & only 14.7
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Judges available per million people. With further
growth in the number of cases increased the burden
on our judicial system manifold8. To overcome this
problem forensic animation would play key role to
solve the pending cases without taking much time and
afford fare judgment. Furthermore, admissibility of
Forensic animation evidence should be accepted in
Supreme Court, High Courts and other courts of India
under the Indian law as DNA Fingerprint, Voice
Spectrogram, Lie Detector evidences are accepted.
With research in India on animation technologies
and appropriate rules and guidelines like other
countries such as USA, UK and Australia, there is no
reason why Computer Generated Evidence cannot
become an essential and effective tool for presenting
evidence in the Indian courtroom.
CONCLUSION
In the twenty-first century, the computer has
become a virtual component of our society. Its presence
touches practically every aspect of our lives. Therefore,
it is not surprising that the computer, and its related
technologies, have entered constitution and become
important weapon for litigators9. Computer generated
exhibits are important and valuable tools for the our
judiciary system but some changes still need to be
made for better and effectively work with fare justice.
As stated by Bill Gates, “when change is expected, you
must spot it, embrace it, and find ways to make it work
for you”10.
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ABSTRACT
This study was aimed to determine the effect of Ketamine hydrochloride in combination with Xylazine
on the development and growth of the immature stages of Chrysomya megacephala (Fab.). Larvae
of C. megacephala were reared on rat tissues administered the half lethal, lethal, twice lethal and
thrice lethal dosages of Ketamine hydrochloride in combination with Xylazine antemortem.
Development of immature stages was estimated on the basis of various parameters like larval weight,
length and width, time of adult emergence and survival rate. An estimate of the postmortem interval
on the basis of normal development of C. megacephala could have an error of up to 32-64 hours if
based on the larval age, and 40-144 hours if based on the duration of the pupal stage, if presence of
Ketamine hydrochloride in combination with Xylazine is not taken into consideration, and this could
lead to incorrect estimation of postmortem interval.
Keywords: Forensic Entomology, Chrysomya Megacephala, Entomotoxicology, Ketamine Hydrochloride,
Xylazine

INTRODUCTION
Estimates of Postmortem Interval (PMI) are most
commonly done by examining the age of the most
advanced developmental stage of a particular insect
species found on a corpse at the time of discovery.
Calliphorids are very interesting in forensic sciences
from an applied point of view, because they provide
relevant evidence for estimating the postmortem
interval. 1,2 Chrysomya megacephala is a forensically
important blow fly, commonly found on cadavers, and
also available throughout the year in northwestern part
of India.3,4,5 Larvae of this species have been reported
in association with human corpses in several cases.6,7,8
Blow flies can locate an odor source with great spatial
precision and deposit their eggs on a corpse within a
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few minutes.9,10 As the size and developmental stage
of the larvae collected from a corpse provides an
important indication of the PMI, factors which can
affect the size and growth rate of blow fly larvae must
be considered by forensic entomologists. Factors which
have been most extensively studied include the effects
of temperature variation and the presence of drugs in
body tissue.11, 12 Hence understanding the effect of
drugs and toxins on fly development rate is paramount
before its use for PMI determination because the
presence of such xenobiotics can accelerate or retard
fly development.13, 14, 15
Ketamine hydrochloride, [2-(o-chlorophenyl)-2(methylamino)-cyclohexanone hydrochloride] is a
potent short acting anesthetic. It is used for the purpose
of initial and basal narcosis, as well as for
multicomponent anesthesia. It can be used by drug
addicts to produce hallucinogenic and narcotic
effects16,17 and has gained notoriety as a “Date-rape
drug”. Xylazine is a non-narcotic, centrally-acting
sedative, analgesic and muscle relaxant. In
combination, these two drugs have proved very useful
in laboratory animal anesthesia. Thus, Ketamine
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hydrochloride in combination with Xylazine may be
found in cases of drug overdose related deaths or in
suspected drug assisted rape and murder cases.
India has become a major Ketamine source for
South East Asian countries, with the number and
quantity of seizures rising. Two of the biggest
seizures were made in November and December, 2010
when almost 400 kg of the substance was seized at
Chennai airport. Goa has suffered a major blow after
a police report pointed to at least 59 “mysterious
deaths” of foreign tourists in the past 15 month due to
suspected Ketamine overdose. Up to 10 foreign
tourists had died here almost every year, and it hardly
made any news, The Washington Times Publication.18
Ketamine use in India is also reportedly growing,
especially among young rave goers according to the
report of Global Smart Updates.19 There are many
incidents of Ketamine seizures reported throughout
the world.
The objective of this study was to determine the
effect of these drugs on the development of Chrysomya
megacephala, a blow fly of forensic significance.
MATERIALS AND METHOD
After getting due permission from the Institutional
Animal Ethics Committee (vide letter no. 107/99/
CPCSEA-2010-25), female Sprague-Dawley laboratory
rats (100-110 g) were procured from the Central Animal
House of Punjab University, Chandigarh. They were
acclimatized to the laboratory conditions for 15 days
and were supplied with pellet diet (Aashirwad
Industries, Chandigarh, India) and drinking water ad
libitum. The rats were starved for 24 hours before
performing the experiments. A group of four rats were
used for one set of the experiment. One of these was
kept as control (KXC), while others were administered
half lethal (37.5+2.5 mg/kg bw), lethal (75+5 mg/kg
bw) ,twice lethal (150+10 mg/kg bw) and thrice lethal
(300+20mg/kg bw) doses of Ketamine hydrochloride
in combination with Xylazine by intramuscular
injection and were labeled as KX1, KX2, KX3 and KX4
respectively. While KX2, KX3 and KX4 died within 20
minutes, KXC and KX1were killed by cervical
dislocation. Wild type (F0) specimens of C. megacephala
were collected from Punjabi University, Patiala, India
(29°49’ and 30°47’ north latitude, 75°58’ and 76°54' east
longitude). Laboratory colonies were established and
eggs used in the experiment were F2 generation. Newly
hatched larvae (250-300) were obtained from these
laboratory bred colonies and allowed to feed upon the
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rat carcasses (KX1, KX2, KX3 KX4 and KXC) and their
development time was monitored regularly. Minimum
and Maximum temperature and humidity were noted
daily by using Electronic Thermo hygrometer.
Sampling
After regular time intervals (8 hours), 10 larvae
were randomly collected from each rat sample and
divided into two lots. Five larvae were used to
determine growth based on body weight increase; and
five larvae were measured to determine development
based on increase in total length and width. The larvae
used to determine weight were killed by freezing, then
thawed, washed and dried with filter paper prior to
being weighed. The larvae used to determine length
and width were killed in boiling water and then
preserved in 70% ETOH. Length was measured
between the head and the tip of the eighth abdominal
segment. The width of the larvae, viewed laterally, was
measured between the ventral and dorsal surfaces at
the junction of the fifth and sixth abdominal segments
by occulomicrometer. Time of hatching was noted (as
0 hr) and subsequently development time was noted
for each larval instar (1st, 2nd and 3rd), postfeeding larvae
and pupa. Time of emergence of adults was also noted.
DATA ANALYSIS
Data were analyzed using Arithmetic Mean,
Standard deviation; Analysis Of Variance (ANOVA)
and Mann-Whitney U test (The Wilcoxon Rank-Sum
Test). Graphs and tables were prepared using Microsoft
Excel 2007.
RESULTS AND DISCUSSION
Maximum daily temp. 18.5 ± 2 °C, Minimum daily
temp.15 ± 2 °C, Relative Humidity 72% - 75% and
Photoperiod LD 10: 14 were noted for the duration of
the experiment.
Duration of Development and Weight
Effects of different drugs on the developmental
rates of immature stages of carrion-breeding insects
are useful in refining the estimation of postmortem
intervals (PMI), 20 which involves deducing the
minimum and maximum time interval between death
and the discovery of a corpse.21 The total time taken to
complete development in the KX1, KX2, KX3 and KX4
was 342, 200, 272 and 240 hours respectively, while,
the control group (KXC) also completed their total
development in 200 hours. The time required for

2/8/2014, 1:23 PM

142 Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1

completion of larval and pupal development was
significantly longer (F=240.014, p=0.000). For colonies

fed upon Ketamine hydrochloride and Xylazine
treated rats than for control (Table 1)

Table 1. Duration of each development stage of C. megacephala in various treatment sets
Dosage

First
instar (h)

Second
instar (h)

Third
instar (h)

Postfeeding
stage (h)

Pupal
stage (h)

Total development
time (h)

KX1

24

32

72

24

190

342

KX2

8

24

24

24

120

200

KX3

8

16

80

24

144

272

KX4

8

16

80

16

120

240

KXC

16

32

16

24

112

200

Table 2. Showing Pupariation success, larval mortality and eclosion success of C. megacephala in various
treatment sets
Percentage

Dosage

KXC

KX1

KX2

KX3

KX4

Pupariation success

28

90

89

86

Larval mortailty

72

10

11

16

4

Eclosion Success

75

60.1

84.2

85.7

97.1

The weight of the larvae can be one of the important
parameters to detect the effect of drug or other
chemicals on the development of the immature stages.
The pupation and subsequent adult emergence are
possible only if the third instar larvae reach minimum
critical weight.22 In many cases it has been seen that
larvae could not attain the maximum weight due to
presence of drug in the feeding tissue. An aberrant
increase or decrease in larval and pupal weight as
compared to control can also indicate the presence of
a xenobiotic in the food source.
The development curves generated from the larval
weight data is illustrated in (Fig. 1). The curves are
relatively smooth and sigmoid showing constant
increase in mean body weight until the maximum was
achieved. The larvae feeding upon the KX3 dosed rats,
took the maximum time i.e. 88 hours to reach
maximum weight 105.27mg. In contrast, the larvae
feeding upon the KX4 required minimum time i.e. 32
hours to reach the mean maximum weight which was
60.25mg. The larvae feeding upon KX1 and KX2
acquired the maximum weight (122.6mg and 95.97mg)
at 80 and 72 hours respectively. The control set larvae
reached maximum weight (80.04mg) at 64 hours. There
are significant differences in weights of the larvae
feeding upon the different doses of Ketamine
hydrochloride and Xylazine and the time required to
reach the maximum weight (F=228.991; p=0.000), but
there is no trend towards higher larval weight with
increasing dosages of Ketamine hydrochloride and
Xylazine. There is no consistency in the results
obtained because higher dosage does not necessary

30. Bhupinderjit--140--145.pmd

142

96

mean higher drugs in the tissue. Goff reported that if
the treated animal survived slightly longer period of
time, the drug was more widely distributed
throughout the tissues.23

Fig. 1. Showing average weight of larvae of C. megacephala vs.
larval age feeding upon different dosage of Ketamine
hydrochloride and Xylazine treated rats antemortem.

Fig. 2. Showing average pupal weight data of C. megacephala
whose larvae had been feeding upon different dosage of Ketamine
hydrochloride and Xylazine treated rats antemortem. The plot
shows median weight = junction of the two boxes, box =
interquartile range, thin black bars (whiskers) = range
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Size: Length and Width

Fig. 3. Showing average length of larvae of C. megacephala vs.
larval age feeding upon different dosage of Ketamine
hydrochloride and Xylazine treated rats antemortem.

The larvae feeding upon KX1dosed rats, took the
maximum time i.e. 120 hours to reach maximum length
(14.5mm) and width (2.83mm). In contrast, the larvae
feeding upon the KX4 required least amount of time
i.e. 48 hours to reach the mean maximum length and
width which was 13.28mm and 2.90 mm. The larvae
feeding upon the different doses KX3 and KX2
acquired the maximum length (14.97mm and
13.56mm), maximum width (3.19 mm and 3.29mm) at
96 and 72 hours respectively. The control set (KXC)
reached maximum length (13.04mm), maximum width
(2.8 mm) at 72 hrs. There are significant differences in
lengths and widths of the larvae feeding upon the
different doses of Ketamine hydrochloride and
Xylazine (Figs. 3 and 4) and the time required to reach
the maximum length (F=442.7; p=0.000) and maximum
width (F=739.921; p=0.000).
Pupariation Success, Larval Mortality and Eclosion
Success

Fig. 4. Showing average width of the larvae of C. megacephala vs.
larval age feeding upon Ketamine hydrochloride and Xylazine
treated rats antemortem.

The maximum average pupal weight (66.5 mg) was
observed in the KX1 treatment, while, minimum
average pupal weight (51.63mg) was observed in the
control treatment set (Fig. 2). Also, heavier pupae were
produced in treatment sets as compared to control.
Goff studied the effect of drugs on the development
of P. ruficornis. Heavier pupae were produced by the
insect colonies that were reared on rabbit tissues
containing 154.0 mg/kg amitriptyline and 7.1 mg/kg
nortriptyline as compared to those reared on the drugfree rabbit tissue.23 Faria & Linhares studied the effect
of bromazepan on the development of the immature
stages of C. megacephala. The control (C) was reared on
the absence of drug and the other 3 groups reared in
the presence of: 1mg/ kg (GI), 10 mg/kg (GII) and
100mg/kg (GIII). For C. megacephala, all groups were
statistically different from each other and the heaviest
group was GI followed by C, GII and GIII
respectively.24
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Pupariation success denotes the percentage of
larvae that successfully underwent pupariation, and
is inversely proportional to larval mortality. The larval
mortality was highest in the KX1 treatment set (72%),
whilst lowest mortality was in the control group (4%)
(Table 2). The presence of the drugs Ketamine
hydrochloride and Xylazine, thus, resulted in lower
pupariation success percentages as compared to
control though no clear correlation between the
concentrations of the drugs and the eclosion success
could be realized. The highest percentage of
successfully emergent adult flies was observed for
colonies reared on control group (97.1%), while the
lowest percentage was observed in the KX2 treatment
set (60.1%) (Table 3). The presence of the drug thus
resulted in lower eclosion success percentages as
compared to control but, no clear correlation between
the concentrations of the drug and the eclosion success
could be realized. Previously published works by
Hecht 25 and George 26 indicate that high drug
concentrations (methadone and morphine,
respectively) do not always tend to result in high
mortality, as one might expect.
CONCLUSION
The work deals with the determination of effect of
Ketamine hydrochloride in combination with Xylazine
on larval growth, pupariation, adult emergence and
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mortality of C. megacephala. The presence of the drug
in tissues which the larvae were feeding upon changed
the rate of development of the blow fly. This factor
must be taken into account while deriving forensic
conclusions of Postmortem Interval on the basis of
larval development rate.
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ABSTRACT
The psychological autopsy is a systematic method of assessing the psychological and contextual
circumstances preceding suicide. The psychological autopsy is thought to be the corner stone of
suicide research, providing more in depth knowledge compared to any other method. It includes
collection of detailed information from all the people available.
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INTRODUCTION
A Medico-Legal autopsy determines the cause of
death by examining the physical condition of the body.
From time to time, evidence found at an autopsy
doesn’t reveal the manner of death. In such cases where
the manner of death is unexplained and it’s not clear,
a psychological autopsy may assist the coroner or
medical examiner in clearing up the mystery. It refers
to assessment of the mental state of deceased person
before death. It involves Evaluation of the sort of
person they were, their personality, and thought
processes, will be required to assist the investigation.1
The psychological autopsy method entails
reconstructing a biography of the deceased through
psychological information gathered from personal
documents; police, medical, and coroner records; and
first-person accounts, either through depositions or
interviews with family, friends, coworkers,
school associates, and physicians.9 One of the major
contributions of psychological autopsies “has been to
introduce the psychosocial context into decisions about
the cause of death since examination of postmortem
remains tell only what lesions the Patient died with,
not what he died from.
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Shneidman,’ in collaboration with the Los Angeles
Suicide Prevention Center and the Los Angeles
Medical Examiner ’s Office, coined the term
psychological autopsy to refer to a procedure used to
classify equivocal deaths. An equivocal death is a death
in which it is not immediately clear whether a person
committed suicide or not (e.g., drug-ingestion deaths,
single car accident deaths).2
It is also called psychiatric autopsy, retrospective
death assessment, reconstructive evaluation, and
equivocal death analysis.
Previous studies conducted.
Studies have shown that there are certain
commonalities to suicide completers. Indeed, Roy 3
found that persons who commit suicide are likely to
be unmarried, unemployed, living alone, and
depressed. Clark and Harton 4 found that suicide
completers are twice as likely to be male, almost always
qualify for a psychiatric diagnosis, and more often than
not communicate intent. Sanborn et a1.5 found that the
prototypical suicidal individual is not currently
employed, is experiencing acute stress and frustration
in areas apart from work, and has an alcohol problem.
Moreover, such risk factors for suicide have been found
to vary by age group. Adolescent suicide completers
often have a history of physical and sexual abuse,
parental psychiatric problems, and commit suicide in
the context of an acute disciplinary crisis, elderly
suicide completers often have a history of chronic or
terminal disease.6
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Conduction of a Psychological Autopsy
There is no well developed conceptual or theoretical
basis for deriving conclusions from the various sources
of information collected as a part of a psychological
autopsy. It appears that the professionals involved
draw upon their experience to relate the facts to
symptoms or syndromes that they would encounter
in the daily practice7. However, the information is
collected by interviewing relatives, friends, employers,
physicians, and others, including teachers and in some
cases even bartenders who could provide relevant
information in an attempt to reconstruct the deceased’s
background, personal relationships, personality traits
and lifestyle.
Uses and Applications of Psychological Autopsy
Types of forensics cases in which psychological
autopsy are used
1. Understanding Suicides: Understanding suicides
requires a sensitive under taking. Thus carefully
conducting psychological autopsy it will be helpful
to understand suicides and its causes in order to
develop effective services, thus reducing the rates
of suicides.
2. Understanding Personality: By collecting
information from people who are in direct or
indirect contact it is most likely to describe the
personality of the deceased which is perhaps the
most significant thing in understanding the
thought process and personality of the deceased
person prior to death.
3. Understanding intention and motive: It is reflected
from suicidal notes and it is strengthened by
history of previous attempts and from history
collected.
4. Criminal Cases: In criminal Cases Psychological
Autopsies have been admitted in US courts to help
juries decides whether a parent should be held
responsible for suicides of a child or whether a
decedent died by her own hand or at; the hand of
her husband.
Case Example
Tina was the middle of three children. Her parents
divorced when she was three. Tina had little contact
with her biological father, who had moved to
California. Her mother remarried a man who was
known to be a transvestite and ultimately had a sex
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change operation. The second marriage did not last
long. Shortly thereafter. Tina’s mother remarried for a
third time.
Tina manifested her difficulties at the age of 13
when she made a suicide attempt. She took
approximately seventy pills and called a friend who
subsequently called the police. She was admitted to a
pediatric unit at a local hospital, where she stayed three
days. She was seen in consultation by psychiatrist who
deferred diagnosis, recommending family treatment
which the mother subsequently refused. Her friends
were later to testify at depositions that the basis for
the suicide attempt was that Tina’s mother had called
Tina a “slut.”
The turmoil in Tina’s life began to escalate and
during the fall of 1984, Tina dropped out of school.
Tina had been an A student. but her grades had
plummeted in recent months. In the ensuing six
months, tension mounted at home. In the summer of
1985, Tina and her brothers attempted to run away
from home. Their attempts were unsuccessful and they
were brought back by the police. Three days following
one runaway incident, Tina called the police because
she and her mother were fighting. When the police
arrived at the scene they felt it was best to have Tina
stay at a friends place for the night. The police offered
intervention to Tina and her mother. The mother,
however, became angry, claiming that the police
always sided with her daughter. The mother refused
follow up, and Tina did not call the police again for
assistance.
A week after this incident in August 1985. the
mother’s current husband called the police stating that
he was frightened of his wife’s violence after he had
asked for a divorce. The police investigated and
confiscated a handgun owned by the mother. On that
occasion, the police asked Tina if she would like to
spend the night away from home. Tina replied to the
police officer: -’No, she’ll be over it by then.” What
struck the police officer reporting this incident was that
someone had “just threatened her with a gun and it
was an ordinary thing to her.” The apparent reason
for nonchalance was that the mother frequently
terrorized Tina with a gun, holding it to her head with
the trigger cocked.
In September of 1985, Tina’s mother separated from
her husband, ultimately to divorce for the third time.
Chaos seemed to reign following the divorce. Tina’s
two brothers were in and out of the house. In January
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1986, Tina’s mother -’allowed7' Tina to work at a
topless nightclub. The mother obtained the
grandfather’s notary public stamp and forged Tina’s
birth certificate so that Tina could work. The mother,
filled with admiration, drove her daughter to work.
She took from Tina’s earnings $200 a week for rent
and $100 a week for driving her daughter to and from
work. The actual rent for the apartment was $465 per
month.
Tina did well at her new job. The mother “allowed”
her to work at a second club starting in March of 1986.
Tina told her friends how she wanted to stop working,
but felt she could not do anything about it. She secretly
started to accumulate money. At this point in time. The
brothers were away from home and Tina and her
mother were alone, fighting constantly.
On the day of her death. Tina and her mother got
into a violent argument about Tina’s work. This was
reported by Tina’s brother who witnessed the
argument. Even though Tina was making a lot of
money and enjoyed the dancing, she found the work
humiliating. Tina had pleaded with her mother to let
her stop dancing at the nightclubs. After the mother
left that day, Tina called her friend to learn whether it
would be possible to live with her. She told her friend
that she had $2000 for a car and thus could
move in. The friend stated that her mother was
afraid of Tina’s mother. She knew that Tina’s mother
would come after her, that the police would become
involved, and that Tina would have to be sent back
home. Her friend reluctantly and sadly told Tina, “I’m
sorry you can’t stay with us.” A half hour later, on
March 24th, 1986, Tina shot herself with a .357
magnum.
5. Life Insurance: As the suicide is viewed as an
intentional act, the burden of proof rests on with
the insurance company to prove that death was a
suicide. Thus an opinion regarding the state of
mind of the decedent derived from psychological
autopsy will be of relevance.
6. Institutional care: With regard to suicide risk,
institutions like jails and prisons have
responsibility to assess that risk and take necessary
precautions against suicide. If the suicide was a
result of depressed mental state as result of
position of the person at this institutions.
Mr. P. was a 55-year-old, married, white male. He
worked for a bank as its chief executive officer for ten
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years. Mr. P.was the CEO during a period of
tremendous growth and change in the banking
industry. In order to respond to the growth in the
banking industry, many banks decided to become
publicly-owned companies and involved in
commercial real estate loans. Mr. P. was described as
an extremely responsible, meticulous person, who took
his work seriously. In the summer of 1986, Mr. P.
suffered a ruptured aneurysm which almost resulted
in his death. After this near fatal medical condition,
Mr. P. made concerted efforts to spend more time with
his family. Over the ensuing years, he followed up with
his medical doctors in an effort to take care of himself.
There was no evidence of any psychiatric or substance
abuse history. Mr. P. was under stress at work. Several
of the loans that occurred during his tenure were
nonperforming. The person responsible for handling
the loans was asked to leave the bank. There was
concern about the management of the bank. However,
as the chief executive officer, Mr. P. was appropriately
concerned. In an effort to respond to the problems at
the bank, Mr. P. made organizational changes .
In his private life, Mrs. P. reports that her husband
was able to maintain his usual activities. He was
nominated to be president of the boating club in the
summer of 1988. She did not report any changes in his
eating or sleeping habits. There was no evidence of
loss of energy or difficulty concentrating..
As events began to unfold, there was a critical
meeting held at the end of September. 1988. At that
meeting, there was concern expressed about the
management of the bank, which upset Mr. P. He was
noted to be subdued during and
following the meeting. Mr. P.’s secretary, for
example, reported that Mr. P. “looked somber and
gloomy” but he “picked up several days later.” He kept
appointments and continued to carry out his duties at
work. Unbeknownst to his secretary, Mr. P. cleaned out
his desk at the end of the work day on October 12 and
told her that he would be “in by 1:00 P.M.” In
retrospect. She found this quite unusual.
On the day of his suicide, Mr. P. had breakfast with
his wife, dressed in his usual meticulous dress, and
drove the car pool to work. Mr. P. then returned to his
home, knowing that his wife would not be at home,
and hung himself. Mr. P. had written a suicide note. In
this note. He described his concern for his family and
fear that their wealth would be eroded. He viewed his
suicide as a solution to the problem.
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7. Malpractice: Systemically conducted psychological
autopsy, allows the plaintiff to recover the damages
if breach of the standard care to the patient was
found to be proximate cause of suicide.
Ethical Issues: Conducting a psychological
autopsy is a sensitive undertaking and it places
emotional demands on participants. There are many
ethical considerations to be taken while designing and
carrying out such investigation. They include: taking
informed consent from the participants, establishment
of mutual respect and ensuring confidentiality of the
facts. Participants also have their right to expect that
the procedure will be carried out in a sensitively
designed format and there can be a legal action if the
key informants feel their right and dignity has been
infringed
Limitation: The term psychological autopsy is
neither particularly well defined nor standardized for
operational use. One major concern is that there does
not appear to be systematic procedure in place for the
conduct of these interviews. Another area of concern
is that depending on the nature of the case under
review, the procedure will vary from one case to other
and the time interval between the death and the
interview will also influence the quality of information
obtained. Problems are expected as there will be more
than one single informant in the interview, as their
perception of deceased and his/her actions will be
conflicting.
CONCLUSION
Suicide is a multidimensional phenomenon,
literally defined as “a crime against oneself “ In general,
it is recognized that there are multiple factors in
assigning responsibility for a suicide, including but not
limited to current psychiatric illness, personality
disturbance, biological factors, family history, medical
illness, and psychosocial stressors. Psychological
autopsies, conducted by experienced suicidologists,
can help the judge and jury determine which factors
are most pertinent to the particular case.
There is no the exact procedure for conducting a
psychological autopsy. Studies have revealed,
information from psychological autopsies will often

31. Dayananda--146--149.pmd

149

be incomplete, being limited to only what the
informant has observed. In addition, informants may
be ignorant in such areas as undetected legal activities
or insensitive to subjective mental states such as
depression or anxiety.
Psychological autopsies could currently have a
more productive role outside the court than they have
inside it.
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ABSTRACT
This study was conducted on 500 patients who visited the casualty of Navodaya Medical College
Hospital, Raichur, Karntaka, India. The objective of the study was to know the pattern of cases in the
casualty and to analyse the case mix pattern of emergency cases in the casualty. The study revealed
that maximum number of patients visiting the casualty belonged to General Medicine & its allied
speciality. The large number of patients visiting the casualty had minor complaints and did not suffer
from any serious complaint, which actually required emergency treatment. This results in increase
workload of the medical & para medical staff working in the casualty.
Keywords: Casualty, Emergency, Case Mix Pattern

INTRODUCTION
Casualty section is an important entry point for all
the emergency cases. The medical definition of casualty
is
1) A serious or fatal accident,
2) A military person lost through death, wounds,
injury, through internment, or capture or through
being missing in action,
3) -

Injury or death from accident
One injured or killed (as by accident) 1.

“Medical Emergency” is defined as a situation
when the patient requires urgent medical care to
prevent loss of life or limb & initiate action for the
restoration of normal healthy life2.
The original term (casualty) meant a serious injured
patient. It was predominantly a military word, a
general term for the accidents of service: after a battle
the dead, the wound & the sick lumped together as
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“casualties”. The term “casual” has its origin from the
work house “casual” who was not one of the
unemployable permanents, but the irregular and
unexpected caller who needed temporary help2. The
casualty section looks after all the cases irrespective of
the specialty after the OPD hours are over. In the Indian
context, the casualty staff usually renders first aid
services to emergency patients until the arrival of the
concerned specialist to the hospital & they treat casual
attendees who visit the casualty for minor ailments
especially after other department OPDs are shut down
due to working hour patterns or time constraints.
MATERIALS & METHOD
The present study was conducted in the casualty
department of Navodaya Medical College Hospital,
Raichur, Karnataka, India during the period May 2013.
A total number of 500 patients attended the casualty
during this period. The details of the patients were
collected from casualty register, case sheets/records
& from medical records department of the hospital.
The patients were grouped under various specialties
of Medicine, surgery orthopedics, pediatrics, OBG,
ENT, ophthalmology & psychiatry. The purpose of
grouping was to know regarding the case mix pattern
of patients
To study the pattern of medico-legal cases, the
patients were again grouped under the four categories
mentioned as follows.
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1) Emergency cases [threat to life or limb requiring
admission]
2) Serious but not emergency cases [no threat to life
or limb but still requiring admission]

3) Cases requiring skilled treatment without any
admission, but follow up can be done on outpatient
basis.
4) Casual attendees with trivial trauma or minor
ailments.

Table I: Age & sex distribution of patients
Sex

Age
0-10yrs

11-20

21-30

31-40

Total

41-50

51-60

61-70

71-80

Male

36

45

108

39

35

29

15

3

310

Female

20

24

60

28

25

23

08

2

190

Total

56

69

168

67

60

52

23

5

500

Percentage

11

14

34

13

12

10

05

01

100%

Table II: Case mix pattern of patients & the specialty
Sl. No.

Specialty

1

Medicine

215

43

2

Surgery

128

26

3

Orthopedics

66

13

4

Pediatrics

35

07

5

OBG

17

03

6

ENT

18

03

7

Ophthalmology

20

04

8

Parents

Percentage

Psychiatry

05

01

Total

500

100%

Table III: Type wise distribution of patients:
Types

No. of Patients Percentage

Type I

22

04

Type II

171

34

Type III

58

12

Type IV

249

50

500

100%

Table IV: Type of cases [MLC v/s Non-MLC]
Type

Cases

Percentage

Medico legal case

90

18

Non – Medico legal case

410

82

Total

500

100%

DISCUSSION
Table I shows the age & sex distribution of patients.
Male patients (310) outnumbered female patients (190)
in attending the casualty department male
preponderance was observed in all age groups. The
above findings are consistent with the other study3.
Case mix pattern (Table II) of patients reveals that
maximum number of patients belonged to medicine
[215 (43%)] followed by surgery [128(26%)],
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orthopedics [66(13%)], pediatrics [35(07%)], OBG
[17(3%)], ENT [18(3%)], ophthalmology [20(4%)],
psychiatry [5(1%)]. The above findings correlate with
the other study4.
Table III shows the grouping of patients under
various categories. Category I – 22 (4%) patients,
category II – 171(34%) patients, category III – 58(12%)
patients & category IV – 249(50%) of patients. The
study findings clearly show that maximum i.e. 50% of
patients belonged to category IV. This finding is
consistent with the other study this study reveled that
50% of patients were casual attendees with trivial
trauma or minor ailments. This shows that emergency
life having equipments in the casualty or the qualified
staff in the casualty are involved or spending their time
in managing these 50% of category IV patients who
comprises of 50% of total patients attending the
casualty. This has resulted in failure of the purpose of
the casualty. The reasons for this are many. VIZ – the
casualty will be accessible even during non-OPD
timings, Sundays or holidays, or the patient feels that
casualty services are cheaper & convenient. Similar
finding was shown in the other study5.
In the medicine specialty, 12 % were sent to OPD,
26% required admission & 62% of patients were casual
attendees. In the surgical specialty, 2% were sent to
OPD, 38% required admission & 60% were casual
attendees. In the orthopedic specialty, 8% were sent to
OPD, 24% were admitted in wards, In the pediatric
specialty, 6% were sent to OPD, 40% required
admission & 54% were casual attendees. In the OBG
specialty, 6% were sent to OPD 35% required
admission, & 59% were casual attendees. In the ENT
specialty, 6% were sent to OPD, 33% required
admission & 61% were casual attendees. In the
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ophthalmology specialty, 5% were sent to OPD, 30%
required admission & 65% were casual attendees. In
the psychiatry specialty 20% were sent to OPD, 20%
required admission & 60% were casual attendees. Table
IV shows MLC & non-MLC disposition. Out of 500
cases studied 90(18%) were MLC & 410(82%) were
non-MLC. Among Medico legal cases, 4% were
thermal burns, 5% were poisoning, 6% were assault
30% were road traffic accidents, 40% gave the History
of fall & 5% were others. This analysis regarding
disposition of patients various specialties are
comparable with the other research study6.
CONCLUSION
This study concludes that almost 50% of patients
who visited or brought to casualty were patients with
trivial trauma or minor ailments, which did not require
much skilled treatment as commonly expected form
casualty. Since the maximum (50%) numbers of
patients attending the casualty were casual attendees,
it increases the unnecessary workload or burden to
the skilled casualty staff members. Increase in number
of casual attendees to the casualty is due to many
reasons such as Non-availability of general
practitioners on Sundays and holidays, cheaper
treatment at the casualty, referral by other doctors for
second opinion and 24 hrs services in the casuality7.
Most of the time is spent in dealing with nonemergency cases this aspect may trouble the
emergency care seekers & the treating staff. Hence,
suitable measures have to be taken such as separating
casual attendees & emergency cases at the entry point
of casualty & channelizing the casual care seekers to
OPD, thereby to minimize the burden on staff8.
ACKNOWLEDGEMENTS
I thank my colleagues & MRD section of NMCH &
RC, Raichur for their help in data collection.

