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From Editorôs Desk 

JIAFM 
A Quarterly Publication 

Volume 34, Number 4, October- December, 2012 
 

I feel immense pleasure to present before you the Fourth issue of 2012. I would like to inform all 
of you that our esteemed Journal of Indian Academy of Forensic Medicine which is published quarterly 
since 1991 has been started gaining wide recognition not only in India but globally among the scientific 
community. I am trying to maintain your faith and trust in me to bring this journal to highest level of its 
achievements.  

I have received many requests from other countries about inclusion of many papers in their 
indexing data base, including USA Government agencies. JIAFM is indexed not only in IndMed and 
MedInd Indian indexing agencies but also in the SCOPUS, IMSEAR informed by the Information 
Management and Dissemination (IMD), World Health Organization, Regional Office for South-East 
Asia, Indraprastha Estate, New Delhi, India. It is hoped that once this journal indexed in IMSEAR it 
would be automatically indexed in the Global Index Medicus managed by WHO Headquarters in 
Geneva as informed.   

The title mentioned above has been evaluated for inclusion in SCOPUS by the Content 
Selection & Advisory Board (CSAB). The review of this title is now complete and the CSAB has 
advised that the title will be accepted for inclusion in Scopus. For your information, the reviewer 
comments are copied below:  

This is a well produced journal in an important subject field with interesting content, which 
deserves a wide readership. The editors are to be commmended on their efforts.  

I assure you about the quality of research papers and quality of printing in future issues. Your 
valuable suggestions are always encouraging me and I heartily welcome for future suggestions.  

 
       Professor [Dr.] Mukesh Yadav 
          Editor, JIAFM 
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Editorial 
Substance Abuse/Misuse: A Matter of Public Health, Concern 

for Court and Government 
 
Drug abuse is a major medical problem with extensive legal, social, moral, ethical and even 

political problems. A person made tolerant to a large dose of one narcotic is also cross tolerant to many of 
the effects of another narcotic. Most persons use drugs of dependence with certain discrimination, and in 
such cases little harm result. Indiscriminate use of any of these drugs becomes dangerous, and produces 
a gradual mental, physical, and moral deterioration of the individual and sometimes also sexual 
perversions or crime. The majority of drug victims are neurotic individuals who are mentally unbalanced.  

Substance abuse arises out of a maladaptive pattern of substance use, manifested by recurrent 
and significant adverse consequences related to the repeated intake of the substance. These problems 
must occur recurrently during the same 12 months period. The criteria do not include tolerance, 
withdrawal, or a pattern of compulsive use, and instead include only the harmful consequences of 
repeated use.  

Substance intoxication refers to unwanted physiological or psychological effects that cause 
maladaptive behaviour. It must produce disturbances in the level of consciousness, cognition, perception, 
affect, or behaviour that are clinically significant.  

The issue related to substance abuse and misuse was raised in the writ petition being sensitive 
and serious because the correction fluid/thinner is being used by the children as an intoxicant. Banning of 
production and sale of bottled Correction Fluids as well as bottled Thinners, through court 
intervention, of any chemical composition, both for ink erasing purposes as well as for use as Nail Police 
removers and similar other purposes for retail sale. 

Mandatory warning should be made on the application devices (pens or otherwise) of correcting 
fluids/thinners regarding the effects on health. 

Issue of Public Health / Interest and Prayer: 
A writ petition had been filed before the Punjab & Haryana High Court (P&H HC) under Article 

226 of the Constitution of the India, with a prayer for issuance of directions to the respondents (Govt. of 
India and Ors.):  

¶ To take effective steps for prevention of abuse of Typewriter Correction Fluid (TCF) and  

¶ For rehabilitating the abusers of the thinner/diluter and also  

¶ To put complete ban on the production and sale of correction fluid in bottles 
Pursuant to the various orders passed by the P&H HC, on the last date of hearing i.e. 18.7.2012, the 

following order was passed: This matter pertains to misuse of typewriter correction fluid/thinner by 
the children. 

Constitution of Task force: 
On 10.5.2012, counsel for Union of India placed on record a letter dated 26.4.2012 issued by the 

Under Secretary to Government of India, Ministry of Health & Family Welfare to the following effect:  
ñ(1) On the orders of the P&H HC in the matter relating to framing of policy guidelines for 

regulating the use of correction fluid/thinner, which are chemical substances generally used in offices 
but   reported to being widely misused by children/street children as intoxicating substance/drug by 
inhaling them to get stimulating effects like drugs, a Task Force was constituted by this Ministry to 
deliberate the matter. The Task Force had members from the Department of Chemicals and 
Petrochemicals, Ministry of Social Justice & Empowerment, Department of Industrial Policy & Promotion, 
Department of Legal Affairs, Governments of Punjab, Haryana and UT of Chandigarh and  technical  
experts  from  the  National Drug   De-addiction  Treatment Center  (AIIMS, Ghaziabad),   Drug De-
addiction Centre (PGIMER, Chandigarh) and the Office of Drugs Controller General (India). 

On the basis of the deliberations in the Task Force in its two meetings, the written comments of 
the Department of Industrial Policy & Promotion and in consultation with the Cabinet Secretariat, this 
Ministry proposes to proceed with the following measures through a Gazette Notification for 
controlling/banning sale of the aforesaid chemical substance, since there is no separate statutory 
framework for their enforcement. 

(a) Banning of production of bottled Correction Fluids as well as bottled Thinners, of any 
chemical composition, both for ink erasing  purposes as well as for use as Nail Police removers  
and similar other purposes for retail sale. 
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(b) Banning of sale of bottled Correction Fluids as well as bottled Thinners, of any chemical 
composition, both for ink erasing purposes as well as for use as Nail Polish removers and similar 
other purposes. 

(c) Permitting sale of Correction Fluids as well as Thinners, of any chemical composition, both for 
ink erasing purposes as well as for use as Nail Polish removers and similar other purposes in 
the form of pens or similar  devices which  allow  limited  amounts of the chemicals  to come 
out of those devices when used. 

(d) Mandatory warning should be made on the application devices (pens or otherwise) of correcting 
fluids/thinners regarding the effects on health on inhalation of vapor/consumption of the 
chemicals contained therein.ò 

Need for Notification: 
Taking note of that letter, the following order was passed by the P & H HC on10.5.2012: 
ñAccording to  letter dated 26.04.2012, which has been placed  on record on the last date of 

hearing, a notification was required to be issued with regard to   banning of sale/production of thinners in 
the bottles. The Government of India, Ministry of Health & Family Welfare has proposed to issue a 
notification with regard to banning of production of bottled correction fluids as well as bottled thinners of   
any chemical composition,  both for ink erasing purposes as well as for use as nail polish removers and 
similar other purposes for retail sale. In paragraph Nos.(a), (b),  (c) and (d) of the letter dated 26.04.2012, 
the aforesaid suggestions have been given.......ò 

Delay in Notification: 
Court observed itôs annoyed that ñToday again, counsel for respondent No.1-Union of India states 

that the notification has not yet been issued. Despite the Court order dated 10.5.2012 notification for 
implementation of the measures suggested in the letter dated 26.4.2012hasnot been issued till 
dateò. Court further observed that ñThe issue rose in the present writ petition being sensitive and serious 
because the correction fluid/thinner is being used by the children as an intoxicant. Non action on the part 
of the Union of India is not justified. In the circumstances, the matter is adjourned to 8.8.2012. If 
notification is not issued before the next date of hearing, Secretary to Government of India, Department of 
Health & Family Welfare, shall come present in the Court.ò 

Measures taken to overcome the problem: 
Pursuant to the strict order, Special Senior Standing Counsel for Union of India has placed on record 

a copy of notification dated 17.7.2012 stating therein that the suggested measures will be taken to 
overcome the problem. 

Need for Strict Implementation and Penal Action Recommended: 
Court felt that with the issuance of notification dated 17.7.2012 by the Ministry of Health and 

Family Welfare, Government of India, all the grievances raised in this writ petition stand redressed. 
Court further directed that however, the Director, Health & Family Welfare of both the States of P & H and 
UT, Chandigarh are directed to strictly implement the measures as suggested in the above notification 
and if anybody is found violating the same, the products be confiscated immediately and necessary 
penal action be also taken against the culprits.  
Responsibility for Rehabilitation: 

Rehabilitation is a continuous process of weaning away the victims of drug dependency. It 
requires strong family support and follows up to prevent relapse. Social rehabilitation and training for 
gainful employment are the most important components after weaning addicts away from drug depending 
to prevent relapse.  

Court made it clear that  in  case  any  of  the  petitioners  identifies  an abuser of the above 
products, the matter be brought to the notice of Civil Surgeon of the   respective districts in the 
States of P & H and Director, Health & Family Welfare, UT, Chandigarh, who shall take remedial 
steps to  rehabilitate  the  said  abuser  even  by  taking him to De-addiction Centre. 

Summary & Conclusions: 
There is urgent need to create awareness among masses and especially among stakeholders 

responsible for implementation of these directions of the Honôble court. Researchers working on these 
issues need to see the impact of these directions in larger public interest. Organization of workshops, 
seminars and conferences to create awareness on these guidelines is the need of the hour.  
 

Mukesh Yadav 
Editor 
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Original Research Paper 
 

Estimation of Stature from Shoe Print Length While Walking 
In Females 

 
*Raju G M, **Vijayanath.V, ***Anitha M.R 
 

Abstract 
In Forensic Anthropology, estimation of stature from feet dimensions plays an important role in 

establishing individualôs identity. The foot length reflects a biological correlation with height suggesting 
that height may be estimated from shoe print length also.  Various anthropometric studies have been 
conducted on foot in relation to growth and development, ergonomics, evaluation, orthopedics and other 
medical sciences. However, there is only little investigation, which focused on forensic importance of shoe 
print. Analysis of shoe prints can reveal very important clues, which can be used as forensic evidence in 
crime scene investigation. To study the relationship between Stature and Shoe Print length while walking, 
total 500 females from Karnataka in the age group of 18 to 21 years were examined. The stature 
estimation was done with linear and multiple regression equations. Recorded shoe print length was 
measured along parallel axis. The multiplication factors were also computed. The regression formula was 
checked for their accuracy and reliability. Highly significant and positive correlation was observed 
between stature and Shoe Print length while walking.  
 

Key Words: Female; Shoe length; Stature; Identification; Investigation 

 
Introduction:  

In Forensic Anthropology, estimation of 
stature from feet dimensions plays a significant 
role in establishing personal identity.[1] The foot 
length displays a biological correlation with 
height suggesting that height may be estimated 
from shoe print length also.[2]   

Various anthropometric studies have 
been conducted on foot in relation to growth and 
development, ergonomics, evaluation, 
orthopedics and other medical sciences.[3] 
However, there is only little investigation, which 
focused on forensic importance of shoe print. 
Analysis of shoe prints can reveal very important 
clues, which can be used as forensic evidence in 
crime scene investigation. Apart from giving idea 
about the bare foot morphology and 
individualistic characteristics, [4] the shoe prints 
were also indicative of height of the person.  
 

Corresponding Author: 
*Associate Professor 
Dept. of Forensic Medicine & Toxicology 
S. S. Institute of Medical Sciences & Research Centre 
Davangere, Karnataka. India 
E-mail: drvijayanath@rediffmail.com 
** Assoc. Prof, Dept. of FMT 
Vinayaka Missionôs Kiruprnanda Variyar Medical 
College and Hospital, Salem, Tamil Nadu, India 
***Assist.  Prof, Dept. of Anatomy 
DOR: 23.2.12     DOA: 12.08.12   

Height determines size and shape of the shoe 
prints and thereby making it unique data to 
establish human identity.  

Estimation of stature forms a major 
domain of medico-legal investigations and helps 
in estimating approximate height of an 
individual.[5] On this basis relationship, it is 
possible to predict the stature from shoe prints 
also. Keeping all these things in view, the 
present study was undertaken.  
      A Forensic investigator usually attempts to 
achieve the following objectives when he/she 
processes a shoeprint;  
(i) To determine the make and model of a 

shoe;  
(ii) To determine if a particular shoeprint 

belongs to  
(iii) To match the shoeprint with other 

shoeprints, possibly from other crime 
scenes. To perform this task, an image of 
the shoeprint is first obtained using 
photography, get or electrostatic lifting or by 
making a cast when the impressions is in 
soil, snow or sand.  

A comparison of the shoeprint is then 
made against specific image databases 
containing current and previous shoeprint 
images and/or images of shoeprints found at 
other crime scenes. [6]  
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Materials and Method:  
Materials: Glass plate, Printer black ink, Manual 
Roller, Pencil, Measuring scale, Vertical steel 
scale, Proforma and Calculator.  
Methods: The study was conducted in the 
Department of Forensic Medicine S.S. Institute 
of medical science and  Research center  
Davanagere, Karnataka; India. 500 Females in 
the age group of 18-21 years were randomly 
selected from Karnataka of South India. The 
subjects from Western, Eastern, and Northern 
India were excluded along with non-residents of 
India.  

The aim and objectives of the intended 
study was properly explained to the subjects and 
informed consent was taken on the Proforma 
sheet. A plain glass plate of about 24 x 24 Cm. 
was cleaned and uniformly smeared with a thin 
layer of black printer ink by using the manual 
roller. The subjects were then asked to walk 
casually with shoes on the smear glass plate, so 
that the prints of left shoe print will be transferred 
to the duly prepared shoe print Proforma 
keeping in the mind the need to minimized 
possible technical source of dimensional artifact.  

The height of the each subject was 
recorded by asking them to stand erect with bare 
foot on the ground plate attached to the vertical 
steel scale of two meters (vertical anthrop meter 
and the subjects were asked to stand without 
support, the arm on the side, head in steady 
position. Then height was measured on the 
vertical distance from the standing surface to the 
highest point of the head (vertex) with the head 
orientated in the Frankfurt plane. [7]  

The height of individual was measured 
in centimeters to the nearest millimeter. 
Traditional anthropometrics, such as Hrdlicka [8] 
and Olivier [9] seem to favor measuring the left 
side, as is recommended in old anthropometric 
efforts at standardizationôs recorded length of left 
shoe print was measured along the parallel axis. 
The length of left shoe print measured from the 
heel to the tip of the shoe which was recorded in 
centimeters to the nearest millimeter. This length 
was taken as the walking left shoe print length of 
that particular individual. In this every individual 
left shoe print was collected and recorded.  

Observation:  
A linear correlation and regression 

analysis were done on 500 female subjects for 
assessing the relationship between shoeprint. 
Length with height and estimation of stature for 
different levels of shoeprint length in this study 
the maximum shoeprint length of 24.1-25.99 cm 
falls 122. Female subjects and their mean height 
is 166.cm with standard deviation of 5.8 cm. 

Average heights of female subjects 
corresponding with various levels of shoeprint 
length is represented. Shoeprint length among 
these subjects ranged from 21.0 -29.99 cm. It 
can be seen that height of an individual is 
increased as the shoeprint length increases, 
showing positive correlation between the two 
parameters. E.g. Average height was 160.5 cm 
for shoeprint length of 21.0 -22.99 cm this 
increased to 188.cm with maximum shoeprint 
length 28.0-29.99 cm. (Table 1) 

We watched correlation between, shoe 
print length, and height among female subjects. 
Present study 500 female subjects of shoe print 
length while walking and their actual height are 
presented. From analysis it was revealed that 
there was a significant positive correlation 
between shoe print length and stature (r = 
+0.69) with this significant correlation an attempt 
was made to estimate stature based on any 
given shoe print length. Stature could be 
predicted from shoe print length in females by 
using regression equation. Ht = 91.4 + 3.09 
(SPL) (Table 2) 

Discussion:  
     Shoeprints are often found at crime scenes 
and provide valuable forensic evidences. It has 
been estimated that more than 30% of all 
burglaries provide shoeprints that can be 
recovered from the crime scene. [10] Because of 
the pattern of repeated offences, rapid 
classification of such shoeprints would enable 
investigating officers not only to like different 
crimes, but to identify potential suspects while 
the crime is still óhot.ô[11] 

Since shoeprint length is highly 
correlated with shoe size and increases linearly, 
in principle shoe size should yield an estimation 
of height. There are two main difficulties one is 
variation in the style of sole and heel, which 
substantially increases the variability of the 
imprint left by shoes of the same shoe size. [12] 
If shoe size information, however determined, is 
used for height calculation, one way of coupling 
it with our regression equations for estimating 
female height. Shoeprint lengths correlate with a 
person height is borne out by results reported in 
the anthropological literature for more than a 
century. [13] Suggestions made over the years 
for putting that interdependence to practical 
forensic use has been reviewed in the context of 
an examination.  