REFERENCES
1.
2.

3.

4.

5.

6.

7.

8.

Merriam–Webster Online Dictionary, accessed
online on 20/8/2013
M. Sakr, J. Wardrope. Casualty, accident and
emergency, or emergency medicine, the
evolution. Reviews. J Accid Emerg Med
2000;17:314-319 .
Afuwape OO, Alonge TO, Okoje VM. Pattern of
the cases seen in the accident and semergency
department in a Nigerian Tertiary Hospital over
a period of twelve months. Niger Postgrad Med
J. 2007 Dec; 14(4):302-5.
Karim MZ, Hansen EL, Ahmad BU, Lahiry S. A
retrospective study of illness and admission
pattern of emergency patients utilizing a
corporate hospital in Dhaka, Bangladesh : 2006 2008. The ORION Medical Journal 2009
May;32(2):650-653.
Patil Amit, Analysis of Pattern of Emergency
Cases in the Casualty of a University, Indian
Journal of Forensic Medicine & Toxicology, Year
: 2013, Volume : 7, Issue : 2: 4-8.
S. Malhotra, R.S. Gupta. A study of the workload
of the casualty department of a large city hospital.
Health and Population - Perspectives & Issues
15(l&2):68-76, 1992.
Albert Lee, Fei-Lung Lau, Clarke B Hazlett, ChakWah Kam, Patrick Wong, Tai-Wai Wong, Susan
Chow. Factors associated with non-urgent
utilization of Accident and Emergency services:
a case-control study in Hong Kong. Social Science
& Medicine, Volume 51, Issue 7, Pages 1075-1085.
Anthony G Davison, A C C Hildrey, M A Floyer.
Use and misuse of an accident and emergency
department in the East End of London’ Journal
of the Royal Society of Medicine, Volume 76,
January 1983, 37-41.

Conflict of Interest: Nil.
Source of Funding: Nil.
Ethical Clearance: Has been obtained.

32. Devraj patil --150--152.pmd

152

2/8/2014, 1:23 PM

DOI Number: 10.5958/j.0973-9130.8.1.033
Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1 153

Analytical Study of Medical Certification of Cause of
Death
K Srinivasulu
Associate Professor, Mediciti Institute of Medical Sciences, Ghanpur, Medchal, Ranga Reddy-Dist, AP
ABSTRACT
The study on assessment of Medical certification of cause of death was conducted at a rural medical
college hospital in Andhra Pradesh to find out the errors in cause of death certificates for a period of
one year from 1st January 2011 to 31st December 2011. The certificates are collected from Medical
record department of the hospital along with case sheets and analysed for errors. The errors are
grouped in to two Major and Minor, Not even a single certificate is free from error, majority of the
errors an average about 47% are found in Major group and minor group consist 21% of errors, Most
of the errors are avoidable with proper guidance and periodical training to the medical practitioners.
Keywords: MCCD, Major Errors, Minor Errors, Medico Legal Aspects

INTRODUCTION
The Medical certification of cause of death is an
important Medico legal document. The completion of
a death certificate by a medical practitioner is a vital
part of the notification process of a death to the
registrar of birth and Death. Medical practitioner has
a professional responsibility to ensure the accurate
completion of cause of death information.
Mortality rates are key indicators of the health
trends in the population and are provided on scientific
basis by the system of medical certification of cause of
death here in after called as MCCD.
Mortality statistics in many countries are prepared
according to the regulation and recommendations of
WHO. The data on cause of death serves many
purposes.
For Medico legal purpose
1. The information may be relevant to the
determination of the validity of a will or life
insurance payments.

2. Proving a feedback for future policy and
implementations.
3. Better health planning and management,
4. Deciding priorities of health and medical research
programmes.
5. To know what caused the death and to be aware
of conditions that may occur to other family
members.
Aim of the study
The main aim of the study is to find out the errors
in the MCCD form and highlight the mistakes of the
physician while recording the data, and create
awareness and knowledge to the General physicians
for improving the standards of Medical records of the
Institution.
MATERIALS AND METHOD

For Public Health Interest:

An Analytical cross sectional study was conducted
at Tertiary care Medical college attached teaching
hospital; majority of the doctors underwent MCCD
training given by Registrar of Birth and Death Govt of
Andhra Pradesh. This is a retrospective record based
study,

1. Assessing the effectiveness of public health
programmes,

All the cause of death certificates of hospital deaths
along with the case sheets of 1yr duration from 1st

2. Authorizing burial and cause of death statistics,
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January 2011 to 31st December 2011 are collected from
Medical record department, about 110 MCCD
certificates and case sheets are analysed to evaluate
the accuracy of the data filled in the MCCD forms. All
the errors are grouped in to two; one is Major and
second is Minor.
The major group consist of cause of death section
of the form in which mainly focused on immediate
cause of death, Antecedent cause of death, other
significant contributory cause of death and WHO
classification of diseases ICD-10 coding system.
In Minor group consist of rest of the details in the
cause of death certificate such as Name of the
deceased, age, sex, date and time of death, Hospital
and ward where patient died, Manner of death and
status of pregnancy and delivery in case of female
patient.
Review of Literature
What are Cause, Mode and Manner of death.
Cause of Death: The cause of death is the disease
or injury responsible for starting the sequence of events
which are brief or prolonged and which leading to
death.
Mode of Death: Depending on the system most
obviously affected irrespective of the remote cause of
death, Modes of death classified by Bichats in to 3 types
1. Asphyxia: Respiratory system affected.
2. Coma: Central nervous system affected.
3. Syncope: Cardio vascular system affected.
Manner of death: It explain how the cause of death
came about, If a death occur due to a disease the
Manner of the death is Natural, if death occur by injury
or any other mean(other than a disease) it is called
unnatural. Unnatural deaths can be Homicidal,
Suicidal and Accidental.
The Cause of death is divided in to immediate
cause, Antecedent cause and other significant
contributory conditions.
The International Form of Medical Certification of
Cause of Death consists of two parts, designated as
part I and II. Part I is subdivided into (a), (b), and (c),
providing space for entries on the immediate cause of
death (a) and antecedent causes (b) (c).
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Immediate cause: Disease or condition directly
leading to death enter on line I (a) of the form This
entry does not mean the mode of dying (e.g., heart
failure, respiratory failure), It can be the sole entry on
the certificate if only one condition was present at
death, or it may be a complication, such as peritonitis,
toxaemia, or septicaemia, in the case of violent deaths,
it is the injury resulting from external cause must
always be an entry on line I (a).
Antecedent cause is the actual Pathological
condition responsible for death which is prior to or
leading to the immediate cause. Which is written in I
b if further any antecedent cause written in I c, for
statistical purpose the lowest one will be taken as cause
of death.
Part II is other significant contributory cause:
Pathological process involved in or complicating but
not directly causing the terminal event.
Who can complete the Cause of Death certificate
As per the RBD act The medical practitioner who
was either responsible for the deceased person’s
medical care during their last illness or immediately
before death, or The treating doctor during the last 14
days of Patients life may issue only after being fully
satisfied to the clinical diagnosis and diagnostic tests.
In case of Unexpected, suspicious and unnatural
deaths, doctor should not issue the cause of death
certificate and inform to the police for further
investigations and post-mortem examination.
Legal Aspects
MCCD under civil registration system has statutory
backing under section 10 (2) and 10 (3) of the
registration of Birth and Death act 1969, all states have
framed rules under this act.
The Registrar general of India (RGI) is in charge of
ensuring birth and death registration in the country,
Dy Registrar works under RGI, in each state Chief
Registrar is the executive authority for carrying out
the provisions of the act with the help of Addl chief
registrar. District Registrar and Addl Dist Registrar
works at District level. At Village level Local Registrar
and sub Registrar carry out the events.
The Village secretary at village areas and Health
officers at urban areas will record the Birth and Death
events.
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Every death must be registered within 7 days, for
late registration they charge fine up to Rs 50.
In MCCD the cause of death is coded according to
the International classification of diseases ICD-10th
revision. WHO designed a format 4 for all Hospital
and Institutional deaths and 4a for Non institutional
deaths.
Medico Legal Aspects
Majority of the doctors in rural areas are writing
Mode of death in place of cause of death column of
Post Mortem report for example, Cardio Respiratory
arrest in cases of death due to Injuries and death due
to Asphyxia in cases of Hanging and Strangulation,
These kind of reports will give confusion to the
Investigating authorities and Judges in establishing the
cause of death, sometimes doctors face embarrassing
situation in the court hall while deposing evidence.
Observations and Discussion
Death certification is believed to be very poor in
most of the hospitals in our country. A Hospital based
retrospective study on assessing the accuracy in
completing the Medical certification of cause of death
was conducted at rural Medical college teaching
Hospital in Andhra Pradesh for a period of one year
from 1st January 2011 to 31st December 2011. About 110
MCCD forms along with case sheets are collected from
MRD section are examined for this study.
The following observations were made when the
certificates are analysed as per the standards of existing
rules and regulations.
1. Deceased person details like Name, Age and sex
are mentioned in all the certificates correctly.
2. Date and time of admission and Date and time of
Death are mentioned in all the certificates without
any mistakes.
3. In 3% of the certificates, the hospital ward where
the Patient died was not mentioned. This is very
important for statistical point to explain in which
department of the hospital where the majority of
the deaths occurred.
4. Manner of death column was not filled in 50% of
the certificates. This column will explain the
number of Natural deaths and Number of
Unnatural deaths occurring in that year, and also
helpful to explain the area wise where the crime
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rate is high, so that necessary preventive steps can
be initiated by the Police authority. In unnatural
deaths number of suicides, accidents and
Homicides can be explained.
5. In 10% of the certificates the column in relation to
the pregnancy not mentioned correctly, this
column is relevant when the deceased is a female
and in reproductive age group, This will explain
the Maternal mortality rate
( MMR) in that
particular geographical area, MMR is one of the
important socio economic indicator of the country.
6. Cause of death section of the certificate, in which
immediate cause of death column written wrong
in 37% of the certificates among which some
certificates mode of death was mentioned and in
some certificates very irrelevant cause of the death
was mentioned.
7. Antecedent cause of death column was written
wrong in 30% of the certificates, This is very
essential column the lowest line in antecedent
column will be consider as cause of death for WHO
statistical purpose.
8. Other associated significant contributory cause
also mentioned wrong or kept blank in 75% of the
certificates.
9. In none of the certificates the certifier mentioned
ICD code number of the disease. WHO is insisting
that every MCCD the ICD10 code of the disease to
be mentioned.
10. Some doctors mentioned cause of death very
irrelevantly, there is no link between immediate
cause and antecedent cause, few examples are
•

Immediate cause Toxoplasmosis and antecedent
cause mentioned as Tuberculosis.

•

Immediate cause Acute Gastritis and antecedent
cause mentioned as CRF.

•

Immediate cause Bronchial Asthma and
antecedent cause mentioned as CR Arrest.

•

Immediate cause mentioned as NSTEMI and
antecedent cause mentioned as CR Arrest.

•

Immediate cause severe anaemia and antecedent
cause mentioned as Acute Gastritis.

•

Immediate cause as Hepatic encephalopathy and
antecedent cause mentioned as severe anaemia.
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•

Immediate cause mentioned as perforation and
peritonitis and antecedent cause mentioned as
septicaemia.

•

Immediate cause mentioned as Brain tumour and
antecedent cause mentioned as Hypertension.

•

In another certificate CRF as immediate cause,
antecedent cause Nil and contributory cause
mentioned as MI.

Majority of the irrelevant certificates are written by
the Postgraduate students of the institution.
I also observed illegible hand writing in many of
the certificates, illegible writings are notorious for
misinterpretations, some doctors also writing
Abbreviations, abbreviations are confusing and not
supposed to write in any form of Medical records.

More attention is required on postgraduate
students and internees, good awareness to be created
among these groups, periodical training programmes,
regular monitoring and supervision will definitely
improve the standards of Medical records.
Acknowledgements: I thanks to the Medical
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Conflict of Interest: Nil.
Source of Funding: Self
Ethical Clearance: Not applicable, no ethical issues in
this study, Hospital Name not revealed) Permission
from Hospital Medical superintendent taken before the
study, a copy of permission letter enclosed.
REFERENCE

Conclusions and Recommendations
This study shows majority of the errors are from
Major group, Cause of death column taken as Major
group which is very essential part of the certificate.
None of the certificate is free from error, one or other
mistakes are present in almost all the certificates, all
are avoidable errors, it shows the carelessness and
negligent attitude of the medical practitioners. Majority
of the doctors in the hospital attended one day training
on “How to write MCCD’ conducted by The Registrar
of Birth and Death, Govt of AP, even after attending
the training programme still some doctors are writing
wrong,
MCCD also included in the curriculum of
undergraduate MBBS course, taught by department
of Forensic Medicine and Community Medicine, in
spite of that doctors are writing in correct, Good
Mortality data will help to improve the standards of
health care system.
Do not use abbreviations in the certificate,
abbreviations are difficulty to explain and confusing,
Do not write illegible or cursive hand writing, this
will cause misinterpretation of cause of death,

1.
2.

3.
4.

5.
6.

7.

8.

Dr Nagesh Kumar G Rao Text book of Forensic
Medicine and Toxicology 2nd edition Page no 138.
Dr KS Narayan Reddy Text book The essentials
of Forensic Medicine and Toxicology 29th edition
2010, Page no 129.
Review of Forensic Medicine and Toxicology by
Gautam Biswas 2nd edition page no 110.
The Registration of Births and Deaths Act, 1969
(Act No. 18 of 1969). Available from:http://
www.censusindia.net/rbd_act_1969.pdf.
Cause Death certification for General
practitioners by Sara Bird,
Physicians’ Handbook on Certification of Death.
Department of Health and Human Resources,
Centers for Disease Control and Prevention,
National Centre for Health Statistics, April 2003,
DHHS Publication No. (PHS) 2003-1108.
Medical certification of cause of death
instructions for physicians by WHO Geneva 1979
manual.
Physicians manual on Medical certification of
cause of death 4th edition by vital statistics
division Office of the Registrar general of India
New Delhi.

Do not Erase or alter any column of the certificate,
too many corrections will suspect the honesty and
integrity of the certifier.

33. K s Srinavasulu--153-156.pmd

156

2/8/2014, 1:23 PM

DOI Number: 10.5958/j.0973-9130.8.1.034
Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1 157

Effect of Mechanical Antidote on Toxicity of Seed Extract
of Datura Stramonium in Albino Rat-Forensic
Consideration
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ABSTRACT
The present study has been carried out with an objective to find out the mechanical antidote for
Datura seed poison which was commonly used as stupefying poison.Albino rat was used as animal
model and following biochemical parameters such as AST,ALT,Bilirubin,Cretanine,Urea and protein
have been examined from blood. After examination it was found that antidote1st was showing more
better result in comparison to antidote no.2nd . Finally it was concluded that antidote 1st can be
effectively used for Datura stramonium poisoning to render the onset of toxic effect.
Keywords: Mechanical Antidote, Biochemical Parameters, Datura Seeds, Forensic Importance

INTRODUCTION
Datura plants in India are wildy and abundantly
grown all over the country. Datura plant belong to
family Solanaceae .It is a annual type of plant about 4
to 6 inches long .The leaves are oval in shape, with
pointed incurving. The leaves are alternate on the
branch. The stem of the plant is tough and erect with
woody base. The color of the stem ranges from dark
brownish green to light green. branches are divided
in fork-like manner. The roots are large thick, white
and fibrous. The flower of Datura plant is 5 to 10 cm
long, singular trumpet, from the leaf axils of the plant
The fruit is four-capsulated pod. It is green in early
stage of development and become hard spiny and
rounded in later stage with brown coloration. The fruit
get opened from top when it become dried. Each
chamber of the dried fruit contains large number of
brown to black colourd seeds which resembles with
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capsicum seeds. An average sized fruit contains 450
to 500 seeds1. The plant generally grow upto 3-6 feet
height and 3 feet in diameter It is usually found in
groups of 2-5 plant All parts or the plant are poisonous
but the seeds and fruits are known to be the most
poisonous. There are more than 15 species of Datura
are reported and almost all are poisonous.
The active principle contains the alkaloids,
hyoscyamine, hyoscine or scopolamine and traces of
atropine . An alkaloid is a complex substance found in
various plants. It is so called because it behaves like
an alkali and combines with acids to from salts. The
distribution of alkaloids in the plant is not uniform;
some are concentrated in the roots, others in the seeds,
still others in the bark, and so on. They act mainly on
some portions of the central nervous system2. Each
having its own individual action.Datura stramonium
contains 0.2-0.6% alkaloids. The main alkaloids are
hyoscyamine and hyoscine (scopolamine). It also
contains protein albumin. Small amount of atropine
has been also present in Datura stramonium.
The symptoms are described as “dry as a bone, red
as a beet, blind as a bat, hot as a hare, and mad as a
wet hen.” They appear within half an hour if seeds
are taken, or earlier, if a decoction (concentrated water
extract) of seeds is used, and almost immediately if
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the alkaloids are taken. In most cases, powdered seeds
are administered in food. The important signs and
symptoms can be summarized under the Os viz:
dryness of the mouth and throat, difficulty in talking,
dysphagia, dilatation of cutaneous blood vessels,
dilatation of pupils, dry hot skin, dysuria, drunken
gait, delirium and drowsiness leading to coma3,9 These
effects can occur within 30 to 60 minutes after
ingestion. Symptoms can continue for 24 to 48 hours
because the alkaloids present in Datura retard the
digestive process.
In India it is sometimes known as road poison
because Datura is employed mainly as a stupefying
poison mostly for purposes of robbery and rarely for
kidnapping and rape. The powdered seeds are mixed
with food, drink or tea or may be given in pann. Since
the seeds are lighter and float when given in liquid,
they are used in the form of infusion. Sometimes, the
seeds are mixed with incense wood and the victim is
exposed to the fumes which cause lethargy. The victim
soon falls into deep sleep and later wakes up to find
his belongings lost. By the judicious use of Datura, a
whole household can be so drugged that the thieves
can ransack the house at their ease. Children can be
easily kidnapped by giving them candy or sweets
mixed with Datura. They comply with the instructions
of the poisoner to follow him. Accidental cased may
occur in children and adults who eat the raw fruit or
seeds mistaking them for edible fruits or capsicum
seeds. Accidental cased may also occur from the
injudicious use of Datura seeds by quacks for treatment
of various aliments.
MATERIALS AND METHOD

Seed extract preparation
One 400 grams of cleaned Datura stramonium seeds
was crushed and grinded for 3-4 times and sieved
using sieves of appropriate mesh size. The powdered
seed was then extracted using 50% ethanol by soxhlet
extractor .The percentage yield was 11.5% w/w
Antidote preparation
Two different type of mechanical antidote was
prepared by mixing following ingredients .
1. First Antidotepowder50%

Charcoal 50%+Neem bark

2. Second Antidote-Charcoal50%+Tea powder50%
Experimental Design
Total 16 rats were taken for the experimental
purpose which was divided into four groups. The
group (I) was treated as control, group (II) rats were
treated with seed extract (200mg/kg) where as group
(III& IV) were treated with the antidote I and II
respectively. The extract and antidotes was
administered to the rats intragastrically using BMI
feeding tubes.
Sampling
The rats were not allowed to feed for 12 hours
before treatment. 12 hour after treatment with seed
extract and antidotes , blood was collected in clean
and dry centrifuge tubes. The blood was then allowed
to clot and serum harvested. The serum was used to
assay the following parameters: aspartate
transaminase (AST), alanine transaminase (ALT),
bilirubin, total protein, urea and creatinine.

Plant material

Examination

The seeds of medicinal plant Datura stramonium was
obtained from the local market and scientifically
identified by the Department of Horticulture, SHIATS,
Allahabad.

The Serum alanine amino transferase (ALT) and
serum aspartate amino transferase (AST) were
examined colorimetrically by using method of Reitman
and Frankel4. The serum creatinine was examined
using method of Heinegard and Tiderstrom 5 .
Estimation of urea was carried out using Diacetyl
monoxime method. Biuret method was used for
estimation of serum protein. Serum Bilirubin was
estimated using the method of Jendrassik and Grof
19386. All the data was expressed as Mean ± S.D. The
differences between control and treatment groups were
tested for significance using one-way ANOVA.

Animals
Wister albino rat of male sex, weighing 250 to 300
g was used for the study. The rats were procured and
kept in animal house of United Institute of Pharmacy,
Allahabad . They was allowed free access to drinking
water, standard diet and kept in standard temperature
(20-25oC).
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RESULTS AND DISCUSSION
Table 1: Screening of antidote for Datura stramonium plant poison on the basis of biochemical parameters.
Parameters

Control Group

Experimental
Group 2ndSeed
Extract 200 mg/kg

Experimental
Group 3rd
(Seed Extract
200 mg/kg and
Antidote 1st
(200 mg/kg)

Experimental
Group 4th
(Seed Extract
200 mg/kg
andAntidote
2nd(200 mg/kg)

ALT (u/L)

40.37± 0.81

51.51 ± 0.67

40.92± 1.06

43.01±1.05

AST (u/L)

41.26 ±0.86

52.29±0.49

41.94 ±0.66

44.84 ±1.19

Serum Creatinine (mMol/L)

37.05 ±0.41

46.73±0.70

40.70± 0.59

42.75 ±1.20

1.31±0.62

2.77 ±0.20

1.64 ±0.29

1.85±0.34

Serum Urea (mMol/L)

11.47 ±0.60

15.44± 0.13

12.83±0.63

13.57± 0.77

Serum Protein (g/L)

73.18 ±1.47

83.57 ±0.66

74.91 ±0.54

81.86± 1.77

Serum Bilirubin Parameters (µmol/L)

Values are presented as Mean ± SD
The effect of administration of ethanolic extract of
seeds of Datura stramonium along with antidote no.1
and antidote no.2 on liver and kidney function of rats
are presented in table-1 Indices of liver function AST
and ALT were increased significantly by the extract
fallowed by single dose of administration of Datura
srtamonuim seed extract to experimental group 2nd also
reported7 in humans who voluntarily ingested Datura
stramonium poison for toxic study . Experimental
lowers values of AST and ALT
group 3rd shows
more closely to the values of control group when
antidote 1st was given along with the seed extract.
Much higher values of ALT and AST was observed in
experimental group 4th who was administered with
the seed extract and antidote 2nd , when compared with
the values of experimental group 3rd . The bilirubin
values are found slightly increased in experimental
group 2nd as compared to values of control group
fallowed single dose of seed extract 200mg/kg body
weight . The slightly elevated values of bilirubin
lowers to normal values in experimental group 3rd
which was administered with seed extract along with
antidote 1st. The bilirubin values of experimental group
4th remains higher as it treated with antidote 2nd .
Administration of 200 mg/kg ethanol extract of the
seed of Datura stramonium to the rats with single dose
resulted in significant increase of creatinine levels as
reported in experimental group 2nd when compared
with control group. The creatinine level return
somewhat to its normal values in case of experimental
group 3rd with administration of single dose of antidote
1st along with seed extract compared to the creatinine
level values of experimental group 4th which remain
slightly higher when treated with antidote 2nd and seed
extract showing better result for antidote no. 1st . The
other biochemical indices of kidney functions like urea
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does not show significant increased values in case of
experimental group 2nd (15.44± 0.13). The values of all
other experimental groups remained closer to the
values of control group (11.47 ±0.60) The
hematological parameter like serum protein in
experimental rats was administered with 200mg/kg
body weight of seed extract (experimental group 2nd
) showed higher values (83.57 ± 0.66) as compared to
other experimental groups. The serum protein values
of experimental group 3rd showed more closer values
(74.91 ±0.54) as that of the control group (73.18 ±1.47).
The serum protein values of experimental group 4th
remains higher (81.86± 1.77) as compared to the values
of experimental group 3rd showing better performance
of antidote 1st than that of antidote 2nd.
The data given in table-1 showed significant
increase in AST and ALT values and slight increase in
bilirubin values indicated the toxic effect of seed extract
of Datura stramonium on liver function of rats showing
hepatotoxic activity of the extract. Similar results were
reported 3 ,who studied the effect of atropine
intoxication by the ingestion and smoking of Jimson
weed (Datura stramonium). This also returned to its
normal values when antidote 1st was administered
along with the seed extract. Urea contents is slightly
increase in experimental group however increase in
the creatinine level was quite significant, was one of
the most important indicator of kidney function, the
result suggested the possible temporary damage of
renal functions as suggested8 , and came back to its
normal level with the use of antidote 1 st The
experimental group 3rd shows better result for antidote
1st rather than experimental group 4th which antidote
2nd was given( graph-1) .Serum protein concentration
are also increased in case of seed extract treated group
and normal range was observed with the application
of antidote no.1.Statistical analysis of the biochemical
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and haematological parameters also indicated the
significant toxic effect of seed extracts on albino rats
.This was not observed in experimental rat group 3rd
given antidote 1st along with seed extract.

Ethical Clearance: Ethical permission for conducting
experiment on Albino rat was obtained from
Institutional Animal Ethical Committee (IAEC), United
Institute of Pharmacy, UCER, A-31/1, UPSIDC,
Industrial Area, Naini, Allahabad-211010, Uttar
Pradesh. All procedures were reviewed and approved
by IAEC-UIP. Followed CPCSEA requirements under
Reg. No.1451/PO/a/11 dt.02.08.2011.
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ABSTRACT
1189 Non-Pathological dried adult Crania are studied. 510=North Indian male crania and 251=North
Indian(NI) female crania. 285=South Indian (SI) Male crania, 143=South Indian female crania. The
Cranial sutures coronal, sagital and lambdoid are traced by transparent paper and sexual, regional
variations are studied morphologically and metrically. (a) In the sexual dimorphism length of the
sutures, Maximum serration of suture are more in male but length of coronal suture of NI Female
Crania was more than Male Crania.
In the Comparison of male crania of SI and NI the following parameters were found to be significant.
1) Length of coronal sutures. 2) Length of Maximum serration of coronal suture. 3) Length of maximum
serration of sagital suture. 4) Length of Right and Left Limb of Lambdoid suture. Similarly in the
comparison of female crania of south India with female crania of North India the following parameters
were significant values. 1) Length of coronal suture. 2) Length of Maximum serration of coronal
suture. 3) Length of Lambdoid suture. 4) Length of maximum serration of lambdoid suture. Moreover
the correct classification of Sexual Dimorphism of North Indian Crania was 71 to 75 %, while for SI
Crania was 67 to 74%. In the regional comparison of Male Crania of NI and SI, 68 to 71 % male crania
were correctly identified, while 69 to71% female crania were correctly identified. This sexual and
regional difference will certainly help the anatomist, anthropologist and medico-legal expert. Because
morphometric values of the dermal bones are uncertain.
Keywords: (a) Sketch Pen (b) Serration (c) NI=North India (d) SI=South India (f) Regional

INTRODUCTION
Many criteria are available to differentiate the race
such as tooth cusps, finger prints, hair, whorl types of
pelvis, body stature, craniofacial Index, but least data
is available regarding racial study of cranial sutures
because of their temporary existence, the sutures are
used to estimate the age by medico legal experts rather
than race and sex. Earlier closure was observed in some
inferior races. Moreover our ancestors were cannibolic,
they approached the tasty brain through norma
verticalis (1). Hence most of the Fossil crania were

incomplete, nevertheless earliest sutures developed in
the armored jawless fish, since then no mammals show
evolutionary progress of sutures (2) therefore least
attention was paid to the cranial sutures and there
serrations as well.
More over after puberty many criteria are there for
sexual dimorphism like prominence of super ciliary
arches, glabella, length of mastoid process, angle of
mandible, depth of digastric groove but least data
available in literature regarding cranial sutures.
MATERIAL AND METHOD
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It is presumed that NI are Aryans and SI are
Dravidian. Hence skulls were studied from four states
of NI viz UP, Punjab, Haryana, Rajasthan, and four
states of SI, viz Karnataka, Kerala, TN, AP. Z test is
applied to compare between two sex and region.
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CI(Confidence Interval) is applied to find the
Population Parameter. 2007 Model SPSS Software was
used for Statistical Analysis. The logistic regression
equation was studied to classify the crania sexually
and regionally.
Each cranium was put in anatomical position and
traced the coronal sagital and lambdoid sutures and
sutural bones by sketch pen, then transparent butter
paper was fixed by rubber band and sutures are traced
by micro tipped pen. Serration was measured by
Vernier caliper, and Length of the sutures measured
by tailors tape.
OBSERVATION AND RESULTS
a) The Sexual dimorphism of length of maximum
serration of coronal (Table No. 1), Sagital, (Table
No.2), Lambdoid suture (Table No.3), was
statistically significant, (P<0.01) in SI and NI crania.
(and length of all three sutures were also
statistically highly significant(P<0.01)
b) In the Regional Comparative study of male crania
of NI with Male crania of SI. 1) Length of coronal
sutures and its maximum serration was also HS,
(P<0.01) (Table No.4) and Length of Maximum
serration of sagital suture was also HS(P<0.01)
(Table No.5). The length of Rt. and Lt. Limb of
Lambdoid Suture was significant (P<0.01) (Table
No.6).
c) In the Regional Comparative Study of Female
Crania of south India with Female crania of North
India. 1) Length of coronial suture. and its
maximum serration of coronal suture was HS,
(P<0.01). 3) Length of Lambdoid suture on both
side and its maximum serration of Lambdoid
suture was HS, (P<0.01) (Table No.7, 8 & 9 )
d) By the Logistic regression equation of sexual
dimorphism of NI skulls, Classification Total
length of all the three sutures was 75% and by the
length of maximum serration of all three sutures
the correct classification was 71.6%.
e) By Logistic regression equation of sexual
dimorphism of SI skulls, classification on the basis
of Total length of all the three sutures was 74.7%
and classification on the length of maximum
serration of all the three sutures was 67.8%.
f)

By Logistic regression equation of male crania of
SI and NI the length of all three sutures could
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classify 68.9% and length of maximum serrations
of all three sutures could classify 71.8% skulls.
g) By Logistic equation for the female crania of NI
and SI, the length of all three sutures could identify
69% skulls, the Length of maximum serrations of
all the three sutures identified 72.1% skulls
DISCUSSION
In the present study the maximum serration is more
in Male Crania and less serration was observed in
female crania (Tables no 1, 2 and3). These findings were
in agreement with Previous Workers (3). It was observed
Closely serrated coronal suture, widely Serrated sagital
suture, More widely lambdoid suture but in present
study every suture was observed as closely serrated,
widely serrated and straight(4) (Fig. 1,2). There may be
three main functions associated with sutures a) to unite
bones while still allowing slight movements b) to act
as growth areas c) to absorb mechanical stress but no
English literature is available, and the probable reason
could be (1) growth of cranial suture is influenced by
mechanical factors caused by muscular attachments
independently(5) (2) Trabaculae decide the pattern of
sutures. The Trabaculae meet at sutures at various
angles. The degree of angle between the Trabaculae
decide the pattern of sutures.(6) (7) (3) Intra cranial
contents, intracranial volume, and intracranial
pressure decide the sutural pattern. Any one of them
is enough to alter the sutural morphology and these
factors themselves might be affected genetically or
environmentally (8) (4) Complexity of sutures could be
due to increased tension or stress which could be
internal or external (5) There are the sights of specific
difference in shh signaling genes in calvaria which may
reflect the difference in sutural pattern, MSX gene are
responsible for sutural development, TWIST and BMP
gene enhances the serration of sutures, FGF gene
accelerates the closure of suture(9) but Nutritional and
ecological factors are responsible of proper functioning
of these genes. Hence the regional comparison of male
crania and female crania NI and SI values were
significant (Table No. 4, 5, 6, 7, 8 and 9) but no data
was available in English literature for comparison but
the probable reason could be that the length and
position of suture is predertermined before completion
of ossification (10) . Regarding length of maximum
serration of cranial sutures, it can be hypothesized that,
brain was not the last organ to evolve, the brain was
clearly a focus for important and stage setting selective
pressures early in hominoid evolution associated with
changes in erect posture.
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SUMMARY AND CONCLUSION

The Significant values in the length of sutures and
length of maximum serration of sutures could be due
to migration of temporalis muscle on either side and
to compensate and diversify the masticatory effect of
reduced mandible owing to the growth of the skull(11)
(Fig. 3)and due to the development of powerful neck
muscles and forward displacement of occipital
condyles in relation to the total length and transverse
level of auditory apparatus to balance the head and
its movements. These serrations could act as shock
absorbers(12).

These significant values could be due to genetic,
environmental, nutritional or combination of all these
factors because formation of sutures, closure of sutures
are governed by interactions between these factors.
Hence it requires further genetic histological
embryological ‘Study to throw more light upon these
subjects. As they are temporary joints hence least
attention is paid for this sutural study’.
These significant results (differences) in various
parameters can be the criteria for sexual dimorphism
and regional differences in male and female crania. It
is useful for anatomist, anthropologist and medicolegal expert. Moreover the correct classification of
crania will be useful to compare NI and SI crania
moreover indian crania with abroad.