If present, foot prints, either of more 
commonly as shoeprints, provide an opportunity 
for estimating height as one characteristic 
helping to identify or eliminate a suspect. 
Bodziak [14] is one of the leading authorities in 
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the area of manual human shoeprint 
classification. He described the process of 
detection, recovery and examination of footwear 
impression evidence. Evaluating and weighing 
all the factors involved in shoeprint examination 
may cause different experts to reach completely 
different conclusions based on the same facts 
this happens often because of the lack of 
common standards in shoeprint examination.  

The standards forensic science 
reference in North America for assessing height 
from shoeprint data is Michael J. Cassidyôs [15] 
Footwear Identification manual. Cassidy in 
tropes the shoe size of four types of footwear 
between the ñimpression measurementsò. As 
Cassidy points out, some shoe styles have the 
size molded into the sole, and although this 
information may be discernable in the trace such 
instances must be rare. Otherwise, however, 
inserting shoe size between the shoeprint length 
measurement and the estimate of height adds 
another potential source of variability. In the 
Netherlands, [16] all experts routinely use a 
guideline for shoe print analysis. Even though a 
shoe print examination is based on the visual 
comparison of features, or cues in psychological 
terms, it requires much knowledge of the task at 
hand.  

In an automated shoeprint classification 
and retrieval system, [17] several practical 
difficulties exist hindering the effectiveness of 
shoeprint classification, such as device-
dependent noise, distortions, and 
incompleteness. [6] This makes it desirable to 
estimate the quality of a shoeprint image before 
it is fed into the process of feature extraction. It 
helps the system decides the types of image 
demising, enhancement, and restoration 
required. [18] Also, a hierarchical decomposition 
based on image quality measure can provide the 
position information for feature descriptors and 
the weights for different sections in feature 
matching. An image related database 
classification system was developed for shoe 
sole pattern designs. Sole designs are stored 
with shoe information (brand name, size, style, 
material, etc). Pattern types and certain features 
existing on shoe soles and they are used as 
searching criteria. [19]  

A shoeprint collection could be 
developed by taking footwear impressions of 
known criminals and/or by visiting shoe stores. 
In a case, in which there are shoe impressions 
taken from suspects, crime scene impressions 
and shoe designs with their brand names in the 
same database, it is possible to link crime 
scenes by a single search as well as to get a 

suggestion of a possible suspect, and to find a 
brand name of the shoe. [20]  

In the study by Eugene Giles [3] et al the 
sample sizes was restricted to US Army which 
may not reflect the normal population.[Includes 
variables] As normal population includes all 
types of individuals. Whereas selected, healthy 
and most often even heighten / above the 
prescribes height individuals are appointed in 
army and the age group considered for the 
above study was not applicable to fewer than 
17year or elderly. [Age is not mentioned 
accurately for elderly]  

In present study, the samples collected 
were from normal population and the origin and 
birth of parents and grandparents to Southern 
India was doubly confirmed. And the subjects 
were of different height. The age group covered 
in our study was 18 -21 years, which in mostly 
all the bones are either fused/getting fused in 
their final step of fusion. In the earlier study the 
sample collected for shoe print length was in 
standing position, where as we effected to take 
the shoe print samples while walking which is 
unique in our study. The correlation between 
foot length and height underlies estimating 
height from shoeprint length, but complications 
arise from variations in shoe style, fit, and the 
relationship of shoe sizes to shoeprint length. 
The regression equation derived from our study 
is comparable with the Eugene Giles et al as the 
deviation in their earlier study was +5 and in our 
study it is + 3.09. So narrowing the gaze has 
minimized and a maximizing the accuracy.  

Conclusion:  
Even though trace evidences becoming 

more and more important in legal cases, only 
little is known about the influence of task and 
context factors on comparative judgments. From 
the forensic point of view, the proposed retrieval 
method is considered as a method to determine 
a linkage between suspects only. Nonetheless, 
the experiments presented are useful to 
understand the faculty of the method to find the 
correct image in the database. For forensic 
scientists, it is often interesting to establish 
whether the investigated shoeprint has already 
been photographed and we can also estimate 
the stature of the individual by applying 
regression formula.  

The confirmation of validity of linear 
regression equations to reconstruct stature from 
walking shoeprint length on a fresh sample 
provides excellent norm grams for the population 
of this area. Although these norm grams would 
seem to be applicable in younger adults only, 
the application of correlation of correlation 
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factors derived with similar characteristics could, 
however, enable us to use for older subjects, 
provided the rate of structural loss is known. 
Moreover the estimation of stature from walking 
shoeprint length is easy, economical and 
convenient. Besides, as it is brought out in this 
study, the results obtained in laboratory studies 
can be duplicated under field survey conditions. 
Anthropologists, forensic experts and 
investigating officers should be able to use this 
method to their added advantage. Thus this 
study has been able to add another method to 
estimate stature from shoeprint length while 
walking.  
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Table 1:   Shoe Print Length and Actual 
Stature of Female Subjects (N=500) 

Shoe Print length (cm) Subjects Height (cm) Mean SD 

21.0 -22.99 48 160.5 2.4 

22.0-23.99 116 161.0 4.9 

23.0-24.99 56 162.6 3.3 

24.0-25.99 122 166.0 5.8 

25.0-26.99 96 165. 7 9.3 

26.0-27.99 16 168.8 3.8 

27.0-28.99 30 186.0 0.0           

28.0-29.99 16 188.0  0.0               

Table 3: Prediction of Stature for Given Shoe 
Print Length FEMALE [Ht=91.4+3.09(SPL)]  

Shoe print length (cm) Predicted Ht (cm) Range * 

Min Max 

20 153.2 146 160 

21 156.3 149 163 

22 159.4 153 166 

23 162.5 156 169 

24 165.6 159 172 

25 168.7 162 175 

26 171.7 165 179 

27 174.8 168 182 

28 177.9 171 185 

29 180.0 174 188 

30 184.1 177 191 

Mean: ± SD Reg: ± 6.8 (This formulae is to calculate the stature 
of an individual by available Shoe print length) 

Table 2: Correlations between Shoe Print Length and Stature among Female Subjects  
Variable (cm) N  Mean :± SD  Range Corr. * Coeff. ór-value' Reg. Coeff. 'b-valueô Reg. equation (Prediction of Ht.) 

Shoe print length  
 
Actual  height  

500 
 
500 

24.12± 1.75 
 
165.87±9.05 

21.0-28.2  
 
149-188  

 
+0.69 
 

 
3.09 
 

 
Ht = 91.4+3.09(SPL)  

 

*Diff. in corr.  Co.eff. Statistically significant, *SPL-Shoe prints length 
 
 
 
 
 
 
 



                                                                                                                      

J Indian Acad Forensic Med. October-December 2012, Vol. 34, No. 4 ISSN 0971-0973 
     

 

292 

Original Research Paper 
 

A Preliminary Molecular Study on Protein Profile of Vital 
Organs: A New Direction for Post Mortem Interval 

Determination 
 
*M. Sinha, ***S. Lalwani, ****R. Mir, **S. Sharma, **T.D. Dogra, **T.P. Singh 
 

Abstract 

Estimation of the postmortem interval (PMI) is one of the most important tasks in Forensic 
Medicine. Six autopsy organ tissues such as brain, lungs, heart, liver, pancreas and kidney were taken at 
the time of forensic autopsy. All the proteins present in the tissues were extracted and the protein profile 
was analyzed on the sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) starting 
from 0 day to 10

th 
day after death. The protein profiles showed a consistent degradation pattern which 

was consistent and reproducible in all the samples with respect to the time interval. In conclusion, the 
protein profile of the vital body organs appears to be a useful method for estimating the post mortem 
interval up to 10

th
 day. Advantage of this approach over others is that it can detect the post mortem 

interval over a long interval (0 - 10 days) with an easily detectable pattern of protein profile.   
 

Key Words: Post mortem interval, Forensic medicine, Protein profile, Vital organs 

 

Introduction: 
Post mortem interval (PMI) is the time 

that has passed since a person has died. The 
significance of determining the time elapsed 
since death is critical for Forensic cases. 
Recently, the methods used to estimate PMI 
have been algor mortis [1-3]; rigor mortis [4]; 
vitreous humour changes

 
[5-7]; entomology [8-

10]; signs of decomposition
 

 and nature of 
stomach contents. [11-13] 

In the last few years, there have been 
attempts to investigate newer techniques which 
could accurately determine the post mortem 
interval. In several studies, estimation of cellular 
changes [14-15] and estimation of some 
proteins like Cardiac Troponin I [16] have been 
ccorrelated with the time of death.  
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In yet another study, non-protein 
nitrogen on total soluble protein, asparatic amino 
transferase activity and creatinine concentration 
were found to have significant correlation with 
the time of death. [17] However, so far, there is 
no study reported in literature which correlates 
the protein profile of vital organs with time of 
death. In the current study, a differential 
degeneration of the proteins in all vital organs 
has been analyzed. This technique appears to 
be generating reproducible results and may be 
indicative of a new direction in the estimation of 
post mortem intervals in the field of Forensic 
Medicine.  

Materials and Methods: 
1. Protein Extraction from Tissues: 

Pieces of tissues of heart, pancreas, 
brain, lungs, liver and kidney were obtained from 
the autopsy cases of Department of Forensic 
Medicine, All India Institute of Medical Sciences, 
New Delhi. Conditions for exclusion were bodies 
whose time of death was unknown, cases of 
infective conditions and vital tissue failure.  

20 different subjects were taken for 
analysis. A portion of each of the tissue (25 mg) 
was partially thawed, trimmed of fat and 
thoroughly washed with ice-cold homogenate 
buffer (50 mm Tris-HCl, pH 7.4, 150 mm NaCl, 
2 mm MgCl2). It was cut into small pieces in 
1.0 ml of the same buffer. The tissue was then 
homogenized with a Dounce homogenizer 
(30 strokes) thoroughly in the buffer keeping the 
homogenizer in ice. The homogenate was 
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centrifuged at 10,000g for 15 min and the pellet 
containing cellular debris and particulate matter 
was discarded. The supernatant was collected 

and kept at 4 C̄.
 
[18]  

The procedure was repeated every 
second day (after 48 hrs) for all the tissues 
starting from 0

th
 day till 10

th 
day. (The 0 day 

represents the day of the death of the subject). 
The experiments were performed on these 6 
tissues for each of the 20 different subjects. 

2. SDS-PAGE Analysis of the Proteins 

Equal volumes (10 ml) of all the tissues 
were taken and proteins were separated using a 
SDS-PAGE. A 10% gel was cast with the 
thickness of the gel kept at 1 mm by using 
appropriate spacers using appropriate buffers of 
Laemmle. [19] The gel was run using a mini 
vertical gel electrophoresis system (Amersham 
Biosciences). Samples were mixed with equal 
volume of sample buffer (62.5 mM Tris-HCl, pH 
6.8, 2% SDS, 10% glycerol and 0.01% 
bromophenol blue) and boiled for 5 min over a 
boiling water bath. The samples were loaded 
onto the wells and proteins separated on the gel 
at a constant current of 20 mA using tank buffer 
(25 mM Tris-HCl, pH 8.8, 192 mM glycine and 
0.1% SDS). The bands were visible by staining 
the gel in 0.2% Coomasie Blue staining solution. 
The SDS-PAGE of all the tissues was compared 
at different time points. 

Results: 
Similar SDS-PAGE profiles at respective 

time points were obtained for the respective 
tissues from 20 different subjects and the best is 
shown in Fig. 1(A - F). In all the tissues, the 
major bands that were seen were: Transferrin 

(75 kDa), Albumin (66 kDa), a-1 antitrypsin 
(54 kDa), Haptoglobulin (40 kDa), 
Glyceraldehyde dehydrogenase (35 kDa), 
Glutathione S-transferase (23 kDa) and 
Hemoglobin subunits alpha and beta (12 kDa). 
Though all bands showed a gradual degradation 
with time, the bands of Albumin and Hemoglobin 
subunit alpha and beta were the last to degrade. 
In fact protein profiles of day 10 of all the tissues 
show significant bands of only these two 
proteins. In the heart, the protein profiles of the 
2

nd
 and the 4

th
 day were similar, but the major 

change was seen in terms of protein 
degradation from the 6

th
 day onwards, while on 

the 10
th
 day, almost all proteins were in a 

negligible amount. Similarly in the pancreas and 
lungs, there is a decrease of protein 
concentration after 6

th
 day.  

In case of liver tissue, all the bands 
started showing a significant decrease in 
concentration right on 4

th
 day itself and further 

degradation occurred at every interval. In case 
of brain tissue, there was decrease in protein 
concentration of low molecular weight bands 
after 2

nd
 day and slight increase in concentration 

around 6
th
 day, probably due to degradation of 

high molecular weight bands to low molecular 
weight subunits. The proteins of kidney tissue, 
like in the case of liver, showed decrease in 
concentration from day 4 onwards.   

Discussion and Conclusion: 
In conclusion, there is complete 

degradation of all the proteins, except Albumin 
and Hemoglobin subunit (alpha and beta) in all 
the tissues after the 10

th
 day. With time, the 

protein concentration per weight of tissue 
sample decreased. It was also clear that 
Albumin and Hemoglobin subunit beta were the 
last proteins to get degraded. In all the samples 
tested, the protein profiles were consistent with 
time. However, among all tissues, liver and 
kidney showed the most consistent profiles as 
well as the earliest response in terms of 
degradation of proteins with time. These results 
indicate a mechanism of relating the protein 
profiles measured by SDS-PAGE with the post 
mortem interval. This technique could be a 
reliable molecular index for determining the post 
mortem interval in the future.   
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Abstract 
Thirty six unselected autopsy cases of fatal scald burn received from Central Delhi were studied 

during the period from July 1998 to June 2010 at Department of Forensic Medicine, Maulana Azad 
Medical College and associated Hospitals, Delhi. The data was analyzed with regard to age, sex, place of 
occurrence, pattern of injury, mode of infliction, survival period, cause and manner of death. The cases 
represented approximately 0.31% of all autopsy received during the same period. There were 24 males 
(66.7%) and 12 females (33.3%) with male to female ratio 2:1. The age range of the victims was 10 
months to 70 yrs with mean age of 16.93 years and Standard deviation of 19.32. Domestic accidents 
were attributed to 72.2% of all deaths. All except one case were accidental in nature. Hot water splashing 
from the cooking utensils/ falling over to boiled water in kitchen (68.75%) was the most common mode of 
injury. Thorax (86.1%) was the most common body region involved. The average total body surface area 
(TBSA) burn was 50.83%.The mean survival period of all victims was 3.83 days. All the victims were 
hospitalized after the incident and in majority (75%) of them died due to septicemia. 
 

Key Words: Scald; Hot Liquid; Children; Septicemia; Accidental 

 

Introduction: 
Deaths arising from application of heat 

often constitute a major medico-legal problem. 
The most common type of burns is thermal 
burns. These may be divided into two groups-
those due to hot liquids & steams and those due 
to dry heat and fire. [1]  A óscaldô refers to tissue 
damage from hot liquid; usually water. [2] Other 
hot fluids include oils, molten rubber, liquid 
chemicals and steam. The scalds are usually not 
as severe as burns because the hot liquid, while 
applied on the body run off the surface and 
rapidly cool on accounts of their evaporation. [3]  

Most scald burns are not life 
threatening, but many of times it is dangerous to 
life especially for children and the elderly. The 
extent of damage depends upon the 
temperature of the liquid, ability of the body 
surface to conduct away the excess heat, 
duration of the heat applied. In this article the 
pattern of scald burn and methods of prevention 
are discussed. 
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Material and Methods: 
Between the years from July 1998 to 

June 2010, thirty six cases of death due to scald 
burn were autopsied within the jurisdiction of 
Central Delhi, amounting to about 0.31%of all 
autopsied cases and 1.05% of all burn cases 
received in the mortuary of Maulana Azad 
Medical College and associated Hospitals during 
the same period. Detailed analysis of cases was 
based on the medical records and evaluation of 
autopsy reports. 

Results: 
The majority of the victims (n=24, 

66.7%) were male as compared to female 
(n=12, 33.3%) with a male to female ratio of 2:1. 
(Fig.1)The commonest age group involved was 
0-10 years (58.33 %) followed by 31-40 years 
(16.66%) and 21-30 years, 11-20 years (8.33%) 
each. There was no case reported in the age 
group of 41-50 years. Only one case (2.33%) 
was reported in the age group of more than 60 
years. (Fig. 2)The mean age was 16.93 years 
with Standard deviation 19.32.  

The majority of the incident occurred at 
home(72.2%).(Table 1)The thorax was involved 
in 86.11% of cases followed by the abdomen 
(83.3%), upper limb (80.55%), lower limb 
(72.22%), head & neck (50.0%) and genitalia & 
perineum (22.22%).(Table 2) Average 
percentage of total body surface area (TBSA) 
burn was 50.83.The burn range was from 20% 
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to 90%.Only one case of homicidal scald burn 
injury was reported, and rest of cases were 
accidental in nature(97.2%).(Table 3)  

The mode of injury in the descending 
order were, falling over to boiled water or hot 
water splashed from the cooking utensil in 
kitchen (68.75%), fall into karahi full of hot 
sugarcane juice (16.66%) and spillage of hot 
milk/tea while playing (8.33%).(Table 4) All 
persons died in the hospital. The range of 
survival period was 4 hours to 9 days. Average 
survival period was 3.83 days. (Table 5) Most of 
the victims (75% cases) were died due to 
septicemia. (Table 6) 

Discussion: 
There is paucity of article regarding the 

autopsy study of fatal scald burn, though 
patients with scalds burns  constitutes a  large 
number  of all patients hospitalized for burns. 
This may be because of the number of  fatal 
cases reported due to  scald burn is less in 
comparison to other mode of burns like flame 
burns and electrical burns. However many 
articles related to the scald burn in children, 
attending to the emergency services are 
available in biomedical literature. Burns and 
scalds are the fifth leading cause of death in the 
European Union for children. [4]  

Scald burns make up more than 75% of 
the pediatric burns patients in New Zealand. [5] 
It constituted 50% of all burns,

 
a study reported 

from Netherland. [6]
 
Scald was counted for 33%-

58% of all patients hospitalized for burns in 
USA. [7] Between January to August 1990, 
scald burn constituted 16.4% of total burns, 
reported from a tertiary care hospital of Jaipur. 
[8]

 
The incidence of scald burn death was 3.3% 

of all burn deaths reported by Singh D et al from 
Chandigarh. [9] Fatal scald burn constituting 
about 2.8% of all burns reported from KMC, 
Manipal, India. [10] Burns was among the 15 
leading causes of death in India;

 
however the 

exact data regarding fatal scald burn is not 
available. [11] 

Majority of the victims in the present 
study were male (66.7%, n=24). Similar results 
were reported by, Rimmer RB et al, which 
showed incidence of scald burns more in male 
(52%) as compared to female (48%). [12]

  
Al B et 

al studied 816 cases of scald and flame burns in 
which 43.5% female and 57.5% male were 
found. [13] Light TD et al showed that the 
incidence of flame burn was more in female (55 
vs. 47%) as compared to males under 16years 
of age; however the scald burn was more 
common in male. [14]

   
The male predominance 

is due more cases reported in male child age 

group of this study. The personal and behavioral 
characteristics of male child susceptible them for 
more scald burn. 

 

In our study, maximum cases of fatal 
scald burns were in the age group of 0-10yrs, 
which is consistent with the study conducted by 
Gurol Berber et al in Diyarbakir city, Turkey. [15] It 
was reported that scald burns are important 
reason of mortality and morbidity, frequently 
seen at home and mostly affect 0-4 years of age 
group. [16, 17] Hertog PC et al revealed that 
among the children admitted to hospital, in 
Netherlands for burns, 75% suffered scalds. [6]  

Scald was the leading cause of burns 
(67%) in the age group of 0-14 years, found in a 
study from Kuwait. [18] Most of burning cases 
between 0-10 ages were scalding, reported in a 
study from Israel. [19] A study from Turkey 
revealed that 70% of burning cases in childhood 
were scalding. [20] The incidence of scalds was 
greatest in the age group 0-2 years. Scalds were 
the most common type of burn among children 
below 4 years age, revealed in a study from 
Chennai,

 
India. [21, 22] Young children are at 

especially high risk for scald burns.  
It is because they may not perceive 

danger as readily, less control over their 
environment and lack of ability to escape a life-
threatening burn situation. The fatal cases 
reported more because they have thinner skin 
than older children and adults, their skin burns at 
lower temperatures and more deeply. 

 

This study revealed that in one case 
there was allegation of upper body part a young 
female was forcefully dipped into a container full 
with hot water. She sustained scald injuries over 
her head, face, neck, front of chest, upper 
abdomen and front of right upper limb 
amounting about 35% of body surface area.  
She was taken to a hospital where she died after 
two days due to septicemia. Scalds are usually 
accidental in nature. [9, 10, 15, 23] However 
sometimes boiling liquid may thrown with intent 
of inflicting injury. Scalding of suicidal origin is 
rare because it is very painful and there is no 
guarantee of death. 

 

Falling over to boiled water /hot water 
splashed from the cooking utensil in the kitchen 
(68.75%) was the most common mode of scald 
injury in our study. The children usually play 
inside the kitchen unsupervised, resulting in 
accidental spillage of cooking pots or beverages 
over them. A similar study reported from Kuwait, 
where hot water from pans/pots in the kitchen 
was the most common etiologic factor (59%). 
[24]

 
Hot water in kitchen was the chief causal 

factor for scald. [25] A study of scald burn in the 
age group of 0-5yrs revealed that most 
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accidents took place in the dining/living room 
and most were caused by coffee. [26]

 
In western 

countries, scald injuries commonly result from 
tap water that is too hot for safe use. [27] In 
India, there is no provision for supply of running 
hot water in domestic use. Hence we are not 
getting these types of cases. In our study six 
cases of death reported due scald burn resulted 
from fall into karahi full of hot sugarcane juice. 
Jaggery burns were more associated with higher 
mortality.  

The hot jaggery, a sticky liquid, adheres 
to skin and the contact time will increase 
resulting in more damage. The victims are 
usually older children, more likely male, and 
have larger burns, reported from south India. 
[28]  Most of the incidents occurred in domestic 
circumstance which is supported by the study 
from Bang et al. [24]In the majority of patients, 
less than 10% total body surface(TBSA) burn 
was involved.

 
The mean TBSA was 8% with 

mean length of stay of 8 days, as shown by 
Rimmer RB et al [12]

  

The average total body surface area 
involved was 64% in scald burn reported in a 
study from Vellore, India. [14]

 
The upper limbs 

were the most commonly affected body region 
(51.8%), both isolated and in association with 
other locations followed by the head and neck 
revealed by Reig A

 
et al in a study from Spain. 

[29]
 
In our study the victims were sustained 

injuries mainly on the upper part of the body.  
The localization of scald injury is 

explained by the mechanism that when a 
curious child pulled a container filled with hot 
water placed at a higher position resulted in 
spillage mainly on the upper body part. The 
reason for frequent localizations of scalding on 
the face, head, neck, trunk and upper limbs is 
when the child pulled a cloth or electric cable 
attached to a coffee machine, thereby upsetting 
a container of hot water, described by Guzel A 
et al. [30] 

Septicemia was the major cause of 
death, revealed in our study. Scald burn resulted 
in loss of functional skin barrier which is 
susceptible to infection. Infection is the major 
cause of morbidity and mortality in burns. 
Infections acquired from hospital or from the 
patient's own endogenous flora have a 
significant prevalence after burns. [31, 32] 

Conclusion: 
In an attempt to plan preventive 

strategies, we studied the factors leading to 
pediatric scald burn injury. Prevalence of scalds 
can be attributed to the fact that children are 
often left unattended at home and they are too 

small to understand the dangers of being in the 
vicinity of injurious agents. It is the child's natural 
curiosity and inability to understand that certain 
things are dangerous to them, which leads to 
scald injury. These factors are further 
substantiated by the lack of supervision, lack of 
awareness about injurious agents and 
carelessness on part of parents. If dangerous 
objects are kept out of the reach of children, 
these injuries can be avoided. Greater 
awareness and parental education will help in 
preventing pediatric scald burn injury. 
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Table 1: Place of Occurrence 
Place Total % 

Domestic 26 72.2 

Non domestic 10 27.8 

 
Table 2:  Injury to Body Region  

Body region Total % 

Head & Neck 18 50 

Thorax 31 86.1 

Abdomen 30 83.3 

Upper limb 29 80.5 

Lower limb 26 72.2 

Genitalia & perineum 8 22.2 

 
Table 3:  Manner of Injury 

Manner Total % 

Accidental 35 97.2 

Homicidal 1 2.8 

 
Table 4: Mode of Injury  

Mode of injury Total % 

Falling over to boiled water  /Hot water 
splashed from the cooking utensil 

22 68.7 

Fall into karahi full of hot sugarcane juice 6 16.7 

Pouring of hot oil from pan 1 2.8 

Spillage of hot milk/tea while playing 3 8.3 

Falling over hot molten soldering metal 1 2.8 

Unknown 1 2.8 

Hot water from bursting of boiler 1 2.8 

Falling in hot water tank 1 2.8 

 
Table 5: Survival Period  

Survival Period  Cases % 

< 24 Hrs. 7 19.4 

1-7days 26 72.2 

>7days 3 8.3 

 
Table 6: Cause of Death 

Cause of death Total % 

Septicemia 27 75 

Shock 9 25 
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Toxicology Unit in Department of Forensic Medicine 
Emphasis from a Study from North East India 

 
*Yogender Malik, **Ritu Raj Chaliha, ***Pushpendra Malik, ****Munish Jaswal 
 

Abstract 
In suspected poisoning cases the final opinion as to the cause of death is generally kept pending 

till receipt of the chemical analysis report from the Forensic Science Laboratory (FSL). Cases of 
suspected poisoning deaths from Kamrup district coming to the GMCH morgue were studied from 1

st
 

August 2008 to 31
st
 August 2009 with aim of analyzing the time consumed at various levels. A total of 

2592 autopsies were performed during study period and in 160 cases viscera were preserved. Viscera 
Report of 60 is awaited as on 1

st
 November 2009. 31 cases gave positive results for poison and 69 cases 

gave negative report. In 21.9% of cases police took more than a month to take the samples to SFSL and 
in more than 47.5% cases SFSL took >2 months to convey report. In nearly all cases the final opinion as 
to the cause of death was given the same day on which the report was received. So, establishment of 
Toxicological Laboratories in Dept of Forensic Medicine and Toxicology can minimize this delay. 
 

Key Words: Poisoning, Autopsy, Forensic Science Laboratory, Viscera report  
 

Introduction: 
In suspected poisoning cases, viscera 

preserved follow a long tortuous route from 
Forensic Medicine dept, through police, after 
taking permission from magistrate or Deputy 
Superintendent of police, to FSL and back to the 
department for final report. This study aims at 
analyzing the delay of viscera report at various 
levels. Such knowledge gives us proper view of 
handling of such cases by police and load of 
cases in FSL.  

Material and Methods: 
160 cases of suspected poisoning cases 

were retrospectively studied between 1
st
 

august2008 to 31
st
 august 2009 in the mortuary 

of Gauhati Medical College, Guwahati, Assam. 
Records of these cases were studied at various 
levels.  
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These included forwarding letter of 
officer in charge, inquest, dead body challan, 
certificate issued by hospital where treatment 
was received before death. It also include post 
mortem report, SFSL report communicated to 
department and final report issued by 
department for cause of death. 

Observations: 
In 37.5% cases report of chemical 

analysis of viscera was not received from SFSL 
till 1

st
 November 2009. (Table 1) 

Organochlorine is most common poison 
followed closely by Organophosphorus. (Table 
2) Our study showed that in 21.9% cases police 
took more than a month to take viscera to SFSL. 
(Table 3) 

In 47.5% of the cases there was delay 
of more than two months to convey chemical 
analysis report of viscera from SFSL to 
Department of Forensic Medicine. (Table 4) 

Cause of death could not be ascertained 
in 43% of the cases in final report and poisoning 
was given as cause of death in 31% of the 
cases. (Table 5) 

Results: 
In 21.9% cases police took more than a 

month to take viscera to SFSL. There was delay 
of more than 2 months in 47.5% cases in 
conveying result from SFSL to Dept of Forensic 
Medicine. 37.5% of cases are still pending with 
FSL as on 1

st
 November 2009. 31 cases gave 

positive result for poisons in FSL report. 
Organochlorine is most common poisoning in 
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this study (45.16%), followed by 
Organophosphorus (41.9%). Cause of death 
could not be ascertained in 43% of cases.  

Poisoning was given as cause of death 
in all cases where poison was reported by SFSL 
in viscera analysis. 

Discussion: 
Failure to preserve and dispatch the 

exhibit/samples at the earliest to the FSL, by the 
doctor concerned, renders him/her liable to be 
charged with causing destruction of evidence 
under sections 201-204 of the Indian Penal 
Code. It is well known that India has a high 
incidence of poisoning, being the 4th most 
common cause of mortality in rural India. [1]  

Despite high number of poisoning cases 
low priority is assigned to these cases by the 
police. This could be due to mostly suicidal or 
accidental nature of poisoning and shortage of 

manpower in police stations. There are few 
forensic laboratories in India which have to cater 
needs of a large population. In Assam there is 
only one forensic science laboratory which 
naturally has huge load of cases from all over 
the state and hence delayed viscera reports. 

In all the cases, the doctor gave the 
opinion as to the cause of death on the same 
day of the receipt of chemical examiner's report. 
This study makes a strong case of attaching a 
toxicology unit with department of forensic 
medicine. This will help in giving final opinion at 
the earliest to help next kin of the deceased in 
completion of paper work and judiciary in timely 
disposal of cases. 

References: 
1. Mohanty MK, Arun M, Jagdish Rao PP, Kumar GP. Delayed 

Toxicological Reports in Poisoning Deaths-Indian Scenario. Journal 
of the Indian Society of Toxicology Vol. 1, Jan-June 2005. p. 14-16. 

Table 1: Report Status 
Report  status Report received from FSL Report not received Total cases 

Positive  Negative  

Cases 31 69 60 160 

Table 2: Types of Poison Reported in Final Report from FSL 
Type of poisoning OP OC Carbamate Alcohol Propane Acid Phenol Total 

Cases 13 14 2 0 1 1 0 31 

Table 3: Time lag b/w Viscera in Morgue and FSL (Police) 
Days <5 days 5-15 days 16-30 days >30 days Total 

Cases 96 14 15 35 160 

Table 4: Time lag b/w Viscera in FSL and Receiving of Report in Department 
Days <15 15-30 31-45 46-60 days >60 Total  

Cases 26 22 16 20 76 160 

Table 5: Causes of Death in Final Opinion 
Cause of death Poisoning  Other than poisoning No opinion Total 

Cases 31 26 43 100 
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Pattern of Road Traffic Accidents in Imphal  
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Abstract  
In recent years the incidence of Road Traffic Accidents is increasing at an alarming rate 

throughout the world posing itself as a major epidemiological as well as medico-legal problem. In a study 
of 205 cases of Road Traffic Accidents brought to the mortuary of Regional Institute of Medical sciences, 
Imphal during September 2007 to August 2009, it was noted that males (75.13 %) outnumbered the 
females (24.87%). Majority of the victims were in the age group of 21 - 30 years (24.89%). It was also 
noted that majority of the accidents happened in the National Highways (59.51%) and pedestrians were 
the commonest victims (37.56%). Trucks were the most frequent offending vehicles (34.63%) followed by 
Buses (22.94%)  The commonest cause of death was due to shock and haemorrhage (34.64%). large 
number of human lives can be saved if trauma centres are established along the National Highways 
equipped with well trained medical personnel and complete infrastructure of emergency care.   
 

Key Words: Road Traffic Accident, Injuries, Death, National Highways, Pedestrians  

 

Introduction:  
Everywhere in the world, a growth in the 

transport system has naturally been one of the 
reflections of economic development. More and 
more people are making investments in vehicle 
and transport infrastructure. Hence, in recent 
years the incidence of RTA is increasing at an 
alarming rate throughout the world posing itself 
as a major epidemiological as well as medico-
legal problem. This has resulted in an increase 
in morbidity and mortality in our country as well.  