The maximum length of serration of sutures could
indicate the shearing of tension created at the sutural
joints at different intervals that is during development
of brain, parturition, mastication and to overcome the
anti-gravity pressure against the movement of head.
Hence the length of serraions of sutures could be
equally proportional to these factors.

Table No. 1. Sexual dimorphism of length of Maximum Serration in the Coronal suture of NI and
Place
NI
SI

SI Crania.

Mean
Value

Standard
deviation

No. of
CraniaStudied

CI

P Value

Conclusion

6.67

0.733

251

(6.61,6.79)

P<0.01

HS

P<0.01

HS

LengthFemale
LengthMale

6.94

0.59

510

(6.89,6.99)

LengthFemale

7.03

0.99

143

(6.98,7.08)

LengthMale

7.34

0.58

285

(7.27,7.41)

Table No. 2. Sexual Dimorphism of Length of Maximum Serration (mm) in the sagital suture of NI and
Place
North India

Female

SI Crania.

Mean
Value

Standard
deviation

No. of
CraniaStudied

CI

P Value

Conclusion

4.0193

0.2792

251

(3.98,4.04)

P<0.01

Highly
Significant

P<0.01

HS

North India

Male

4.1803

0.3275

510

(4.17,4.19)

South India

Female

4.0279

0.2289

143

(3.98,4.06)

South India

Male

4.1592

0.2258

285

(4.12,4.18)

Table No. 3. Sexual Dimorphism of Length of Maximum serration in the lambdoid suture of the NI and

SI Crania.

Name ofthe place

Mean
Value

Standard
deviation

No. of
CraniaStudied

CI

P Value

Conclusion

NIFemale

5.9733

0.4554

251

(5.95,5.99)

P<0.01

Highly
Significant

P<0.01

Highly
Significant

NI Male

6.0523

0.3275

510

(6.02,6.08)

SIFemale

5.7888

0.4773

143

(5.70,5.86)

SIMale

6.0891

0.4853

285

(6.02,6.14)

Table No. 4. Study of Male crania of NI and SI
Male crania

SI (N=285)
Mean

a) Length of coronal suture

b) Lt ofMax. Serration of CS

35. Makander--161--165.pmd

163

NI (N=510)

SD

CI

Mean

SD

Pvalue

Conclusion

CI

Total

21.96

1.22

(21.81,22.10)

20.87

1.71

(20.72,21.01)

P<0.01

HighlySignificant

Right

10.97

0.64

(10.89,11.04)

10.42

0.83

(10.34,10.49)

P<0.01

HighlySignificant

Left

11.21

0.70

(11.12,11.29)

10.68

0.80

(10.61,10.74)

P<0.01

HighlySignificant

7.29

0.41

(7.24,7.33)

6.92

0.48

(6.87,6.96)

P<0.01

HighlySignificant
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Table No. 5. Comparative Study of Sagital suture in Male Crania of SI and NI
Male Crania

SI
Mean

NI

SD

CI

Mean

SD

CI

P value

Conclusion

a) Length of sagital suture

12.50

0.70

(12.40,12.59)

12.54

0.52

(12.46,12.61)

p>0.05

Insignificant

b) Length of Maximum serration

4.15

0.71

(4.41,4.60)

4.20

0.057

(4.18,4.21)

P<0.01

Highly
Significant

Table No. 6. Comparative Study of Lambdoid suture in Male Crania of NI and SI.
Male Crania

SI

Length of
lambdoid suture

a) Total

NI

P value

Conclusion

(18.22,18.47)

p>0.05

Insignificant

Mean

SD

CI

Mean

SD

CI

18.15

2.71

(17.95,18.34)

18.35

2.17

b) Right

9.17

0.38

(9.09,9.24)

9.05

0.61

(8.98,9.11)

P<0.05

significant

c) Left

9.12

0.52

(9.03,9.20)

9.29

0.66

(9.21,9.36)

P<0.01

Highly
Significant

d) Length of
Maximum
serration

6.10

0.29

(6.03,6.16)

6.074

0.28

(6.02,6.11)

p>0.05

Insignificant

Table No. 7. Comparative Study of coronal sutures of “Female Crania” of NI and SI.
Female

SI
Mean

a) Length of
coronal suture

Total

b) Length of Max.
Serration

21.08

SD

2.51

NI

P value

Conclusion

CI

Mean

SD

CI

(20.82,21.33)

20.34

3.66

(20.10,20.57)

P<0.01

HS

Right

10.45

0.31

(10.35,10.54)

10.11

0.65

(10.01,10.20)

P<0.01

HS

Left

10.77

0.30

(10.68,10.85)

10.26

0.59

(10.16,10.35)

P<0.01

HS

7.03

0.09

(6.98,7.07)

6.75

0.20

(6.69,6.80)

P<0.01

HS

Table No. 8. Comparative Study of Sagital suture in “female crania” of NI and SI.
Female Crania

SI

NI
Mean

P value

Conclusion

Mean

SD

CI

SD

CI

a) Length of sagital suture

12.13

0.66

(11.99,12.26)

12.089

0.73

(11.98,12.19)

p>0.05

Insignificant

b) Length of maximum serration

4.27

0.22

(4.19,4.34)

4.019

0.28

(3.95,4.08)

p>0.05

Insignificant

Table No 9. Comparative Study of lambdoid suture in “female crania” of NI and SI .
Male Crania

SI

a) Length of lambdoid suture

Mean

SD

NI
CI

Mean

SD

P value

Conclusion

CI

Total

17.55

1.27

(17.34,17.75)

17.99

1.49

(17.80,18.17)

Right

8.77

0.73

(8.65,8.88)

8.903

0.78

(8.80,8.99)

P<0.04

Left

8.71

0.69

(8.59,8.82)

9.11

0.77

(9.01,9.20)

P<0.01

HS

5.78

0.47

(5.70,5.85)

5.97

0.45

(5.91,6.02)

P<0.01

HS

b) Length of Max. serration
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P<0.01 HS
Significant

Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1 165

Conflict of Interest: Nil
Funding: Nil
ACKNOWLEDGEMENT
I am thankful to my beloved principal Dr.
Shivaramu M G , Dr. Rajendra Professor & HOD
Anatomy and Dr. Surendra Professor of Anatomy for
their constant encouragement to carry out this work.
REFERENCES
1.

2.
Fig.1 shows widely, closely, straight type of suture

3.

4.

5.

6.

7.
Fig. 2 shows widely, closely, straight type of suture

8.

9.

Weidenreich. F – Morphology of soloman,
Anthropological papers of the American
museum of National History 1951, 43, 205.
Biswas U N and Battacharya- Sexual
Diamorphism of Cranial sutures. Thesis
submitted to Delhi University for
award of
PhD in 1986 (the author is an IPS Officer.)
Breathnach – Frazer ’s Anatomy of human
skeleton 1965, Vth edition, 179-180. J and A
Churchill, London publication.
Martin R and Sellar K – lehrbuch der
Anthropologie. Band Stuguttgart, gustrav,
Fischer publication, 1959, 37-39
Gans C – studies on amphibians and reptiles
compared with hominoid Bullutein of Americal
museum of Natural History 1960, 119, 120-123.
Babler WJ – Relation of altered cranial suture
growth to cranial base and Midface Willium and
Warmick publication IIIrd edition 1989, 87-95.
Roeff CB Walker A and Trinkaus – Post cranial
robusticity in Homo III antogeny American
Journal of Phys Anthropol. 1994, 93, 35-54.
Vorkamp A , Lee K, Lanske B- Regulation of the
rate of cartilage differentiation by Indian hedge
hog and PTH related protein. Science, 1996
613- 622.
Napier. J and Davis. P – the forelimb skeletion

Fig. 3 shows highly serrated suture

35. Makander--161--165.pmd

165

2/8/2014, 1:23 PM

DOI Number: 10.5958/j.0973-9130.8.1.036
166 Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1

Reconstruction of Length of Humerus from its Fragments
and its Medicolegal Importance
Meshram Meena M1, Rahule Anil S 2, MSM Bashir3
Professor of Anatomy, Associate Professor in Anatomy, Govt. Medical College, Nagpur, Maharashtra, 3Associate
Professor in Pharmacology, RIMS, Adilabad, Andhra Pradesh
2

1

ABSTRACT
Objective: In Medicolegal cases, the skeletal remains presented to Anatomists and Forensic experts
are often fragmentary and asked to pronounce an opinion in order to establish a possible identity.
For this reason the present study is undertaken on the samples of vidarbha region of Maharashtra
with the object to estimate the length of the humerus from its various fragments and then the stature
can be estimated by using the multiplication factor.
Material & Method: The material consists of 167 adult human humeri from dissection hall cadavers
of Govt. Medical College, Nagpur. Measurements of total length of humerus and its various fragments
were taken on the osteometric board. In order to compare the measurements the humerus was divided
in to four segments: A-B, A-C, C-E and D- E. The Range, Mean, S.D.
, percentile length, co-efficient
of correlation and Regression equations for each segments were calculated. With the help of regression
equation, the length of humerus was estimated.
Results: The co-efficient of correlation obtained for all the segments is statistically significant. The
total length of humerus calculated from segment I (A-B) and segment IV (D-E) by regression equations
showed an average error of 1.5 cms. and from segment II (A-C) and segment III (C-E) showed an
error less than 1 cm.
Conclusion: The Regression formulae can be used to estimate the length of humerus from its segments.
The accuracy of regression equations of each segment in calculating the length of humerus in this
region is very high.
Keywords: Humerus, Fragments, Segments, Osteometric Board, Regression Equations

INTRODUCTION
Anthropometric work in this field has been in
progress in various countries, since the last decades of
the nineteenth century. Anatomists and Forensic
experts have been consulted frequently regarding
identification of skeletal remains found under
suspicious circumstances and are asked to pronounce
an opinion which may form an important evidence in
the court. Thus the physical anthropology makes an
important medicolegal contribution through careful
identification of skeletal remains and that law
enforcement agencies appreciate this help. Applying
the knowledge of human biological variation as it
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relates to developing biological profiles for unknown
victims is a crucial component for the increasing
number of anthropologist working globally
investigating crimes against international
humanitarian law1.
Examination of the skeletal samples of the burials
are often fragmentary and are found in mixed lots. For
this reason there is need of developing a technique for
stature estimation from skeletal parts which are
durable. Each worker has derived his own formula
for calculating the stature from the length of long bones
but no universally applicable formula has been derived
as the relationship between stature and long bone
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length differ according to race, sex, age and side of the
body2,3 . It is proved beyond doubt that each race
requires its own formula.
4

Pearson established formulae through regression
equation which are utilized widely. Muller 5 stated that
there is a definite relation between the mean proportion
of various parts of long bones and its total length.
Krogman 6 assessed and supported Mullers data and
calculated the stature after due reconstruction of total
length of long bones from its fragments.
The present study was designed to derive a
population specific formula (Regression equations) to
estimate the stature from the length of humerus and
its fragments on the population of vidarbha region of
Maharashtra. This method would be of help when
regional problem of identification of unknown skeletal
remains are encountered.
MATERIAL & METHOD
The material consists of 167 fully ossified adult
humeri of dissection hall cadavers of Govt. Medical
College, Nagpur. The bones showing pathological
deformities were excluded from the present study. The
bones along with their articular cartilages intact were
measured and recorded separately. Measurements of
total length of the bone and its various segments were
taken on the osteometric board.

In order to compare the measurements the
humerus was divided in to 4 segments. (Figure 1)
Segment I: (A-B) - From a most proximal point
on the upper end of humerus to the lowest point on
the head of humerus.
Segment II: (A-C) - From a most proximal point
on upper end of humerus to the lower border of deltoid
tuberosity.
Segment III: (C-E) -From lower border of deltoid
tuberosity to most distal point on trochlea.
Segment IV: (D-E) -From upper margin of
olecranon fossa to the most distal point on trochlea.
The observations were recorded and analysed
separately. The range, mean, standard deviation (S.D.),
percentile length, coefficient of correlation and
regression equations for each segment were calculated.
With the help of Regression equation the length of
humerus was estimated.
RESULTS
The Humerus was divided in to four segments
I. A – B Segment

II. A – C Segment.

III. C – E Segment

IV. D – E Segment

Table I showing the Range, Mean and Standard
Deviation of Humerus and its segments.
Segments

Range in Cms

Mean

S. D.

I. A – B

3 - 4.5

3.72

0.341

II. A – C

12.7 – 18.7

15.76

1.176

III. C – E

12.2 – 17

14.62

1.184

IV. D – E

2.8 – 4.4

3.58

0.326

25.1 – 34.9

30.36

2.117

Total Length of Humerus.

Table II showing the Percentile length, Coefficient of
Correlation and Regression equations of different segments.
Segments

Percentile
Length

Coefficient
of Correlation

Regression
equation
H=15.62 + 3.96x S

I. A – B

12.25

0.637

II. A – C

51.91

0.756

H=8.91 + 1.36x S

III. C – E

48.15

0.809

H=9.216+1.44x S

IV. D – E

11.79

0.842

H=10.79 + 5.47x S

Where H = Length of humerus S = Segmental length

I. A – B Segment: The percentile length of A-B
segment is 12.25 and the regression formula for this
segment is obtained as: - H = 15.62 + 3.96 x S. From
this regression equation the total length of humerus
was calculated and compared with the actual length

Fig. 1
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of the bone which showed the error less than 1.5 cms,
for the estimated length of the bone.
II. A – C Segment: The Percentile length of A-C
segment is 51.91 and the regression equation for this
segment is - H = 8.91+1.36 x S. From this regression
equation the total length of humerus estimated which
showed the error less than 1 cm. Thus the regression
formula for this segment shows high degree of
accuracy.
III. C – E Segment: The Percentile length is
calculated as 48.15 and the regression formula for C-E
segment is - H= 9.216 + 1.44 x S. From this regression
equation the total length of humerus is estimated
,which showed the error less than 1 cm. Thus it is
observed that the regression formula for this segment
also shows high degree of accuracy in calculating the
length of humerus.
IV. D – E Segment: The percentile length is
calculated to be 11.79 and the regression formula for
D-E segment is – H = 10.79 + 5.47x S. From this
regression equation the total length of the humerus is
calculated, which showed the error less than 1.5 cms
for the estimated length of the humerus.
The coefficient of correlation obtained in the present
study for all the segments is statistically significant (P
< 0.01). The total length of humerus when calculated
from segment I (A-B) and segment IV (D-E) by
regression equations showed an average error of 1.5
cms. and from segment II (A-C) and segment III (C-E)
showed an error less than 1 cm. Thus the error in the
estimation of length of humerus is more if the length
of segment is small, where as longer segments give
more accurate results.
DISCUSSION
In the present study the average length of humerus
is 30.36 cms. The percentile length and Regression
equation of each segment of humerus are calculated.
The error in the estimation of length of humerus is
more if length of segment is small (segment I, IV),
where as longer segments (segment II, III) give more
accurate results. Thus the regression equations which
are worked out for each segment showed a high degree
of accuracy for calculating the total length of humerus.
Muller 5 , has evolved a method to calculate the
percentile length of various segments of humerus,
radius and tibia, and later on Krogman 6 , proved the
Muller ’s data to be very useful in stature
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reconstruction from fragmentary long bones in the
hands of competent osteologist. The estimation of
stature from the segmental length of long bones has
also been reported by Steele and McKern7.They studied
male and female bones separately and have reported
separate regression equations to estimate the length
of humerus from its segments. However in the present
study no statistically significant difference between
males and females was found. Single Regression
equation has also been suggested by Shroff &
Fakhruddin8 for both sexes.
For Indian population, the estimation of total length
of humerus has been done by various workers using a
single fragment or multiple fragments. Mysorekar et
al 9 studied two segments in the Maharashtrian
population that corresponds to segments II and III of
our study and thus are comparable. They reported
considerable differences in the length between right
and left side and hence have computed different
equations for both sides and have shown the error less
than 2cm. for the estimation of length of humerus by
regression equation. But in our study no such findings
were observed so a single equation has been computed
for both sides. Similarly Suruchi Singhal & V.Rao 10
studied the various segments of humerus in south
Indian population which corresponds to II and III
segments of our study and thus are comparable. They
reported no difference in length between right and
left side and in male and female bones and hence have
computed single equation for both sides and both sexes
and showed that longer segments give more accurate
results as compared to smaller segments, similar to
the findings of present study.
Mohanty et al 11 studied south Indian population
and derived the length of humerus from its fragments
and showed that longest fragmantory portion predict
the highest percentage of accuracy. K.Udhaya et al 12
also studied south Indian population and derived
regression equation for estimation of length of
humerus from its segments & concluded that it is
possible to estimate the maximum length of humerus
from the measures of its proximal & distal fragments
with relative accuracy. Shroff & fakhrudhin8 conducted
a similar study on the population of Marathwada
region of Maharashtra, belonging to skeleton of known
age, sex and stature by measuring the total length and
segmental length by dividing the humerus in to four
segments by taking same anatomical landmarks
similar to our study. They calculated percentile length
and regression equation for each segment and
estimated the total length of humerus with an error of
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0.5 to 1cm. They have shown no statistical difference
between right and left sided segmental length of
humerus and computed single equation and stated
that the error in estimation of length of humerus is
more if the length of segment is small where as longer
segments give more accurate results, similar to the
findings of present study. The percentile length and
regression equations as cited by Shroff & Fakhrudhin
8
and those derived in the present study are compared
and correlated as shown in Table no.III & IV.

population13,14. Each region needs its own equations to
calculate the total length of humerus from its
fragments. Hence it becomes imperative to calculate
regression equations for stature for each region. The
present study was undertaken on the population of
vidarbha region of Maharashtra to estimate the length
of humerus from its fragments and then the stature
can be estimated by applying multiplication factor.

Table III. Showing comparative Percentile length of
various segments:

The regression equation derived for each segment
of humerus showed a high degree of accuracy. These
regression equations can be used to estimate the length
of humerus from its segments. Longer segments give
more accurate results. Then the stature can be
estimated by applying multiplication factor. Thus this
study will definitely be useful to the Anatomists and
Forensic experts where a bone or piece of bone is
subjected to the medicolegal examination.

Segments

Percentile Length
Shroff & Fakhruddin8

Present Study

I. A - B

12.5

12.25

II. A - C

50.33

51.91

III. C - E

46.66

48.15

IV. D - E

12.5

11.79

Table IV. Showing the comparative Regression Equations for
various Segments:
Segments

I. A – B

Regression Equations
Shroff and Fakhruddin8

Present Study

H=15.57+4.115 S

H=15.62+3.96 S

H=9.56 + 1.34 S

H=8.91+1.36 S

III.

II. A – C
C–E

H=12.8+1.3 S

H = 9.216 + 1.44 S

IV.

D–E

H=18.2 + 3.64 S

H = 10.79 + 5.47 S

Since stature is unique to an individual, it is a useful
guide in identification of unknown bodies2,3. If longer
segments of the humerus are available, a single
regression equation can be used for estimation of total
length. But this is not a very accurate tool for ancestry
identification. Longer segments help in the estimation
of total length with greater accuracy and thus
eventually with stature of an individual. Smaller
segments, although less accurate, are more specific.
Hence smaller segments should also be used for
estimation of total length of the humerus.
There is no universally applicable formula to
express the relationship between stature and long
bones of the individual. There are variations in stature
according to ancestry, climate, heredity and nutritional
status. This affects the long bones too.Since India has
great geographical differences, these conditions vary
in different parts of India. The systematic use of
regression formulae derived in a specific population
can under or overestimate stature, when applied in
another population. Thus, authors have recommended
that regression equations which are obtained in a
certain population should not be applied to other
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CONCLUSION
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Tongues: Could they also be another Fingerprint?
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ABSTRACT
Objectives: The general objective of this study is to search for new personal identification method.
Specific objectives were to prove that tongues are different between identical twins and so in the
general population and can be used as a print.
Materials and method:
Study design: Across sectional descriptive study was done in Khartoum state, Sudan during the
period from June 2011 to March 2012.
Study population:
Fifty individuals were included; twenty were identical twins (forty persons), and 10 were from the
general population, and they were apparently free of tongue lesions and with normal concentration
of hemoglobin. Identical twins have been searched in Khartoum state, while the general population
were chosen randomly. Tongues lengths and widths were measured. Tongues were compared visually
directly and from photos by three persons.
Using different computer programs each tongue was converted into text, chart and special code and
comparison between them were performed.
Results: The length and width of tongues were found to be more in males compared to females (p <
0.05). Tongues looked different directly and by photos and computer programs confirmed the
difference between tongues even in identical twins.
Conclusion: Tongues are different between identical twins and hence between the whole population
and could be a new personal identification method which needs further elaboration.
Keywords: Tongues, Finger Print, Identical Twins

INTRODUCTION
Biometric systems based on human characteristics
for personal identification became an active topic in
both research and practice1. The word is derived from
the Greek words bios, meaning life and metron, meaning
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measure2. Biometrics are methods of identifying a
person depending on physiological or behavioral
characteristics. Physiological characteristics include
fingerprints, facial characteristics, and iris recognition.
Behavioral characteristics are traits that are learned or
acquired such as signature, speaker verification, and
gait3,4. There are a number of properties for any chosen
biometric. These include: universality, uniqueness,
permanence, collectability, performance, acceptability
and circumvention5.
Biometrics have a long history linked with forensic
sciences. In 1684, the English physician, botanist, and
microscopist, Nehemiah Grew published the first
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scientific paper to describe the ridge structure of the
skin covering
the fingers and palms6. Jan Evangelista Purkynì , a
Czech physiologist and professor of anatomy at the
University of Breslau, published a thesis in 1823
discussing 9 fingerprint patterns, but he did not
mention any possibility of using fingerprints to
identify people7. Fingerprints were found on ancient
Babylonian clay tablets, seals, and pottery. Also found
on the walls of Egyptian tombs and on Minoan, Greek,
and Chinese pottery8,9,10,11. By the early 20th century
several police forces were using fingerprints to assist
discoveries of criminals12. 1n 1936 Ophthalmologist
Frank Burch suggests iris-based identification.1n1984
Jeffreys’ Restriction Fragment Length Polymorphism
(RFLP) was characterised as ‘DNA fingerprints. 1n
2005 most FBI were using biometrics13,14.
Recently the skin color has been introduced as a
possible new finger print15. It has been discovered
based on the Quranic verse 22 in Surrat Alroom “ And
among His signs is the creation of heavens and the
earth and the variation in your tongues and colors,
verify in that are signs for those who know”. Tongues
in this verse have been explained as difference in
languages and recently in voices16,17, but could it be an
anatomical difference and act as a print? Identical twins
arise from the same zygote and they are almost always
of the same sex with minor differences18,19. Their finger
prints, irises and voices are different but their DNA is
almost similar20,21,22,23. The tongue is formed of skeletal
muscles supplied by blood vessels and motor nerves.
Its surface has papillae of different types and contain
the taste buds24. It has been observed that the general
texture of the tongues looks different between subjects
and can be affected by different diseases. Again, if the
differences is confirmed in identical twins, then it will
apply as a universal print. To prove this in this study
we have compared the tongues of identical twins and
some from the general population using a computer
program.
Methods: A cross sectional descriptive study was
done in Khartoum state, including Khartoum,
Omdurman and Khartoum North cities, Sudan, during
the period from June 2011 to February 2012. Fifty
individuals were included; twenty were identical twins
(forty persons), and 10 were general individuals.
Inclusion criteria were both sexes, apparently health
identical twins of age 5 and above and willing ( or their
parents ) to participate. All procedures were subjected
to ethical approval prior commencement of the study.
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Objectives, steps and expected outcome of the research
were explained to the respondents. Consents were
taken from each one with agreement to publish their
photos. Equipments used were a computer, digital
camera, tongue depressor, ruler and blood analyzer.
Hemoglobin (Hb) concentration was measured by
using automated blood analyzer. Each subject was
asked to relax and protrude his/her tongue maximally,
then tongues were initially compared by three persons
visually and the photos were taken by a digital camera.
Section from certain areas of each photo was taken and
magnified to clarify the number and distribution of
the papillae. By using wooden tongue depressor, the
length of the tongue was measured from the terminal
sulcus to its tip , and this represent the anterior two
thirds, then that part of the depressor was measured
with a ruler in cm, then half of the length was added
to represent the posterior one third.
The width of the tongue was measured at the points
at which the two lips unite, which is the most wide
part of the tongue. The photos were analyzed by the
Assci generator 2 computer program which converts
images into high quality ASCII art – text composed of
letters and digits, and gives graphs that accurately
represents the original image. A tongue-print image
database system is designed to match the picture of
the tongue with the name, age and sex of the subjects
for identification of individuals. The information
entered into this system included: picture of tongue,
name, age and sex of participant. The system gives
any picture special code that differ from one person to
another.
RESULTS:
The total number of subject was 50, in different ages
and sexes.
Sudanese from Khartoum state, their ages range
from 5years to 30 years, 20 identical twins (40 subjects)
were included in the study, 13 twins were females and
7 twins were males and 10 subjects from the general
population were included, 5 were males and the other
5 were females, 4 from one family. Tongues lengths
and widths were larger in males compared with
females (p<0.05) (table 1) with no significant difference
between identical twins. Hb values were within
normal ranges and not different between identical
twins ( males, 14.8, females, 11.4 g/dl).Tongues
compared visually and by photos were different even
in identical twins (fig 1). Small magnified sections of
the tongues photos demonstrated the clear difference
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in the papillae distribution but a specific pattern of
arrangement has not yet been shown (fig 2). Assci
generator 2 program has characterized each tongue
with a typical graph not repeated in any other tongue
(fig 1). The database for tongues images has shown
100% sensitivity and specificity .
DISCUSSION:
The ability to positively identify yourself is
becoming more and more important for normal life
activities and in forensic medicine. One key tool in this
area is the use of biometrics, which became an active
topic in both research and practice. Humans have
always identified each other by recognizing faces,
voices or some other physical characteristics. Now the
use of biometric technologies is providing a means to
positively identify or authenticate large numbers of
people without having to primarily rely on human to
human identification. Among the various biometrics
technologies being considered are: fingerprint, voice,
iris, retina, palm print, DNA, signature and so forth,
but each biometric parameter separately has a problem
in its accuracy, therefore search for new identification
methods is definitely needed in the lack of proven
personality 6-8 color ref.
Could Tongues be used as an Identification
Method? A question raised from interpretation of the
Quranic verse 22 Surrat Alroom” one of his signs is
creation of heavens and the ground, and the difference
of your tongues and colors, in that are signs for those
who know”. From visual comparison human tongues
have indicated clear differences in our tongues.
Fingerprint can be eroded and changed during
years of heavy labor and can be altered by surgery,
also fingers are one of the most frequently used organ
in our body so they are more affected by injuries and
burns which may damage the fingerprint25 . Voice is
affected by sickness or in extreme emotional states, and
phrases can be misspoken26. DNA can be fabricated27.
Retinal scan is sensitive to movement by the user and
environmental conditions such as bright light,
which can contract the pupil and also it can be affected
by diseases such as cataract and severe stigmatism28.
Skin color is variable and subjected to significant
differences based on age, episodic or chronic diseases,
skin burn, creams, medications15 . Despite all these
factors interfering with the accuracy of mentioned
biometrics, still they are used. The tongue presents
both geometric shape information and physiological
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texture information which are useful to use as a print.
Traditional biometrics have an inherent limitation in
that they are easily forged and they are ineffective in
combating identity fraud. This has been the great
challenge for biometrics technologies. Also tightened
security required the noninvasive biometrics that are
anti-counterfeiting and can provide living person
verification. Accordingly, it is very necessary to find
some new biometrics to fill the requirements.
The tongue may offer a solution to this difficulty
because it has many properties that make it suitable
for use in identity recognition. First the tongue is
unique to each person in its shape and in its surface
textures. Secondly, the tongue is the only internal organ
that can quite normally and easily be exposed for
inspection and this is useful because it is the exposed
portion of the tongue that carries a great deal of
information with visual difference, i.e. the shape and
texture. Thirdly, tongue shape is constant and the
physiological textures are invariant. Fourthly, as
human tongue is contained in the mouth, it is isolated
and protected from the external environment, unlike
the fingers, for example. Finally, the process of tongue
inspection is also a reliable proof of life. In spite of
these, little research was conducted on analyzing
tongue as a biometrics. A study carried in Hong Kong
Polytechnic University in 2007,which was designed to
develop tongue image database, which included both
tongue geometric shape and surface textures of
subjects and these database was assumed to be a
valuable resource for assessment, comparison and
evaluation29 . To prove that tongues can vary between
all humans the logical approach is to compare tongues
of identical twins. So, this study was designed to prove
that tongues differ between identical twins and hence
in all humans. The need for a scientific method has
lead to the use of different computer programs for
tongues images analysis. The tongue is unique to each
person in its shape and in its surface textures, and it is
the only internal organ that can quite normally and
easily be exposed for inspection. Tongue shape is
constant and the physiological textures vary. The
tongue is isolated and protected from the external
environment, unlike the fingers, for example. In this
study the length and width of the tongue were
measured. Results showed significant difference in
length and width between males and females. Tongue
length and width are significantly more in males than
females, and tongue width is also more in males than
females (table 1).
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Table 1: Length and width of tongues in males and
females in identical twins.

Length
Width

cm

std

P value

Male

12.47

2.08

0.033

Female

12.06

82

Male

5.39

0.74

Female

5.01

0.49

0.047

By using visual analysis of amplified images large
differences in distribution and number of papillae
among tongues of participants were obtained (figure
2). By using Ascii generator – image to text conversion
software, the results showed that there is marked
difference in text and diagram provided by a program
for each twin tongue, this means that each tongue has
special diagram and text that differ from other tongues
(Fig 1). Further differentiation was done by developing
tongue image data base system. This system is similar
to system used by internal ministry for coding
population information and discrimination between
this information to give anyone their special code that
was known by internal ministry as international code.

The theoretical background of this system is similar
to iris print. It depends on basic information that was
entered to the system. This basic information includes
name, sex and age of individual and also entering a
picture of his tongue. The program coding the picture
and giving its corresponding information and failed
to identify tongue picture out of its data base, with
100% sensitivity and specificity of the entered data.
In this study the difference in tongues between
identical twins has been proven by all the above
methods in identical twins, although twins
identification is difficult even in DNA, and this can be
a new method for identification. From all the above
investigation the tongue can be used as a finger print
but needs further investigation.
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ABSTRACT
Identification of an individual is the mainstay in forensic investigations. Estimation of individual's
stature is an important parameter for identifying a person as it is an inherent characteristic.
Examination of footprint provides important evidence in a crime scene investigation as it helps in
estimation of stature of a culprit and in mass disasters where only foot is available. The present study
was carried out to know the relationship between footprint length and stature in individuals hailing
from Hyderabad Karnataka region and to know if there is any difference in the stature estimated by
right and left footprint lengths in both the sexes. Total of 200 students (100 males and 100 females)
studying in MRMC, Gulbarga were included in the study. The length of the footprint and the height
of each student are measured. A positive and significant correlation between the stature and right
footprint length and left footprint length was observed in both the sexes. Regression equations for
stature estimation were formulated using right and left footprint length separately in both the sexes.
There is no statistically significant difference in the stature estimated by right and left footprint length
in both the sexes. The results indicate that footprint length provides an important means in estimating
the stature of an unknown individual.
Keywords: Stature, Footprint length, Identification

INTRODUCTION
Identification of a person is of prime and foremost
importance in both civil and criminal cases.
Investigating officer has to make rapid and accurate
assessments in identification of a culprit in criminal
cases. Many factors about the culprit are usually not
known while investigating a crime. Therefore
identification of a person has to be established by
available information.
Though there are parameters which help in
identifying a person, stature of an individual is one of
the important parameter, as it is an inherent
characteristic. Many studies have been carried out to
estimate the stature from different body parts like arm
length, fore arm length, hand and finger length, length
of long bones, foot and shoe lengths etc. Linear
regression models are widely used to predict height
of an individual on the basis of their body parts.
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Examination of footprint provides important
evidence in a crime scene investigation as it helps in
the estimation of stature of a criminal. Significant and
positive correlation coefficient has been shown to exist
between stature and measurements of footprints.
While committing a crime there is a strong possibility
that the perpetrator leaves behind the footprint at the
scene of crime. Extra toe, missing toe or flat foot in
foot outline itself may be more useful to exclude or
include some persons from the list of suspects.
Analysis of bare footprints is often carried out in
the developing countries where the footprints are
frequently recovered at the crime scene. In most of the
countries, a footprint record is maintained for all the
air-force flying personnel since feet often resist
destruction (often shoe clad) by aircraft accidents, fires
etc1.
Despite of the relationships between different body
parameters that have been determined, it has been

2/8/2014, 1:23 PM

Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1 177

emphasized that these vary from population to
population and ethnic origin to ethnic origin due to
differences in effects of hereditary, nutrition, living
style, and levels of physical activity2. With this present
study a good correlation between the foot length and
the height of an individual could be established. As
such a study has not been done in Hyderabad
Karnataka region; present study is undertaken to
confirm that foot length is useful to determine the
height of an individual.

calculated height is compared with the actual height
of the individual and the results are encouraging.

MATERIALS AND METHOD
A total of 200 students (100 male and 100 female)
of Hyderabad-Karnataka region studying in M R
Medical College are included in the study. The aims
and objective of the intended study were properly
explained to the students and consent is taken on the
proforma.
A glass plate of 24×24 inches is cleaned and
uniformly smeared with a thin layer of black painters
ink by using a roller. Individual student’s footprint and
stature are taken separately. Each student is asked to
wash and dry his/her feet to remove the dirt. Then
he/she is asked to wash on the smeared glass plate
and then walk casually on two separate white sheets
so that prints of right and left foot are transferred on
two separate sheets. Care is taken to avoid possible
technical dimensional artifacts (Figure 1).
The length of the footprint is measured from outer
most margin of heel to the tip of extension of the
longest toe in the footprint with the help of a scale and
it is recorded in centimeters. All the measurements are
taken at a fixed point between 2:00 pm to 4:00 pm to
eliminate diurnal variation in the height and by the
same observer to avoid personal error in the
methodology.
Each student is asked to stand bare feet in the
anatomical position on the floor with his/her heel and
occiput touching to the wall where markings for
measuring the height are already made. A thin
cardboard is kept horizontally at the vertex of the head.
The height is measured from heel to the horizontal
cardboard in centimeters.
With this footprint length height of the individual
is calculated with the help of regression formula. The
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Fig. 1. Measurement of maximum foot print length.

OBSERVATIONS AND RESULTS
In table 1 correlation between right footprint
length, left footprint length and height among 100 male
students are represented. It can be seen that average
left footprint length is slightly smaller than right
footprint length. From analysis, it was revealed that
there was a significant positive correlation between
right footprint length with stature (r=+0.82) and left
footprint length with stature (r=0.80). The difference
in correlation coefficient is statistically significant
(p<0.01).
With this significant correlation stature could be
predicted from right footprint length in boys by using
regression equation.
Ht = 86.9 + 3.40(RFPL)
And from left footprint length by using
regression equation.
Ht = 112 + 2.41(LFPL)
It can be observed from this table that there is no
statistically significant difference in right footprint
length and left footprint length when both are
compared (Z = 0.83 and P>0.05).
In table 2 correlation between right footprint
length, left footprint length and height among 100
female students are represented. From analysis, it was
revealed that there was a significant positive
correlation between right footprint length and left
footprint length (r = +0.88 for both RFPL and LFPL)
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with stature. The difference in correlation coefficient
is statistically significant (P<0.01).

And from left footprint length by using regression
equation.

With this significant correlation stature could be
predicted from right footprint length in girls by using
regression equation.

Ht = 92.8 + 3.12(LFPL)

Ht = 70.6 + 4.10(RFPL)

It can be observed from this table that there is no
statistically significant difference in right footprint
length and left footprint length when both are
compared (P>0.05).

Table 1: Correlation between Right Foot print length, Left Foot Print Length and Stature in Male students.
Variable

n

Mean ± SD

Range

Correlation
Coefficient.
r-value

Regression
Coefficient.
b-value

Regression
equation

0.82

3.4

Ht = 86.9+3.40(RFLP)

0.8

2.41

Ht = 112+2.41(LFLP)

RFLP

100

25.13±1.42

22.2-27.8

Actual Ht

100

172.34±4.72

159-184

LFLP

100

24.96±1.47

22-27.8

Actual Ht

100

172.34±4.72

159-184

RFLP = Right Foot Print Length LFLP = Left Foot Print Length
Ht = Height
Comparing Right Foot Print length and Left Foot Print Length Z = 0.83 and P > 0.05.

Table 2: Correlation between Right Foot print length, Left Foot Print Length and Stature in Female students.
Variable

n

Mean ± SD

Range

Correlation
Coefficient.
r-value

Regression
Coefficient.
b-value

Regression
equation

0.88

4.1

Ht = 70.6+4.10(RFLP)

0.88

3.12

Ht = 92.8+3.12(LFLP)

RFLP

100

22.61±1.51

20-25

Actual Ht

100

163.29±5.45

148-176

LFLP

100

22.59±1.62

20-25

Actual Ht

100

163.29±5.45

148-176

RFLP = Right Foot Print Length LFLP = Left Foot Print Length
Ht = Height

Comparing Right Foot Print length and Left Foot
Print Length Z = 0.83 and P > 0.05.
Following points can be observed from the present
study
•

Male students are taller than female students.

•

Mean footprint length is more in males than
females.

•

There is no statistically significant difference in
right and left foot length in both the sexes.

•

Stature can be determined by right or left footprint
length separately in both the sexes.

•

There is no statistically difference in stature
estimated by right footprint length and left
footprint length.
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The present study is statistically significant (P<0.01)
and shows that height can be predicted by regression
equation by known footprint lengths separately in both
the sexes.
DISCUSSION
In the present study, the right footprint length and
left footprint length were measured by parallel axis
separately for male and female students and then by
applying linear regression equations the stature is
determined.
Average height for each sex within a population is
significantly different with adult males on an average
being taller than adult females3. The results obtained
in this study are in agreement with the above
statement.
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Abraham Philip4 estimated stature from known
foot size by regression method. In the present study
regression equations are derived to predict stature
separately for right foot length and left foot length for
both sexes.
Devesh VO et al (2006)2, Danborno B et al (2008)7
and Vidya CS et al (2009)9 observed that mean foot
length is more in males than in females. The findings
are similar to present study.
Agnihotri Arun Kumar et al5 in his study included
125 male and 125 female students for estimation of
stature by left foot length. General multiple linear
regression model was highly significant (P<0.001) and
multiple correlation coefficient (r) was 0.877. In present
study where 100 male and 100 female students are
included correlation coefficient of +0.82 and +0.80
respectively obtained for right and left footprint
lengths in males and for females it was +0.88 for both
right and left footprint length.
Theodoros B Grivas (2008)6 stated that right foot
length and left foot length is independent predictor of
stature. These findings are supported by the present
study.
Raju M (2009)8 obtained a statistically significant
relation between bare foot length while walking and
stature (P<0.001). In his study he included only male
individuals. He developed a regression formula for
estimating the stature. In our study we included both
male and female students. Regression equations are
developed separately for right and left foot length in
both the sexes. The results are significant.
Deopa Deepa (2010)10 also observed a significant
and positive correlation between foot length and
height in individuals of Uttarakhand region.
The results of the present study are quite
encouraging and would ultimately help the
investigating officer and Forensic experts to estimate
stature of a person by foot length. In fact the aim of
taking present study was to help the concerned
authorities to restrict their field of investigation by
including or excluding few subjects from list of
suspects.

taller and their mean foot length is larger than that of
females. There is no statistically difference in right and
left footprint length in both the sexes (P>0.05). Either
right or left footprint length may be used to predict
the stature by regression formula. Regression
equations are derived separately for individual foot
length in both the sexes.
Estimation of stature from footprint is easy,
economical and convenient. No specialized equipment
or training is required. Anthropologists, forensic
experts and investigating officers may use this method
to their added advantage. Thus this study is able to
add another method to estimate stature from footprint
length in the individuals of Hyderabad Karnataka
region.
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ABSTRACT
Introduction: The pterion is an important skull landmark being the region where frontal, sphenoid,
parietal and squamous parts of temporal bone meet, usually forming an irregular H shaped structure.
It is readily apparent on lateral aspect of skull, being approximately 4 cm above zygomatic arch and
3-3.5 cm behind frontozygomatic suture. The pterion was first classified into three types
(sphenoparietal, frontotemporal and stellate) by Broca in 1875. Subsequently, four types
(sphenoparietal, frontotemporal, stellate, and epipteric) were defined by Murphy (1956).
Material and Method: The present study is based on observation of type of pterion in 500 skulls,
randomly selected from stock of skulls belonging to states of Uttar Pradesh and Bihar in Anthropology
Museum of department of Anatomy, GSVM medical college, Kanpur. On both sides of each skull, the
sutural pattern of the pterion was studied.
Observations and results: Spheno parietal is the most common type of pterion found in about 89.9%
of skulls. Frontotemporal pterion is found in 2.3% of the skulls. Stellate type is found in 1.9%. Pterion
with a large single and multiple epipteric bones was common found in 5.9% of the skulls.
Conclusion: This data may be of use when planning for surgical approaches to the cranium through
this craniometrical points and also when interpreting radiological images.
Keywords: Pterion, Spheno Parietal, Frontotemporal, Stellate, Epipteric, Skull

The pterion is one of the most interesting bone
meeting points in craniofacial osteology and its
complex morphology derives from the fact that is the
contact point of the facial skeletal elements, skull base
and calvarium . Pterion is defined as an H-shaped
small circular area formed by the junction of four
bones: frontal, parietal, temporal and sphenoid on
norma lateralis of the skull being approximately 4.0
cm above the zygomatic arch and 3.5 cm behind
frontozygomatic arch.1, 2

This pterion junction has been used as a common
extra-cranial landmark for surgeons in microsurgical
and surgical approaches towards important
pathologies of anterior branch of middle meningeal
artery, Broca’s motor speech area to the left, insula,
the lateral (Sylvian) cerebral fissure, optic nerve, orbit,
sphenoidal ridge and for the anterior circulation
aneurysm and tumours 1,2 . The pterion is also
commonly used in cranial structure closure
methodology as an important guide for age estimation
and sex determination in archeologically and forensic
specimens3.
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Sutural patterns or bony articulations within the
region of the pterion have been generalized into
different types by various anthropological and clinical
studies.4 The pterion was first classified into three types
(sphenoparietal, frontotemporal and stellate) by Broca
in 1875. Subsequently, four types (sphenoparietal,
frontotemporal, stellate, and epipteric) were defined

INTRODUCTION
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by Murphy (1956).5 More recently, Wang et al. proposed
six types of pterions. The sphenoparietal type is
defined as a sutural pattern in which the sphenoid and
parietal bones are in direct contact, preventing the
frontal and temporal bones making contact with one
another. Conversely, the frontotemporal type is a
sutural pattern in which the frontal and temporal bones
are in direct contact, preventing the sphenoid and
parietal bones making contact with one another. The
stellate type is characterized by articulation of four
bones (frontal, parietal, temporal and sphenoid) at a
point. The epipteric type is defined by presence of a
small sutural bone between the parietal bone and the
greater wing of the sphenoid bone. The
zygomaticoparietal type is a sutural pattern in which
the zygomatic bone has a tongue extending to the
parietal bone, thus separating the frontal bone from
either the sphenoid or temporal bone (a variation of
the sphenoparietal type). The zygomaticotemporal
type is defined as a sutural pattern in which the
zygomatic bone is elongated to meet the temporal
bone, separating the sphenoid bone from the frontal
and parietal bones (considered a subtype of the
frontotemporal type). 4, 5
The types of pteria have been shown to exhibit
ethnic variations. Data on the Uttar Pradesh and Bihar
population remains scarce yet understanding the
sutural morphology of these points is important in
surgical approaches to the cranial fossae. Presence of
sutural bones at pterion may complicate the surgical
orientation leading to pitfall6 .This study aimed at
assessing the sutural morphology of the pterion in
crania of adult Uttar Pradesh and Bihar population.
MATERIAL AND METHOD
After seeking ethical approval, 500 adult dry
human skulls (337 male and 163 female) were studied.
The dry skulls were obtained from the stock present
in anthropology museum of department of GSVM
medical college, Kanpur, India. An inclusion criterion
was the skulls with erupted 3rd molar tooth and fused
basi sphenoid suture. Skulls with irregular shape,
dystrophy, and deformity due to trauma or breakage
and advanced synostosis were excluded. The sexing
of the skulls was done on the morphological basis. On
both sides of each skull, the sutural pattern of the
pterion was studied. Two non metric variants were
noted ie; type of pterion(sphenoparietal,
frontotemporal, stellate ) and presence and variations
of epipteric bones (single large epipteric and multiple
small epipteric ).
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OBSERVATIONS AND RESULTS
Table 1: Distribution of skulls according to sex
Total skulls

500

N= 1000

Male

337(67.4)%

674

Female

163(32.6)%

326

Table 2: Comparison of Frequency of pterions types in
both sexes
Types of Pterion

Total (n=1000)

Males

Females

Sphenoparietal

89.9%(899)

601(89.16)

298(91.41)

Frontotemporal

2.3%(23)

20(2.96)

3(0.92)

Stellate

1.9%(19)

17(2.52)

2(0.61)

Epipteric single

4.2%(42)

25(3.70)

17(5.21)

Epipteric multiple

1.7%(17)

11(1.63)

6(1.84)

Total

100(1000)

674

326

Table 3: Distribution of types of pterions according to
sides
Types of pterion

Left

Right

Sphenoparietal

437

462

Frontotemporal

17

6

Stellate

8

11

Epipteric single

29

13

Epipteric multiple

9

8

500

500

Total

DISCUSSION
The type and location of the pterion and its relation
to surrounding bony landmarks is important. Such
detailed information can only readily be obtained from
an examination of dry skulls. The configuration of
pterion could also be influenced by the number, form,
extension and location of the epipteric bones. As
epipteric bone is forming an important part of pterion,
so the typing of pterion in present study was done with
slight modification of Murphy’s criteria ie:
sphenoparietal, frontotemporal, stellate, single
epipteric and multiple epipteric type5.
The ptrerion develops from the anterolateral
frontanelle on the neonatal skull approximately 3
months after birth7. A recent study of the pterion by
Aydin et al (2010) in 35 neonatal cadavers showed the
lack of complete bony structure and considered that
the formation of different shapes of the pterion may
depend upon the varied rate of ossification of bony
tissue in calvarium from childhood to adulthood8.
Although the control of the pattern of articulation
of bones forming the pterion is not known, genetic
factors may play some role. The MSX2 gene, which
encodes a home domain transcription factor, plays a
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Fig. 1. Stellate type of Pterion:

Fig No 4 Sphenoparietal type of Pterion:

Fig No 5 Frontotemporal type of pterion:

Fig. 2. Multiple Epipteric type of Pterion:

crucial role in craniofacial morphogenesis by
influencing fusion of sutures9. The basis for the ethnic
variations observed could be genetic and
environmental10.
It has been reported that the frontotemporal
pterion is the dominant types in primates while
sphenoparietal is the dominant type in homo11. The
anterosuperior segment of the squamous part of the
temporal of the lower primates detached and became
incorporated in the posterosuperior angle of the greater
wing of sphenoid of Homo during phylogenesis,
thereby changing the pterion pattern from
frontotemporal of primates to spenoparietal of Homo.
If the desquerested portion remains permanently
detached from either of the two bones, it gives rise to
an epipteric bone11, 12.

Fig. 3. Single large Epipteric type of Pterion:
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In the present study sphenoparietal,
frontotemporal, stellate, single epipteric and multiple
epipteric types of pterion were observed.
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Sphenoparietal type of pterion is most commonly seen
in Asiatic Indians 13 (95.1%), Northern Indians 12
(87.72%), South Indians 14 (93.55%), Nigerians 13, 10
(87.79% and 82.1%) and Turkish males 17 (88%) in
agreement to present study (89.9%); while it was
significantly lower in Korean15 (76.5%), Kenyan16 (66%),
Australian aborigines5 (73%), Turks6 (87.35%) and
Japanese18 79.1%. The incidence of the frontotemporal
type of pterion varies considerably in different groups,
being reported 10.11% to 23.6% in Nigerians13, 10, 15%
in Kenyans 16 , 41.1% in Papuan skull 1 , 7.5 % in
Australian aborigines5, 10% in Turkish mailes17, 10.01%
in Indians12 which are significantly higher than present
study. In the present study the frequency of a
frontotemporal type pterion is 2.3% being close to that
reported in other populations of India by Saxena et
al13 1988 and Manjunath et al14 1993. These different
results presumably are related to the racial
characteristics of the different populations.
An epipteric type pterion (combining single
epipteric and multiple epipteric) was observed in a
small number of skulls (5.9%) in the present study,
being significantly less than that reported in
Nigerians10 (23.6%), Australian Aborigines5 (18.5%),
Turks6 (8.98%), Japanese18 (17.7%) and Keniyans16 (12%)
but slightly greater than that in South Indians (3.52%)14
and Turkish males17 (2%).
The incidence of stellate type of pterion was
observed to be 1.9% in the present study in agreement
to Australian Aborigines5 1%, Indians13 1.38%, 1.7% in
Northern Indians 11 , contrary to 5.17% in North
Indians 12 , Turkish males 17 (0%), Turks 6 (0.2%),
Japanese18 0.6% and 5.06% in Nigerian13. Reasons
presumed to be difference in sample size and racial
variations.
CONCLUSION
Sutural morphology of the pterion in the
population of Uttar Pradesh and Bihar region of Indian
subcontinent does not differ from that of other
populations. This data may be of use when planning
for surgical approaches to the cranium through this
craniometrical points and also when interpreting
radiological images.
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ABSTRACT
Vehicular accidents have assumed the proportion of an epidemic and are one of the important causes
of mortality in all age groups and in all countries. Among all type of road user's pedestrian is one of
the most vulnerable groups to get most fatal injuries in road traffic accidents. Most common deaths
in road traffic accidents were among the pedestrians.
Totally 118 cases of pedestrian injuries in road traffic accidents were studied. The most common age
group affected was 0-20 years. Most common deaths in road traffic accidents were among the
pedestrians (44.86%). Maximum number of victims was injured while crossing the road (60.16%).
Fracture of ribs and sternum were seen in 32 cases. Injury to the heart was seen in 9 cases, injuries to
the lungs in 25 cases. Injury to liver was seen in 27cases. Fracture of skull was seen in63 cases and
intracranial hemorrhages in 71.majority of pedestrian victims of road traffic accidents died within
one hour after injury (35.5%). Most of the pedestrians died because of hemorrhage and shock and
head injuries (66.16%).
Keywords: Road Traffic Accident, Pedestrian, Injuries

INTRODUCTION
Road traffic accidents contribute to leading cause
of death among all other kinds of unnatural deaths.
In developing countries like India it’s a neglected
epidemic1. The problem is increasing in developing
countries due to rapid motorization and other factors.
There are many factors which contributes to pedestrian
fatalities mainly the pedestrian behavior, the vehicular
speed, alcohol consumption etc. Julian and Henry
suggested a substantial increase proportion of road
traffic accidents attributed to drinking problem2. Speed
has been determined one of the common factors
contributing to vehicle crashes3. The choice and mode
of transport is influenced by socioeconomic factors
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especially income and affordable means of transport
is mainly are walking or cycling4. Present study was
conducted to study the incidence, patterns, survival
period, cause of death and prevention of pedestrian
fatalities and Pedestrian injuries in road traffic
accidents.
METHODOLOGY
Study of medico-legal autopsies for 5 years from
2006 to2011 conducted by Department of Forensic
Medicine, M.R. Medical College. Total number of
pedestrian injuries and fatalities studied were 118.
Detailed information and data pertaining to cases were
collected from following sources (1) Inquest Report (2)
Brief History (3) Postmortem Report.(4)case sheets
.After receiving all the details, the PME was conducted.
In hospital treated cases case-sheet summary was
obtained to know the details.
Observations and Discussion;
Total number of cases of Pedestrian fatalities and
injuries studied were 118.
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Table 1: Age and Sex-wise Distribution of pedestrian
injured.
Age group (years)

No. of Victims
Male

Total

Percent

Female

Shrivastava and Gupta6, confirm that pedestrian
were more vulnerable(43.37%) amongst the victims,
followed by drivers and passengers of auto vehicles
like buses trucks , jeeps , cars, tempos etc(22.94%),
motor cycle scoters(16.02%), bicycles(12.12%)

0 – 10

10

5

15

12.71%

11 – 20

17

2

19

16.1%

21 – 30

15

1

16

13.5%

31 – 40

16

1

17

14.4%

41 – 50

10

3

13

11.01

Type of accidents.

No.

%

32

27.11%

Table 3: classification of pedestrian injured in road
traffic accidents.

51 – 60

11

2

13

11.01

Walking along the road

>60

21

3

24

20.3

Crossing the road

71

60.16%

Total

101

17

118

100.00

Playing at the road side

15

12.71%

Total

118

100

Age-wise analysis of victims of pedestrian injured
showed a maximum number of injuries and fatalities
in age group of 0-20(28.8%), and >60(20.3%), with less
fatalities in age group of 41-60 years. Depending upon
sex, there was a male preponderance with males
constituting 101 cases and females 17 cases.
Pedestrians accidents consisted of <15yrs and >65yrs
victims commonly as the study conducted by Julian
and henry2. Incidence of fatalities was more in age
group more than 60yrs because of their decreased
sensitivity of hearing and eye site.
Table 2: Different types of Road Users in Road Traffic
Accident
Road users

No. of Victims

Total

Percent

The victims of pedestrians who were injured were
walking along the road (27.11%), crossing the road
(60.16%) or playing at the road (12.71%). In an
investigation of series of pedestrian casualties, Heddy
found that 30cases were struck by the sides of the
vehicles. In majority of cases, the victims were either
children who had run into one side of vehicle or elderly
people who walked into the side of the vehicle as it
passed7.
Table 4: Injuries to thoraco-abdominal organs
Structures injured

No. of victims

Fractures of ribs and sternum

32

Heart

9

lungs

25

Male

Female

Pedestrian

101

17

118

44.86%

Aorta

4

Motor cyclist

59

5

64

24.3%

stomach

8

Bicycle riders

21

2

23

8.7%

Liver

27

Car drivers

17

3

20

7.6%

spleen

11

Auto occupants

10

2

12

4.56%

kidneys

1

Car occupants

12

6

18

6.84%

Lorry occupants

3

1

4

1.5%

Bullock cart drivers

4

—

5

1.93%

227

36

263

100.00

Total

In road traffic accident deaths numbering 263, there
were more number of pedestrians i.e., 118 cases
(44.86%). Motor cycle riders were second in number
(24.3%). The least number of cases were seen in auto
rickshaw occupants, car occupants and bullock cart
drivers. Chandra in his study analyzed that
pedestrians (50%) were the most common road users
to be injured and next to that is the motor cyclist (18%).
Mackay G. M5 studied seriously injured road casualties
in 1969, of which 28% were pedestrians, 6% were pedal
cyclist, 17% were riders of motorcycles, and has
bimodal distribution in age mainly in age group of less
than 15 and age group of more than 60.
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Injuries to the thorax consisted of fracture of ribs
and sternum in 32 cases, injuries to the heart in 9 cases,
rupture of aorta in 4 cases and injuries to the lungs in
25cases. Our observations are in correlation with the
study of Banerjee et al8. These were mainly seen in road
traffic accidents. In this study, injuries to lungs were
seen in 52 cases. This is comparable to the series of
Agarwal BBL who found the lungs to be the
commonest organ to be injured (52.7%) The heart was
injured in 13 cases (14.3%), associated with fracture of
ribs and sternum. Similar findings were seen by
Scorpio RJ et al who found cardiac injuries in 14.5%
cases. In this study, aorta was ruptured in 13 cases
(14.3%), the injuries to the abdominal organ consisted
of injuries of stomach, liver, spleen, and kidneys.
Stomach was involved in 8 cases. Injury to liver
occurred in 27cases.Spleen injuries consisted of 11
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cases. Kidney was found to be injured in 1 case.
Fitzgerald JB9 in his analysis of 200 cases of nonpenetrating injury concluded that liver was most
commonly injured organ; spleen injury was second
most common abdominal injury in the entire series.
Table no 5: Head injuries and fracture of long bones.
Type of injury

No.

%

Fracture of skull

63

53.38%

Intra cranial haemorrhages

71

60.16%

Fractures of long bones

31

26.27%

Multi trauma

23

19.49%

Fracture of skull was seen in 63 cases (53.38%)
intracranial hemorrhages were seen in 71 cases
(60.16%). Long bone fracture were seen in 31cases
(26.27%) and 23 cases of multi trauma (19.49%). A ten
year series of 168 pedestrians fatally injured in road
traffic accidents is discussed by Kaare-Solheim 10
(1964).Multiple injuries was common. Head injury was
the principle cause of death, but thoraco-abdominal
injuries were also frequent.
Table no 6: Survival period of the victims involved in
pedestrian injuries
Time (hours)

No. of victims

Percentage

0–1

42

35.5%

1–6

31

26.27%

6 – 12

7

5.93%

12 – 24

11

9.32%

24 – 48

14

11.86%

48 – 72

6

5.08%

> 72

7

5.93%

Total

118

100.00

35.5% of victims died on the spot or on the way to
the hospital or within one hour after the injury, 26.27%
of victims died in 1-6 hours, 9.32% of victims died in
12-24 hours. This clearly shows that first hour after
road traffic accidents are vital and rightly called as
“golden hour”. Hence, all measures taken to provide
accident relief to the victims should be focused on this
particular hour. Sevitt S 11also states in his study that
11 out of 24 (46%) died on the spot or within one hour
after the injury.
Table 7: Cause of death (n=108)
Cause

No. of victims

Percentage

Haemorrhage and shock.

32

27.11%

Head injuries and intra
cranial haemorrhages.

78

66.16%

Septicemia

6

5.08%

Uremia

2

1.69%

118

100.00

Total
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Death was due to severe head injuries in 78 cases
(66.16%) followed by hemorrhage and shock in 32
(27.11%), septicemia in 6 cases (5.08%) and uremia in
2 cases (1.69%). However, the high percentage of death
due to severe hemorrhage may be due to high
percentage of rib fractures, lung injuries, aortic
lacerations and also the associated injuries due to
highly vascular abdominal organs and the long
bone fractures. The above findings are similar to
chandulal R.12
SUMMARY AND CONCLUSION
Study of medico-legal autopsies for 5 years was
conducted in Department Forensic Medicine and
Toxicology, M.R. Medical College, Gulbarga. The
present study revealed the following:
1). Most commonly involved age group was 0-20 (%).
Next most common age group was >60 years (%).
The age group 40-60 constituted only a small
group. The predominant sex to be involved in
fatalities and injuries were males 101 cases, females
constituted 17cases.
2). Most common deaths in road traffic accidents were
among the pedestrians (44.6%) and motor cycle
riders fall in the second group. The least number
of cases were seen in auto rickshaw occupants, car
occupant and bullock-cart drivers.
3). The pedestrian victims who were injured were
either crossing the road (60.16%), walking along
the road (27.1%) or playing on the sides of the road
(12.7%).
4). Fractures of ribs & sternum were seen in 32 cases.
There were injuries to the lungs in 25 cases with
laceration being the serious injury. Injuries to the
heart were seen in 9 cases, Aortic rupture was seen
in 4 cases. Stomach was injured in 8 cases. Injury
to liver was seen in 27cases Spleen injuries
consisted of 11cases, kidney was found to be
injured in 1 case.
5). Other injuries consisted of the head injuries mainly
the intra cranial hemorrhages(60.16%), fractures of
skull(53.3%), fractures of the long bones(26.27%)
and cases of multi trauma (19.49%).
6). 35.5% of pedestrian victims of road traffic accidents
died within one hour after injury. 26.27% of victims
died in 1-6 hours, 9.32% of victims died in 12-24
hours.
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7). Death was due to head injury in 78 cases (66.16%),
followed by hemorrhage and shock in 32 (27.11%),
septicemia in 6 cases (5.08%) and uremia in 2 cases
(1.69%).

3.

RECOMMENDATIONS
It was prominently pointed in the study that,
pedestrian fatalities were more in road traffic accidents.
Vehicular accidents have assumed the proportion of
an epidemic and are one of the important causes of
mortality in all age groups and in all countries. Among
all the etiological factors the commonest aspect was
the majority of the victims died within one hour after
sustaining injuries. Considering the above points, the
menace of pedestrian fatalities can be dealt in the
following ways. Firstly prevention of accidents,
secondly precautionary measures to prevent
pedestrian trauma and lastly the emergency trauma
service should be given in case of a person who meets
with an accident. Though it is a most difficult task to
control human errors involved, sincere efforts made
in this direction can definitely reduce the mortality and
morbidity.
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ABSTRACT
Objective: In medicolegal cases it is expected to determine sex from isolated long bones or their
fragments in order to establish a possible identity. For this reason the present study is undertaken on
the samples of Vidarbha region of Maharashtra with the object to assess the value of different selected
measurements of the human humerus in the determination of sex of an individual.
Materials and Method: The material consist of 116 fully ossified humeri belonging to 58 dissection
hall cadavers collected from Govt. medical college, Nagpur, out of which 42 were males and 16 were
females of known sex and stature.Five parameters were used to study the sexual dimorphismMaximum width of upper end of humerus, Circumference of surgical neck of humerus, Least shaft
circumference, Transverse diameter of lower end of humerus and length of humerus. By Demarking
Points (D.P.), percentage of bones in males and females were calculated.
Results: Using Demarking points, with Maximum width of upper end 17% male and 19% female
right humeri and 14% male and 25% female left bones could be identified.With circumference of
surgical neck 14% males and 13% females right humeri and 14% of males and 6% female left humeri
could be identified. By transverse diameter of lower end 17% of right male, 13% of right female, 12%
of left male and 6% of left female bones could be assigned sex.With least shaft circumference only 7%
of right male humeri, 5% left male humeri and 6% left female humeri could be identified. No female
right humerus was identified in the present study when this parameter was used. With length of
humerus only 5% right male, 37% right female, 7% left male and 37% left female humeri could be
sexed.
Conclusion: The maximum width of the upper end of humerus is the best criteria for sexual
dimorphism of the human humerus, circumference of surgical neck, transverse diameter of the lower
end, length of humerus and least shaft circumference are also discriminate parameters in order of
accuracy.
Keywords: Humerus, Demarking Points, Sexual Dimorphism

INTRODUCTION
Identification of sex from skeletal remains is of great
medicolegal and anthropological significance.
Anatomist and forensic experts have been consulted
frequently regarding identification of skeletal remains
found under suspicious circumstances and are asked
to pronounce an opinion which may form an important
evidence in the court.
Determination of sex of the skeletal remains of an
individual from an examination of single bone, except
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the hip bone is considered to be difficult task and has
been the subject of continuous investigations. Even
when the entire human body, pelvis and skull are
available, not more than 95% accuracy can be
achieved1. Traditional methods for the assignment of
sex or stature estimation do not have an explicit basis.
Visual impression of the bones can seldom be accurate
because of the many pitfalls associated with subjective
assessment of the observer.The estimation of sex is a
crucial first step in a biological profile as other aspect
of the biological profile are sex-specific and can not be
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initial

Five parameters were applied to study the sexual
dimorphism:

Examination of the skeletal samples of the burials,
are often fragmentary and are found in mixed lots. For
this reason there is a need for developing a technique
for sex determination on skeletal parts which are
durable. The use of certain humeral dimensions for
sex determination produces excellent results3. Similarly
Mall G.et .al4 estimated sex from humerus and stated
that the humeral head diameter allowed the best
distinction in 90.41% cases followed by humeral
epicondylar width in 88.49% cases.

(1) Maximum width of upper end of humerus: - With
the help of sliding caliper, maximum transverse
diameter of the upper end was recorded.

adequetly determined
assessment2.

without

this

The present study is undertaken on the samples of
Vidarbha region for determination of sex in an
individual. Thus this study promises to be of
medicolegal interest and should be of assistance to
medical jurists, working in the Vidarbha region of
Maharashtra.
MATERIAL AND METHOD
The Material consist of 116 fully ossified humeri
belonging to 58 dissection hall cadavers out of which
42 were males and 16 females of known sex and stature
collected
from
Govt.medical
college
Nagpur,Maharashtra. The bones of each side of both
the sexes were numbered and kept separately. The
bones showing pathological deformities were
excluded. The bones along with their articular
cartilages intact were measured on the osteometric
board and recorded separately by vernier caliper and
sliding caliper5,6.

(2) Circumference of Surgical neck of humerus: - A
millimeter caliberrated narrow strip of graph
paper was used to record the circumference of the
shaft at various levels. The circumference of the
shaft 3 cms. below the most projecting point of the
lesser tuberosity was measured.
(3) Least Shaft Circumference: It was measured just
distal to the deltoid tuberosity.
(4) Transverse diameter of the lower end:- The
maximum breadth between the medial and lateral
epicondyles was measured.
(5) Length of Humerus:- The length of humerus along
with their articular cartilages intact was measured
on the osteometric board.
The data obtained for each parameter was analysed
statistically in both the sexes for right and left humerus
to find out the (i) Range (ii) mean (iii) Standard
Deviation (S.D.) (iv) Identification point (v) Percentage
of identified bones (vi) Calculated range (vii)
Demarking Point (D.P.) and (viii) Percentage beyond
demarking points. As per the method of Jit and Singh7,
the demarking points were obtained by calculated
range which were worked out by adding and
subtracting ± 3 S.D. to the mean value of each
parameter. On the basis of these demarking points, the
percentage of bones in males and females were
calculated.