According to the National Crime Record 
Bureau (2010) [1], the number of vehicular 
accidents was 430600 resulting in 133938 
deaths and 470600 injuries thereby accounting 
for 37.2% of all accidental deaths due to 
unnatural causes. Therefore, the present study 
has been aimed at analyzing the various factors 
related to RTA in Manipur (topographically 
different from mainland, India). This may help in 
formulating preventive measures to reduce the 
burden caused by such accidents. 
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Materials and Methods: 
The present study was conducted at the 

Department of Forensic Medicine, Regional 
Institute of Medical Sciences (RIMS), Imphal, 
Manipur. It included all cases of RTAs brought 
for autopsy to the mortuary of RIMS during the 
period of September 2007 to August 2009. 
Information regarding the particulars of the 
victim, the date, time and place of accident, type 
of offending vehicle, and the survival time of the 
victim following the injuries were collected by 
examining the police papers, hospital records, 
and also interviewing the relatives of the victim. 
Decomposed bodies were excluded from the 
study.  
Observations: 

Out of 1257 medico-legal autopsies 
conducted during the study period, 205 cases 
(16.31%) were of RTA. Males (75.13 %) 
outnumbered the females (24.87%) and the 
male/female ratio was approximately 3.02:1. The 
maximum number of RTA fatalities was 
recorded in the age group of 21-30 years 
(24.89%) and the least in persons above 70 
years of age (3.42%). (Table 1) 

The maximum number of cases (32.2%) 
occurred in the winter season. (Table 2) In this 
study, it was observed that the maximum 
numbers of vehicular accidents (49.27%) were 
reported between 12 noon to 6 P.M. followed by 
the period of 6 A.M. to 12 noon (31.71%). (Table 
3) It was noted that majority of the accidents 
happened in the National Highways (59.51%) 
followed by link roads (21.95%) and State roads 
(18.54%). (Table 4) 

mailto:pradipkhangem2000@yahoo.co.in
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Among the various types of road user, 
the pedestrians constituted the maximum 
number of victims (37.56%). It was followed by 
vehicular occupants (28.29%) and two wheeler 
riders (18.06%). (Table 5)  

In the present study, trucks were the 
frequent offending vehicles (34.63%) followed by 
Buses (22.94%) and Light motor vehicles (LMV) 
(20%). (Table 6) Following the accidents, most 
of the victims (36.10%) died on the spot. Among 
those who died sometime after the accident, 
23.41% survived for varying periods between 1-
6 hrs. (Table 7) The commonest causes of death 
were due to shock and haemorrhage (34.64%), 
injury to the brain (30.73%) and intracranial 
haemorrhages (18.54%). (Table 8)  

Discussion: 
Out of a total of 1257 autopsies, 205 

cases were due to RTA. This incidence is 
second only to firearm injuries which can be 
attributed to the problem of insurgency and 
counter insurgency in the state of Manipur. In 
the present study, males outnumbered females. 
[3] This male predominance is also observed by 
other authors. [4-6] it could be due to the fact 
that being the bread earners, males spent most 
of their times outdoor, hence exposing 
themselves to the hazards of roads.  

It was also observed that the age group 
21ï30 years was the most vulnerable group 
(24.89%). [7-10]

 
Gupta S et al [8] and Menon A 

and Nagesh KR [10] reported that the least 
affected group were those above 70 years (2% 
and 1% respectively) which is consistent with 
this study (3.42%). Majority of these accidents 
occurred in the National Highway (59.51%). [2, 
11-13] This can be explained on the fact that 
Manipur even though a small state has three 
National highways and these are the busiest 
roads with vehicles travelling at high speeds, the 
roads being wider and majority are in good 
driving conditions. Maximum number of cases 
(32.20%) was recorded in the winter months, 
which is in concurrence with Dhillon S et al [11] 
who reported 32%. [2, 13]  In this study, the 
maximum number of accidents occurred during 
day time with a peak period between 12 Noonï6 
PM (49.27%) followed by period between 6 AM 
ï 12 Noon (31.71%). [14] However; this finding 
is in contrast to the observations made by other 
authors [5, 15] who recorded a peak incidence 
between 6 PMï12 Midnight. This difference can 
be attributed to the fact that the busiest period in 
Manipur is between 6AMï6 PM where the 
majority of the people travel for work, school etc, 
with a sense of urgency to reach their 
destinations. Moreover, because of the 

prevailing law and order problem in the state, 
most of the people prefer to stay indoors and do 
not venture out after dark, thereby, the low 
incidence of accidents in the night. Pedestrians 
(37.56%) were the commonest victims of fatal 
RTAs. This is followed by occupants of vehicles 
(28.29%) and two wheeler riders (18.06%). 
Similarly, Singh H and Dhattarwal SK

 
[13] 

observed that pedestrians were the frequent 
victims (28.7%) followed by vehicular occupants 
(25.8%) and motorcyclists (23%). [7, 16-17]  

This can be explained by the fact that 
there is a lack of proper footpath, lack of traffic 
sense, presence of vendors by the road side 
and ignorance of traffic rules by the pedestrians.  

In this study, trucks and buses were the 
offending vehicles in 57.57% of the cases 
followed by LMVs with 20%. [6, 13, 15]  Most of 
the victims succumbed to their injuries within 1 
hr (56.59%). Of those who survived after the 
accident, 43.9% died within 6 hrs. This is slightly 
higher compared to Singh H and Dhattarwal SK 
[13] who reported 39.5% deaths within 1hr.  

According to Sharma BR et al [3], 51% 
died within 6 hrs, out of which 27% were spot 
death. Singh H et al [16] observed that 54.4% of 
the victims died within 6 hrs. The higher 
incidence of early deaths may be due to 
inadequacy of early transport and management 
of trauma patients in the state. These findings 
also reflect the severity of the injury where the 
majority of the victims who succumbed early 
were those with head injuries. In this study, the 
commonest cause of death was shock and 
haemorrhage (34.64%) followed by injury to the 
brain (30.73%) and intracranial haemorrhages 
(18.54%). This is consistent with the findings of 
Singh H and Dhattarwal SK [13] and Biswas G 
et al [5] who also noted that shock and 
haemorrhage (36.9%) was the common cause 
of death followed by severe brain injury (19.6%) 
and intracranial haemorrhages (14%). These 
findings indicate that there was a delay in the 
transportation of victims from the accident site 
and lack of emergency medical care on the spot. 
This also emphasizes the need for emergency 
ambulance and well trained medical personnel 
for emergency services. 

Conclusion: 
RTA continues to be a growing menace, 

hugely affecting the countryôs economic 
development as many precious lives are lost in 
the most productive age group. This stresses 
the need for an urgent national policy on road 
safety, constructing road networks conforming to 
the volume of traffic, ensuring proper scrutiny of 
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individuals before issuing their driving licenses, 
educating the public on road safety, etc.  

As evident from the study undertaken, 
majority of the accidents happened in the 
National Highways. This not only emphasizes 
the requirement of ambulances stationed along 
the stretch of national highways, but also to 
create awareness among the common people 
on first aid so that precious life can be saved 
within the crucial first few hours period. Lastly, 
large number of human lives can be saved if 
trauma centers are established along the 
National Highways equipped with well trained 
medical personnel and complete infrastructure.  
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Table 2: Seasonal Variation  
Months No  % 

Winter (Dec to Feb) 66 32.20 

Spring (Mar to May) 50 24.40 

Summer (Jun to Aug) 30 14.63 

Autumn (Sept to Nov) 59 28.77 

Total 205 100 

Table 1: Age and Sex Incidence of Victims 
S.N. Age 

grps 
(yrs) 

Males Females Total 

No (%) No % No % 

1 0-10 8 3.91 5 2.43 13 6.34 

2 11 ï20 14 6.82 7 3.42 21 10.24 

3 21 ï30 45 21.96 6 2.93 51 24.89 

4 31 ï40 27 13.18 9  4.39 36 17.57 

5 41 ï50 26 12.68 5 2.43 31 15.11 

6 51 ï60 21 10.24 11 5.37 32 15.61 

7 61 ï70 9 4.39 5 2.43 14 6.82 

8 >71  4 1.95 3 1.47 7 3.42 

Total  154 75.13 51 24.87 205 100 

Table 3: Diurnal Variation   
Time  No  % 

12 Midnight ï 6 AM 7 3.41 

6 AM ï 12 Noon 65 31.71 

12 Noon ï 6PM 101 49.27 

6 PM ï 12 Midnight 32 15.61 

Total    205 100.00 

Table 4: Types of Roads 
Types of Roads Cases % 

National Highways 122 59.51 

State Highways 38 18.54 

Link road 45 21.95 

Total  205 100 

Table 6: Types of Offending Vehicles 
Types of vehicles No % 

Truck 71 34.63 

Bus 47 22.94 

Tractor  2 0.97 

Two wheeler 36 17.56 

LMV (car, gypsy, van, sumo, jeep) 41 20.00 

Three wheeler (Auto rickshaw, Rickshaw cycle) 8 3.90 

Total  205 100 

Table 5: Types of Victims 
Types of Victims No  % 

Pedestrian 77 37.56 

Occupant 58 28.29 

Two wheeler rider 37 18.06 

Cyclist 17 8.29 

Pillion rider 13 6.34 

Rickshaw puller 3 1.46 

Total  205 100 

Table 7: Period of Survival of Victims  
Survival Period Cases % 

Spot  74 36.10 

Within 1hr 42 20.49 

1 ï 6 hrs 48 23.41 

6 ï 12 hrs 15 7.32 

12 ï 24 hrs 3 1.46 

1 ï 3 days 19 9.27 

3 ï 7 days  4 1.95 

Total  205 100  

Table 8: Cause of Death 
S. N Cause of death Cases % 

1. Shock and haemorrhages 71 34.64% 

2. Intracranial haemorrhages 38 18.54% 

3. Injury to vital organs   

 Brain  63 30.73% 

Heart alone 8 3.90% 

Lung   14 6.82% 

Heart + lung 6 2.93% 

Brain + lung 5 2.44% 

 Total  205 100 
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Abstract 
Opinion about the cause of death in unknown dead bodies is a test of ability of the Forensic 

expert and on many occasions yields little or no results. The reasons may be inadequate/no history, 
disinterested Investigating officers unwilling to properly work out the case, partial/complete 
decomposition/destruction/mutilation of the body, etc. In such cases, identification of the body as such 
poses problems; rest aside the opinion regarding the cause/manner of death. The present 3 year study 
was undertaken to find the cause of death and the pattern of causes of death in unknown dead bodies, as 
well as the efforts made to establish the identity in these cases.  

Unidentified bodies comprised 4% of the total 1577 cases brought for postmortem examination to 
the department. Maximum number of cases belonged to the age group 41 -50 years, 35%. Majority of the 
opinions regarding the cause of death were given as cranio-cerebral damage, 30%, followed by ñno 
definite opinionò, 28%.  Viscera for chemical analysis were sent in 24%, histopathology in 8% and for both 
chemical analysis and histopathology, in 27% cases. 
 

Key Words: Identity, Forensic identification, Unidentified bodies, Dead, Cause of death 

 

Introduction:  
Identification means 

determination/establishing the individuality of a 
person.[1,2] The process of identification is an 
everyday occurrence in life, both in civil and 
criminal cases; be it joining a school/college/job, 
opening an account/getting a license, etc. In 
fact, almost every activity in our social life hovers 
around ñidentificationò.  

For the purposes of law, identification 
has to be carried out both in the living and in the 
dead. [2] Though this is primarily the domain of 
the investigative agencies; the forensic experts, 
both medical and non-medical, play an important 
role in the said process. This is achieved 
through numerous parameters, both 
conventional and scientific. [3-7] However, the 
problem gets aggravated and taxes the 
resources of most experienced forensic expert 
when the bodies are recovered in skeletonized 
form or in a mutilated state. [8]  
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This mutilation may be intentional by the 
criminals in an effort to destroy all traces of 
identity or to facilitate disposal of the body. [1] 

In our country, a dead body can be 
mutilated and the soft tissues completely 
devoured by various animals and vultures in a 
very short span of time, when disposed off in 
isolated lonely places. Mass disasters like 
earthquakes, bomb explosions, air-crash, 
railway accidents, etc. are other common 
instances where bodies can be found in a 
mutilated state. [1, 9] Establishing identification 
and the cause of death in such cases can 
become a Herculean task.  

It has been said with a considerable 
measure of truth that the postmortem 
examination reveals the disease and lesions that 
the person lived with, and not necessarily those 
that killed him. [9] So, in these cases, after ruling 
out physical injury, one has also to rule out 
poisoning and disease. In order to do so, the 
usual viscera are sent for routine chemical 
analysis and histopathology, and an interim 
report handed over to the police personnel. The 
final opinion regarding the cause of death is 
given after receiving the said reports from both 
the quarters and after incorporating the findings.  

As far as possible, an attempt is made 
at giving a definite opinion; however, when this 
is not possible, ñno definite opinionò is mentioned 
in the report as regards the cause of death and 

mailto:iamdrajay@gmail.com


                                                                                                                      

J Indian Acad Forensic Med. October-December 2012, Vol. 34, No. 4 ISSN 0971-0973 
     

 

305 

one should not venture to guess ñsome opinionò, 
just for the sake of giving opinions. [9]  

Aim and objectives:  
1. To study the cause of death, and the pattern 

of cause of death in unknown dead bodies. 
2. To analyze the various efforts made on part 

of the investigating officer and the autopsy 
surgeon to establish the identity of the 
unidentified bodies. 

Material and Methods:  
Unidentified bodies brought for 

postmortem examination to the mortuary of the 
Department of Forensic Medicine & Toxicology, 
Government Medical College & Hospital, 
Chandigarh; during the three year period 2008 ï 
2010 comprised the material for the study. Data 
regarding these cases was compiled from the 
postmortem reports, inquest papers; detailed 
history elicited from the concerned police 
officials at the time of autopsy, etc.   

Observations and Results:  
A total of 1577 bodies were brought for 

postmortem examination to the mortuary of the 
department during the period under study. Of 
these, unidentified cases comprised 4% (60 
cases). There were only two females (3%).  

Maximum number of cases belonged to 
the age group 41-50 years, 35%; followed by the 
age groups 31-40 & 21-30 years, 20% each. The 
age groups <10 years and 11-20 years 
accounted for the least number of cases, 3% 
each. (Table 1) 

Overall, the maximum number of cases 
were encountered in the month of June, 15%; 
followed by May, 13%; while the least number of 
cases was seen in the months of March and 
November, 3%, each. However, year-wise, there 
was no such pattern ï the months when 
maximum cases were brought to the mortuary 
being: January in 2008, April & May in 2009 and 
June in 2010. (Table 2) 

Opinion regarding the cause of death 
was given at the time of autopsy in 41% of cases 
while in the remaining cases additional 
investigations were requested. Viscera for 
chemical analysis were sent in 24%cases, 
histopathology in 8% and for both chemical 
analysis and histopathology, in 27% cases. 
(Figure 1) 

Majority of the opinions regarding the 
cause of death in these cases was given as 
ócranio-cerebral damageô, 30%. Opinion 
regarding the same was reserved in 28% cases 
for want of the reports of the toxicological and 
histo-pathological analysis of the viscera sent for 
the same to the concerned quarters. Coronary 
insufficiency/ cardiac disease were responsible 

for 11% deaths, while multiple organ 
failure/disease was responsible in 7% cases. 
(Table 3) 

The police had completed their 
formalities regarding photograph and publication 
of notice in dailies in all the cases. They had, 
however, taken fingerprints in 40% cases only. 
The autopsy surgeon, on the other hand, had 
handed over clothes in 63% cases (to facilitate 
the process of identification), finger pulps of all 
the ten fingers in separate sealed packets in 
53% cases, noted the marks of identification/ 
deformities/tattoos in 55% cases and preserved 
sternum for DNA analysis/blood for cross 
matching in 7%cases. (Table 4)  

Discussion: 
Unidentified bodies brought for 

postmortem examination comprise a small but a 
very significant and important group of cases in 
every autopsy surgeonôs career. These cases 
really test the skill and expertise of the specialist 
and the investigative agencies, to the limit. Most 
of the cases require time consuming formalities, 
as required by the law, viz., a waiting period of 
about 72 hours, publication of photographs and 
details of the deceased in the leading dailies, 
interactive pooling of data from various agencies 
all over the country, etc., to name a few. A 
forensic medicine specialist can contribute very 
much by giving detailed data gathered from a 
thorough examination and dissection of the 
body. It is also his duty to opine regarding the 
cause, manner and nature of death, based on 
his findings, reports of the investigations sought 
by him from different laboratories, etc. It is here 
that his skill and expertise come in to play. 

A thorough search of the literature did 
not yield much information regarding the 
identification of the unidentified dead in the 
Indian context. Mostly, they were devoted to 
individual body identification or identification of 
victims of mass disasters. [10-12] 

In the present study, unidentified bodies 
comprised 4% of the total autopsy load of the 
department during the period under 
consideration. In a previous study, it was 
observed that they account for about 10% of the 
total autopsy load. [13] Males were predominant, 
accounting for 97% of the cases. Similar findings 
were observed in a study in Maharashtra. [10] 
This could be due to the predominantly 
patriarchal society of our country, where a 
femaleôs main domain is her home; be it parental 
or in-laws, and her absence is usually enquired 
in to; while a male is free to go about where ever 
he wants. The average Indian male, being the 
bread-winner of his family is usually forced to 
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leave his home and venture to far off places for 
better opportunities of earning his livelihood. 
Sometimes, the family is even unaware of the 
place of employment of the person and at times, 
people work at different places each day as 
manual labour. In case of his death at such 
places, his body is brought to the morgue as 
ñunidentifiedò, where legal formalities dictate a 
postmortem examination. 