RESULTS
Table I. Maximum width of upper end of Humerus
Measurements

Right

No. of bones
Range
Mean

Left

Male

Female

Male

42

16

42

Female
16

4.3-5.8

3.1-4.6

4.2-5.7

3-4.5

5.08

4.06

4.92

3.93

S.D.

0.4529

0.5149

0.4844

0.5340

I.P.

>4.6

<4.3

>4.5

<4.2

% of Identified bones

80%

56%

76%

56%

Calculated range

3.724-6.441

2.515-5.644

3.469-6.376

2.335-5.539

D.P.

>5.6

<3.7

>5.5

<3.4

% beyond D.P.

17%

19%

14%

25%

In the present series 80% male right humeri had
the maximum width of upper end of humerus more
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than 4.6 cms while 56% female right humeri were less
than 4.3 cms. By identification points (I.P.) 80% male
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and 56% female right humeri were identified. But on
the basis of the demarking points, only 17% male and
19% female right humeri could be sexed accurately. In
case of left humerus 76% male humeri were larger than

4.5 cms, while 56% left female humeri were smaller
than 4.2 cms. However, by demarking points only 14%
male and 25% female left humeri could be assigned
sex. (Table I)

Table II. Circumference of Surgical Neck of Humerus
Measurements

Right
Male
42
6.9-9.6
8.41
±0.7909
>8.1
66%
6.043-10.78
>9.45
14%

No. of bones
Range
Mean
S.D.
I.P.
% of identified bones
Calculated range
D.P.
% beyond D.P.

In 66% right male humeri, the circumference of
surgical neck was more than 8.1 cms, while 44% right
female humeri were less than 6.9 cms. However, by
demarking points only 14% males and 13% females
right humeri could be identified.On left side 71% left

Left
Female
16
5.6-8.1
6.92
±0.8449
<6.9
44%
4.391-9.45
<6.04
13%

Male
42
6.8-9.3
8.23
±0.7416
>7.8
71%
6.013-10.46
>8.98
14%

Female
16
5.5-7.8
6.82
±0.7215
<6.8
44%
4.66-8.98
<6.01
6%

male humeri were more than 7.8 cms, while 44% left
female humeri were less than 6.8 cms. However, by
demarking points only 14% males and 6% female left
humeri could be identified. (Table II)

Table III. Transverse diameter of lower end of Humerus
Measurements

Right
Male
42
5.4-7
6.2
±0.4452
>5.9
71%
4.87-7.54
>6.68
17%

No. of bones
Range
Mean
S.D.
I.P.
% of identified bones
Calculated range
D.P.
% beyond D.P.

By this parameter, 71% right male, 56% right
female, 71% left male and 31% left female humeri were
identified. However, by demarking points only 17%

Left
Female
16
4.3-5.9
5.2
±0.4959
<5.4
56%
3.71-6.68
<4.87
13%

Male
42
5.3-6.9
6.09
±0.4436
>5.8
71%
4.75-7.42
>6.67
12%

Female
16
4.2-5.8
5.38
±0.4303
<5.3
31%
4.08-6.67
<4.75
6%

right male, 13% right female, 12% left male and 6%
left female bones could be sexed accurately.
(TableIII)

Table IV. Least shaft circumference of humerus
Measurements

Right
Male
42
5.1-7.1
6.16
±0.5906
>6.2
50%
4.39-7.93
>7.05
7%

No. of bones
Range
Mean
S.D.
I.P.
% of identified bones
Calculated range
D.P.
% beyond D.P.
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Left
Female
16
4.3-6.2
5.44
0.5378
<5.1
25%
3.82-7.05
<4.39
None

2/8/2014, 1:23 PM

Male
42
5-7
6.03
±0.5582
>6
52%
4.35-7.70
>6.77
5%

Female
16
4.2-6
5.26
±0.5029
<5
31%
3.75-6.77
<4.35
6%
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By least shaft circumference, 50% right male, 25%
right female, 52% left male and 31% left female humeri
were identified. However, when demarking points
were applied only 7% of right male humeri, 5%

left male humeri and 6% left female humeri could
be identified. No female right humerus was
identified when this parameter was used.
(Table IV)

Table V. Length of Humerus
Measurements

Right

No. of bones
Range
Mean

Left

Male

Female

Male

42

16

42

Female
16

28.5-34.4

25.1-31.2

28-34.3

25.2-31

31.52

28.35

31.25

28.12

S.D.

±1.3203

±1.9089

±1.3239

±1.9072

I.P.

>31.2

<28.5

>31

<28

% of identified bones
Calculated range
D.P.
% beyond D.P.

By this parameter 69% right male humeri were
more than 31.2 cms and 62.5% right female humeri
were less than 28.5 cms. Similarly 57% left male
humeri were more than 31 cms and 62.5% left female

69%

62.5%

57%

62.5%

27.56-35.48

22.62-34.08

27.28-35.22

22.39-33.83

>34.08

<27.56

>33.83

<27.28

5%

37%

7%

37%

humeri were less than 28 cms. However, by demarking
points only 5% right male, 37% right female, 7% left
male and 37% left female humeri could be sexed
accurately.(Table V)

DISCUSSION
TableVI. Percentage of Humerus identified by demarking points using various parameters:
Parameters

Right

Maximum width of Upper end.

Left

Male

Female

Male

Female

17%

19%

14%

25%

Circumference of Surgical neck

14%

13%

14%

6%

Trans. diameter of lower end.

17%

13%

12%

6%

Length of Humerus

5%

37%

7%

37%

Least shaft circumference

7%

None

5%

6%

The present study reveals that the maximum width
of the upper end of humerus is the best criteria for
sexual dimorphism of the human humerus, in which
17% right male, 19% right female, 14% left male and
25% left female bones could be identified.
Circumference of surgical neck, transverse diameter
of the lower end, length of humerus and least shaft
circumference are also discriminate parameters in
order of accuracy.Similar studies were conducted by
Mudholkar et al8 and found that the maximum width
of upper end of the humerus is the best criteria for
sexual dimorphism of humerus.
Jit and Singh7 evolved demarking points (D.P.)
based on statistically calculated range of various
parameters of Punjabi Clavicles, which identify the sex
with more accuracy. The demarking points are simpler
to apply than multivariate analysis which is mostly
good for long bones only9. Any single demarking point
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of any parameter, if crossed would identify the
unknown sex of the bone with 100% accuracy10,11.
A formula derived from one racial group may be
unsatisfactory when applied to another population12.
Hence, the demarking point for one zone may not be
safe to apply to another zone if 100% accuracy is
required 13 . Thieme 14 concluded that sexual
dimorphism differ by measurement and some
measurements are more useful for discriminating
between the sexes than others. Steel15 and Singh and
Singh13 found that length of the humerus was the best
discriminating parameter for sexing both male and
female bones.
Comparison of the humerus in various human
groups emphasizes the lack of clear cut differences.
All fall within the normal range of human variations.
However, some of the interesting observations have
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been compared with those of the different workers16,8.
This statistical analysis of data of different zones
showed a significant difference in some of the mean
values, thus suggesting separate demarking points for
different zones.

3.

4.

CONCLUSION
The Demarking Points give high degree of accuracy
for sexual dimorphism and are different for different
races and zones and differ according to the side of the
body. Maximum width of the upper end of humerus
is the best criteria for sexual dimorphism. Similarly
circumference of surgical neck, transverse diameter of
lower end of humerus, length of humerus and least
shaft circumference are also discriminant parameters
in order of their accuracy.

5.

Thus this study will definitely be useful to the
Anatomists and Forensic experts where a bone or piece
of bone is subjected to the medicolegal examination.

8.

6.

7.

9.
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ABSTRACT
Fragmented skeletal remains are often presented for forensic evaluation which makes it difficult for
the forensic investigator to derive basic anthropological profile of the decedent(s). Research workers
have been trying to develop techniques that will enable them to overcome these problems. Earlier
attempts notably by McKern and Steel were not successful when it was put to actual practice because
of the vague nature of some of the vital anatomical landmarks. To overcome these, Simmons et al
came up with a new approach. We adopted this technique to estimate length of femur from its
fragments by analyzing 128 adult intact femora. The regression formulae thus obtained can be used
while analyzing skeletal remains from North Indian population.
Keywords: Maximum Femur Length, Fragmentary Femur, Anthropometry, Regression Equations
INTRODUCTION
Estimation of the stature form the long bones has
been an important aspect of the medico legal
investigation. This is reiterated by the fact that stature
estimation from various skeletal elements has been an
area of vital interest to research workers for more than
100 years now.1 Stature provides one aspect of an
individual’s physiognomy and one piece of critical
information that may be an aid in individual
identification.2
The authors of purely historical importance in this
regard include Orfilla, Langer, Toldt, Toinard and
Beddoe.3
It was Rollet in the year 1888, who published the
earliest formal statural tables, using the humerus,
radius, ulna, femur, tibia and fibula of 50 male and 50
female French cadavers. In 1892 and 1893 Manouvrier
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re-assessed Rollet’s data and further refined the
statural tables.1
Later in the year 1899, Pearson, developed
regression formulae using Rollet’s data and laid down
basic rules for stature reconstruction.1
The researches of Trotter M and Gleser G C,
Dupertuis C W and Hadden J A, have laid benchmark
for reconstruction of stature estimation from long
bones. 4-6
Form these researches, the stature could be
estimated with intact long bones either by using
multiplication factors or with the application of
regression equations
This is increasingly common because of rapidly
changing scenario a forensic investigator encounters.
7, 8, 9

A few examples, which may be observed, are
•

Mass disasters e.g., plane crashes, earthquake, etc.

•

Use of high explosive devices by terrorists and
Maoists.

•

Bones recovered in forensic situations may be lying
on the surface or under water, mutilated by the
residing fauna.
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•

Deliberate dismemberment of the dead bodies
Nithari serial murder in Noida, Uttar Pradesh,
India. 10

One of the ways to overcome this hurdle is to
estimate the total length of the long bone and later
employ them in statural formulae to get reasonably
accurate stature.7,8,9,11,12,13 This was first attempted by
Steele and McKern (1969) and Steele (1970) outlined a
number of landmarks establishing four segments in
the femur, four in humerus and five in the tibia. Even
in India V R Mysorekar et al (1980 to 1984) proposed
estimation of stature form parts of femur, tibia,
humerus, radius and ulna based on Steele’s method.
14,15

•

To correlate various measurements of fragments
of femur with its maximum length.

•

To compare the results obtained with similar
studies.
MATERIALS AND METHOD

The present study was conducted in Department
of Forensic Medicine and Department of Anatomy,
Lady Hardinge Medical College, New Delhi along
with Department of Anthropology, University of Delhi.
Total of 128 intact adult dry femora were studied.
STUDY DESIGN

When these methods were actually put on practice,
many shortcomings were noticed. Most practicing
Forensic Anthropologists faced practical difficulties in
locating precise anatomical landmarks in fragmentary
remains of bones because of the ambiguous nature of
the anatomical landmarks. Thus the crucial parameters
necessary for determination of the total length were
flawed; stature thus estimated was significantly
inaccurate and the medico legal importance was
ominously eroded. This was envisioned by none other
than Steele himself.7 So an alternate, practical and allinclusive approach to this problem was required.

A total of 128 adult dry femora were studied from
the museum collections of Department of Forensic
Medicine, Department of Anatomy of Lady Hardinge
Medical College and Department of Anthropology of
Delhi University.

Thus in the year 1989, Tal Simmons et al proposed
a new revised method which was published in Journal
of Forensic Sciences. 7 This study attempted to
overwhelm the pitfalls in Steele’s method by using
standard, clearly defined measurements taken on the
proximal, distal and the mid-shaft region of the femora.
Thus they tried to overcome the difficulties which
plagued the earlier approach by using clearly defined
measurements. Most of these measurements were
already in use by physical anthropologists. This
approached was followed by many researchers chief
among them was Mubarak Ariyo Bidmos who studied
estimation of stature and femoral length using
fragmentary femur in indigenous South Africans in
the early part of 2007. 8,9 Since these studies are
population specific, a study was conducted around the
world. Since these researches are population centric
one cannot adapt the values.

By using osteometric board and Mitutoyo 8-in Dial
calipers, following measurements (predictor variables)
were taken

OBJECTIVES OF RESEARCH
•

To assess the feasibility of estimation of maximum
femoral length from metric study of its distal
fragments.
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This whole pool of femora (prior to sexing them)
was considered as “unknown-sex”.
Later the femora were grouped into male and
female based on sexual dimorphism established
through metric evaluation.16-19

1. Maximum Femoral Length

FML

2. Vertical Diameter of the Femoral Head

VHD

3. Vertical Diameter of the Femoral Neck

VND

4. Upper Breadth of Femur

VHA

5. Transverse Diameter of the Mid-shaft

WSD

6. Bicondylar Breadth

BCB

7. Epicondylar Breadth

FDL

8. Medial Condylar Length

MCL

9. Lateral Condylar Length

LCL

All the measurements except for LCL and MCL
were taken as per the standards recommended by
Martin and Saller.36 Remaining were taken according
to the instructions of Bräuer.8,9
Data were entered to SPSS Ver.14 (Statistical
Package for the Social Sciences) software. Using this
software, correlation between FML and predictor
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variables and univariate and multivariate regression
analyses were done.
RESULTS
Correlation between the measurements of the
fragments of the distal end of femur with its maximum
length (FML) are scripted in table1. They are described
under males, females and unknown sex.

When correlation coefficients of individual
measurements with Maximum Femoral Length are
determined in ‘unsexed’ femora, all of them show
good degree of association.
After sexing them, we can see that individual
measurements of the fragments of male femora show
better correlation than those of the female.

Table 1. Correlations Of Measurements of Distal Fragments Of Femur With Maximum Length Of Femur (FML)
Fml(unknown Sex)

Fml(males)

Fml(females)

WSD

0.778(**)

0.633(**)

0.436(**)

BCB

0.888(**)

0.854(**)

0.300(*)

FDL

0.928(**)

0.882(**)

0.444(**)

LCL

0.864(**)

0.859(**)

0.330(*)

MCL

0.923(**)

0.873(**)

0.637(**)

** Correlation is significant at the 0.01 level (2-tailed)* Correlation is significant at the 0.05 level (2-tailed).

Table 2 presents the slopes, intercepts and standard
errors of estimates for male, female or unknown sex
group for estimation femoral length (FML). The values

obtained are by linear regression analysis of the
individual predictor variables with the Maximum
Femoral Length (FML).

Table 2 Regression Constants for Estimating FML from Distal Femur Fragments
Slope (B)

Intercept (A)

S.e.e.

Males

5.221

31.360

1.470

Females

3.367

32.024

1.285

Unknown Sex

9.049

20.543

1.967

Males

2.758

24.813

0.989

Females

1.296

31.609

1.363

Unknown Sex

3.723

17.352

1.441

Males

4.623

8.053

0.893

Females

1.960

26.506

1.280

Unknown Sex

3.949

13.357

1.116

Males

3.153

25.104

0.972

Females

1.498

31.446

1.348

Unknown Sex

4.448

16.358

1.576

Males

2.657

27.999

0.926

Females

3.463

21.693

1.101

Unknown Sex

3.766

20.608

1.202

Predictor Variable- Wsd

Predictor Variable- Bcb

Predictor Variable- Fdl

Predictor Variable- Lcl

Predictor Variable- Mcl

Note- All measurements are in cms.

Table 3 elaborates the regression equations that can
be used to determine FML, when only “distal segment”
of the femur is recovered. Form the distal segment of
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the femur we can obtain Epicondylar Breadth,
Bicondylar Breadth, Medial and Lateral Condylar
Length.
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Table 3. Equations for estimation of FML (with correlation and SEE) when only DISTAL END of is recovered
Equations

Correlation Coeffiecient

See

Sex- Male
16.772 + 0.652 (BCB) + 1.804 (FDL) + 0.871 (LCL) + 0.549 (MCL)

0.840

0.778

14.937 + 0.762 (BCB) + 2.151 (FDL) + 1.159 (LCL)

0.835

0.782

0.454

1.087

Sex- Female
23.099 - 0.928 (BCB) + 0.858 (FDL) - 1.164 (LCL) + 4.405 (MCL)
24.013 - 0.522 (BCB) - 0.995 (LCL) + 4.675 (MCL)

0.439

1.090

22.8 - 0.980 (LCL) + 4.275 (MCL)

0.430

1.089

21.693 + 3.463 (MCL)

0.406

1.101

Sex- Unknown
15.653 + 0.66 (BCB) + 2.148 (FDL) - 0.21 (LCL) + 1.835 (MCL)

0.895

1.0296

15.625 + 0.65 (BCB) + 2.147 (FDL) + 1.822 (MCL)

0.895

1.0254

15.659 + 2.176 (FDL) + 1.854 (MCL)

0.895

1.0215

NOTE- Measurements in cm.

Table 4 shows the regression equations that can be
used to estimate maximum femoral length from both
its proximal and distal fragments in males. Only the

statistically reliable and best indicators are described.
They are arranged in descending order of SEE and
increasing order of correlation.

Table 4. Equations for estimation of Maximum Length of Femur, Correlation and Standard Error of Estimate (SEE)
from fragments of femur in males.
Equations

Correlation

See

Males
a)

8.053 + 4.623 (FDL)

0.78

0.89

b)

18.993 + 2.697 (VHA)

0.75

0.95

c)

10.327 + 2.759 (FDL) + 1.31 (VHA)

0.83

0.79

d)

13.266 + 1.95 (FDL) + 1.00 (VHA) + 1.033 (LCL)

0.85

0.75

e)

15.452 + 2.181 (FDL) + 1.241 (VHA) + 1.377 (LCL) - 1.838 (VHD)

0.86

0.71

f)

17.624 + 1.589 (FDL) + 1.174 (VHA) + 1.165 (LCL) - 2.039 (VHD) + 0.749 (BCB)

0.88

0.69

Note: measurements in cm.

Table 5 shows the regression equations that can be
used to estimate maximum femoral length from both
its proximal and distal fragments in females. Here also

only the reliable and best indicators are described. They
are arranged in descending order of SEE and increasing
order of correlation.

Table 5. Equations for estimation of Maximum Length of Femur, Correlation and Standard Error Of Estimate (SEE)
from fragments of femur in females.
Equations

Correlations

See

27.373 + 4.646 (VND)

0.40

1.11

b)

21.693 + 3.463 (MCL)

0.41

1.11

c)

19.997 + 2.982 (VND) + 2.277 (MCL)

0.52

0.99

d)

18.693 + 1.922(VND) + 1.356 (MCL) + 1.104 (VHA)

0.57

0.95

e)

19.9 + 1.585 (VND) +2.249 (MCL) + 1.369 (VHA) -1.306 (LCL)

0.61

0.92

f)

21.996 + 2.149 (VND) + 1.268 (VHA) - 0.986 (BCB) -1.288 (LCL) + 2.865 (MCL)

0.64

0.89

Female
a)

Note: measurements in cm.

In Table 6, we have the regression equations that
can be used to estimate maximum femoral length from
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both its proximal and distal fragments when the sex
of the bone in not clear.
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Table 6. Equations for estimation of Maximum Length
of Femur, Correlation and Standard Error Of Estimate
(SEE) from fragments of femur when sex is unknown.

c) Medial Condylar Length (MCL)

Equations

After multi-vartiate analysis of these
measurements, the regression equations thus obtained
can be used for estimation of Maximum Femoral
Length (given in Table 3). The equations are grouped
under male, female and unknown sex

Correlations

See

0.853

1.20

Sex-unknown
a)

20.608 + 3.766 (MCL)

b)

16.189 + 1.389
(MCL) + 2.053 (VHA)

0.905

0.971

c)

14.66 + 1.492 (VHA) + 1.204
(FDL) + 0.982 (MCL)

0.914

0.928

Note: measurements in cm.

DISCUSSION
All the fragmentary measurements presented
positive correlations with the FML (Table 1).
Correlation is a measure of association between two
variables; in this case, it is the strength of association
of the maximum femoral length (FML) with its distal
fragments. As a thumb rule, we shall consider
correlation coefficients between 0.00 and 0.30 as weak,
those between 0.30 and 0.70 as moderate and
coefficients between 0.70 and 1.00 high.
In males, all parameters show a high degree of
correlation with the exception of WSD, which display
moderate degree of correlation. However, in females,
all the parameters show moderate degree of
correlation.
In males, the measurements showing the degree of
correlation with FML in descending order are FDL,
MCL, LCL, BCB, and WSD.
In females, the measurements showing degree of
correlation with FML in descending order are MCL,
FDL, WSD, LCL and BCB.
In unknown samples, all the measurements
demonstrate high degree of correlation.
Table 2 shows the regression constants for
estimating Maximum Femoral Length from its
individual fragmentary remains from the distal end,
based on the sex. The calculated length can be used to
estimate the stature of the individual by the regression
equations, tables or the multiplication factors already
established by the various studies.
From the distal end of the femur, the measurements
which can be obtained are
a) Epicondylar Breadth (FDL)
b) Bicondylar Breadth (BCB)
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d) Lateral Condylar Length (LCL)

Again equations derived for male samples
presented a higher correlation (0.835-0.840) compared
for the female sample (0.406-0.454), whereas in
unknown-sex samples it was highest (0.895).
The SEE for the estimation of Maximum Femoral
Length in males ranged from 0.778 to 0.782 for females
1.087 to 1.101. In unknown-sex sample it was 1.030 to
1.021
From the point of statistical significance, regression
equations to estimate Maximum Length of Femur form
its fragmentary remains both from proximal and distal
end are mentioned in Table 4, 5 and 6. Only the
statistically reliable and best indicators are described.
They are arranged in descending order of SEE and
increasing order of correlation.
Comparative Analysis with similar studies
We can compare the results of our study with that
of four similar studies.
1) Simmons et al (1990)
2) Bidmos MA (2008) –Indigenous South Africans.
3) Bidmos MA (2008) – South Africans of European
descent.
We will be comparing the correlation of the
fragmentary measurements with the Maximum
Femoral Length between present study and the above
mentioned studies.
Table 7, shows the correlation coefficients of
comparable measurements of the femur in the present
study and those of Simmons et al.
•

In males all the six measurements, the correlation
reported in this study is higher than that of
Simmons et al.

•

In females, VHD, VND and VHA showed better
correlation than those in Simmons et al. However,
correlation of BCB in our study sample is lower
than that of Simmons et al.
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•

FDL in our study shows higher correlation than
that in Black female group, but it was lower than
that in White female group of Simmons et al.
Table 7. Comparison of Correlation Coefficients
between Simmons ET Al. and the Present Study.

STUDY
Simmons Et Al.

Present study

WSD

BCB

FDL

White Males

0.281

0.541

0.521

Black Males

0.276

0.440

0.465

White Females

0.295

0.445

0.537

Black Females

0.277

0.345

0.415

Males

0.633

0.854

0.882

Females

0.436

0.300

0.444

•

In females, the measurements showing degree of
correlation with FML in descending order are
VHA, VHD, MCL, VND, FDL, WSD, LCL and
BCB.

•

In females, the measurements in proximal end of
femur (VHA & VND) have better correlation with
FML, which is in contrast with males where distal
end variables show better correlation.
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ABSTRACT
This study was done to compare the estimated age from physiological changes in teeth (Gustafson
method) with the actual age of deceased person and to note the difference between them and also to
know the influence of various exogenous and endogenous factors on them. In 40 cases where the
proof of age is available, first maxillary premolars were studied for 6 factors- attrition, periodontal
disease, secondary dentine deposition, cementum apposition, root resorption. Each factor was allotted
a score of 0- 3 depending upon degree of changes in the tooth. Age calculated by deriving the regression
formula for the total score. Mean calculated age when all the physiological factors taken together
had a deviation of about ±2.86 years. Physiological factors had no significant correlation with the sex
and diet of the individual. When a single factor is used for age estimation root translucency gave the
least deviation, i.e. ±5.17 years.
Keywords: Dental Age Estimation, Gustafson's Criteria, Forensic Odontology

INTRODUCTION
Identification is the establishment of the
individuality of a person. As it is the era of increasing
accidents, mass disasters, natural calamities and
crimes, establishment of the identification plays a key
role. Among the various partial identification data viz.
race, sex, age, stature, etc. age forms a vital cog in
establishment of identity. There are various age
estimation tools such as, physical changes, secondary
sexual characters, radiological examination of the
ossification centres, eruption of temporary and
permanent teeth. All the above mentioned tools are
quite accurate up to 25 years of age but beyond 25 years
it has proved difficult in spite of developing new
techniques.1
Teeth are the strongest parts in human body and
are therefore highly durable and very resistant to
external influences like putrefaction, heat, explosions,
and chemicals etc., which make them available for
examination in all eventualities.2
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Tooth is used to estimate the age in both living and
dead individuals. At no time during life of an
individual, tooth unit is static, with increasing age
Changes which are appreciable are attrition,
periodontal disease, and deposition of secondary
dentine, root translucency, cementum apposition, root
resorption, color changes and increase in root
roughness. By taking into consideration these
secondary changes in teeth with advancing age,
various studies were done to estimate the age of an
individual.
Physiologic changes can be both macroscopic eg;
attrition, root translucency etc and microscopic eg;
incremental lines which appears daily.
Thus, below 25 years, age estimation done by using
eruption of tooth while after 25 years based on the
physiological changes in it.
In developing countries like India large numbers
of people are illiterate and have no knowledge of their
date of birth, which is required by law enforcing
agencies as proof of age in civil, criminal issues and
for awarding compensation.
Hence this study is taken up to estimate the age
from physiological changes in teeth (Gustafson
method) and to compare it with the actual age of
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deceased person as ascertained by birth date records
and note the difference between estimated age and
actual age, so as to develop a reliable data for
estimation of age in individuals whose birth records
are unavailable.
MATERIAL AND METHOD
Maxillary first premolar teeth were extracted from
the bodies subjected for medico legal autopsy at the
Department of Forensic Medicine, M S Ramaiah
Medical College, Bangalore, after taking consent from
the person in lawful possession of the body. A total of
40 cases( 31 Male, 9 female )(Table no. 2) were studied
in the age group of 25- 60 years, which were grouped
into 7 groups (group I to VII) with 5 years difference
(Table no 1).
Personal history of the diet of deceased was
collected from relatives by a questionnaire in all of the
40 cases studied (Table no. 3). Certified document of
date of birth viz, birth certificate/ marks card/ driving
license as a proof of actual age was collected from
relatives.

Degree of attrition and extent of periodontal disease
were recorded much before the extraction of the tooth
and scoring was done depending upon degree of
changes. Then the tooth was extracted with extraction
forceps and preserved in formalin for a period of 15 –
17 days, 4 then the ground section was prepared. Tooth
were sectioned into two halves using high speed metal
grinder (2600 rps) (Figure no. 2), and then grinding
was done manually with rough carborundum stone
till a thickness of 1 mm, at this thickness, the root
translucency(Figure no.3) was noted. Grinding was
further continued till a section of 0.25-mm thickness
was left. Finally cleaned and dried section was
mounted on slide using DPX and viewed under
microscope for secondary dentine, cementum
apposition and root resorption.
According to degree of structural change, each
change was ranked arbitrarily and scored as 0, 1, 2
and 3.5

In our study first premolars (Right or left) were only
considered as they gave strongest coefficient,2, 3 while
tooth with caries and fillings observed during the
process of extraction or during ground sectioning were
excluded from the study.
The apparatus used for the study were Tooth
extraction forceps, periosteal elevator, Carborundum
stone (rough and smooth), Alcohol and Xylene,
Formaline, Microscope, DPX and slide.
The following 6 dental parameters were studied in
each case: Attrition, Periodontal disease, Cementum
apposition, Secondary dentine deposition, Root
translucency and Root resorption (Figure no. 1)

Fig. 2. High speed metal grinder used for the bisection of tooth

Fig. 1. Showing the six physiological changes in the tooth

Fig. 3. Dental trancelucency
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After collecting the data and calculating the total
score, a graph was plotted with actual age on one side
and the score calculated on the other. The graph thus
plotted can be used to derive regression formula which
would serve as a ready reckoner for the determination
of age in an unknown body
RESULTS
Table No. 1: Distribution of various age group and
number of cases in each Group
Group

Age Group

No. of cases

Table No. 4: Calculated age using regression equation
derived by Total Score. (Formula: y = 4.241 x + 12.33) (Contd.)
Sl. No.

Actual age

Total score

Estimated age

Difference

11.

59

12

63.21

-4.21

12.

40

7

42.01

-2.01

13.

49

9

50.49

-1.49

14.

31

5

33.53

-2.53

15.

45

7

42.01

2.99

16.

51

10

54.73

-3.73

17.

32

5

33.53

-1.53

18.

36

6

37.77

-1.77

19.

25

4

29.29

-4.29

I

25-30

6

20.

38

6

37.77

0.23

II

31-35

11

21.

55

9

50.49

4.51

III

36-40

7

22.

40

6

37.77

2.23

IV

41-45

4

23.

55

10

54.73

0.27

V

46-50

2

24.

38

6

37.77

0.23

VI

51-55

6

25.

33

5

33.53

-0.53

VII

56-60

4

26.

52

9

50.49

1.51

40

27.

29

4

29.29

-0.29

28.

34

5

33.53

0.47

29.

31

4

29.29

1.71

30.

28

4

29.29

-1.29

Total

Table No. 2: Distribution of study population
according to sex
Sex

Number of cases

31.

60

12

63.21

-3.21

Male

31

32.

42

6

37.77

4.23

Female

09

33.

48

8

46.25

1.75

Total

40

34.

32

5

33.53

-1.53

35.

42

6

37.77

4.23

36.

53

8

46.25

6.75

Table No.3: Distribution of study population
according to diet
Diet

Number of cases

Vegetarian

25

Non- Vegetarian

15

Total

40

Table No. 4: Calculated age using regression equation
derived by Total Score. (Formula: y = 4.241 x + 12.33)
Sl. No.

Actual age

Total score

Estimated age

Difference

1.

35

6

37.77

-2.77

2.

32

5

33.53

-1.53

3.

27

4

29.29

-2.29

4.

37

6

37.77

-0.77

1.

60

11

58.97

1.03

2.

44

7

42.01

1.99

3.

56

9

50.49

5.51

4.

38

5

33.53

4.47

5.

35

5

33.53

1.47

6.

55

11

58.97

-3.97

7.

26

4

29.29

-3.29

8.

32

5

33.53

-1.53

9.

33

5

33.53

-0.53

10.

29

4

29.29

-0.29

43. Santosh Sheelawant--202--207.pmd

204

The total score is a significant factor using which
the age can be estimated (P<0.001, R2 = 92.8%). A very
high R2 value for this parameter indicates that this
parameter can give the best estimate of the actual age.
All factors taken together and total score for
calculating age gave least deviation as compared when
each factor is taken alone. Deviation of calculated age
from actual age is ±2.86 years which is better than
compared to Bang and Ramm (± 3.6 years) 6 and
Maples and Rice (±7.03 years).7
Table No. 5: Comparison of age calculated by newly
derived formula and actual age
Age

Range

Mean±SD

T

P

Actual

25-60

40.42 ± 10.53

0.002

0.998

29.29- 63.21

40.42 ± 10.14

Calculated

The comparison of the mean actual age and mean
calculated age using newly derived regression
equation is done. It is found that mean calculated age
(40 ± 10.14) is almost similar to mean actual age (40.42
± 10.53).
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Table No. 6: Comparison of total score between
vegetarian and non vegetarian diets
Diet

Mean

SD

Median

Z

P-value

Veg

6.48

2.54

5.00

-0.908

0.375

Non. Veg

6.87

2.20

6.00

It is observed that mean total score in non
vegetarians is slightly higher (6.87±2.20) than that of
vegetarians (6.48±2.54).This difference is statistically
non significant and is similar to findings of Pillai and
Bhaskar.8

Table No 7: Comparison of total score between Males
and Females
Gender

Mean

SD

Median

Z

P- value

Male

7.00

2.50

6.00

-1.974

0.051

Female

5.13

0.99

5.00

It is observed that mean total score in males is
slightly higher (7.00 ± 2.50) than that of a females (5.13
± 0.99), but statically this difference is insignificant.
This finding is consistent with the findings of Pillai
and Bhaskar.8

Table 08: Mean total score of samples in various age groups
Age group

n

Mean

SD

Median

min

Max

25-30

6

4.00

0.00

4.00

4.00

4.00

31-35

11

5.00

0.45

5.00

4.00

6.00

36-40

7

6.00

0.58

6.00

5.00

7.00

41-45

4

6.50

0.58

6.50

6.00

7.00

46-50

2

8.50

0.71

8.50

8.00

9.00

51-55

6

9.50

1.05

9.50

8.00

11.00

56-60

4

11.00

1.41

11.50

9.00

12.00

This table shows various age groups and the mean
of the total score calculated from six physiological
changes occurring with age. A mean total score of 4.0
in the age group 25 - 30 years increasing to mean total
score of 11.00±1.41 in the age group of 55 – 60 years.
Increase in age is statistically analysed and is found to
be significant. These findings are similar to findings
of Pillai and Bhaskar.8
Graph No 1: Showing the total score increasing with
age

Fig. 4. Regression curve depicting relation of calculated total score
to actual age and its regression formula.