The age group 21-50 years was 
responsible for 75% of the cases. This is the 
most mobile age group for various reasons, both 
economic and social and hence also the age 
group prone to unnatural deaths suicidal, 
accidental or homicidal. However, taking the 
decadal distribution in to consideration, it was 
found that the group belonging to 41ï50 years 
was the single most involved in these cases. 
This is in contrast with our previous studies 
where we observed the most common age 
group to be 16-25 years in cases of hanging 
[14], 21-30 years in cases of poisoning, burns 
and vehicular accidents [15-19] Though the 
socio-economic data of these cases could not be 
compiled for obvious reasons, usually a majority 
of these cases are from the lowermost rungs of 
the socio-economic ladder.  

Viscera were sent for analysis in 60 % 
cases. In the other 40% cases, the cause of 
death was obvious ï cranio-cerebral damage, 
30%; hemorrhage and shock, 8% and hanging 
3%. Of the 36 cases in which viscera were sent 
for analysis, reports were not received in about 
47% cases till finalization of this paper. This is a 
very sizeable percentage of cases and speaks 
volumes of the delay taken by the various 
laboratories in processing the cases. [20]  

This has become a routine in our 
present medico-legal set-up where it takes 
several years sometimes for the reports to reach 
the autopsy surgeon. Even when they are 
received, they may be inconclusive in a majority 
of cases, making the task of giving a definite 
opinion regarding the cause of death very 
difficult. In about a third of the cases, head injury 
was responsible for death and in combination 
with hemorrhage and shock; mechanical trauma 
was the principal cause of death in 40% cases.  

This could be because of vehicular or 
rail accidents where sometimes because of the 
magnitude of the damage caused the bodies 
may remain unidentified. This could be in 
instances such as a) hit and run accidents with 
crushing of head and face,  b) body being 
dismembered when being run over by a heavy 
vehicle or train, c) a person being involved in a 
fatal accident just on arrival in a completely new 

place, d) beggars, destitutes, etc. being 
involved.  

Incidentally, homicidal manner of death 
with firearms/sharp weapons did not find 
mention in any of the cases in the present study. 
One of the probable reasons could be that the 
police make sincere efforts to trace the victim in 
order to solve the crime on priority basis and 
thus the body no longer remains unknown. 
Moreover, homicide of unknown persons is a 
rarity unless it is done with the motive of 
robbery, or when the body is so mutilated by the 
criminals that identification may become very 
difficult or sometimes impossible.   

Taking and preserving fingerprints, 
publishing photographs in dailies/ newspapers, 
pasting pamphlets outside mortuaries/ hospitals/ 
police stations/railway stations, etc. are some of 
the routine steps undertaken by the police in a 
bid to trace the unidentified bodies.  

Besides these, advertisements in the 
local TV channels are aired and a thorough 
enquiry is made in the locality in which the body 
was found. All this is a time consuming process 
and the police usually requests a postmortem 
examination only after completing the above 
mentioned formalities. This postponement of 
request by the police for autopsy till all efforts at 
identifying the body are exhausted is usually 
done to avoid unwanted allegations by the 
relatives at a later date when the body is 
identified.  

As regards the data collected by the 
autopsy surgeon to facilitate the process of 
identification of the victim, clothes were given 
unsealed to the IO (to help in easier and quicker 
identification) in 63% of the cases. This was so 
because many a times, identification is based on 
the personal artefacts of the victim and it may be 
the only means of identification by the relatives.   

Noting of the tattoo marks were done in 
all the cases which had tattoos engraved on 
them, 22%, so that some clue as regards the 
positive identification of the victim is made. 
Relatives easily recognize the tattoos on the 
person of their near and dear ones, and in these 
cases, even the description of the tattoos help in 
identification. Visible marks of identification were 
recorded (at least two) in 28% cases. 
Fingerprints are the gold standard for 
identification and hence, the pulps of the finger 
were removed and preserved in separate 
labeled bottles in formalin in 53% of the cases 
on the request of the police.  

Though this method might seem 
barbaric and amounts to mutilation of the dead 
body, it is in vogue in this part of the country.  
Sternum bone for DNA analysis/ blood for cross 
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matching were sent in 7% of the cases, again on 
the request of the police officials.  

Conclusion: 
Unidentified dead bodies were only 4% 

of the total dead bodies coming to the autopsy in 
the mortuary of the Department of Forensic 
Medicine & Toxicology, Government Medical 
College & Hospital, Chandigarh, during the study 
period of three year. The highest no. of unknown 
case was in the middle age group (21-50 yrs) 
followed by age group (51-60). Maximum 
number of death was in summer months of the 
year. The cause of death in majority of the 
victims were given as ócranio-cerebral damageô, 
30%, followed by óOpinion reservedô in 28% 
cases for above mentioned reasons whereas 
coronary insufficiency/ cardiac disease were 
responsible for only 11% deaths, though in day 
to day life cardiac conditions are the first cause 
to be blamed for  deaths, whether in known or 
unknown cases.  

As regards the efforts for identification 
much more is to be done by the police 
personnel. Bodies that are unknown/unclaimed 
should be presented for autopsy forthwith 
without any delay so that decomposition and 
other artifacts do not set in and obscure the 
findings of the postmortem examination. The 
rule for preservation of an unknown body for 72 
hours applies for its disposal and not for its 
postmortem examination.  

Thus valuable data regarding the cause 
of death can be established. Active investigation 
and modern investigative techniques are to be 
used, workload of the police officers needs to be 
redistributed, and accountability of the police has 
to be fixed to get the body identified. Simple 
colour photography of the body, especially of the 
clothes, the tattoo marks, scars, deformities, etc 
will help the police in identifying such bodies.  

Dental records of the deceased should 
be maintained, which was not done in cases 
under study, if a probable relative comes with a 
dental record. In all cases of unknown bodies, 
whole body radiographs may be useful for 
establishing the identity, which may reveal an 
old fracture or an implant (in the presence of a 
surgical orthopedic scar).  

DNA analysis and fingerprinting should 
be done in each and every case so that proper 
records will be there for identification of the 
deceased years after the death or postmortem. 

With a little effort on the part of the 
doctor and the investigation officer, in many 
cases, surprisingly, a large amount of 
information can be obtained even in the 
presence of advanced state of decomposition. 

Such information can be of use to the doctor and 
the investigation agencies both in establishing 
identity and in forming an opinion about the 
cause and manner of death.  
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Fig. 1: Cases Sent For Chemical/ 
Histopathological Analysis  

 
 
 
 
 
 
 
 
 
 
 

Table 1: Age-Wise Distribution of 
Unidentified Cases  

Age 
Grps 
(Yrs) 

2008(n=19) 2009(n=18) 2010(n=23) Total(n=60
) 

No. (%) No. ( %) No. (%) No. (%) 

<10  0(00) 2(11) 0(00) 2(03) 

11-20  0(00) 0( 00) 2(09) 2(03) 

21-30  4(21) 5(28) 3(13) 12(20) 

31-40  7(37) 2(11) 3(13) 12(20) 

41-50  7(37) 6(33) 8(35) 21(35) 

51-60 1(05) 2(11) 4(17) 7(12) 

> 60 0(00) 1(06) 3(13) 4(07) 

Table 2: Month-Wise Distribution  

Month 
2008 
(n=19) 

2009 
(n=18) 

2010 
(n=23) 

Total 
(n=60) 

 No. (%) No. (%) No. (%) No. (%) 

Jan 4(21) 0(00) 0(00) 4(07) 

Feb 2(11) 2(11) 1(04) 5(08) 

Mar 0(00) 1(06) 1(04) 2(03) 

Apr 2(11) 3(17) 1(04) 6(10) 

May 1(05) 3(17) 4(17) 8(130 

June 2(11) 1(06) 6(26) 9(15) 

July 1(05) 1(06) 3(13) 5(08) 

Aug 2(11) 2(11) 0(00) 4(07) 

Sep 2(11) 1(06) 2(09) 5(08) 

Oct 2(11) 2(11) 2(09) 6(10) 

Nov 1(05) 1(06) 0(00) 2(03) 

Dec 0(000 1(06) 3(13) 4(07) 

 
Table 3 

Cause of Death-Wise Distribution of Cases 

S No. Cause of Death 

2008 
(n=19) 

2009 
(n=18) 

2010 
(n=23) 

Total 
(n=60) 

No. % No. % No. % No. % 

1 Cranio-cerebral damage 5 26 6 33 7 30 18 30 

2 Opinion reserved 6 32 4 22 7 30 17 28 

3 Coronary insufficiency 3 16 1 06 1 09 5 08 

4 Hemorrhage & shock 0 00 2 11 2 09 4 07 

5 No Definite opinion 2 11 2 11 0 00 4 07 

6 Cardiac disease 0 00 0 00 2 13 2 03 

7 Rupture aortic aneurysm 0 00 0 00 2 13 2 03 

8 Hanging 1 05 1 06 0 00 2 03 

9 Cirrhosis of liver 0 00 1 06 0 04 1 02 

10 CO poisoning 1 05 0 00 0 00 1 02 

11 Multiple disease conditions 1 05 1 06 2 13 4 07 

 
Table 4 

Efforts Put into Establish Identity 

Type of efforts 

2008 
(n=19) 

2009 
(n=18) 

2010 
(n=23) 

Total 
(n=60) 

No. % No. % No. % No. % 

Efforts of the police 

Fingerprints 7 37 7 39 10 17 24 40 

Photographs 19 100 18 100 23 100 60 100 

Advts. In dailies 19 100 18 100 23 100 60 100 

Inquiry from people 19 100 18 100 23 100 60 100 

Data/material retrieved by the autopsy surgeon 

Clothes handed over 12 63 10 56 16 70 38 63 

Noting: Tattoos 4 21 3 17 6 26 13 22 

Deformities 1 05 0 00 2 13 03 05 

Marks of identification 5 26 4 22 8 35 17 28 

Finger pulps preserved 8 42 10 56 14 61 32 53 

Sternum For DNA/ Blood For Cross Match 0 00 1 06 3 13 04 07 

 

41 

24 
8 

27 

not sent 

Chemical 

Histopathology 

both chemical and 
histopathology 
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Abstract  
The present study was designed to derive a model for determination of sex from fragment of adult 

hip bone (distal ischio-pubic portion) in a population specific sample using Discriminant function analysis. 
The following discriminant function was obtained: DF = .76*SYL +1.60*SYW + 4.36. *DOF ï 24.88 

Overall 90.0 % of the cases could be correctly classified in to the two sexes from the three 
predictors [maximum vertical length of symphyseal surface (SYL), maximum width of symphyseal surface 
of pubis (SYW) and maximum diameter of the obturator foramen (DOF).] in the model. Cross-validated 
results showed correct classification in 86.7% cases. The results of this preliminary study show that these 
three variables contribute to discrimination between the two sexes in the study population. This 
investigation also reiterates that discriminant functions are population specific. Sexing of the adult human 
hipbone is thus possible with reasonable accuracy using the discriminant function on a sample obtained 
from the Indian Bengali population. This metric analysis can be used for fragmentary remains of hipbones 
of the population under study. 
 

Key Words: Forensic Anthropology, Human Identification, Sex Determination, Discriminant Function 

Analysis, Fragment, Hipbone, Indian Bengali 
 

Introduction:  
Human pelvis is highly dimorphic. Sex 

determination from the innominate bone is a 
well-studied and extensively documented 
subject. Determination of sex is the essential 
step in the process of establishing the biological 
profile of human remains. This aspect has great 
forensic as well as anthropological importance.  

Several methods have been 
successfully employed to determine the sex of 
skeletal remains. Of these, osteometry with 
discriminant function analysis has been most 
objective and precise. Several earlier 
investigations have shown that osteometric 
differences exist between different population 
groups. [1, 2]  

Similarly, discriminant function 
equations derived for the determination of sex 
from bones are population specific. A study 
aimed at assessing the morphologic sex 
differences in the pelves of South African whites 
and blacks indicated that overall, pubic bone 
shape was the easiest to assess  
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It was the most consistently reliable 
morphological indicator of sex in both sexes and 
population groups also. 

The researchers found at 88% average 
accuracy, the most discriminating traits in whites 
were pubic bone shape and sub pubic concavity 
form. [3] A total of 122 adult human pubes (66 
males and 56 females) were used in another 
study of a discriminant function analysis for 
determining sex from four pubic measurements. 
[4] The angle formed by the middle line of the 
superior ramus and inferior ramus of pubis, sub 
pubic angle, the minimum distance from the 
symphyseal surface to the obturator and the 
minimum thickness of the ischio-pubic ramus 
were used as variables. The researchers 
achieved an accuracy of 100%. 

Another earlier study [5] was conducted 
on 100 human hipbones of Indian origin taking 
twelve measurements and five indices. The 
results of discriminant function analysis showed 
that the acetabular height (vertical diameter) and 
indices (total pelvic height/acetabular height),  
(mid pubic width/acetabular height) and  (pubic 
length/acetabular height) were very good 
measures for discriminating sexes.  

The present investigation was designed 
to derive a model for determination of sex from 
fragment of adult hip bone (distal ischio-pubic 
portion) in a population specific (Indian Bengali) 
sample applying discriminant function analysis 
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using a new combination of three variables 
namely maximum vertical length of symphyseal 
surface (SYL), maximum width of symphyseal 
surface of pubis (SYW) and maximum diameter 
of the obturator foramen (DOF).  

Materials and Methods: 
The sample of bones consisted of 30 

adult fully ossified innominate bones from the 
museum collection of the Department of 
Forensic Medicine. The bones with documented 
sex belonged to the population of the area and 
were supplied from cadaver dissection for 
routine teaching purpose. Osteometric 
measurements were taken by caliper, technical 
quality divider and metallic (steel) graduated 
scale with readings up to one millimeter.  

All measurements were taken keeping 
the bone in the anatomical positions. To test the 
intra observer differences and repeatability of 
those measurements ten randomly selected 
hipbones were measured after one week and 
the values of the two groups were tested by a 
paired t test. No significant difference was found 
in the two measurements of all the three 
variables.  

The following measurements (in cm) 
were taken. (Fig. 1) 
1. Maximum vertical length of symphyseal 

surface (SYL), 
2. Maximum width of symphyseal surface of 

pubis (SYW) 
3. Maximum diameter of the obturator foramen. 

(DOF). 
Metric data was summarized as mean 

and standard deviations. One-Sample 
Kolmogorov-Smirnov Test was used to examine 
the normality of the distribution. Discriminant 
function analysis was carried out to examine the 
dimorphism in fragment of hipbone and how the 
three variables could correctly assign them to 
the proper sex. Statistical analysis was 
performed using SPSS software version 17.0 for 
windows. A two-tailed P value of less than 0.05 
was considered significant. 
Fig. 1 

 

Results: 
In the present study sample of 30 intact 

adult bones 14 were male and 16 female. From 
the summary of univariate and multivariate 
analysis, (Tables 1) It was observed that the 
hipbones were larger in males regarding all the 
three variables used in the study. Table 2 shows 
the result of test of equality of means. A direct 
discriminant function analysis was performed 
using three variables as predictors of sex. All the 
variables were entered together. The Predictors 
were maximum vertical length of symphyseal 
surface (SYL), maximum width of symphyseal 
surface of pubis (SYW) and maximum diameter 
of the obturator foramen (DOF). 

The classification groups were male and 
female. One discriminant function was 
calculated with Wilksô Lambda equal to 0.391 chi 
square (ɢ2) equal to 24.86, degree of freedom 3 
and P value of.000. Because P value was less 
than 05, we could say that the model was a 
good fit for the data (Table 3). The following 
Discriminant Function (DF) was obtained: 
 DF = 0.76*SYL +1.60*SYW + 4.36. *DOF ï 
24.88 

The Cut Score was 0.080 [Calculated 
from group centroid (Table 4) by obtaining the 
arithmetic mean of the values]. Those cases 
where the D F score was less than 0.080 the 
bone was female. For values of discriminant 
score above 0.080, were male. Overall 90.0% of 
the sample was correctly classified into their 
group by this model. At the individual group 
level, 81.3% of females and 100 % of male were 
correctly classified. (Table 5)  

In cross validation each case is 
classified by the functions derived from all cases 
other than that case.  Cross-validated results 
showed 86.7 % of the cases correctly classified 
by this tri variable model. 