DISCUSSION
Various studies have been carried out in the past
to estimate the age from the physiological changes in
the teeth. Gustafson awarded scores of 0-3 based upon
severity of changes visually and estimated age by
using regression formula derived from his observation:
Y = 3.52 X + 8.88 (X = Total Score and Y = Estimated
Age) and established that the difference between
calculated age and actual age would not exceed ±3.63
years.9
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In a study conducted by Amandeep singh et al 1
the mean age difference between the calculated age
and actual age was ±2.16 years. Attrition factor found
to contribute more in males than females. And type of
diet had no effect on the score.1
Pillai PS et al8 studied, 83 anterior teeth from 59
cases (36 males and 23 females), regression equation
was deduced Y= 5.34 X + 4.08. They also found that
the six factors used by Gustafson were age related
variable but there was no significant relation with the
sex of the person and the type of diet.
Maples WR et al7 stated that, though Gustafson’s
method was a significant contribution to forensic
identification but many statistical errors were present
in the published articles. Authors, improved the
regression formula by using multiple regression
techniques and the new formula Y = 4.26 X + 13.45 (X
= Total Score and Y = Estimated Age), (r = 0.912) and
value of error as ±7.03 years was given.
Age estimation were performed on 157 teeth
according to Gustafson’s method and by use of
multiple regression formula, In comparison of two
estimation formulas, the formula by multiple
regression, the method of Johanson (SD = 7.82), was
found to be slightly more reliable than Gustafson’s
method (SD = 8.18).10
A research based on the modification of Gustafson’s
aging method with the aim of coming up with an
update identification table for anthropology, sixtythree ground sections were evaluated following the
methods of Kilian and Kashyap Koteswara Rao.
Kilians method is based on the subjective evaluation
of six factors the degree of attrition, the secondary
dentine, secondary cementum, the resorption, the
transparency and position of epithelium attachment
while the study of Kashyap and Koteswara is based
on the quantitative evaluation of four factors i.e.
attrition, secondary dentine, secondary cementum and
transparency. The best results of age estimation were
obtained using Kilian’s method after multiple
regression of all studied changes were applied and
absolute mean error of estimation was 4.97 years and
was found whenever any of the six factors were not
included the error of estimation increased.11
The reliability and validity of eight dental age
estimation methods for adults were studied by taking
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20 teeth, 10 males and 10 females (known ages ranging
from 14 to 95 years, mean age 47.5 years). Using
Johanson’s method, computed a formula: Age = 5.14
A + 2.3 S + 4.14 P + 3.17 C + 5.57 R + 8.98 T + 11.02.
Other methods studied were Kvaal and Solheim first
formula, Kvaal and Solheim second formula, Solheim’s
method in-situ teeth, Solheim method for sectioned
teeth, Lamendin method, Bang’s method for extracted
teeth and Bang’s method for sectioned teeth. They
found that sectioned methods gave a better result and
with more precision than that from un-sectioned
method. It was also seen that Kvaal’s original data gave
significantly better regression coefficient for that
maxillary premolars teeth.12
Gustafson method was reexamined and suggested
a 5 point scoring system from 0 to 4, instead of 4 point
system that was previously used in order to give
slightly greater accuracy, results showed root
resorption and secondary cementum formation could
be disregarded and it is preferable to use 4 of 12
anterior teeth from an individual for age estimation.
Regression equation suggested was E = 8.691 + 5.146A
+ 5.338P + 1.866S + 8.411T. Standard deviation in age
determination is ± 6 years.13
In the present study, regression formula derived
from the regression curve was Y = 12.33 + 4.241X,
where Y is calculated age and X is total score. Mean
calculated age when all the physiological factors taken
together had a deviation of about ±2.86 years. No
influence of gender and diet on physiological changes
was noted.
CONCLUSION
Newly derived regression formula is Y = 12.33 +
4.241X, where Y is calculated age and X is total score.
Mean calculated age when total score of all the
physiological factors were taken together was 40.42 ±
10.14 while mean actual age was 40.42 ± 10.53. Mean
calculated age when all the physiological factors taken
together had a deviation of about ±2.86 years. Age
calculated using all the six factors had less deviation
from the actual age as compared when individual
factor was taken alone. When a single factor is used
for age estimation root translucency gave the least
deviation, i.e. ±5.17 years. Physiological factors had
no significant correlation with the gender and diet of
the individual.
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ABSTRACT
The knowledge of variations in the origin and course of cystic artery is important for the surgeons as
uncontrolled bleeding from the cystic artery and its branches can be fatal during cholecystectomy
that increases the risk of intraoperative lesions to vital vascular and biliary structures. The present
study was undertaken on 100 human liver specimens with intact gallbladder and extrahepatic duct
system, obtained from the Department of Anatomy and the Department of Forensic Medicine, Mysore
Medical College and Research Institute, Mysore. The cystic artery was studied with regard to variations
in the origin, length and diameter. It was observed that the origin of the cystic artery was normal in
92% of cases and variations were seen in rest 8% of cases. Most common source of origin of the cystic
artery was the right hepatic artery (92%). The mean length of the cystic artery in the present study
was 17.60 mm and ranged between 3.7 mm to 42 mm. Mean length in males was 17.40 mm and in
females 17.88 mm. Mean external diameter of the cystic artery was 2.20 mm and ranged between 1.1
mm and 3.2 mm. No change in the external diameter of the cystic artery was noted through the entire
course of the artery. Mean external diameter in males was 2.20 mm and in females 2.19 mm. No
significant difference was observed in the external diameter between different age groups.
Keywords: Cystic Artery, Gall Bladder, Variations

INTRODUCTION
Human beings are singularly alike in their general
anatomical construction: yet when one particular
region is investigated in detail, variations are
frequently observed. These variations are more
commonly encountered in the vascular system,
especially in the liver.1
The gallbladder and its ducts are more often called
for operative treatment than any other intraabdominal
viscus, excluding the vermiform appendix. According
to Flint, “Technically, gallbladder surgery is the most
difficult of any abdominal surgery and inadequate
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appreciation of abnormalities of this region does not
reduce the risks”. The knowledge of relevant anatomy
is important for safe execution of cholecystectomy,
because it has been recognised since long that
misinterpretation of anatomy and as well as the
presence of anatomical variations contribute to the
occurrence of major intraoperative and postoperative
complications.2
The chief source of blood supply to the gallbladder
and the cystic duct is the cystic artery. Cystic artery
commonly arises from the right hepatic artery in the
angle between the common hepatic duct and cystic
duct. The cystic artery arises from the right hepatic
artery within the Calot’s triangle in 75.5% cases and
variations in the origin and course occurs in 24.5% of
cases.3 Calot’s triangle is a triangular space formed
between the cystic duct, the common hepatic duct and
inferior surface of segment V of the liver. The most
important content of the triangle is the cystic artery.
Appreciation of variations in the ductal and arterial
anatomy of the triangle is of considerable importance
during excision of the gallbladder.4
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The recent intense development in certain fields of
abdominal surgery has made imperative to have a
descriptive atlas whereby surgeons may obtain a clear
appreciation and knowledge of the varied blood
supply of the upper abdominal organs. Anatomic
variations are worth knowing as accurately and
extensively as possible. Halsted, a pioneer American
surgeon is remembered for the message he left to
surgeons “The best way to avoid injury to the blood
vessels is to know them and to know how, when and
where to ligate them properly”.5
Safe cholecystectomy either open or laparoscopic,
requires a good knowledge of anatomy of the cystic
artery and its variations. Hence appropriate insight
into the cystic artery anatomy and its variations is of
special importance to both patient and surgeon to
avoid uncontrolled lesions to the artery that usually
leads to complications, morbidity and mortality.
Keeping in view the clinical significance and applied
importance of the cystic artery anatomy and to add
some more knowledge to the existing ones, the present
study was undertaken, to know in detail the level of
origin, length, and variations in the course and relation
of the cystic artery.
MATERIALS AND METHOD
Source of Data
The present study was performed on 100 human
liver specimens with intact gallbladder and
extrahepatic duct system of both sexes (males – 64,
females – 36) and age ranging from 30-79 years,
collected from the cadavers from the Department of
Anatomy and post-mortem cases from the Department
of Forensic Medicine, Mysore Medical College and
Research Institute, Mysore, over a period of 18 months
(February 2009 to July 2010).
Inclusion criteria
a) Liver specimens with intact gallbladder and
arterial supply irrespective of age and sex.
b) Specimens with intact right and left hepatic duct,
common hepatic duct and cystic duct.
Exclusion criteria
(a) Injured or lacerated liver and gallbladder.
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(b) Liver specimens with absent gallbladder.
(c) Liver specimens from decomposed bodies.
METHOD OF COLLECTION OF DATA
From the cadavers
After exploring the peritoneal cavity, the anterior
layer of peritoneum was removed from the lesser
curvature of the Stomach. Left gastric artery was
identified and traced till the omental bursa. Right
gastric artery was identified and traced to the common
hepatic artery. The common hepatic artery was
dissected till the gastroduodenal artery was given off
and the proper hepatic artery was defined. The right
and left hepatic arteries were identified and cystic
artery was studied.43
Once the cystic artery was defined it was cleaned
and traced up to its division into the superficial and
deep branches close to the neck of the gallbladder.
From the post-mortem cases
Cadaver was placed supine on the dissection table
and the abdominal cavity was exposed by giving the
classic midline incision from the chin to the symphysis
pubis. Then the anterior abdominal wall was retracted
laterally.
Specimens were collected as block dissection of the
liver along with associated structures like the hepatic
artery, portal vein, hepatic ducts, part of the abdominal
aorta including the celiac trunk and the superior
mesenteric artery and part of the inferior vena cava
and other related structures like part of the diaphragm,
part of the duodenum and pancreas.
Each specimen was thoroughly washed to remove
blood clots and then tagged with a token having
identification number and fixed in 10% formalin for
15 days. All specimens were dissected carefully to
observe the parameters of the study.
Parameters Studied
1. Source of origin of the cystic artery was noted.
2. Length of the cystic artery was measured from
point of origin to the division of the artery into
superficial and deep branch.

2/8/2014, 1:23 PM

210 Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1

3. External diameter of the cystic artery was
measured at three levels, origin, mid level and
termination.
Measurement of Length
Length was measured with the help of the divider.
The ends of the divider were then kept on Vernier
callipers and exact length was noted.
Measurement of External Diameter
External diameter of the cystic artery was measured
at three levels (origin, midlevel, termination) with the
help of screw gauge. Care was taken to see that the
artery was not compressed by the ends of the screw
gauge while measuring the diameter.

Fig. 3. Cystic artery arising from the aberrant right hepatic artery

RESULTS
Most common source of origin of the cystic artery
was the right hepatic artery(RHA) in 92 cases (92%)
followed by aberrant right hepatic artery (AB RHA)
in 4 cases (4%) and the least common sources observed
were the left hepatic artery (LHA) in 1 case (1%) and
the gastroduodenal artery (GDA) in 1 case (1%).
Fig. 4. Cystic artery arising from the Gastroduodenal artery

Fig. 1. variations in the source of origin of the cystic artery
Fig. 5. Cystic artery arising from the Proper hepatic artery

Fig. 2. Normal origin of the cystic artery from the Right hepatic
artery
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Fig. 6. Cystic artery arising from the Left hepatic artery
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Observed difference between the source of origin
of the cystic artery and the gender was non-significant.
Irrespective of the gender the most common source of
origin was the right hepatic artery.
Mean length of the cystic artery was 17.6 mm and
ranged between 3.7 mm to 42 mm. Difference observed
between lengths of the cystic artery with respect to
the age group was non-significant.

A significant difference (p-value=0.000) was
observed between the length of the cystic artery and
the source of origin. When the source of origin was
the right hepatic artery, mean length of the cystic artery
was 17.23 mm. Maximum length of the cystic artery
noted was 42 mm and the source of origin was the
gastroduodenal artery.

Table 1: length of the cystic artery with respect to origin
Source of Origin

No. of
Cases

Mean Length
(mm)

Minimum
Length (mm)

Maximum
Length (mm)

Sd

P-value

RHA

92

17.23

LHA

1

24.3

4.4

32.0

0.56

0.000

24.3

24.3

-

PHA

2

23.75

1.96

2.79

0.58

GDA

1

42.0

42.0

42.0

-

AB RHA

4

15.45

12.0

18.2

0.28

Mean external diameter of the cystic artery was
2.205 mm. No change in the diameter was noted
throughout the course of the cystic artery. Range of
the diameter was 1.1 mm to 3.2 mm. Mean external
diameter in males was 2.20 mm and in females 2.19
mm.
DISCUSSION
The normal pattern of cystic arterial origin is in
which this artery arises as a branch from terminal
portion of the right hepatic artery. Next in order would
be origin from the right hepatic artery, but from the
more proximal portion of that vessel. Then an origin
from the distal portion of the hepatic artery proper,
before division into right and left hepatic arteries,
would be expected to follow in frequency; after that
an origin from the left hepatic artery. Further migration
down the arterial tree would bring the cystic to arise
as a branch from the gastroduodenal artery. Next
would be origin as a branch of the common hepatic
artery, then derivation from celiac axis itself. Spatially
more remote would be a right or accessory right
hepatic artery, arising not from the celiac axis or

common hepatic arteries, but from superior mesenteric
artery, the cystic branch then being derived from the
terminal portion of such an anomalous right hepatic
artery.
Migration downward towards the source branch
derived from the aorta or even from the axial vessel
itself could be expected as less frequent pattern, the
cystic artery thus arising from the celiac axis, superior
mesenteric artery, or aorta itself. In rare instance, origin
could be conceivably take place from the terminal
gastroduodenal branches, the right gastroepiploic and
superior pancreatico duodenal arteries or even from a
supraduodenal branch of hepatic or gastro duodenal
origin.6
Observations on variations in the origin of the
cystic arteries in the present study showed that, the
most common source of origin of the cystic artery was
the right hepatic artery (in 92% specimens). This
observation was in agreement with the work done by
Flint (98%), Desilva et al. (96%) and Khalil M (90%).
Comparison of this observation with other studies is
as follows,

Table 2: Comparison of Source of Origin of the Cystic Artery with other Studies
Sl.No. Studies

No. of
Casesstudied

Source of
Origin
RHA

PHA

LHA

GDA

CHA

CT

SMA

AB RHA

1

Present study

100

92%

2%

1%

1%

0

0

0

4%

2

Flisinski et al.7

34

82.3%

8.8%

5.8%

2.9%

0

0

0

0

1

3

Flint ER

200

98%

0

1.5%

0.5%

0

0

0

0

4

Daseler et al.6

580

71.7%

0

6.2%

2.6%

2.7%

0.35%

0.1%

16 %
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Table 2: Comparison of Source of Origin of the Cystic Artery with other Studies (Contd.)
Sl.No. Studies

No. of
Casesstudied

Source of
Origin
RHA

PHA

LHA

GDA

CHA

CT

SMA

AB RHA

5

Michels NA8

200

77.5%

0

5%

4%

1.5%

0

0

12%

6

Desilva et al.9

50

96%

0

4%

0

0

0

0

0

7

Khalil M10

60

90%

2%

3%

2%

2%

0

0

0

8

PushpalathaoK
et al.11

50

54%

22%

0

8%

12%

0

2%

2%

Lowest observed incidence (54%) of the cystic
artery arising from the right hepatic artery is reported
by Pushpalatha K. Difference in the incidence between
the present study and the above mentioned author
might be because of the difference in the number of
specimens studied.
Knowledge of variations in the origin of the cystic
artery is essential in performing cholecystectomy, open
or laparoscopic. Hence it is important for the biliary
and minimally invasive surgeons to appreciate the
basic anatomical facts and to have a sound knowledge
of anatomical variations of the cystic artery thereby
minimising the chances of complications during
cholecystectomy.
When variations in the origin of the cystic artery
was studied with respect to the gender, irrespective of
the gender the most common source of origin was the
right hepatic artery.

CONCLUSION
The number of cholecystectomies, especially
laparoscopic, being performed in India has increased
phenomenally in the last few years. In view of the
importance of anatomy and its variations, it is logical
to look at the possibility of assessing the anatomy
accurately during the performance of cholecystectomy.
The present study aims help for the hepatobiliary
surgeons to plan and perform safe surgeries related to
the gallbladder and the extrahepatic duct system and
to minimise the complications associated with it.
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Mean length of the cystic artery in the present study
was 17.6 mm and ranged from 3.7 mm to 42 mm. No
significant change in the length of the artery was
observed between different age group and
gender.Observation regarding the mean length of the
cystic artery in the present study was in agreement
with the work of Desilva et al. But, minimum length
of the cystic artery noted in the present study was 3.7
mm. Surgeons should be aware of such short type of
cystic artery as this can most often be confused for
double cystic artery.

Source of Funding: Self

Mean external diameter of the cystic artery was 2.2
mm and ranged between 1.1 mm to 3.2 mm. No change
was observed in the diameter of the cystic artery
throughout its course. Mean external diameter in males
was 2.20 mm and in females 2.19 mm. Even with
change in age there was no significant change in the
external diameter of the cystic artery. Diameter of the
cystic artery is very essential while diagnosing the
cystic artery aneurysm. Results of the present study
will help the surgeons to diagnose cases of cystic artery
aneurysm.
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ABSTRACT

Background: Establishing a person's identity is a very important process in civil and criminal cases.
Dental, fingerprint and DNA comparisons are probably the most common techniques allowing fast
and secure identification processes. However, in certain circumstances related to the scene of the
crime or due to lack of experienced personnel, these techniques might be unavailable, so there is still
an increasing need for reliable alternative methods of establishing identity.
Objective: The objective of the study was to check for any peculiar lip patterns and rugae patterns in
relation to the sex of the individual and to analyze the degree of agreement between three observers.
Materials and Method: This study was conducted on 378 subjects, which included 189 males and
189 females, in the age group of 18-30 years. Lip prints and rugae pattern were analysed by three
independent observers.
Results: Lip print of branched type was most commonly seen in females and cross-section in males.
Wavy pattern was most common in males and females in palatal rugae.
Conclusion: This study shows that lip prints and palatal rugae are unique to an individual and
behold the potential for recognition of the sex of an individual.
Keywords: Cheiloscopy, Palatal Rugae, Agreement

INTRODUCTION
Forensic Odontology is a speciality in dentistry
which occupies a primary niche within the total
spectrum of methods applied to medico-legal
identification.1 For centuries, anatomists have shown
interest in the evolutionary development of the folds
of tissue found in the roof of the human mouthpalatine rugae. 2 There are several methods for
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determination of gender using different parameters
including dental records, fingerprints and DNA
comparisons.3 Likewise, even lip prints and palatal
rugae patterns are considered to be unique to an
individual and hence hold the potential for
identification.4
Transverse palatine folds or palatal rugae (PR), are
asymmetrical and irregular elevations of the mucosa
in the anterior third of the palate, arranged in a
transverse direction from the palatine raphe located
in the mid-sagittal plane.5 The study of palatal rugae
is called palatoscopy. The wrinkles and grooves on the
labial mucosa (called sulci labiorum) form a
characteristic pattern called “lip prints,” the study of
which is referred to as cheiloscopy.6
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The rationale of the study is that palatine rugae and
lip prints possess unique characteristics that could be
used in circumstances when it is difficult to identify a
dead person through fingerprints.
We followed the classification given by Suzuki and
Tsuchihashi for the analysis of lip prints. These authors
considered six different types of grooves.
•

Type I - A clear-cut groove running vertically across
the lip.

•

Type II - Partial-length groove of Type I.

•

Type III - A branched groove.

•

Type IV - An intersected groove.

•

Type V - A reticular pattern.

•

Type VI - Other patterns.7

Exclusion criteria: Subjects with malformation,
deformity inflammation trauma, and surgical scars
(e.g. operation for cleft palate) and other abnormalities
of the lips and palate were excluded because of their
unsuitability for this investigation.
Consent of all the individuals was obtained for the
study.
Study material: materials used for lip print were
•

Red and brown colored lipstick

•

Cellophane tape

•

White chart paper

•

Magnifying lens

For palatal rugae study, materials used were
•

Alginate

For palatal rugae we followed the classification
according to the length of the rugae, as follows

•

Dental stone

1. Primary rugae: more than 5mm

•

Impression tray

2. Secondary rugae: 3-5mm

Technique: The lips of the individuals were cleaned
and subject was asked to open the mouth and lipstick
was applied in a single motion, evenly on the lips. The
subject was asked to gently rub his/her lips together
to spread the lipstick evenly. Over the lipstick, the
glued portion of cellophane tape strip was placed and
the subject was asked to make a lip impression in the
normal rest position of the lips by dabbing it in the
center first and then pressing it uniformly toward the
corners of the lips. The cellophane strip was then stuck
to the white chart paper for permanent record purpose
and then visualized by magnifying lens (Figure 1).

The rugae were further classified into 5 major types:
curved, wavy, straight, circular and non specific.
Straight type run directly from origin to insertion,
curved types have a simple crescent shape with a
gentle curve, wavy rugae are serpentine in shape and
rugae that show definite continuous ring formation
are classified as circular. Non specific rugae patterns
do not fall in any of the mentioned classes.
Hence, the aim of the present study was to study
the lip prints and palatal rugae of different individuals
in different parts of the lip and to calculate agreement
between three observers regarding identification of
these patterns.
MATERIALS AND METHOD
Study sample: A sample of 378 individuals
comprising 189 males and 189 females were included
in the study.
Inclusion criteria: Individuals were aged between
18 and 30 years. The subjects having full dentition were
included.Lips free from any pathology, having
absolutely normal transition zone between the mucosa
and skin were included in the study. All subjects were
healthy, free of congenital abnormalities, inflammation,
trauma and orthodontic treatment.
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Fig. 1. Photograph showing lip print on both upper and lower lip.

While studying the various types of lip prints, each
individual’s lips were divided into four compartments,
i.e., two compartments on each lip, and were allotted
the digits 1-4 in a clock-wise sequence starting from
the subject’s upper right.
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The middle part of lower lip was also taken as study
area, as this fragment is almost always visible in any
trace.
Alginate impression of the subject’s maxillary arch
was taken and poured in dental stone to make study
models. The rugae were outlined with graphite pencil
and examined under proper light with magnifying lens
on the coded cast and classified according to the above
mentioned classification (Figure 2).

RESULT
Cheiloscopy
Males: The most common pattern reported by both
Observer-1 and Observer-2 was cross-section in the
first (23.8%), second (19.6%), third (43.9%) & fourth
(32.3%) quadrant and lower mid (54%). Similar
observations were found by Observer-1 & 3 and
Observer-2 & 3 (Table-1 to 3).
The crude agreement between observer 1 and 2 for
first quadrant was 76.2% with Kappa being 0.97
(p<0.0001). However, there was poor agreement
between observer 1 and 2 for second quadrant (Crude
agreement=46.6%, Kappa=0.23). A better agreement
was observed for third quadrant between observer 1
and 2. There was 100% agreement for lower mid
between observer 1 and 2 (Table-1).
A poor agreement was found between observer 1
and 3 for first, second, third and fourth quadrants.
However, there was 100% agreement for lower mid
between observer 1 and 3.

Fig. 2. Photograph showing palatal rugae on maxillary cast marked
with graphite pencil.

These coded prints and casts were than evaluated
by 3 examiners in a blinded fashion to eliminate bias
and calculate degree of agreement.

A poor agreement was found between observer 2
and 3 for first (Crude agreement=55%, Kappa=0.29)
and third (Crude agreement=47.6%, Kappa=0.31)
quadrants. However, the agreement was good between
observer 2 and 3 for second (Crude agreement=76.2%,
Kappa=0.92) and fourth (Crude agreement=83.1%,
Kappa=0.92) quadrants. However, there was 100%
agreement for lower mid between observer 2 and 3 .

Table 1: Agreement between Observer 1 and 2 in males in lip prints
Observer-1

Observer-2
Vertical

Branched

Cross-section

Total
Undetermined

Crude agreement,
Weighted Kappa

First Quadrant
Vertical

41

10

0

0

51

Branched

10

44

10

0

64

Cross-section

4

6

45

3

58

Undetermined

0

0

2

14

16

Total

55

60

57

17

189

27

8

13

2

50

Branched

8

18

10

0

36

Cross-section

18

40

37

2

97

Undetermined

0

0

0

6

6

Total

53

66

60

10

189

76.2%, 0.97, p<0.0001

Second Quadrant
Vertical
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Table 1: Agreement between Observer 1 and 2 in males in lip prints (Contd.)
Observer-1

Observer-2
Vertical

Branched

Cross-section

Total
Undetermined

Crude agreement,
Weighted Kappa

Third Quadrant
Vertical

36

2

2

0

40

Branched

8

30

12

0

50
93

Cross-section

6

4

83

0

Undetermined

0

0

0

6

6

Total

50

36

97

6

189

Vertical

15

15

15

0

45

Branched

5

24

29

0

58

Cross-section

8

6

61

0

75

82%,0.93, p<0.0001

Fourth Quadrant

Undetermined

0

5

0

6

11

Total

28

50

105

6

189

56.1%,0.47, p<0.0001

Lower mid
Vertical

52

0

0

0

52

Branched

0

33

0

0

33

Cross-section

0

0

102

0

102

Undetermined

0

0

0

2

2

Total

52

33

102

2

189

Females: The most common pattern reported by
both Observer-1 and Observer-2 was branched in the
first (29.6%), second (22.2%), third (31.7%) & fourth
(19.6%) quadrant and lower mid (39.7%). Similar
observations were found by Observer-1 & 3 except for
fourth (14.3%) quadrant in which cross-section was the
most common reported pattern by both Observer-1
and 3. The similar pattern was reported by Observer2 & 3 as Observer-1 & 3 had reported (Table-2 ).
The agreement between observer 1 and 2 was good
for first (Crude=82.5%, Kappa=0.97) and third
(Crude=80.4%, Kappa=0.95) quadrants. However, the
agreement between observer 1 and 2 was poor for

100%,1.00

second and forth quadrants. However, there was 100%
agreement for lower mid between observer 1 and 2.
The agreement between observer 1 and 3 was poor
for first, second, third and fourth quadrants. However,
good agreement was found for lower mid
(Crude=98.9%, Kappa=0.99) between observer
1 and 3 .
There was good agreement between observer 2 and
3 for second and fourth quadrants. But the agreement
was poor for first and third quadrants. However, good
agreement was found for lower mid between observer
2 and 3 (Table-6).

Table 2. Agreement between Observer 1 and 2 in females lip prints
Observer-1

Observer-2

First Quandrant
Vertical
Branched
Cross-section
Undetermined
Total
Second Quandrant
Vertical
Branched
Cross-section
Undetermined
Total
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Total

Crude agreement,

Vertical

Branched

Cross-section

Undetermined

30
8
4
3
45

0
56
3
0
59

5
0
51
4
60

2
2
2
19
25

37
66
60
26
189

82.5%, 0.97, p<0.0001

20
4
9
0
33

5
42
25
4
76

9
22
21
2
54

4
10
7
5
26

38
78
62
11
189

46.6%,0.37, p<0.0001
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Table 2. Agreement between Observer 1 and 2 in females lip prints (Contd.)
Observer-1

Observer-2
Vertical

Total

Branched

Cross-section

Undetermined

Crude agreement,
Weighted Kappa

Third Quandrant
Vertical

36

8

0

0

44

Branched

4

60

9

0

73

Cross-section

0

8

47

4

59

80.4%,0.95, p<0.0001

Undetermined

0

2

2

9

13

Total

40

78

58

13

189

Vertical

27

2

14

0

43

Branched

6

30

15

2

53

Cross-section

9

16

37

0

62

Undetermined

2

5

7

17

31

Total

44

53

73

19

189

Fourth Quandrant
58.7%,0.47, p<0.0001

Lower mid
Vertical

34

0

0

0

34

Branched

0

75

0

0

75
69

100%,1.00

Cross-section

0

0

69

0

Undetermined

0

0

0

11

11

Total

34

75

69

11

189

RUGOSCOPY
Males & Females: The most common pattern for
primary palatal rugae was Wavy reported by Observer1 & Observer-2 (51.3%), Observer-1 & Observer-3

(48.1%) and Observer-2 & Observer-3 (45%) (Table-3).
Similar pattern was found for secondary palatal rugae.
The agreement for primary palatal rugae was good
between observer 1 & 2, 1 & 3 and 2 & 3.

Table 3: Agreement between Observer 1 and 2-Primary in males Palatal rugae
Observer-1

Observer-2
Curved

Crude agreement,
Weighted Kappa

Straight

Wavy

Total

Curved

30

0

0

30

Straight

0

56

0

56

Wavy

6

0

97

103

Total

36

56

97

189

Females Similar pattern was found among females
for primary palatal rugae (Table-4). The agreement for
primary palatal rugae was good between observer 1

96.8%,0.99, p<0.0001*

& 2 (Crude=96.8%, Kappa=0.99), 1 & 3 (Crude=93.7%,
Kappa=0.96) and 2 & 3 (Crude=90.5%, Kappa=0.95).

Table 4: Agreement between Observer 1 and 2-Primary in females Palatal rugae
Observer-1

Observer-2
Curved

Crude agreement,
Weighted Kappa

Straight

Wavy

Total

Curved

38

0

6

44

Straight

0

62

0

62

Wavy

0

0

83

83

Total

38

62

89

189
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DISCUSSION
Lip prints were first described by Fisher in 1902;
however, it was in in 1930 that de Lille developed
studies which helped lip print to be used in
criminology.8 Kuppler was first person to study palatal
anatomy to identify racial anatomic features. Palatal
rugoscopy was first proposed in 1932, by a Spanish
investigator called Trobo Hermosa.9 In 1937, another
investigator called Carrea developed a detailed study
and established a way to classify palatal rugae.10
In the present study, lip print analysis showed
cross-section type as the most common in males while
branched in females (table 1 and 2). Our study is in
accordance with Saraswati TR et al11 and those by
Shivapathasundaram et al.12 The most common type
of rugae pattern observed wavy type in both males
and females (Table 3 and 4). Our study result is in
accordance with Sharma P et al.13
Another part of the study was to calculate the crude
agreement between three observers in identification
between lip prints and palatal rugae. Firstly in lip
prints in males, crude agreement between observer 1
and 2 for first quadrant was 76.2% (Table 1) while rest
quadrant showed less percentage of agreement. 100%
agreement was seen in lower mid between 1 and 2
observer, between 1 and 3 and between observer
2 and 3.
In females similar result was seen for lower mid
and showed 100% agreement between all the observers
(Table 2 ). The good agreement was seen between 1
and 2 observer for first and third quadrant. There was
also good agreement between observer 2 and 3 for
second and fourth quadrant.
The descriptive statistics also showed significant
difference among the sexes in shapes of primary rugae
in the present sample. Studies conducted by English
et al.14 and El-Fotoh et al.15 proved that rugae pattern
was absolutely unique to an individual and could be
used for identification. In palatal rugae analysis good
agreement was seen between 1 and 2 observer, 1 and 3
and 2and 3 for primary rugae (Table 3 and 4). In
females good agreement was observed by 1& 2, 1 & 3
and 2 & 3.
The inter observer error was found to be negligible
since concordance between observations was found
to exceed in most of the cases 82% with very few
discrepancies.
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Lower mid of lip is the best area for analysis as it
comes in all the traces and shows maximum
percentage of agreement with least inter- observer
variability. Similarly palatal rugae primary rugae
showed good agreement between all the observes in
both males and females
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ABSTRACT
We present a case where in a 26 year old hotel management student was accidentally suffocated and
died while practicing autoerotic asphyxia. The circumstances suggested that his death was accidental
and due to asphyxia by suffocation performed to enhance sexual gratification during masturbation.
Keywords: Autoerotic Asphyxia, Suffocation, Accidental Death

INTRODUCTION
Of the various types of abnormal sexual behaviour,
the most dangerous and bizarre is autoerotic
asphyxiation, also known as asphyxiophilia, sexual
hanging, sexual asphyxia, scarfing, breath control play
and terminal sex. It was first used as a treatment for a
erectile dysfunction and impotency. The idea for this
came from subjects who were executed by hanging.
Observers at public hangings noted male victims
develop an erection (priapism) and occasionally
ejaculated when being hung1.
Transitory anoxia is intentionally induced to
enhance sexual arousement produced by
masturbation. Such deaths are rare, with the victim
virtually always a male. The victim is typically found
in a private area, nude or partially nude, sometimes
wearing female clothing. There may be erotic literature,
sexual paraphernalia or a mirror opposite the
individual so that he can observe his actions. This
pattern of behaviour is repetitive and there may be
evidence that the individual has performed this act
numerous times over many years2.
The most common typical mechanism by which
sexual arousal is obtained is by constriction of the neck
by a ligature. Other less common methods are electrical
stimulation of the body, covering the head in a plastic
bag, bondage and inhalation of volatile substances3,4.
These less common methods are known as atypical
autoerotic practices. These are generally thought to be
caused by some form of disruption of the normal
sexual development during adolescence.
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Herein, we report a case of a moderately built and
nourished adult male, who was suffocated accidentally
while practicing asphyxia using a plastic cover to close
his face.
CASE REPORT
The dead body of a 26-year old male was brought
for medico legal autopsy. He was found dead partially
naked in frog like position with face covered by a
plastic bag in his room locked from inside (fig 1 & 2).
Pornographic magazine opened to pages of a nude
photograph of a female, an empty bottle of whitener
and packet containing ganja were present at the scene.
His parents could think of no reason for him to commit
suicide. There was no psychiatric background, suicide
note and evidence of foul play.