Discussion: 
Earlier works have shown that 

osteometry is a helpful technique in the 
determination of sex from human hipbone.

 
[1, 2, 

6, 7, 10] The present sample was not 
homogenous as to sex and age. Discriminant 
function analysis is used to determine which 
continuous variables discriminate between two 
or more naturally occurring groups. In this study 
the method of discriminant function analysis was 
used to evaluate how a linear combination of 
those three variables can discriminate between 
male and female. These three variables were 
considered for the distal fragment of hipbone as 
fragmentary remains are often encountered in 
Forensic practice as well as archeology. 
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The analysis showed that this model 
could correctly classify overall 90.0% of original 
grouped cases. This result in the population 
specific sample (Indian Bengali) is comparable 
with those of a north Indian study [5] where 
correct classification was possible using several 
different predictors. The 90.0% accuracy of the 
present series is in consonance with the results 
of another work on a different population. [3] The 
present results are however less accurate than 
an earlier study [4] where 122 bones were used 
leading to 100% correct classification of sex. Our 
contention is that morphometry and sexual 
dimorphism in adult human hipbones is 
population and race specific despite some 
earlier studies [7, 8] vehemently supporting the 
contrary views.  

Discriminant functions too are 
population specific which prompted the present 
investigation. This would have anthropological, 
archeological and forensic applications 
especially in cases of determination of sex of 
unknown mutilated bodies or grossly 
decomposed human remains with fragmented 
pelvic bones. The study was on a sample of only 
thirty human hipbones. Linear measurements 
were taken for the variables and we could not 
afford digital instruments for osteometry.  

These shortcomings can be overcome in 
future study designs. The present work was 
conducted with osteometric analysis of only 
three variables obtained from the distal fragment 
of hipbone. Also the age related changes in the 
pubis [9] is a well-documented factor that needs 
to be considered in future studies. Further 
research with a larger study design and a 
greater number of measurable variables should 
be performed to discriminate between male and 
female hipbone fragment (distal part).  

The results of this preliminary study 
show that these three variables contribute to 
discrimination between the two sexes in the 
Indian Bengali population. Sexing of the adult 
human hipbone, especially the distal fragment, is 
possible with reasonable accuracy using the 
linear discriminant function on skeletal remains 
obtained from Indian Bengali population.  

This approach can also be applied to 
supplement other methods [10] of sex 
determination from hipbone in Indian Bengali 
skeletal remains. This will be of practical 
importance in Forensic osteology work when 
fragmentary human skeletal remains are 
examined to establish identity and construct a 
biological profile of the subject. 
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Table 1: Descriptive Statistics 
 
 

SEX N Mean Std. 
Deviation 

95% Confidence 
 Interval For Mean 

SYL Male 14 3.8214 .32148 3.63-4.00 

Female 16 3.5750 .34545 1.55-1.73 

SYW Male 14 1.8214 .17619 1.71-1.82 

Female 16 1.6438 .17500 1.55-1.73 

 
 
DOF 

Male 14 4.6643 .12774 4.59-4.73 

Female 16 4.2188 .25091 4.08-4.35 

Table 2: Tests of Equality of Group Means 
 Wilks' Lambda F df1 df2 Sig. 

SYL .874 4.052 1 28 .054 

SYW .785 7.648 1 28 .010 

DOF .438 35.884 1 28 .000 

Table 3: Results of Discriminant Function 
Analysis 

Eigen value % of Variance Cumulative % Canonical 
Correlation 

1.556a 100.0 100.0 .780 

Wilks' Lambda Chi-square Df Sig. 

.391 24.868 3 .000 

Table 4: Functions at Group Centroids* 
 
Sex 

Function 

1 

Male 1.288 

Female -1.127 

*Unstandardized canonical discriminant functions evaluated at 
group means 

Table 5: Classification Results 
  sex Predicted Group 

Membership 
 

  Male female Total 

Original Count male 14 0 14 

female 3 13 16 

% male 100.0 .0 100.0 

female 18.8 81.3 100.0 

Cross-
validated 

Count male 14 0 14 

female 4 12 16 

% male 100.0 .0 100.0 

female 25.0 75.0 100.0 
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Epidemiology and Outcome of Burn Injuries 
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Abstract 
Burn injury is a serious public health problem in developing countries. The causes vary in 

different communities and so this study was done to know the epidemiology and outcome of burn injuries. 
A one year cross sectional study was done of all the burn injury patients admitted during April 1

st, 
2004 to 

March 31
st
, 2005. Data was collected using a pre designed and pre tested proforma from the patients 

themselves or their relatives and analyzed using chi square test and percentages. A total of 76 burn injury 
patients were admitted. Majority were females (52.63%) and sustained burn injuries at home (p=0.000). 
Maximum number of females were wearing synthetic clothes (p=0.000) and suffered from flame injuries 
(0.006).The case fatality rate was 31.58%.Burn injuries can be reduced by bringing about regulations to 
develop safer cooking appliances, promoting less inflammable fabrics to be worn at  home and educating 
the community especially women. 
 

Key Words: Burn injuries, Accidental, Flame Injuries 

 

Introduction:  
Burns constitute a major public health 

problem, especially in low and middle income 
countries where over 95% of all burn deaths 
occur. Fire related burns alone account for over 
3 lakh deaths per year. However, deaths are 
only part of the problem, for every person who 
dies as a result of their burns; many more are 
left with lifelong disabilities and disfigurements. 
For some this means living with the stigma and 
rejection that all too often comes with disability 
and disfigurement. [1] India is moving forward 
industrially and technologically but this 
development creates awareness about the lack 
of safety measures in all walks of life.  

The causes for burn injury differ in 
various communities and understanding this is 
necessary before preventive action can be 
planned and implemented.   
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So, the study was done to understand 
the epidemiology and outcome of burn injuries. 

Materials and Methods: 
A one year cross sectional study of all 

burn injury patients admitted in Sri Dr. 
Prabhakar Kore Hospital and Medical research 
centre, Belgaum, Karnataka, India was 
conducted between April 2004 to March 2005 
period. Ethical clearance was obtained from 
Institutional review board. Data was obtained on 
a pre designed and pre tested proforma from the 
patients themselves or their relatives and 
analyzed by chi square test and percentages. 
For the purpose of the study, burn injury was 
defined as a body lesion due to an external 
cause resulting from mechanical, electrical, 
thermal, chemical or radiant heat. 

Results: 
A total of 76 burn injury patients were 

admitted during the study period. More than 
50% of the patients were females (52.63%) and 
10% were pregnant at the time of burn injury. 
The male to female ratio was 0.9:1. The mean 
age was 29.32 years ranging from 4 months to 
95 years? (Table 1)  

Majority (40.00%) was educated up to 
secondary level and 44.62% were housewives. 
One third patients belonged to Class II socio-
economic status under modified B. G. Prasad 
classification. Maximum number of females 
(97.5%) sustained burn injuries at home 
compared to 36.11% males sustaining injuries 
outdoors. (p=0.000). Majority (97.37%) were 
Hindus and from rural areas (56.58%).  
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Many (47.37%) were from nuclear 
families followed by 35.53% from extended joint 
families. Majority of the patients (80.32%) were 
married. Almost one third injuries (30.26%) 
occurred between 4 pm to 8pm followed by 25% 
between 8 am to 12 noon. Synthetic clothes 
were worn by 65% of females at the time of 
injury whereas 50% of males had worn mixed 
clothing (p=0.000). 

Majority (81.59%) were allegedly 
accidental injuries followed by 15.79% suicidal 
and 2.63% homicidal. Flame injuries contributed 
to 92.5% of burns in females (p=0.006).A 
cooking appliance was responsible for 45.0% 
injuries in females. Electrical injuries (19.44%) 
were significantly more in males (p=0.005). 
(Table 2) In almost 39% of males, total burn 
surface area was <19% whereas in 40% 
females, total burn surface area was >61%. 
(p=0.004). (Graph 1) It was observed that 
31.58% victims were doused with water after the 
incident, 28.95% responded by shouting and 
running and 25% were doused with cloth.  

In alleged accidental cases, the cause 
for burn injury was ignition of clothes in 67.74% 
females and in 35.48% males, it was due to an 
attempt to save other burn injury victims 
(p=0.000)The case fatality rate was 31.58%. 
Majority of the males (58.33%) recovered 
whereas 47.50 % females succumbed due to 
their burn injury. (p=0.001). (Graph 2) 

Discussion: 
Epidemiological studies are a 

prerequisite for effective burn prevention 
programs, as each population seems to have its 
own epidemiological characteristics. In the 
present study, majority of the patients have been 
housewives in the age group of 21-40 years. 
Most of them have sustained injuries at home. 
These results are similar to other studies [2-7] 
and suggest oneôs own home can become a 
death trap as heat generating appliances are 
regularly used. One third injuries have occurred 
between 4 pm to 8 pm and were similar to a 
study conducted in India. [5]  

This is the period when evening meals 
are cooked and lighting equipment are used. It 
was noted that 65% of females were wearing 
synthetic clothes at the time of burn and was 
identical to other studies. [8, 9] Indian women 
wear loose flowing synthetic garments which 
can catch fire easily and cause extensive burn 
injury. Alleged accidental burns contributed to 
81.58% of the injuries. This finding indicates the 
caution needed when using equipment causing 
burns. Flame was the most common agent in 
92.5% of the females and similar results have 

been seen in various studies. [2, 4, 10] Cooking 
appliance was the most common source of 
injury in females and this finding indicates that 
women should be very careful all the time.  

In this study, only 31.58% victims were 
doused with water. This finding suggests the 
necessity of education with regard to emergency 
steps at the time of an incident. 

The stated cause for alleged accidental 
burn injury in 67.74% females was ignition of 
their clothing and 35.48% males had burn injury 
while attempting to save other victims and are 
consistent with other studies. [5, 6, 9)] This 
indicates the need for women at home to be 
extra careful with their clothes properly tied and 
the males to know the way to rescue other 
victims from fire.   

In this study, 40% of females had total 
burn surface area >61% and indicates the 
gravity of the situation. The case fatality rate 
was 31.58%. More than 50% of the males 
recovered whereas nearly 50% of the females 
died as a result of the burn injury. This is similar 
to other studies [2, 10] and indicates the need 
for aggressive measures to decrease the 
mortality due to burns. 

Conclusion: 
Burn injuries can be reduced by bringing 

about regulations to develop safer cooking 
appliances, promoting less inflammable fabrics 
to be worn at home and educating the 
community especially women on safer first aid 
practices. 
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Table 1:   Age and Sex Distribution of Burn 
patients 

Age 
Male Female Total 
No % No % No % 

<20years 11 30.6 9 22.5 20 26.32 
21-40Years 22 61.1 23 57.5 45 59.21 
41-60Years 1 2.78 3 7.5 4 5.26 
61-80Years 2 5.55 4 10 6 7.89 
>81Years 0 0 1 2.5 1 1.32 
Total 36 100 40 100 76 100 

X2=2.291   DF=2     P=0.318 

Graph 1: Distribution of Burn Patients 
according to Sex and Total Burn Surface 
Area 

 
X2 = 15.466    DF=4   P= 0.004 

Graph 2: Distribution of Burn Patients 
according to Sex and Out Come  

 
X2=17.003   DF=3   P=0.001 

 

 
Table 2  

Type and Source of Burn Injury 
Type and Source of Burn Male Female Total 
  No % No % No % 
Flame             
Cooking Appliance 8  22.22 18 45.00  26 34.21  
Kerosene oil& matches  9 25.00  14 35  23 30.26  
Warming Appliance 1  2.78 0 0 1 1.32  
Petrol/Diesel Explosion 3  8.33 0 0 3 3.95  
Kerosene Lamp/Lamp 1  2.78 3 7.5  4 5.26  
Matchstick  Ignited Mattress 0  0 1 2.5  1 1.32  
Candle 2 5.56 1 2.50 3 3.95  
Total 24  66.67 37  92.5 61 80.26 
Scald             
Hot water 2  5.56 3 7.5  5 6.58  
Hot Oil 3 8.33  0 0.0  3 3.95  
Total 5  13.89 3  7.5 8 10.53  
Electrical             
Livewire/Short  circuit 7  19.44 0  0 7 9.21  
 Total 36  100  40  100  76  100  

 

 

 

 

 

0 

10 

20 

30 

40 

50 

Male 

Female 

0 
10 
20 
30 
40 
50 
60 
70 

Male 

Female 



                                                                                                                      

J Indian Acad Forensic Med. October-December 2012, Vol. 34, No. 4 ISSN 0971-0973 
     

 

315 

Original Research Paper 
 

Study of Septic Abortion Cases at a  
Tertiary Centre of Uttarakhand 

 
*Vandana Bisht, **Usha Rawat, **Chandra Prakash Bhaisora, **Pankaj Singh  
 

Abstract   
Aim of this study was to evaluate the incidence, maternal morbidity & mortality, clinical features, 

management in cases of septic abortion in a tertiary centre. This study included 37 cases of septic 
abortion admitted during 5 years from January 2007 to January 2012 in the Department of obstetrics & 
Gynaecology in Government Medical College, Haldwani. All patients were evaluated with special 
reference to incidence, etiological factors, clinical features, surgery & maternal morbidity & mortality. The 
incidence of septic abortion was 1.08%. Common age group was between 26-30 years. Most of the cases 
were from lower socioeconomic status. Septic abortion following spontaneous abortion was present in 5 
cases. Unwanted pregnancy was the indication for termination of pregnancy in 32 cases. 4 women were 
admitted in state of septic shock. 12 cases required lapratomy for drainage of pus, 3 had hysterectomy, 3 
had resection anastomosis & uterus repair was done in 4 cases. Overall maternal mortality was 5 
(13.5%).The incidence of illegal and septic abortion can be reduced by increasing awareness about 
family planning services and making legal abortion services easily available to the women and that too at 
a cheaper cost. 
 

Key Words: Septic Abortion, Maternal Mortality, Morbidity, Unwanted pregnancy, Septic shock 

 

Introduction:  
In India each year about 1, 25,000 

women die from pregnancy related causes. [1, 
2] At least 1/5

th
 of these deaths are caused by 

induced abortion, sepsis being one of the 
causes. In the majority of cases the infection 
occurs following illegal induced abortion but can 
occur even after spontaneous abortion. Abortion 
was legalized in our country through MTP act in 
1971, still the incidence of septic abortion 
ranges from 2 ï 10%. [3, 4] 

Septic abortion is the major life 
threatening complication that could be tackled 
significantly through good quality health care. 
The common cause is abortion by untrained 
personnel, dais and quacks. Poverty, ignorance 
and non availability of trained personal 
contribute to high incidence of septic abortion. 
These cases are mostly referred to hospitals 
very late after occurrence of complications 
leading to high maternal morbidity and mortality  
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Material & Methods: 
The present study comprised of 37 

cases of septic abortion over a period of 5 years 
from January 2007 to January 2011 admitted in 
the Department of obstetrics and gynecology in 
Government Medical College, Haldwani. This is 
the only referral centre of the Kumaon region of 
Uttarakhand. All cases were analyzed with 
respect to various demographic factors, clinical 
features, management, complications, maternal 
morbidity and mortality and surgical intervention. 

Result: 
During the period of the study there 

were 3411 abortions of which 37 women had 
septic abortions giving an incidence of 1.08%. 
Majority of the patients were between the age of 
26 -30 years. There were 4 primigravida and 33 
multi-gravida cases. (Table 1) Most of the cases 
(29) belonged to lower class, 6 were from lower 
middle class and 2 from upper middle class. 
(Table 2) 27 patients came from rural areas and 
10 were from urban areas. 30 were referred 
cases.  

The period of gestation at the time of 
abortion was between 7ï12 weeks in maximum 
no. of cases (24). (Table 3)  

Out of total 37 cases 5 patients had 
sepsis after spontaneous abortion and the 
remaining 32 it followed instrumental termination 
of pregnancy. Untrained persons like quacks or 
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ANMs performed termination in 34 cases and in 
3 it was performed by doctor. The indication for 
termination of pregnancy was unwanted 
pregnancy in 32 cases. 5 patients had 
spontaneous incomplete abortion at home and 
came later on to the hospital with features of 
sepsis. The common symptoms seen in these 
patients were pain in abdomen, fever, distension 
of abdomen, foul smelling vaginal discharge. 
(Table 4) Examination showed tenderness of 
abdomen with distension and fever in majority of 
cases. On USG retained products were present 
in 15 cases, fluid in abdomen and pelvis was 
present in 19 and both in 3 cases. 

Clinically the patients are categorized in 
3 grades- 

¶ Grade I ï infection localized in the uterus.  

¶ Grade II ï infection spreads beyond the 
uterus to the parametrium, tubes and 
ovaries or pelvic peritoneum.  

¶ Grade III ï Generalized peritonitis and / or 
endotoxic shock or jaundice or acute renal 
failure.  

Grade I is the commonest and is usually 
associated with spontaneous abortion. Grade III 
is almost always associated with illegal induced 
abortion. Grade I, II, III consisted of 9, 5, and 23 
patients out of which 2 developed varying 
degree of renal failure while 1 developed 
disseminated intravascular coagulation.  

Intensive management, broad spectrum 
antibiotics, dopamine infusion, blood and blood 
components transfusion, dialysis and ventilator 
support was required. Evacuation of uterus was 
done in 15 (Table 5) , colpotomy in 4 , lapratomy 
with drainage of pus in 12 , uterus repair in 4 , 
hysterectomy in 3 and resection anastomosis of 
bowel in 3 patients (Table 6) 
 Out of 37 patients, 5 died (13.5%), 2 left 
against medical advice and one had a 
relaporotomy. Septic shock, renal failure and 
disseminated intravascular coagulation 
contributed to maternal mortality. 30 patients 
had complete recovery.  

Discussion: 
Although abortion services were 

liberalized in India more than 4 decades ago , 
access to safe services remain limited for the 
vast majority of women. Majority of women 
seeking abortion still turn to uncertified providers 
for abortion services because of barriers to legal 
abortion. Women with access to fewer 
resources, for example low income, rural 
women, adolescents are among those most 
likely to turn to unsafe abortions and have 
complications. 

A septic abortion is a form of abortion 
that is associated with a serious uterine 
infection. The infection carries risk of spreading 
infection to other parts of the body and causing 
septicemia, a grave risk to life of a woman. 
Septic shock may lead to kidney failure [6, 7], 
bleeding diatheses and DIC. Intestinal organs 
may also become infected, potentially causing 
scar tissue with chronic pain, intestinal blockage 
and infertility. If not treated quickly and 
effectively the woman may die so early referral 
of septic cases is important. Once the patient 
progresses to septicemia complication rate 
becomes very high. Complications like fever, 
wound infection and wound dehiscence, pelvic 
thrombophlebitis are seen in post operative 
period. [3- 5] 

Besides intensive management, broad 
spectrum antibiotics, dopamine, blood 
transfusion and early surgical intervention can 
significantly improve the outcome. Surgery in the 
form of evacuation, lapratomy, hysterectomy 
was done to remove the source of infection as 
early as possible. Role of early surgery is 
controversial but studies by Singhal et al and 
Rivlin and Hunt [8, 9] have shown that early 
surgical intervention can significantly improve 
the outcome. Our study also showed similar 
results. A similar study by Shailesh Kore, et al 
[10] showed that mortality was 100% in 
conservative group as compared to 20% in the 
surgery group.  

Although abortion has been greatly 
liberalized, the annual number of legal abortions 
are about 0.6 million, which contribute hardly 
10% of the abortions done in the country. In 
other words, illegal abortions are still rife 
although it is now more than 40 years since the 
MTP Act has been promulgated. Experts opine 
that facilities for safe, legal abortion should be 
made universally available. [8-10] 

Septic abortion, a complication mainly 
due to illiteracy and unawareness can be 
prevented by increasing education and 
awareness about availability of family planning 
services and MTP services free of cost in the 
government hospitals. To reduce mortality and 
morbidity from unsafe abortion several broad 
activities require strengthening, decreasing 
unwanted pregnancies, increasing access to 
safe abortion services and increasing the quality 
of abortion care including post abortion care.  
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Table 1: Age and Gravida 

Age (yrs) Primigravida Multigravida  

20-25 2(5.4) 4(10.8) 

26-31 1(2.7) 19(51.3) 

31-35 1(2.7) 9(24.3) 

36-40 0 1(2.7) 

 
Table 2: Socioeconomic Status 

Socioeconomic Status Cases  Percentage 

Lower Class 29 78.4 

Lower Middle 6 16.2 

Upper Middle 2 5.4 

Table 3: Period of Gestation at Abortion 
Period of Gestation (wks.) Cases Percentage  

<6 11 29.7 

7-12 24 64.8 

13-18 2 5.4 

 
Table 4: Clinical Features at the Time of 
Admission 

Clinical Features Cases  Percentage 

Pain in abdomen 32 86.4 

Fever  18 48.6 

Distension of abdomen 12 32.4 

Foul smelling vaginal discharge 6 16.2 

Something coming out of vagina 3 8.8 

 
Table 5: Medical Treatment 

Medical Treatment Cases  Percentage 

Broad spectrum Antibiotic 37 100 

Dopamine Infusion 4 10.8 

Blood Transfusion 22 59.4 

Dialysis  2 5.4 

Ventilator Support 2 5.4 

 
Table 6: Surgical Treatment 

Surgical Treatment Cases  Percentage 

Evacuation 15 40.5 

Colpotomy  4 10.8 

Lapratomy with drainage of pus  12 32.4 

Lapratomy with repair of uterus 4 10.8 

Lapratomy with hysterectomy 3 8.8 

Lapratomy with resection anastomosis 3 8.8 
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Abstract 

Unidentified and unclaimed bodies for medico-legal autopsy has shown increased trend. 
Relatives of unidentified bodies suffer a lot of psychological trauma and also suffer in settling insurance, 
inheritance and pension claims. When an unidentified body has injuries on face, then photograph of such 
deceased is not accepted by print or electronic media for publication as such photograph may cause 
distress to the viewers. 

This study was conducted on three cases of unidentified and unclaimed bodies brought for 
medico-legal autopsy with facial injuries making their photographs unfit for publication in print or 
electronic media. Photograph of the deceased face was taken; image was transferred to a computer and 
by using Adobe Photoshop software CS2 and the injuries present on face were removed. The result 
showed that in all the three cases we could establish the identity by digital imaging. Relatives of the 
deceased could identify their missing relative by photograph shown to them after removal of injuries. 
Later on police confirmed the identification by using other methods of establishing identity. This method 
can be an aid in identification of unidentified bodies presented with facial injuries. 
 

Key Words: Digital Imaging; Identification; Missing Persons; Unclaimed Bodies; Unidentified Bodies 

 

Introduction: 
The number of unidentified dead bodies 

recovered in India and inquest conducted has 
increased from 33,656 in 2003 to 37,282 in 
2007. [1] The number of missing persons in 
country is also increasing and it is felt by the 
high court judges that since the number is 
increasing and the present mechanism is not 
able to trace the missing persons, a new 
mechanism is necessary to be set up. [2] 
Around 15 per cent of 38,670 people who went 
missing from Delhi in the past three years are 
yet to be traced. Police has been instructed to 
register FIRs in case of a missing person reports 
lodged in the past three years. [3] 

Law in Relation to Unclaimed Bodies:  
¶ Presumption of Death: 

The question of presumption of death 
may arise at the time of inheritance of property. 
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It also arises in obtaining insurance 
money or for pension claim when a person is 
alleged to have been dead and body is not 
found. Under section 107 of the Evidence Act of 
India, a person is presumed to be alive, if there 
is nothing to suggest the probability of death 
within 30 years. But if proof is produced that the 
same person has not been heard of for seven 
years by those friends and relatives who would 
naturally have heard from him had he been 
alive, death is presumed (S108 I.E.A.). [4] 

¶ Disposal of Unclaimed Bodies: 
The Human Organs Transplantation Act 

(THOA) provides for the regulation of removal, 
storage and transplantation of human organs for 
therapeutic purposes. Sec.5 defines an 
'unclaimed body' as one in a hospital or prison 
and "not claimed by any of the near relatives of 
the deceased person within 48 hours from time 
of death of the concerned person. [5] 

The Punjab police rule [6] states that if a 
body is unidentified, the officer making the 
investigation shall record a careful description of 
it, giving all marks, peculiarities, deformities, 
other distinctive features and shall take the 
finger impressions. In addition to taking all other 
reasonable steps to secure identification he 
shall, if possible, have it photographed. In cases 
where such action appears desirable, a 
description should be published in the criminal 
intelligence Gazette. Unidentified body should 
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be handed over to any charitable society which 
is willing to accept them, and if no such society 
comes forward, they should then be buried or 
burnt. In Delhi, the police sends telegram 
message called 'Hue and cry notice' to various 
police head quarters of the country.  

The 'Hue and cry notice' contained brief 
description of the identification features of the 
deceased. The body is preserved in the 
mortuary for 72 hours from the time telegram 
message is sent. If there is no one to claim the 
body after 72 hours the police is legally 
authorized to dispose off the body. But if the 
police think that the body maybe identified by 
the relatives, it should be preserved for longer 
time till relatives comes and claims the body. [7]  

¶ Unidentified Bodies Preventing 
Conviction: 

It is essential for a dead body to be 
thoroughly identified and the proof of corpus 
delicti to be established before a sentence is 
passed in murder trials, as unclaimed, 
decomposed bodies or portions of a dead body 
or even bones are sometimes brought to support 
false charges. However, there have been cases 
where the death sentence was passed even 
when the body was not identified, if the facts of 
the cases were proved beyond any reasonable 
doubt. [8] 

Agony of Missing Personôs 
(Deceased) Family: 

If a person is missing and untraced, the 
entire family members suffer psychological 
trauma and lives in dilemma whether the person 
is still alive or not. If a missing person dies and 
his identity remains undisclosed, the family 
members of that missing person canôt perform 
the rituals which are normally done in event of 
death of a family member. 

In issues related to the insurance/ 
inheritance/ pension claim, the nominee/ 
concerned person has to legally prove that the 
missing person has died, but as they donôt have 
any clue about the whereabouts of that missing 
person, such issues remain unsolved unless 
they provide sufficient evidence so that court 
presume that the person has died. 

The present Law Enforcement 
Scenario:  

Generally a ómissing personô entry is 
made in General Station Diary (GD) and no FIR 
is registered, except in certain states where a 
óZero FIRô is registered. In a zero FIR, no crime 
number is assigned because a missing person 
complaint is not prima facie considered crime. 
The follow up for the zero FIR and the GD entry 
is same.  

The Station House Officer (SHO) 
forwards information to the superintendent of 
police or to the deputy commissioner of police 
who in turn forwards it to the office of the chief of 
police. At the field, local police officials publicize 
the particulars of the missing persons in the 
media by circulating the available identification 
details and photographs. 

The message that reaches the police 
headquarters in the state is normally lodged with 
the Missing Persons Bureau (MPB), which often 
is a wing of the CID of the state police. They, in 
turn, forward the message to the missing 
persons wing of the National Crime Record 
Bureau (NCRB) at New Delhi. NCRB, at best, 
forwards this message to the chief of police in 
other states. The police stations generally do not 
give any feedback to the NCR when the missing 
person is rescued or returned and, therefore, the 
NCRB is unaware both of traced persons and 
those who remained untraced.  

The NCRB, under the TALASH 
information system, maintains a national level 
database of unidentified persons and 
unidentified dead bodies. In the NCRB, inputs to 
the TALASH system are received through 
wireless messages fax, magnetic media, 
periodical statements and e-mails from state/ UT 
police and central police organizations (CPOs). 
The NCRB database is regularly updated and 
monthly reports are generated. NCRB is also in 
the process of procuring a ófacial recognition 
systemô based on biometrics, which incorporates 
the body measurements of the person 
concerned. The ófacial searchô will be integrated 
with the óattribute searchô of TALASH. [9] 

Materials and Methods: 
This study was conducted on three 

cases of unidentified and unclaimed bodies 
brought for medico-legal autopsy. In all the three 
cases facial injuries were present making their 
photographs unfit for publication in print or 
electronic media for identification purpose. 
Photograph of the deceased face was taken with 
a digital camera of 4.2 mega pixel.  

The image was transferred to a 
computer and by using Adobe Photoshop 
software CS2, the injuries present on face were 
removed with the help of dodge, burn, sponge, 
blurs, sharpens, clone stamp and smudge tools. 
While using various tools of Adobe Photoshop 
care was taken so that the basic anatomical 
features of face (size, shape, eyebrows, mouth 
ear etc.) facial symmetry and anthropometric 
measurement are not disturbed or to the 
minimum. The purpose of removing the injuries 
from face was to convert the photograph of the 
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deceased to make it more presentable for print 
and electronic media.  

Case one:  
An unidentified and unclaimed body of 

33 year old male was brought for medico-legal 
autopsy. On face blood stains were present at 
few places with left black eye. Internal findings 
of cranio-cerebral injuries were present. Facial 
injuries were removed by using various tools of 
adobe Photoshop software. (Fig. 1 &2) 

Case Two: 
An unidentified and unclaimed, 

decapitated body of 29 year old male was 
brought for medico-legal autopsy. Several 
images of the deceased face were taken after 
placing the head in anatomical position with the 
remaining part of the body and the most 
appropriate image was selected for editing by 
using various tools of adobe Photoshop 
software. (Fig. 3, 4 & 5) 

Case Three:  
An unidentified and unclaimed body of 2 

year old male was brought for medico-legal 
autopsy. Forehead was showing skull fracture 
with brain tissue visible at the site of fracture. 
The image was edited by using appropriate tools 
of adobe Photoshop software to remove the 
head injury from the image. (Fig. 6 & 7) 
Fig.1: Left black eye and few blood stains on 
face                

 
Fig. 2: After Removing Facial Injuries 

 

Fig. 3: Decapitated Body 

 
Fig. 4: Head in Anatomical Position with the 
Remaining Part of the Body 

 
Fig. 5: After Removing Facial Injuries 

 
Fig. 6:  Head Injury 
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Fig. 7: After Removing Facial Injuries 

 
Result: 

Photograph of the deceased, after 
removing the facial injuries, were shown to the 
deceased relatives who came for identification of 
their missing relative. In all the three case 
relatives identified the deceased from the 
photograph shown to them with no facial 
injuries. Care was taken that prior to showing 
these photographs no personal belongings or 
photograph with injuries were shown to the 
relatives by the police.  

In our study we found that  relatives of 
the deceased could identify their missing relative 
with the help of photograph shown to them after 
removal of injuries and in all three cases  later 
on police confirmed the identification by using 
other methods of establishing identity like 
personal belongings, fingerprint matching etc. 

Discussion: 
In our study of three cases we were able 

to establish identity in all the three cases. We 
found that if such an attempt is made in 
unidentified bodies to convert the photograph of 
the deceased to make it more presentable for 
print and electronic media by removing injuries 
on the face by digital imaging it can help in 
establishing the identity of such unidentified 
bodies. This can, to some extent, lessen the 
agony of the deceased relative by performing 
the rituals and settling the insurance, pension, 
and inheritance claims.  

It can add in identification of those 
unidentified bodies where due to early 
postmortem changes or injuries on face, the 
photograph could not be used for publication in 
the newspaper or for electronic media.  

 
 
 
 
 
 
 
 

This  technique have few limitations as  
bodies in which face is distorted due to 
putrefaction or due to extensive injuries of skull 
cannot be edited by preserving the personôs  
facial characteristics. 

Further study on large sample is 
required and then such photographs can be 
used by law enforcing agencies for print and 
electronic media as a tool to establish identity of 
unidentified bodies. In a country like India where 
number of unidentified bodies found every year 
is quiet high and a large number of migratory 
population is residing in metro cities, such an 
attempt can help to some percentage of 
relatives of unidentified bodies. 

Conclusion:  
In our study we found that use of digital 

imaging in establishing identification of 
unidentified bodies is highly significant, therefore 
such digitally edited photographs can be used 
by the police for print and electronic media in 
order to establish identity of unidentified bodies 
presenting with facial injuries. 
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Abstract  
Anthropometry provides scientific method and technique for taking various measurements in 

different geographic regions and races. The Tibia itself is a complex anatomic unit so anthropometric 
study was devised on the same. In the present study 60 (26 right and 34 left) intact adult tibia were 
obtained from the bone bank of Anatomy Department of MGIMS, Sevagram. For this purpose a digital 
vernier caliper, osteometric board and measuring tape were used.  

The study was aimed at determining measurements for obtaining Cross-Section Index in middle, 
Cnemicus Index and Length-Thickness Index for both right and left Tibia. The details of data obtained 
with relevant review of literature will be discussed. The mean of Cross Sectional index for Right tibias was 
102.90± 22.78. Similarly mean of Cross Sectional index for left tibias was 124.31± 25.06. The mean of 
Cnemicus Index for Right tibias was 66.17 ± 10.68 and for left side these values came out to be 67.31 ± 
7.35. These are not statistically significant. The mean of Length-Thickness Index were 24.21 ± 0.96 and 
24.43 ± 1.78 for right and left Tibias respectively.  
 