Fig. 1. Partially naked body found in frog like position.
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This is a very ancient behaviour and some reports
have estimated that at least 500-1000 such cases occur
each year in United States 6. It is suggested that
incidence of autoerotic asphyxial deaths are increasing.
Majority of autoerotic asphyxia victims are reported
to be adolescent or young adult males6,7. The deceased
presented in this report was a young adult male. Only
a few cases involving females have been reported 8.

Fig. 2. Plastic bag covering the face.

AUTOPSY FINDINGS
The dead body was that of a moderately built and
nourished adult male measuring 173 cm in length and
weighing 76 kg, light brown in complexion. Face was
congested with multiple sub-conjunctival
hemorrhages. Blood was seen coming out of nostrils.
Rigor mortis present throughout the body. Post
mortem staining was present over front of neck, chest
and abdomen, both upper limbs and front of both
thighs. Lips and nail beds were bluish in colour. White
coloured stains of whitener emitting smells of toluene
present around face and both lower limbs. Dried
seminal stains present around tip of the penis and
undergarment. No external injuries were present over
the body. Interior surface of the plastic bag was
smeared with whitener.
Internal examination revealed oedematous brain
and cut-section showed multiple petechial
haemorrhages in the cerebral white matter. All the
other organs were grossly unremarkable. Toxicological
analysis showed presence of ethyl alcohol in blood
(103mg/dl).
Based on the autopsy findings, toxicological
analysis report, visit to the scene of death and
information furnished by the police, the cause of death
was opined as Asphyxia as a result of Suffocation. The
manner of death was considered to be accidental.
DISCUSSION
The most frequently encountered method of typical
autoerotic activity is asphyxia by hanging or ligature
strangulation 5. In our case, the mechanism of the
asphyxia was suffocation by covering a plastic bag
over the face which is atypical, associated with
inhalation of volatile substance toluene present in
whitener.
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The autoerotic death scene usually appears in a
secluded location6,7. It may be an attic, closet, basement,
bathroom, or bedroom where nobody could disturb
or watch the victim, as was the case in the present
report. Though all these features make the true nature
of the death clear to the forensic pathologists, it can
sometimes be difficult to convince the police, the judge
and the relatives that death was accidental3. The
desired psychophysiological effects of autoerotic
asphyxia are associated with an insufficient oxygen
supply to the brain. In some men this appears to
produce a “hypoxic high” or orgasm-like reaction with
dizziness, shivering, palpitation, breathlessness, pain,
hallucinations of an erotic nature or even ejaculation9.
However, the finding of semen on the clothes of a
deceased, as in our case is not reliable proof that
ejaculation was achieved while the deceased was still
alive, as this could also have been a post-mortem event.
These deaths are typically unwitnessed, deceased
in the present case seemed to create a partial asphyxia
during masturbation. However alcohol intoxication
and unintentional prolonged covering of the face with
plastic bag appears to lead to a sudden and unexpected
loss of consciousness, probably because of the failure
of the self-rescue mechanism. Correct definition of the
nature of death rests largely on adequate examination
of the scene. Typical features include: a degree of
undressing, commonly with exposure of genitalia;
transvestism; pornographic literature; the presence of
a mirror; semen consistent with recent ejaculation; and
some form of bandage10.
Many asphyxiators will learn this practice by word
of mouth, sex manuals, medical books, pornographic
literature, detective magazines, media, by accidental
discovery or by self-generated experiences. Living
practitioners tend not to present clinically or to make
their behaviours widely known and hence detailed
insight into the paraphilia is not widely available in
the literature. Attempts to study sexual behaviour in
the normal population are hindered by unwillingness
on the part of the respondents, because sexuality is
still considered as a taboo topic of discussion by the
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larger part of the Indian society. Tragically the
asphyxiator’s sexual practice is usually first discovered
when he dies from accidental asphyxia. The deaths that
occur are obviously a small proportion of the total
incidence of this strange practice3.
Police investigators are often ignorant of the signs
and indicators of this behaviour and hence these cases
are officially reported as suicides. A certain number of
cases may be missed, as the circumstances surrounding
the discovery of the victim might not always be clear;
evidence may be destroyed by family or friends of the
victim out of shame. Therefore, these might be some
of the reasons of the rarity of sexual asphyxiation
phenomenon in our country.

2.
3.
4.

5.

6.

7.

CONCLUSION
Asphyxia in this case probably resulted from
suffocation by a plastic bag while he was under the
influence of alcohol. The analysis of the death scene,
external examination, forensic and psychological
autopsy findings supported the conclusion that, rather
than suicide or homicide, this was an accidental
autoerotic asphyxiation. People need to be informed
about the risks of such activities and of the danger of
being unable to stop the asphyxial process before loss
of consciousness occurs, although how to inform is
indeed a matter of discussion.
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ABSTRACT
Unnatural deaths may be accidental, suicidal, homicidal or undetermined. The cause of death profile
is an important set of public health information and forms the cornerstone of the health information
system. This study was carried out to understand the pattern of unnatural deaths among females in
rural area of western Maharashtra. Most of the females were married (73.46%). The most common
age group affected was 21 - 30 years (34.69%) followed by 31 - 40 years (24.48%). Considering manner
of death accidental death was reported in 69.38% cases followed by suicidal deaths. Among accident
cases head injury due to road traffic accident was most common cause of death. The most common
method for suicide was hanging which is followed by poisoning.
Keywords: Unnatural Deaths, Female Mortality, Manner of Death

INTRODUCTION
Unnatural deaths may be accidental, suicidal,
homicidal or undetermined1. One million people die
annually worldwide due to suicides and homicides
alone. Another 2.5 million people die each year because
of accidents, burns, drowning, poisoning and falling
from heights and from disaster2. Considering Indian
history on most of the occasion women have been
considered as unimportant, burdensome, and
disposable. This tragedy begins shortly after
conception and continues until their deaths. Despite
number of laws aimed at protecting women, such acts
of violence against women have been a growing social
phenomenon in the last decade3. India has come a long
way in improving the health indicators since
independence, but progress in reducing the female
mortality has been slow and largely unmeasured or
documented4. A rapid increase in unnatural deaths in
females, especially in the first few years of their
Corresponding author:
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married life was observed in our society for last few
decades4. The cause of death profile is an important
set of public health information and forms the
cornerstone of the health information system. At
provincial level it is needed for health planning and
deciding on intervention strategies5. The present study
was carried out to understand the magnitude of
unnatural death among females in rural area of
western Maharashtra population.
MATERIAL & METHOD:
This is a retrospective study carried out at
department of Forensic Medicine and Toxicology,
Govt. Medical College, Miraj. We revived the cases of
unnatural female death cases during the period of
January 2012 to December 2012. These were studied
with respect to age, marital status, cause of death,
manner of death etc. Performa for study was prepared
and all collected data were put into the master-chart,
which was prepared and then feed into the computer
in Excel worksheet and then analyzed.
RESULTS:
Total 583 Autopsies were conducted during January
to December 2012 of which 98 were of female death
from unnatural cause. The most common manner of
death was accidental (n=68; 69.38%) followed by
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suicidal (n=30; 30.62%). No homicide was noted during
the said period. The most common age group affected
was 21 – 30 years (n=34; 34.69%) followed by 31 – 40
years (n=24; 24.48%) (Figure no – 1). Most of the
females were married (n=72; 73.46%) while unmarried
females counted for 16.32% (n=16) and 10.20% were
widow (n=10). Among accident cases head injury due
to road traffic accident was most common cause of
death. Death due to burns were noted in 19 cases of
which 15 females died as a complication of burns and
4 died at the scene (Table no – 1).The most common
method for suicide was hanging which is followed by
poisoning.(Table no – 2) Only 32 females received
medical attention before death and the mean hospital
stay was 5 days.

Table No 1. Cause of death in accidental deaths
Sr. No

Cause of death

No. of
female death

Percentage

1

Burn

19

27.94

2

Head injury

27

39.70

3

Snake bite

7

10.29

4

Drowning

4

05.88

5

Multiple injury

8

11.76

6

Electrocution

1

01.47

7

Railway accident

1

01.47

8

Other

1

01.47

9

Total

68

100

Table No 2. Cause of death in suicidal deaths
Sr. No

Cause of death

No. of
female death

Percentage

1

Burn

7

23.34

2

Hanging

12

40

3

Poisoning

11

36.66

4

Total

30

100

DISCUSSION
In this study the most common age group affected
is 21 – 30 years followed by 31 – 40 years which is
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similar to other studies conducted by other author’s
from Maharashtra in rural areas such as Dere et al6
(46%) and urban areas of Maharashtra such as Bansude
et al7 (35%). This might be explained by the fact that
this is the most active group also there is lack of
awareness of road safety measures which makes them
vulnerable to road traffic accidents. This group has less
maturity to handle the critical situations of life which
results in easy frustration and suicides. In this study
majority of the victims of unnatural deaths were
married (n=73; 73.46%). Similarly Dere et al6, Bansude
et al7, Pathak et al4 and Prajapti et al5 found that most
of the females who died from unnatural cause were
married. In this study 19.72% female death were
reported due to unnatural cause which are less than
comparable to other studies conducted in Maharashtra
but similar findings were noted by Santosh et al8
(19.17%). Accidental deaths were noted in 69.38% cases
which are similar to other author’s also4, 6, 7, 8. Among
them head injury due to road traffic accident was the
major cause of death. According to a study conducted
by The National Transportation Planning and Research
center of New Delhi & Trivandram, in every 4 minutes
a person is killed or injured in Road accident in India
which has a network of 15, 00,000 roads. The study
pointed out that the number of accidents per lakh
population varies from 5.39 in Assam to 63.72 in
Maharashtra. Accident number per 1000 km of Road
length was the highest in Maharashtra 242 against
168.87 in Gujrat and 145.17 in Tamilnadu9. The second
most common cause of death was due to immediate
or delayed complication of burn.
Deaths due to suicide was present in 30.61% of
females (n=30). Hanging was the preferred method of
suicide in this region while in studies of other athors4,
5, 6
poisoning and burns were common method adopted
for suicide. A low incidence of suicidal deaths in female
should be described in favor of peace, harmony and
happiness in society, state as well as in country5.
CONCLUSION
The pattern of unnatural death in this study in rural
area is somewhat similar to other studies previously
conducted. Accidental deaths are more than the
suicidal and among them head injury is the major
cause of mortality in the females of rural area. Most of
the females were married and belong to age group 2130 years. Hanging was the preferred method for
suicide. None of the female was victim of homicide.
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ABSTRACT
Objectives: To find the age of eruption of second permanent molar teeth among school children in
Kuppam.
Materials & Method: 762 school children, studying and belonging to Kuppam, aged between 9 and
15 years were examined for the eruption of second permanent molar teeth after informed consent
from the school authorities.
Results: The mean age of eruption of right maxillary second permanent molar was 10.08 +/-0.55
years (males) and 12.9 +/- 1.2 years (females). For left maxillary second permanent molar, it was
10.36 +/- 0.71 years (males) and 12.74 +/- 1.02 (females). For right mandibular second permanent
molar, it was 12.24 +/- 0.99 years (males) and 12.39 +/- 1.17 years (females). For left mandibular
second permanent molar, it was 12.2 +/- 1.02 years (males) and 10.38 +/- 0.72 years (females).
Conclusion: As most prominent text books of Forensic Medicine in India give age of eruption of
second permanent molars as "12 to 14 years" and considering the earlier age of eruption of second
permanent molars in recent studies including ours, it is our suggestion that, many more studies may
be conducted in different parts of India. This fact may be considered for revision in the textbooks.
Keywords: Second Permanent Molar Teeth, Age of Eruption, 9 to 15 Years of Age

INTRODUCTION
Age of an individual is an important identification
tool in Forensic Medicine in identification of an
individual. Age of an individual is also legally
important in many criminal offences and medical
negligence cases.
12 years of age of an individual is medicolegally
important as it is the age where an individual can
consent for medical examination by a doctor. It is also
an age where an individual becomes criminally
responsible for his/her acts and is liable for
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punishment. In purview of the importance of 12 years
of age of an individual, important events in the growth
and development of a person around 12 years of age
needs special attention. One such event is eruption of
second permanent molar teeth in an individual.
Many studies have been conducted in eruption of
teeth in India and worldwide, regional differences are
pertinent in all the studies.
This study is to investigate the eruption of second
permanent molars among school children in Kuppam
and whether it agrees with other studies in India and
worldwide.
REVIEW OF LITERATURE
Eruption is defined as the superior part of the crown
of the tooth appearing level with the surface part of
the crown of the tooth appearing level with the surface
of the alveolar bone1. From birth to fourteen years of
age, the stage of eruption of temporary and permanent
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teeth is useful in estimation of age and is generally
accepted that estimation of age from teeth gives better
results than skeleton in a child1.
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. By which, 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.
14 years of age of an individual is also important
medicolegal age since it is the age of employment in a
factory as a child – under the Indian Factories Act 19483.
Eruption of second permanent molar teeth takes
place between 12 to 14 years of age as agreed by many
standard textbooks of Forensic Medicine in India1, 2, 3, 4.
Whereas, recent studies on eruption of second
permanent molar teeth have come up with different
results. According to M. Chatterjee et al5, among
Bengalee school girls, eruption of second permanent
molars is between 10.9 to 11.9 years. According to
Lakshmappa A et al, among school children of Mysore,
South India was 12.64 +/- 1.138 (in maxilla, boys), 12.2
+/- 1.17 (in mandible, boys), 12.3 +/- 1.02 (in maxilla,
girls) and 11.9 +/- 1.17 (in maxilla, boys). So, this study
is aimed at finding out what is the age of eruption of
second permanent molar teeth among school children
in Kuppam, Andhra Pradesh.
MATERIALS AND METHOD
This study is a cross sectional descriptive study
conducted at PES Institute of Medical Science &
Research, Kuppam. Study participants were 762 school
children aged between 9 and 15 years. Only students
who were born and brought up in and around Kuppam
were included. Students with dental deformities were
excluded from the study. Also, students with parents
from other parts of India and other countries were
excluded from the study. Variables included age of
eruption of second permanent molars and age of the
subject. Statistical analysis was done by descriptive
statistics using Microsoft Excel, Data analysis software.
RESULTS
Among the school children examined, at least one

48. Subba reddy--227--230.pmd

228

of the four second permanent molar teeth was erupted
in 4.76% of boys and 11.11% of girls among 9 to 10
years age; 23.25 % of boys and 37.14% of girls among
10 to 11 years age; 48.78% of boys and 53.06% of girls
among 11 to 12 years age; 78.48% of boys and 80.70%
of girls among 12 to 13 years age; 98.46% of boys and
94.64% of girls among 13 to 14 years age; 94.82% of
boys and 98.3% of girls among 14 to 15 years age.
The mean age of eruption of right maxillary second
permanent molars was 10.08 +/-0.55 years (males) and
12.9 +/- 1.2 years (females). For left maxillary second
permanent molars, it was 10.36 +/- 0.71 years (males)
and 12.74 +/- 1.02 (females). For right mandibular
second permanent molars, it was 12.24 +/- 0.99 years
(males) and 12.39 +/- 1.17 years (females). For left
mandibular second permanent molars, it was 12.2 +/
- 1.02 years (males) and 10.38 +/- 0.72 years (females).
Table No.1: Age distribution of students in this study
Age

Male

Female

9 to 10

63

45

10 to 11

86

70

11 to 12

82

49

12 to13

79

57

13 to 14

65

56

14 to 15

60

37

Table No. 2: Eruption of second permanent molar teeth
in various age groups (depicted as percentage of
children in each age group)
Age (years)

Male (%)

Female (%)

9 to 10

4.76

11.11

10 to 11

23.25

37.14

11 to 12

48.78

53.06

12 to13

78.48

80.70

13 to 14

98.46

94.64

14 to 15

94.82

98.30

Table No. 3: Mean age of eruption of second
permanent molars
Quadrant of Second
permanent molar

Mean age of eruption
(+/- Standard Deviation)
Male

Female

Right maxillary

10.08 +/-0.55 years

12.9 +/- 1.2 years

Left maxillary

10.36 +/- 0.71 years

12.74 +/- 1.02 years

Right mandibular

12.2 +/- 1.02 years

12.39 +/- 1.17 years

Left mandibular

12.2 +/- 1.02 years

10.38 +/- 0.72 years

DISCUSSION
In this study, the mean age of eruption of right
maxillary second permanent molars was 10.08 +/-0.55
years (males) and 12.9 +/- 1.2 years (females). For left
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maxillary second permanent molars, it was 10.36 +/0.71 years (males) and 12.74 +/- 1.02 years (females).
In study by Laksmappa et al6, the mean age of eruption
of maxillary second permanent molars in boys was
12.64 +/- 1.13 years and for girls it was 12.3 +/- 1.02
years.
In Mahmoud A et al7 mean age of eruption of
maxillary second permanent molars was 11.28+/-1.0
in boys and 11.37+/-0.59 in females among Pakistani
children. Findings of studies in other parts of the world
is 12.7 years (boys) and 12.3 years (girls) of Hoffding
et al8 and 12.48 years (boys) of Magnusson TE et al9. In
Sawara BS10 it was 12.1 years (girls) and Omar et al11 it
was 12.45 years (girls).
In this study, mean age of eruption of right
mandibular second permanent molars was 12.24 +/0.99 years (males) and 12.39 +/- 1.17 years (females).
For left mandibular second permanent molars, it was
12.2 +/- 1.02 years (males) and 10.38 +/- 0.72 years
(females). In a study by Lakshmappa et al6, the mean
age of eruption of mandibular second permanent
molars was 12.2+/-1.17 for boys and 11.9+/-1.17 for
girls.
In a study by Mahmood A et al7 the mean age of
eruption of mandibular second permanent molars
11.15+/-0.92 in boys and 10.95+/-0.56 in females. Mean
age of eruption for mandibular second permanent
molars in a study by Savara BS10 was 12 years (boys).
In Omar et all11 it was 12.17 years (boys). In Magnusson
TE9, it was 11.95 years (boys) and 11.34 (girls). In Lee
et al12 it was 11.28 (girls). In Hoffding et al8, it was 11.5
years (girls).
In most of the studies there is an indication of the
early appearance of second permanent molars in
contradiction to textbooks of Forensic Medicine. Hence
there is a need for further studies on the age of
appearance of second permanent molars, to help the
judiciary for administration of justice and to protect
the rights of the accused and victims.
SUMMARY
The mean age of eruption of mandibular and
maxillary second permanent molars in our study was
similar with other studies in India and all over the
world except the mean age of eruption of right
maxillary second permanent molars was 10.08 +/-0.55
years (males) and for left mandibular second
permanent molars, it was 10.36 +/- 0.71 years
(females). These two teeth showed early eruption
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compared to other studies.
Since most of the textbooks of Forensic
Medicine in India mention the mean age of eruption
of second permanent molars as 12 to 14 years, this
finding has to be considered for more research in other
parts of India. Since this is an important fact referred
by Judiciary, it requires special focus.
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ABSTRACT
The superior horn of thyroid cartilage is more fragile and more vulnerable than greater horn of hyoid
bone and hence its fracture is common due to the local pressure. Triticeous cartilages are a normal
variant and are little nodules embedded in the thyrohyoid ligament above the superior horn1. The
medico-legal experts should make a mental note of this anatomical variant in cases of fatal neck
compression.
The present case report is booked U/S 302, 201 IPC. Specimen of a neck structure was sent for an
expert opinion from a Medical Officer to rule out if the fracture was ante-mortem or postmortem. On
gross examination of the specimen it contained the thyroid cartilage, cricoid cartilage and one tracheal
ring. The specimen was sent to radiological examination and was suspected to have a fracture of left
superior horn of thyroid cartilage. On dissection, at the end of left superior horn there was a small
cartilaginous nodule. So, for confirmation the specimen was sent for histopathological examination
but the report revealed no evidence of fracture or haemorrhage.
Keywords: Thyroid Cartilage, Superior Horns, Triticeous Cartilage, Fatal Neck Compression

INTRODUCTION
The larynx is an air passage, a sphincter and an
organ of phonation, and extends from the tongue to
the trachea. It projects ventrally between the great
vessels of the neck and is covered anteriorly by skin,
fasciae and the hyoid depressor muscles. The skeletal
framework of the larynx is formed by a series of
cartilages interconnected by ligament and fibrous
membranes and moved by a number of muscles. The
laryngeal cartilages (fig 1) are unpaired (Thyroid,
Cricoid, Epiglottic) and paired (Arytenoid, Cuneiform,
Corniculate, Triticea)2.
Thyroid cartilage:
It forms most of the anterior and lateral wall of
larynx. Thyroid cartilage is shaped somewhat like a
shield and is the largest of the laryngeal cartilages. It
has 2 laminae which meet in the midline anteriorly
and diverge posteriorly. The posterior border of the
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two laminae is prolonged as two slender processes
known as the superior and inferior cornua. The
superior cornua are long and narrow, curving
upwards, backwards and medially ending in the
conical projection. Lateral thyrohyoid ligament gets
attached here. The inferior cornua are shorter and
thicker than the superior cornua. It curves downwards
and medially. At its lower end there is a small facet for
articulation with the cricoid cartilage3.
Triticeous cartilage
It is also called as Cartilago triticea. Two small
nodules of elastic cartilage situated one on either side
above the larynx within the posterior free edge of the
thyrohyoid membrane, about halfway between the
superior cornua of the thyroid cartilage and the tip of
the greater cornua of the hyoid bone. Their functions
are unknown, although they may serve to strengthen
this connection2.
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Fig. 2:
H – Body of the hyoid bone
Thyr – Thyroid cartilage

C.m. – Lesser wing of hyoid bone
C.hyothyr – Hyothyroid cartilage

CASE REPORT
Fig. 1:

Fetal development
Early in fetal development, the body of the hyoid
bone and the laminae of the thyroid cartilage are joined
by a curved cartilaginous bar, the hyothyroid cartilage
(fig 2). Ventrally this bar is joined to the posterior aspect
of the body of the hyoid bone, and below and dorsally
it becomes fused to the cartilage of the lamina of the
thyroid cartilage. The hyothyroid cartilage represents
the skeleton of the third and fourth visceral arches.
With further development the parts become molded
so that the ventral portion becomes the greater wing
of hyoid bone, and the inferior dorsal portion becomes
the superior horn of thyroid cartilage. These parts
remain connected by cartilage until the third month
when they become discontinuous, being separated by
a small island of cartilage (the triticeous cartilage) lying
in connective tissue (the hyothyroid ligament). The
usual mode of development results in bilateral and
symmetrical cartilages, one in each hyothyroid
ligament. The triticeous cartilage may be present on
one side only and be either cartilaginous or ossified
and the superior horn of thyroid cartilage on the side
of absent triticeous cartilage was elongated compared
to the opposite superior horn. The length of the
elongated horn is approximately equal to the combined
length of the opposite superior horn plus the
developed triticeous cartilage. The probable
explanation of this appearance was that in
development one triticeous cartilage does not separate
inferiorly but remains attached to the cartilage destined
to form the superior horn of the thyroid cartilage on
that side4.

49. Umesh SR--231-234.pmd

232

The present case is concerned with the expert
opinion no 17/2012 and is booked U/S 302,201 I.P.C.
The son of the deceased filed a complaint of finding
the deceased body in a gutter near a temple. The 70
years old deceased was a journalist in occupation and
an orator who was suppose to attend a function in the
temple previous day evening. The post mortem was
conducted by a medical officer of district hospital,
Gulbarga and the neck structure specimen (fig 3) was
preserved in 10% formalin and was sent for expert
opinion regarding the fatal neck compression, to the
department of Forensic Medicine and Toxicology,
MRMC, Gulbarga.

Fig. 3:

Fig. 4:
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The specimen was sent for radiological examination
(fig 4) and a small piece of cartilage was found adherent
in the lateral thyrohyoid ligament just above the left
superior thyroid horn which appeared like a
fracture…!!?
On dissection of the specimen, there was a mobile
small cartilaginous nodule at the end of the left
superior thyroid horn and the ends of the superior
horns where smooth and regular (no evidence
suggestive of fracture).
The specimen was sent for histopathological
examination for confirmation and the report revealed
that the section shows bone and cartilage with normal
morphology and fibrous band in continuity with the
cartilage and no evidence of fracture.
DISCUSSION
In the present case, the structure that is present
above the superior horn of thyroid cartilage was found
to be triticeous cartilage.
Triticeal cartilage is centrally located in the
thyrohyoid ligament or on the posterior edge of the
thyrohyoid membrane. Its name comes from the Latin
word triticeus (grain of wheat) due to its small, rounded
shape. Its function is unknown, but it may reinforce
the lateral thyrohyoid ligament.
In fatal neck compression, one must perform a
careful external and internal examination of the neck
to properly document either the presence or absence
of injuries. A good understanding of the anatomy and
the knowledge of variations in the laryngeal cartilages
is important, especially while interpreting head and
neck radiographs of patients who exhibit anatomical
or functional deviations from normal. There is
considerable anatomic variability of the laryngohyoid
complex. These variances have occasionally been
mistaken for fractures; such confusion can be avoided
by noticing the absence of extravasation of blood
(which would be expected in antemortem fracture).
One may also encounter triticeous cartilages, which
are little cartilaginous nodules embedded in the
thyrohyoid ligament. These may be confused with a
fracture of the superior horns of the thyroid cartilage.
The triticeous cartilage can be readily palpated as
nodules that are easily moved in different directions.
Although the superior horn of the thyroid cartilage is
a common location for fracture with significant neck
compression, the triticeous cartilage should not be
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misidentified as a fracture at this location. True fracture
may have clearly irregular, fragmented bony ends and
would have associated haemorrhage into surround
soft tissue 5.
The frequency of fractures depends on the diligence
and dissection method used. Radiological assessment
increases the yield. Stereomicroscopic examination has
documented a higher yield of hyoid and larynx injuries
then those obtained by using the conventional methods
of palpation, radiograph, imaging and dissection6.
Ajmani et al stated that the presence of cartilagotriticea is not constant; they were seen more commonly
in females than in males7.
Ajmani asserted that the incidence of the presence
of the cartilago-triticea is greater in the female (16.66%)
than the male (13.15%) and they occur more commonly
in Nigerians than in Indian adults8.
In a study done by Ara A et al on Bangladeshi
cadaver the incidence of Cartilago triticea was found
in 58.33% cases. It was observed that the incidence of
cartilago-triticea increased with age9.
CONCLUSION
Any examination of superior horns of thyroid
cartilage must consider anatomic variations that
should not be confused with the fractures. Triticeous
cartilage is a common anatomic variant. The medicolegal experts should be aware of this anatomical
variant in cases of fatal neck compression.
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ABSTRACT
Deaths due to fall from height, form an important area of study due to diversity of the injuries
sustained, complexity of the patterns involved and various phenomenon's associated there with.
The medico-legal autopsy aims at deciding whether the death was attributed purely to the height. It
also helps in ruling out the various contributing factors like drugs, alcohol and co-existing natural
disease. The study of pattern of external and internal injury may together indicate the primary site of
impact and height from which the fall has occurred. The determination of actual or probable anatomical
site of primary impact may be useful in reconstruction of the events, which led to fatal falls. Presence
of multiple blunt force injuries makes it hard to differentiate between falls induced injuries and those
that have been inflicted before the fall and often disagreement predominates regarding the height at
which death results. Thus a careful study of total injury pattern is of vital importance in every case.
In the difficult scenario of assessing the manner of death, meticulous autopsy in combination with
visit to the scene of occurrence that includes observation of ground nature and presence of any
intervening object is of extreme help.
Keywords: Fall From Height, Site of Impact and Pattern of Injuries

INTRODUCTION
A 32 year old construction worker, alleged to have
fell accidentally while working from a construction
building at the height of 25 feet. The victim hailed from
a neighboring place and had turned into construction
worker a year back. The victim was working on the
ledge of third floor of the ongoing construction
building. He was not wearing any safety equipment.
Incident occurred at around 11.30 AM and he was
taken to nearby hospital where he was declared
brought dead.
On External examination

•

Eyes: Partially closed, pupils dilated and fixed.
Cornea and conjunctivae: Hazy on left and
hemorrhagic on right side.

Presentation, Clothing, Personal Effects, Associated
Items
1. One light blue coloured full sleeved synthetic shirt,
with a label “TNC” which was showed dried blood
stains at places.
2. One brown coloured, pant which showed dried
mud and cement stains at places.

The dead body is that of a male aged about 38 years,
165 cm in height, moderately built and nourished is
whitish in complexion showed the following findings.

3. One white coloured, vest with a label Daniel

Post-mortem Changes

5. One black coloured, wrist thread over right hand.

•

Rigor Mortis demonstrable all over the body.

•

Post-mortem staining faintly present over the back
of chest and abdomen.

The above mentioned clothes and articles were
labelled, packed, sealed and handed over to concerned
police along with sample seal
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4. One green coloured brief.
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External Examination

Blood effused around Tongue: Blood stained

Eyes and Conjunctivae: Described.

Pharynx: Normal.

Ears & Nose: Normal.

NECK AND CHEST:

Neck: Normal

Pleura: Intact

Trunk: Normal

Larynx & Trachea: Intact

Abdomen: Normal

Hyoid Bone and Laryngeal Cartilages: Intact

Upper Limbs: Right shoulder joint and left wrist joint
are fractured and dislocated.

Thyroid Gland: Intact

Lower Limbs: Normal.

THORAX

External Examination

Ribs and Sternum: 2nd, 3rd and 4th ribs on left side
fractured at the sternal end with 100 ml of blood in
pleural cavity.

External injuries

Pericardial Sac: Normal.

1. Laceration, 3 x 4cms x underlying bone deep, over
right of forehead.

Heart: Intact and weighed 310 g. All the chambers
were empty and there was no evidence of any
abnormality or disease. The left ventricle measured
10mm. thick; the right ventricle 4 mm. thick.

External Genitalia: Intact

2. Abrasion, 3x 1cms, over nasal bridge on the right
side
3. Abrasion, varying in sizes from 1x1 to 1x 2 cm over
tip of the nose.

Pulmonary trunk: Healthy
Aorta: Healthy.

4. Black eye on the right side.

Pleural Cavities: Normal.

5. Laceration measuring 2 cm x 1 cm x underlying
muscle deep, over lower lip on right side.

Larynx, Trachea and Main Bronchi: Normal.
Lungs: Both the lungs are intact and pale.

More detailed Description of Disease or Injury.
All the injuries were Ante mortem in nature.
Internal Examination

The left weighed 260 g. and the right lung 310 g. They
were pale in colour. Dissection of the lungs revealed Exudes scanty blood.

Skull

Oesophagus: Normal.

1.

ABDOMEN

Comminutted fracture of skull, with displacement
of fractured fragments, over floor of anterior
cranial fossa and blood effused around.

2. Fissure fracture measuring 6cm in length, running
over squamous part of temporal bone and lesser
wing of sphenoid. Blood effused around.

Abdominal Cavity: Normal.
Peritoneum: Intact
Gastrointestinal Tract: Normal
Mouth, Pharynx & Esophagus: Intact

Brain and Membranes: Brain and meninges are
covered with diffuse subdural and sub arachnoid
hemorrhages with meninges lacerated irregularly.
Jaw: Fissure fracture measuring 4cm in length running
across maxillary bone on right side. The right central
incisor, lateral incisor and canine teeth are displaced.
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Stomach and its contents: Contains 25ml of partially
digested food particles. Mucosa is pale. No unusual
smell is present.
Small Intestine & its contents: Contains gas and its
Contents
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Large Intestine & its contents: Contains gas and its
Contents
Liver: Intact and Pale
Gall Bladder, Spleen, Pancreas, Adrenal Glands:
Normal.
GENITO-URINARY ORGANS
Kidneys: Intact and pale.
Urinary Bladder: Intact and empty
Organs of Generation, External and Internal: Intact
Toxicology Results, Laboratory Results, Ancillary
Procedure Results
Blood and Viscera were collected for chemical
analysis. The report was negative for alcohol and other
drugs.
Cause of Death: Death is due to hemorrhagic shock
as a result of cranio-cerebral trauma.
COMMENTARY
A construction worker, alleged to have fell
accidentally while working from a construction
building at the height of 25 feet. The victim hailed from
a neighboring place and had turned into construction
worker a year back. The autopsy revealed
communited and fissure fractures across the skull. He
also had fractured mandible with fracture and
dislocation of right shoulder joint and left wrist joint.
The toxicological report was negative for alcohol and
other drugs. Lacks of work experience and safety
equipment were considered as the precipitating factors
for the fall.
DISCUSSION
Accidents are a common feature in most industries.
In fact some industries are known for accidents.
Examples: Coal and other mining industries, quarries
and construction industry.1
In the developing countries like India, thousands
of people are recruited directly from the rural areas.
The deceased was recruited into the ongoing
construction by his paternal uncle as he remained
employed. Almost many workers like this are thrust
into highly dangerous working situations with little
or no training or work induction. Hence the fatality
rates are twice high as those in advanced industrialized
economies. 2
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Construction related injuries recorded highest
number of fatal work injuries of any industry.
Construction equipment operators, fabricators and
laborers recorded the largest number of fatal work
injuries of any occupational group accounting for more
than one out of every three fatalities 3.
The deceased was a male who aged about 32 year.
He had turned into construction worker recently a year
back to shoulder his family and financial
responsibilities.
It is observed that majority of the accidental deaths
among construction industry occurred in 23-27 years
age group followed by 18-22 year age group5.
This can be attributed to the fact that, jobs in the
industry need hard physical labor which can be
effectively provided by the said group. There is also a
clear male preponderance as the males are the one who
are capable of doing more strenuous jobs in the
industry as they have to shoulder family and financial
responsibilities.
Deaths due to fall from height, constitute one of
the major causes of injuries and unnatural deaths
among the construction workers. It is also noticed
deaths due to fall from height is increasing yearly as
the many work activities involve working at height.
Many workers in maintenance, construction and
many other people in a variety of jobs could be at risk
of falling from height, examples include painters,
decorators, window cleaners and those who undertake
one off jobs without proper training, planning or
equipment.
Fall from height refers to fall from one higher level
to another level involving ladder, stairs, roof, etc. (4)
Fall from height is defined in many ways, the
international classification of diseases (ICD9) states
that a fall from height is an event where a person falls
to a ground from upper level. Whereas the frailty and
injuries co-operative studies of intervention studies
(FICSIT) define fall from height as unintentionally
coming to rest on the Ground, floor or other lower
level. (3)
A more recent definition of fall from height to be a
descent from upright, sitting or horizontal position,
the descent height being less than or equal to 1metres(3)
Fall from height can be classified in several ways.
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Depending on the height of fall which may vary from
high rising building to ladder, chairs, tables or
staircases, etc into
•

Low falls

•

High falls

•

Depending on condition affecting, into:

•

Intrinsic (where some events or condition affects
postural control)

•

Extrinsic (where an environmental factor is the
main contributing reason for the fall.).(3)

During fall, the potential energy due to height is
converted to kinetic energy under the influence of
gravity. Fall from height, which results in injuries
associated with rapid vertical deceleration; represent
a unique form of blunt trauma. Victims of fall from
height tend to sustain a unique pattern of injuries that
depends on inertia of the body, movement of the body,
rigidity of stationary objects and the nature of ground
nature against which body falls. (5)
In this case, a construction worker fell from a
construction site at a height of 25 feet. The incident
occurred as the victim was not wearing any safety
equipment.
During external examination, injuries were on
found over the face. While the dislocated wrist and
shoulder indicated the primary site of impact.
At the moment of impact, a falling body undergoes
deceleration and the amount of kinetic energy
transferred to the ground reacts with an equal amount
against the body itself. The body in the form of injuries
reabsorbs the energy lost. (5)

helps in ruling out the various contributing factors like
drugs, alcohol and co-existing natural disease.
The chemical analysis report in the present case was
negative for alcohol or any other toxic substances and
based on the finding, which indicates there were no
precipitating factors for the fall. Most of the victims
who succumbed due to fall will have combined injuries
involving head, thorax, abdomen and other bones
indicating the polytrauma and also because of
multiorgan involvement. The deceased had sustained
combined injuries over skull and thorax, such as fissure
fracture measuring 4cm in length running across
maxillary bone on right side and comminutted fracture
of skull, with displacement of fractured fragments,
over floor of anterior cranial with fossa fissure fracture
measuring 6cm in length, running over squamous part
of temporal bone and lesser wing of sphenoid.
Brain and meninges are covered with diffuse
subdural and sub arachnoid hemorrhages. Right
shoulder joint and left wrist joint are fractured and
dislocated. 2nd, 3rd and 4th ribs on left side fractured at
the sternal end with 100 ml of blood in pleural cavity.
Upon consideration of history, autopsy and visit to
scene the cause of death was ascertained as due to
Death is due to hemorrhagic shock as a result of craniocerebral trauma - consistent with fall from height.
CONCLUSION
In fall from height cases presence of multiple
injuries makes it difficult to differentiate between falls
induced injuries and those that have inflicted before
the fall.

On visit to scene of incident it was found that,
ground was hard soil. It was important to note the
surface as, surface on to which a body falls determines
the pattern of deceleration and energy exchange. On a
relatively yielding surface, the energy is given up
slowly, but on a relatively unyielding surface as it is
here hard soil & concrete, time of deceleration is shorter
and hence the forces on the body are much great.
Multi organs involvement was noticed where the
nature of ground was hard surface and isolated fatal
injuries were hall mark of falls over the soft surface.
The medico-legal autopsy aims at deciding whether
the death was attribute purely to the height. It also
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Fig. 1. Shows Brain covered with subdural and subarachnoid
hemorrhages
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ABSTRACT
Deaths from corrosive substances are uncommon in day-to-day medicolegal practice. We report a
case of death due to ingestion of sulphuric acid with history of depression and previous suicidal
attempt. He was provisionally diagnosed of acid ingestion but there was no history either from
patient or from his relatives. Guidance and education are important preventive tools, but the best
approach is to restrict access to corrosive agents, by prohibiting their free commercialization.
Keywords: Chalky White Teeth, Trickling Lines, Corrosive Acid, Utensil-Cleansing Business

INTRODUCTION
•

Corrosive poisons are those substances, which
corrode & destroy the tissues through direct
chemical action.

•

Deaths from corrosive substances are uncommon
in day-to-day medico legal practice.

•

We report a case of death due to ingestion of
sulphuric acid with history of depression and
previous suicidal attempt.

•

•

He was provisionally diagnosed of acid ingestion
but there was no history either from patient or from
his relatives, as patient was alone at home at the
time of incidence.
Diagnosis was confirmed only after autopsy
report.
CASE REPORT

•

•

A 27 yrs old healthy married male was average
built & nourished with history of depression &
previous suicidal attempt.

•

On one evening, he was alone at home &
consumed about 150 ml sulphuric acid. Then
neighbors brought him at district hospital at
6.15pm.

•

After primary treatment subject referred to medical
college hospital at 6.45pm but reached at medical
college hospital at 9.30pm in condition of shock
and expired at 9.40pm.
AUTOPOSY REPORT

The postmortem done after 12 hours of death.
External findings
•

The cloths are stained with brownish: blackish
spots at places.

•

Rigor mortis present all over the body.

•

PM staining was present on dependent parts
except the pressure points.

•

Mouth was semi opened. Dusky whitish dried
froth was present at opening of mouth. There was
inflammation & excoriation of mucosa of lips.
There was blackening of oral mucosa with blackish
tongue. occlusal surface of upper central & lateral
incisors were chalky white. Trickling lines from
lower lip to chin was present.

•

A superficial acid burn area (brownish in colour)
of size 5x4cm, with trickling lines towards the
fingers were present on dorsum of left hand
medially.

Occupationally, his family was engaged in utensil
cleansing business.
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Internal findings
1.

Skull, Brain, Thorax-Healthy

2. Larynx & trachea- blackish mucosa present.
3. Abdomen
•

Stomach- converted into blackish, soft mass with
a perforation of size 4x3cm, present at lower part
of body. Mucous membrane diffusely blackish in
colour.

•

Peritoneum- blackish coloured material about
250ml present in the peritoneal cavity. Left side
mesentery adjacent to stomach & dependant parts
of peritoneal cavity & dependant abdominal
visceras stained with blackish coloured material.

•

Liver, spleen, kidneys -are congested.

•

Bladder- healthy & contains urine.

•

Pharynx & oesophagus – blackish coloured
mucosa present. No perforation of oesophagus
was seen.

•

Small intestine- blackish coloured mucosa.

•

Large intestine- internally healthy. Externally wall
stained with blackish material.

Fig. 2. Dusky white dried froth with trickling lines

FSL report
Confirm the presence of sulphuric acid.
Final opinion
The cause of death was given shock as a result of gastric
perforation, due to ingestion of sulphuric acid.
Fig. 3. Inflammation of lips & chalky white teeth

Fig. 1. Left hand acid burn area
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Fig. 4. Blackish soft stomach mass with perforation
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•

The fatal dose is 5-10ml & fatal period 12-24hrs.

•

The ease of availability of acid because his family
business contributed to selection of this mode of
attempting suicide.

•

Individuals who attempt suicides by ingesting acid
are typically conscious and lucid during the
process, and as a result, concomitant aspiration
pneumonia rarely occurs. When it occurs, it greatly
increases the likelihood of death.5
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These above findings suggest that it is a case of
suicidal poisoning.

51. Vinod Garg--240--242.pmd

242

2/8/2014, 1:24 PM

DOI Number: 10.5958/j.0973-9130.8.1.052
Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1 243

An Analytical Study of Hair dye Poisoning
Yadaiah Alugonda1, Surendra BV1, Nagalingam J1, Madhavi2, Bala M3
Assistant Professor, 2Professor, Department of Community Medicine, MNR Medical College, MNR Nagar, Fasalwadi,
Sangareddy, Andhra Pradesh, India, 3Assistant Professor, Department of Forensic Medicine, Meenakshi Medical
College, Emathur, Kanchipuram, Tamil,Nadu, India

1

ABSTRACT
Aims and Objectives: To study the incidence in different demographic parameters and clinical,
biochemical manifestations, fatal dose and fatal period of hair dye poisoning.
Materials and Method: The study was conducted on hair dye poisoning cases which were admitted
in Gandhi Hospital, Secunderabad, Andhra Pradesh, India. Various demographic data was collected,
different clinical features & biochemical findings were recorded.
Results: There is significant increase in incidence of hair dye poisoning and is high in married women
who are housewives. Supervasmol is the major hair dye responsible for poisoning. Clinical features
are manifested within 8 hours of poisoning in majority of the cases and tachycardia, dyspnoea,
dysphasia are the common features. ABG derangement is the most common biochemical finding.
Conclusions: As Supervasmol hair dye available at lower price in all general stores, it is easy to
purchase & consume. Para-Phenylene Diamine (PPD) is the main compound responsible for clinical
features of hair dye poisoning. Use of PPD in hair dyes should be restricted to decrease toxicity of
hair dye poisoning.
Keywords: Hair dyes, Supervasmol, Para-Phenylene Diamine (PPD), Poisoning, Anaphylaxis, Nephrotoxicity,
Steroids, Tracheostomy & Dialysis

INTRODUCTION
Hair dye is one of the oldest known beauty
preparations and contains many compounds which
imparts specific colour to the hair 1. Most of the
commercial hair dyes contains many chemical
compounds. Para-Phenylene Diamine is an aniline
derivative1, important and major component of hair
dye and responsible for ill effects4. In recent years,
incidence of hair dye poisoning is increased3 in India
especially in North2 and Andhra Pradesh.
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Hair dye poisoning is more common in females and
younger age group people with suicidal intention.
Respiratory manifestations determine the early
prognosis and renal manifestations determines late
prognosis3.
Systemic features3 of hair dye poisoning occur in
two phases. Acute presentation of cervical edema,
airway obstruction, gastritis and vomiting are seen in
Phase – 1. Sub acute presentation of haemolysis,
rhabdomyolysis and renal failure are seen in
Phase – 22.
MATERIALS AND METHOD
The present study was conducted in Department
of Forensic Medicine, Gandhi Medical College with
124 cases of hair dye poisoning which were admitted
in Gandhi Hospital, Secunderabad. It includes
retrospective study and analysis of data during period
of 2 years (July 2009-June 2011).
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History of ingestion, availability of bottles and
clinical manifestations help in diagnose the hair dye
poisoning. The age, sex, occupation, marital status and
motive, manner, time of poisoning, fatal dose, fatal

period & type of hair dye, clinical features, biochemical
manifestations and response to treatment were
studied.

Results and Observations
Table No. 1. Demographic data of Hair dye Poisoning.
Demographic parameter

Group feature

Hospital admissions

Suspected poisoning in 1st year

No. Cases

nd

Suspected poisoning in 2 year

Age group

Sex & Marital Status

Geographical area

Occupation

Location

Motive for poisoning

Manner of poisoning

244

1496

2.377%

55

0.089%

Hair dye poisoning in 2nd year

69

0.107%

All cases in 1st year

61548

100%

All cases in 2nd year

64269

100%

<10 Years

3

2.4%

11-20 Years

32

25.8%

21-30 Years

54

43.5%

31-40 Years

16

13%

41-50 Years

8

6.5%

51-60 Years

4

3.2%

>60 Years

7

5.6%

Single male

24

19.36%

Married male

25

20.16%

Single female

28

22.58%

Married female

47

37.90%

Rural

42

33.87%

Urban

82

66.13%

Student

14

11.29%

Housewife

46

37.11%

Employee

10

8.06%

Business

11

8.87%

Laborer

22

17.74%

Unemployed

21

16.93%

Home

104

83.87%

Open area

20

16.13%

Family problems

48

44.03%

Financial problems

18

16.51%

Health problems

11

10.1%

Failure

20

18.35%

Death of dear one

7

6.42%

Unknown reasons

5

4.59%

106

85.48%

Homicidal

3

2.42%

Accidental

15

14.10%

Supervasmol

106

85.48%

Godrej Black

15

12.10%

Other brands

3

2.42%

During the first year of study (July 2009-June 2010),
61548 cases were admitted in Gandhi Hospital,
Secunderabad. Among them suspected poisoning
cases constitute nearly 1321 i.e. 2.146% and hair dye
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2.146%

Hair dye poisoning in 1st year

Suicidal

Type of hair dye

Percentage

1321

poisoning cases constitute 55 i.e. 0.089%. During the
second year of study (July 2010-June 2011), 64269 cases
were admitted. Among them suspected cases were
1496 i.e. 2.377% and hair dye poisoning cases were 69
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i.e. 0.107%. There is a remarkable rise in hair dye
poisoning incidence (25%) when compare with the rise
in suspected poisoning (13.2%) and all admissions
(4.4%).
Maximum number of cases i.e. 54 (58.12%) were
recorded in 21-30 years age group people, followed
by 11-20 years age group i.e. 32 cases (30.35%) and the
least number i.e. 3 cases (1.67%) in <10 years age group
people.
Hair dye poisoning was recorded more in females
i.e. 75 cases (60.48%) and less in males i.e. 49 cases
(39.52%). It is more in married i.e. 72 cases (58.06%),
less in unmarried persons i.e. 52 cases (41.94%) and
more in married women i.e. 47 cases (37.90%) when
compared with the unmarried women i.e. 28 cases
(22.58%).
Major portion of the Study population i.e. 82 cases
(66.13%) belongs to urban area and minor portion
belongs to rural area having around 42 cases (33.87%).

Housewives category contributed to the highest
number of cases i.e. 46 cases (37.11%). The second
position was occupied by laborers i.e. 22 cases (17.74%).
The last position was occupied by employee i.e. 10
cases (8.06%).
Maximum number of poisoning cases were
occurred in Home i.e. 104 (83.87%) and only few cases
were occurred in open area i.e. 20 (16.13%). Maximum
number of poisoning cases were suicidal in manner
i.e. 106 (85.48%) followed by accidental i.e. 15 (14.10%)
and least were belongs to homicidal i.e. 3 (2.42%).
Maximum number of poisoning cases have motive of
family problems i.e. 48 cases (44.03%) followed by
personal failures i.e. 20 cases (18.35%) and least have
motive of death of dear one i.e. 7 cases (6.42%).
Among the all hair dyes, Supervasmol is
responsible for most of the cases i.e.106 (85.48%) and
next position is occupied by Godrej Black i.e. 15 cases
(12.10%). All other brands constitute to minority group.

Table 2. Clinical features and Biochemical manifestations.
Study parameter
Time of onset of clinical features

Clinical features
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Group feature
<4 hours
4- 8 hours
8-12 hours
12-24 hours
>24 hours
Difficulty in speaking.
Difficulty in breathing
Difficulty in swallowing.
Burning sensation in throat
Dribbling of saliva
Gastrointestinal disturbance.
Hematemesis
Angio-neurotic edema
Palpitations
Abdominal pain
Chest pain
Muscular pains
Muscular spasm
Tingling & numbness
Burning micturition.
Dark colour urine
Decreased urine output.
Hoarseness of voice
Altered consciousness.
Conjuctival Chemosis.
Rise in pulse rate.
Rise in Blood Pressure.
Abnormal respiratory sounds
Cardiac arrhythmias
Convulsions

No. cases
38
46
20
15
5
71
65
68
57
75
61
5
98
8
15
4
43
25
34
16
78
67
10
33
7
86
34
41
9
9
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Percentage
30.64%
37.04%
16.12%
12.09%
4.03%
62%
52%
59%
52%
65%
56%
4%
85%
7%
13%
3%
37%
22%
29%
13%
67%
58%
8%
28%
6%
74%
29%
35%
8%
8%
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Table 2. Clinical features and Biochemical manifestations. (Contd.)
Study parameter

Group feature

Biochemical manifestations

Raised Liver enzymes

No. cases
34

Percentage
29%

Raised Blood sugar.

59

51%

Raised Blood urea

54

46%

Raised Serum creatinine

59

51%

Raised Serum Sodium

22

19%

Reduced Serum calcium

24

21%

Raised Serum potassium

14

12%

Raised CPK

35

30%

Reduced Hemoglobin %

78

68%

Myoglobinuria

68

59%

ABG derangement

75

65%

Microcytic and hypochromic cells

68

59%

Clinical features appeared within 4 hours after
ingestion of hair dye in 38 cases (30.64%). On and
average signs and symptoms appear within 8 hour.
Among the different clinical features that observed
after the consumption of Hair dye, tachycardia,
dyspnoea, dysphasia and edema are the most common
& chest pain, haematemesis, conjuctival chemosis are
less common features.

Steroids were given in 63 cases of hair dye
poisoning. Among them 54 (47%) cases were survived
and 9 (8%) cases were dead. Tracheostomy done in 40
cases, but survived only 33 (27%) and died 7 (6%) cases.
Dialysis done 14 cases, but only 10 cases survived and
2 cases died. Brought dead cases (9) excluded in this
study.

Biochemical manifestations develop due to toxic
effects of Para Phenylene Diamine. Among them ABG
derangement is most common one and
myoglobinurea, raised blood urea, serum creatinine
levels are the next one. Least common manifestations
are raised serum potassium levels.

Table No. 3. Fatal dose & Fatal period.

Response to treatment.

Fatal dose and fatal period.

Fatal periodFatal dose

<12hrs

<50 ml
50-100 ml

6

100 -150 ml

2

150 -200 ml

1

>200 ml

1

12-24 hrs

24-48 hrs

1

1

>48 hrs
1

4

1

5

1

1

The majority of cases died during the first 12 hours
of ingestion and with the dose of 50 - 100 ml. The least
number of cases died during the period of 24-48 hours
after the ingestion of >150 ml of hair dye.
DISCUSSION

Graph No. 1 - Response to Treatment.
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The results and observations of the present study
were compared with the preceding studies. But many
factors were not studied in previous studies which I
observed. So there is no comparative analysis for some
factors. Hair dye poisoning cases had contributed up
to 0.089% i.e. 55 cases of the total admitted cases i.e.
61548 in the 1st year of study and 0.1071% i.e. 69 cases
of the total admitted cases 64269 in the 2nd year of study,
thereby showing an increase2,3 of 25% i.e. 14 cases even
though the total number of admissions had showed a
slight increase of 2721 cases i.e. 4.23%.
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The 3rd decade age group of the study (21-30 years)
population was occupied the major part i.e. 43.5%. The
age period from 21 to 30 years is most active time in
life of any person. The majority of decisions regarding
life were taken and majority of the problems faced
during this period.
Hair dye poisoning is most common with suicidal
intension i.e. 85.48%, followed by accidental intention
i.e. 14.10% and least by homicidal intension i.e. 2.42%.
It is comparable with clinical studies done by Ansory
et al7 1983, Kamil and Davidson10 1996, Yagi et al6 1996,
Ayoub Filali11, Llham Semlali11 2006 which were shown
that most of the cases were with suicidal intent and
few cases were accidental in nature. For the high rate
of suicides various reasons are present. Among them
easy availability at any time at home, cheap price and
available in readymade form are common reasons.
Accidental poisoning is common in children, but it is
less frequent than suicidal poisoning. There is few
accidental poisoning occurred under influence of
alcohol in adult. Homicidal poisoning is very rare, but
it occurred in non-resistant people like old and child.
Here the females were outnumbered (60.48 %) when
compared with the males (39.52%). Hair dye poisoning
rate is high in maaried females (37.90%), it is quite
opposite in the married males (20.16%). The house
wives are the highest self destructors of their own life
by the way of hair dye poisoning (37.11%) in overall
population. In case of married males, marital
disharmony, family problems, unemployment and
financial constraints were the main cause where as in
case of married females dowry harassment,
dependency on husband, cruelty of in-laws, change
of social environment after marriage and family
conflicts were the main causes noticed. The more
percentage of unmarried males (19.36%) than single
females (22.58%) due to unemployment, frustration in
life, educational problems. Majority of cases i.e. 82
cases (66.13%) belongs to urban area and minor portion
belongs to rural area having around 42 cases (33.87%).
It should be noted here that the high incidence of
poisoning recorded in the urban area is due to the
study being conducted in Gandhi Hospital, which is
obviously an urban area.
Among the all hair dyes Supervasmol is responsible
for most of the cases i.e.106 (85.48%), followed by
Godrej Black i.e. 15 cases (12.10%). Supervasmol hair
dye is occupied the 1st place as it available at cheaper
price and in readymade liquid form.
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In this study 46 cases (37.04%) were developed
clinical features within 8 hours after ingestion of hair
dye in different quantities. Immediate feature is
vomiting, that is due to gastrointestinal irritation. Early
features (dyspnoea, dysphagia and edema) are due to
angio-neurotic edema from anaphylaxis. Angioneurotic edema starts as submental swelling and
extends to face through the floor of the mouth and also
involves larynx. Among the clinical features
tachycardia, dyspnoea, dysphagia and edema are the
most common. Chest pain, hematemesis and
conjuctival chemosis are less common.
Arterial Blood Gas derangement is most common
among the biochemical manifestations and it occurs
due to respiratory obstruction by laryngeal edema. But
it is contrast with the study of suicide poisoning done
by Sushil Kumar et.al4 in which raised leucocyte count
and liver enzymes are most common. Myoglobinuria,
raised blood urea and serum creatinine levels are next
common observations. Myoglobinuria and decreased
serum calcium levels occurs due to myotoxic effects
and continuous muscular spasms. Decreased Hb levels
and increased serum potassium levels result from
haemolysis. Due to hepatotoxic effects, there are
increased blood glucose levels and liver enzymes.
Raised blood urea levels and serum creatinine levels
are seen due to nephrotoxicity.
Steroids are the mainstay of the treatment in any
hair dye poisoning. Anaphylactic reactions are
subsided by this treatment. In 63 cases, only steroid
treatment is given, among them 9 cases were died
before going to further treatment and 54 cases were
survived. Tracheostomy is preferred over intubation
in respiratory distress as laryngeal edema interferes
while intubation. Among the 40 cases treated with
tracheostomy, 33 cases were survived and 2 cases were
died due to shock. Dialysis is the treatment given in
case of renal failure with serum creatinine more than
4mg/ml. Among the 14 cases treated with dialysis, 12
cases were survived and 2 cases were died. Overall
mortality rate 21% and it is comparable with 22% in
study by Yagi et al.
Early deaths i.e. within 12 hours, occurs due to
respiratory failure and majority were delayed deaths
i.e. after 48 hours, most of them occurs due to renal
failure and few of them due to hypoxic shock with
respiratory failure. Fatal dose and fatal period without
medical intervention are >100ml of and within 12
hours of time.

2/8/2014, 1:24 PM

248 Indian Journal of Forensic Medicine & Toxicology. January-June 2014, Vol. 8, No. 1

CONCLUSION
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ABSTRACT
In the present study 540 dried, non-pathological crania were studied cranial index was measured by
spreading caliper and cranial capacity was studied by filling mustard seeds through foramen magnum.
There was significant correlation between these two values. Mean value of cranial capacity was
1171.24(SD=113) and cranial index was 75.13(SD=3.47). Regression equation of cranial index and
cranial capacity were linearly accepted with significant P<0.008 value cranial capacity (x) = 1452.63 37y and cranial index (y) = 79.27 - 0.004x. By known cranial index the cranial capacity can be anticipated
and vice versa. This study will help the clinician by providing base line data, Medico-legal expert,
Neurosurgeon, Radiologist in their respective fields. Anthropologist to identify race and sex. These
present values differ with previous foreign workers hence this study indicates the regional significance.
Keywords: (1) Cranial index (2) Cranial capacity (3) Medico-legal (4) Spreading caliper (5) Measuring
cylinder (6) Mustard seeds

INTRODUCTION
As there are two methods to study the crania i.e.
cranial index discovered by Swedish anatomist andrez
reitz (1842) and cranial capacity. Cranial index was
mainly used to study the race and sex(1). While cranial
capacity was studied to know the growth of the brain
because human brain growth ceases at the age of 7 yrs
and resumes a fixed size and shape(2). The cranial
capacity ranged between 950cc to 1800cc (average was
1400cc) Moreover in medico-legal studies usually
female cranial capacity has 200 cc lesser than male
crania(3) on the contrary females crania has more cranial
index than male crania (4) crania index has three
parameters viz Brachycephalic, Mesocephalic,
Dolichocephalic which are criteria to differentiate the
races of man, while cranial capacity has clinical and
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radiological significance. Hence attempt was made to
correlate these two parameters.
MATERIAL AND METHOD
540 complete, dried non-pathological crania
irrespective sexes were selected for study from
Davangere JJMMC and SSIMS and RC. NMC Raichur,
Al-AMC and BMPMC Bijapur
Mustard seeds were filed through foramen
magnum using funnel. All other foramina were
plugged with plasticine. The cranial cavity was shaken
intermittently. When the cranium was filled up to
brim, the seeds were pressed gently with thumb on
foramen magnum then seeds were poured in
measuring cylinder (2000 cc) and agitated until it was
thoroughly packed and reading was recorded(5)
The cranial index was measured by spreading
caliper putting crania in anatomical position. Length
of the cranial measured from glabella to
oposthicranion. Breadth was measured at right angles
to the mid-sagital plane, wherever maximum breadth
was found above the level of supra mastoid crest or
posterior roots of zygomatic arches and the regions
below and these were calculated as
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And classified them as brachycephalic above 80,
Mesocephatic 75cm to 80cm, Dolichocephalic below
75 cm. Dolichocephalic crania usually long headed,
brachycephalic were round headed and Mesocephatic
were inter mediate.
RESULTS
Table No 1 Shown the descriptive statistics of both
values of cranial index mean value was 75.13 (SD=3.47)
and cranial capacity 1171.24 (SD=113.01).
Table No 2 Shown the Pearson correlation
coefficient study cranial capacity and cranial cavity
were -0.115 and significant at the level of 0.01 and
correlation coefficient between cranial capacity and
cranial index was negative.
Table No 3 Shown relation between cranial index
and cranial capacity with the help of regression
equation between cranial index and cranial capacity.
The cranial capacity was a constant model with the
value of 79.27 with significant P value was 0.008 which
was linearly accepted.
Table No 4 Shown the regression analysis between
predictor (cranial capacity) values (Constant) and
dependent (cranial index) values the predictor
(variable) were 6526.38 which was well accepted with
significant P value 0.008.
Table No 5 Comparison of present study with
previous workers Andy Blackboard and Crania
preserved in Pearbody Museum, America.
DISCUSSION
In the present study the mean value of cranial index
was 75.13 cm (SD= 3.47) and mean value of cranial
capacity was 1171.24 (SD = 113.01) and (Table No 1)
this mean value of cranial index indicates the
Mesocephalic crania which confirms the
environmental condition of south India which is
intermittently cold and hot with the rhythm of climatic
conditions. But brachycephalic crania cannot adopt in
cold climates while Dolichocephalic and Mesocephatic
crania can adopt both hot and cold environments(6)
hence during pre world war II, recruitment of military
was done preferring Dolichocephalic then
Mesocephalic because of greater genetic fertility and
round shaped crania to overcome varieties of
environment(7). Moreover in 17th century Europeans
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were Dolichocephalic Dravidians were brachycephalic
and Aryans were Mesocephalic(8) but due to variations
in the environment they changed their shape to
respond the changes of environment and to overcome
biomechanical stress. As crania is mainly dermal bone
hence its morphometric values easily respond to the
environment hence influence of environment on any
race can be established by cranial index(9).
In the present study the mean value of cranial
capacity 1171.24cc (SD 113-01) Which indicates the
crania of modern man because cranial capacity of
Gorilla was 550cc, African ape man was 600cc,
pithecanthropus (Javaman and pekingman) 1000cc
and modern man ranged between 1500 to 1700cc
because brain of modern man is three times larger than
gorilla, and contains ten times more as many as
neurons in the cortex at the expense of size of
mandible(10)
In the present study of regression equation cranial
index (y) = 79.26 – 0.004x and cranial capacity (x) =
1452.63 – 3.74y with significant P value (P<0.008) (Table
No 2, 3, 4) which is linearly accepted. It clearly confirms
that, geographical factors influence craniometry
morethan genetic factors. Such as climate, socioeconomic status, migration, masticatory stress,
posture, nutrition (hormones, diseases etc) (11) (12), Hence
present study differs with previous workers (Table No
5) due to variations in environmental and nutritional
status. Hence size and shape of the crania cannot be
the criteria for the determination of intellectuals as
Adolf Hitler and Mussolini were also dolichocephalic
(13)
because intellectual mainly lies in frontal lobe of
the brain hence frontal lobe of inferior races is less
developed with thin supra granular layer (14) moreover
difference in the size and shape of the crania and body
proportions are merely an expression of allometric
growth pattern. They are also related to the mechanical
requirements dependent on differences in body
weight(15).
CONCLUSION
The present study of correlation between cranial
index with cranial capacity of South Indian crania, the
mean value of cranial index was 75.13cm (SD=3.47)
and cranial capacity 1171.24cc (SD=113) and regression
equation was significant (P<0.008) the value of cranial
capacity(x) was 1452.63cc -37y and cranial index (y)
was 79.27cm – 0.004x with linear acceptance will help
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the clinician, radiologist, neuron surgeon, medicallegal expert and anthropologist because cranium is
difficult bone to model because of its unusual
morphology

Particulars

Cranial
Capacity

Cranial
Index

1

-0.115(**)

540

.008

Cranial CapacityPearson Correlation
Sig. (2-tailed)

Table No. 1. Descriptive Statistics
Partiulars

Table No. 2. Pearson’s Correlations

N

No of
crania

Sum

Mean

Std.
Deviation

Cranial
Capacity (x)

540

632474.00

1171.2481

113.01167

Cranial
Index (y)

540

40571.03

75.1315

3.47970

Valid N
(list wise)

540

540

Cranial IndexPearson Correlation

-0.115(**)

Sig. (2-tailed)

.008

N

540

1
540

** Correlation = -0.115 is significant at the 0.01 level of significance.
Correlation coefficient between Cranial Capacity and Cranial
Index is negative.

Table No. 3. The relation between Cranial Index and Cranial Capacity With help of regression equation
Model

Unstandardized
Coefficient

1.(Constant) Cranial

Capacity

Standardized
Coefficient

B

Std. Error

Beta

79.275-.004

1.552.001

•115

t

Significance

51.090-2.683

0.000.008

P –value is 0.008 and is significant and cranial index is

Obtained by using regression equation of CI(y) on CC(x) as
Y = 79.275 – 0.004x
Cranial Capacity and Cranial Index are linearly accepted
Table No. 4. Regression analysis
Model
Regression

Sum ofsquare

df

Meansquare

f

Significant

86.150

1

86.150

7.197

0.008

11.971

Residual

6440.234

538

Total

6526.383

539

A) Predictors: (Constant), Cranial Capacity; B) Dependent Variable: Cranial Index.
P-Value = 0.008, so the regression model is well accepted. Variation explained by the model is not due to the chance its real one. It can be
made use of the model in predicting cranial index with the help of Cranial capacity.

Difference between observed valued and model predicted value
is approximately normal and also from P-P plot as shown below
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From above graphs it is clear that difference between the observed
and model predicted value is approximately normal
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