Key Words: Anthropometry, Tibia, Cross-Section Index in middle, Cnemicus Index, length-Thickness 

Index 
 

Introduction: 
Anthropometry is a series of 

systematized measuring techniques that express 
quantitatively the dimensions of the human body 
and the skeleton. Anthropometry is often viewed 
as a traditional and perhaps the basic tool of 
biological anthropology, but it has a long 
tradition of being used in forensic sciences and 
in medical sciences especially in the discipline of 
Forensic Medicine.  

It is highly objective and reliable in the 
hands of trained anthropometrists. The 
significance and importance of somatometry, 
cephalometry, craniometry and osteometry in 
the identification of human remains have been 
described and a new term of 'Forensic 
Anthropometry' is coined. Some of the recent 
studies which employ various techniques of 
anthropometry are discussed. The ultimate aim 
of using anthropometry in Forensic 
Medicine/Science is to help the law enforcement 
agencies in achieving 'personal identity' in case 
of unknown human remains

.
 [1]  
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Objectives:  
¶ To evaluate the morphometry of dried tibia 

of central Indian population;  

¶ To use the obtained osteometric data to 
estimate the bilateral differences between 
the right and the left bones. 

Materials and Methods: 
In this study, 60 (26 right and 34 left) 

intact human adult tibia were obtained from the 
bone bank of the Anatomy Department, MGIMS 
Sevagram. In the study, a total of 07 parametric 
variables were obtained from the shaft of the 
Tibia according to standard anthropometrical 
method. [2, 3]

 
The number of nutrient foramina 

for Tibia on both sides was also noted. 
Instruments Used for the study are Digital 
Vernier Caliper, Osteometric Board, Measuring 
Tape. 

Formulae Utilized: 
¶ Cross-Section Index in Middle= 

(Transverse diameter in middle of 
Bone/Maximum Diameter in middle of 
Bone) X 100 

In this formula Transverse diameter in 
middle of Bone is calculated as straight distance 
from the medial tibial border to the interosseous 
crest at the level of nutrient foramen. Maximum 
Diameter in middle of Bone measures the 
straight distance of anterior crest from the 
posterior surface in the middle of the bone. 
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¶ Cnemicus Index= (Transverse Diameter 
at level of Nutrient Foramen/ Sagittal 
Diameter at level of Nutrient Foramen) 
X100 

Transverse Diameter at level of Nutrient 
Foramen is straight distance from the medial 
border to the interosseous crest at the level of 
nutrient foramen. Sagittal Diameter at level of 
Nutrient Foramen measures straight distance of 
anterior crest from the posterior surface at the 
level of nutrient foramen. 

¶ Length - Thickness Index = (Maximum 
Girth of shaft/Total length of Tibia) X100 

Where Maximum Girth of shaft is maximum 
circumference of shaft wherever found. Total 
length of Tibia measures straight distance from 
the cranial articular surface to the fibular condyle 
of Tibia i.e. lateral condyle to the tip of medial 
malleolus. 

Results: 
The data obtained in this study has 

shown remarkable difference between Right and 
left tibias. Only one Right tibia possesses two 
nutrient foramina else whole of the tibias studied 
were having single nutrient foramina. The mean 
values of various parameters were shown in 
Table 1. The mean of Cross Sectional index for 
Right tibias was 102.90± 22.78. Similarly mean 
of Cross Sectional index for left tibias was 
124.31± 25.06. On applying statistical analysis (t 
test) on it came out to be p <0.05 (0.029) which 
is statistically significant.  
The mean of Cnemicus Index for Right tibias 
was 66.17 ± 10.68 and for left side these values 
came out to be 67.31 ± 7.35. These are not 
statistically significant. 
The mean of Length - Thickness Index were 
24.21 ± 0.96 and 24.43 ± 1.78 for right and left 
Tibias respectively. This too was not significant 
statistically. 

Discussion: 
The presence of single nutrient foramen 

throughout the samples studied (except one) is 
remarkable difference compared to other long 

bones of human body. [4, 5] The values of 
various indices calculated shows remarkable 
difference with that of humerus and femur. [5, 6]

 
 

This is of immense point of utility for medico-
legal aspect where sometimes identity is to 
establish from part of bone only. [7, 8] 
The discrepancies could be a result of factors 
such as age, sex, race and also environmental 
factors affecting bone growth, such as nutrition, 
physical development and genetic factors.  

Conclusion: 
The knowledge of the morphometric 

values of tibia segments is important in forensic, 
anatomic and archeological cases in order to 
identify unknown bodies and stature. Therefore 
our study supplies the mean values of the 
different morphometric measurements from the 
tibia. As a result, these measurements may help 
to indicate the characteristic morphological 
features of tibial segments in our population and 
also help the orthopedic surgeon to place the 
various implants in the reconstruction of tibial 
fractures. Presence of single foramen 
throughout our study, place the tibia separately 
from other long bone of human. 
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Table 1 

Various Parameters obtained from the Present Study 
S.N Parameters Right Mean ± SD Left Mean ± SD 

1 Transverse diameter in middle of Bone  18.21 ±3.87 18.89±2.23 

2 Maximum Diameter in middle of Bone 17.86 ± 1.74 15.85 ± 2.82 

3 Transverse Diameter at level of Nutrient Foramen 18.19±3.87 18.86±2.20 

4 Sagittal Diameter at level of Nutrient Foramen 27.51 ± 2.78 28.26±2.29 

5 Maximum Girth of shaft 90.01 ± 7.23 92.52±6.14 

6 Total length of Tibia 371.30±23.20 379.41±18.90 
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Abstract 
Despite current advances in public education and in automobile safety requirements, cranio-

cerebral injuries continues to be a major cause of morbidity and mortality and accounts for significant 
portion of health care costs today. Trauma respects neither geography nor body systems.  Consequently 
head injury occurs every 15 seconds and a patient dies from a head injury every 12 minutes, a day 
doesnôt pass that an emergency department physician is not confronted with a head injured patient.  

The present work is based on the observation and study made on 117 cases collected.  These 
cases include 39 cases who died before being admitted to any hospital and were sent directly by the 
police to postmortem, Mysore Medical College, Mysore, and 78 cases that died in the hospital under 
medical care.  Clinical data are available for 78 cases that died in the hospital after undergoing some 
treatment.  An attempt is made in these cases to correlate clinical findings with the autopsy findings. 
 

Key Words: Cranio-Cerebral Injuries, Trauma, Clinical Findings, Autopsy, Automobile 

 

Introduction: 
Patients with head injury constitute a 

major health problem throughout the world. A 
day doesnôt pass that an emergency department 
physician is not confronted with a head injured 
patient. [1] Head injury is one of the leading 
causes of death in Mysore, among the total 
deaths due to trauma. The incidence of acute 
ñcranio-cerebralò injuries due to blunt forces in 
the city of Mysore is rather high. Out of 2175 
cases of acute head injuries were admitted to 
the surgical wards of the Krishna Rajendra 
Hospital, Mysore, Karnataka, 370 of these 
proved fatal, accounting for 17% of the total 
admissions.  

The subject of cranio cerebral injuries 
has assumed paramount importance in recent 
times owing to the enormous mechanization of 
various aspects of life, increasing instances of 
brutal assault and innumerable and variegated 
accidents on earth, in the air, in water and so on.  
Mostly head injuries are the result of blunt force, 
either local or general. Head injuries are most 
common and account for about one fourth of all 
deaths due to violence and are responsible for 
60% of all fatal road accidents. [2] 
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As head is the most prominent of the 
exposed part of the body by virtue of its 
situation, it bears the brunt of violence 
accidental, suicidal or homicidal.   

The diagnosis, treatment and 
mechanism of cranio-cerebral injuries are 
challenging to the medical men.  The location of 
the lesion due to injury and the treatment of the 
same is an enigma to a Neurosurgeon, but the 
evaluation of mechanism is a puzzle to the 
Forensic Pathologist. [3] 

The importance of the subject of cranio-
cerebral injuries in Forensic medicine lies not 
only in the understanding of the path-
morphology of the lesions, but lies also in their 
medico-legal implications that arise in 
connection with these injuries like time of 
survival, act of volition, correlation of 
interpretation so vital to accurate reconstruction, 
legality of liability and compensation settlements 
etc. [4] The rapid increasing incidence of head 
injuries may be attributed to population 
explosion, tremendous growth in road transport 
sector without adequate traffic planning or 
control, lack of traffic sense among the road-
users, a large percentage of violent crimes, 
industrial accidents, fall from height etc. [5] 

Materials and Methods: 
The data to be presented concern head 

injuries due to blunt forces only. All of them were 
investigated to determine the various 
epidemiological demographic, medico legal and 
forensic aspects of cranio-cerebral injuries. In 
the present study, the autopsies were conducted 
by the Department of Forensic Medicine, 
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Government Medical College, Mysore, 
Karnataka, during the period of April 1993 to the 
end of March 1994.  854 bodies were referred by 
the police, of whom 117 cases had died as a 
result of ñCranio-cerebral injuries by blunt forceò. 
(Table 1A)  These cases include 39 cases that 
died before being admitted to any hospital or on 
the way to the hospital or declared dead at the 
emergency room and 78 cases that died under 
medical care. 
Table 1 A: Cases Analysed in the Present 
Study 
Total no. of PMôs conducted from  
April 1993- March 1994 

854 

Total no. of Fatal Blunt Force Injuries from  
April 1993- March 1994 

217 (25.4%) 

Total no. of Fatal Head Injuries 117(13.7%) 

The primary object of this work is to 
analyze 117 cases, because in the literature, 
reports concerning head injuries are based on 
clinical study and are primarily concerned with 
clinical problems. To our knowledge there is no 
satisfactory analysis of all post mortem findings 
in a sufficiently large number of cases.   

Here in this study it is intended to 
determine the sources and causes of acute 
cranio-cerebral injuries that occur in a provincial 
city like Mysore, to set on record a statistical 
statement of the conscious, unconscious was 
recorded. Time of survival was also recorded 
after estimating the age of injuries and was 
confirmed by history, hospital and police 
records. An attempt was made to inquire and to 
appreciate any bodily deformities or defects like 
corneal opacity, cataract, pelvic deformity and 
spine which may have contributed to the injury.  

A complete top to bottom general 
physical examination of each and every dead 
body is carried out and the Injuries on the body, 
their size and shape if any, and location besides 
fractures were noted in detail. 

Observation, Results and Discussion: 
¶ Age Incidence: 

Detailed post mortem study was 
conducted on 117 dead bodies, which died of 
ñcranio-cerebral injuriesò, of which 78 from the 
clinical series and 39, which died before being 
admitted to any hospital. 

In the autopsies studied, there were 
cases that belonged to every decade up to ninth 
decade age group. The mean age was 36.5 
years with a standard deviation of 18.6 
years.(Table 2) we find the largest number of 
cases i26 (23.2%) in the age group 30ï40 years, 
followed by 20ï30 and 40ï50 years 19 (16.3%).  
In 50ï60 years, 0ï10, 60ï70, 10ï20, the 
number of cases were gradually decreasing to 
18 (15.3%); 15 (12.8%); 8 (6.8%); 7 (5.9%); 

respectively and least 4 (3.4%) in the age group 
70 and above. (Table 2) 

The differentiation in deaths in different 
age groups depends upon the activities of the 
persons of different age groups.  It is of interest 
that the number of cases is lowest in the eighth 
decade, being about 4 (3.4%) followed by 
second decade, 7 (5.9%) which is one-half of 
that for the first decade.  The age group 20- 50 
years being the most active period of life, 
persons of this age group outnumbered others.  

The number of children below 10 years 
of age involved is 15 (12.8%), which is 
significant because in children the mortality rate 
is rather high which is due to the risk of 
involvement in traffic accidents, as an average 
Indian child is less protected from such 
accidents. The common notion that deaf, blind 
and crippled children are more prone to 
vehicular accidents is theoretically convincing, 
but in our series we have not found any case 
where we could establish that the child was 
either deaf or blind.   

The middle age groups and late middle 
age groups 20ï40 and 40ï50 years though 
more stable and sturdy sustain injuries as a 
result of their involvement in quarrels, assaults 
falls and vehicular accident.  In the present 
study, the youngest victim is a five months old 
female child and the oldest is 90 years male. 

¶ Sex Incidence: 
Out of the total 117 cases, 97 (82.91%) 

are males and only 20 (17.09%) are females. 
The high percentage (82.91%) of mortality in 
males was not amazing, since their involvement 
in most of the outdoor activities and are 
obviously more subjected to accidents especially 
in adult age group. The high incidence is seen in 
the age group 30ï40 being 26 (23.07%).  The 
next group is 20-30 years being 17 (14.5%).  
The lowest in the male is 3 (2.56%) in age group 
70 and above. (Table 2) 

The incidence of mortality in females in 
very low as they are not involved generally in 
such activities as men, like assaults, climbing 
up, etc., and majority of women usually stay in 
and look after the household work.  Among the 
females the highest incidence is in the group 0ï
10 years being 7 (5.98%). Age and sex 
incidences are interrelated to the etiology of 
blunt force in deciding fatality, so, sex and age 
incidences could be better understood if all the 
three i.e., age, sex and etiology of blunt force 
are discussed together. 

Our study shows that the pedestrian is 
injured by the direct contact with the vehicle and 
is forcibly thrown on the ground. These injuries 
are mostly due to blunt trauma. In some cases 
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the injuries are caused by the wheel passing 
over the head resulting in crushing. There were 
27 deaths to the occupants of motor vehicles. 
(Table 3) Taking the road deaths as a whole and 
considering the number of motor vehicles on the 
roads, the evidence indicates that when two or 
more vehicles involved in an accident as in head 
on collisions, collision with a bridge, overturning 
etc it is the occupants of the smaller vehicles 
who pay the penalty. The contributory factors for 
the fatal injuries to the vehicle occupants include 
the movements of occupants within their vehicle 
at something like the speed of a vehicle, the 
deformation of the vehicle itself and the 
occupants may be trapped or wedged under the 
heavy vehicle.  [6-10] 

Summary: 
The present study is based on the 

observation made on 117 dead bodies that died 
of cranio-cerebral injuries by blunt force: 78 of 
which from the clinical series and 39 of those 
who died before being admitted to any hospital. 
Brief history as to the etiology of blunt force was 
recorded at the time of admission to the hospital, 
in all these 78 cases. These cases were studied 
in detail regarding their investigative procedures, 
operation treatment if any and progress of the 
patient by going through inpatient case records.  

Detailed post-mortem examination was 
conducted on every dead body by routine 
method.  Various results were arrived at from the 
critical analysis of these cases regarding the 
etiology of blunt force, age, sex, fracture of the 
skull, intra-cerebral lesions, lucid interval, period 
of survival, associated injuries.  Cause of death 
is inferred in all these cases. 

From the clinical series 10 cases have 
been selected for correlating the clinical features 
with the autopsy findings.  These cases have 
been discussed and interpreted in detail. 
Generally the clinicians are mislead or may fail 
to diagnose where head injury is associated with 
alcoholic intoxication and especially while the 
patient is in deep coma. In these cases it is 
always advisable to take the X-ray of the skull 
and Lumber Puncture done, without which, 
investigation will not be completed and justice 
cannot be meted out to the patient. 

Medico-legally, Lucid interval is very 
important because, sometimes the victim after 
receiving mortal injuries to the brain were able to 
speak, or wrote down the name or names of his 
assailants. In such cases, medical evidence is 
required to state whether a person is capable of 
such acts after receiving such fatal injuries.   

A guarded opinion should always be 
given in such cases. Sometimes the question of 

pre-existing intra cranial lesions due to natural 
causes like arterio-sclerosis, intra-cranial 
tumors, intracranial aneurysms and other 
pathological processes may arise and 
complicate the autopsy findings.  In such cases 
it is only by careful P.M. examination can reveal 
the facts and the final opinion to the cause of 
death is given after perusal of the each and 
every finding at autopsy. Lastly, in cases of 
alleged infanticide to exclude birth injuries and 
accidental trauma to the head, the role of 
Forensic Pathologist is indispensable. 

Conclusion: 
The subject of ñCranio-Cerebral injuriesò 

has assumed paramount importance in recent 
times owing to the enormous mechanization of 
various aspects of life, increasing instances of 
brutal assaults and innumerable and variegated 
accidents in the air, in water and so on. The 
consequences of injury to the brain are of very 
great diversity and complexity and they offer 
many vexing diagnostic problems to the 
clinicians and contribute often thought provoking 
necropsy material to the forensic pathologist.  

They are also important because of 
many other important Medico-legal implications 
that arise in connections with these injuries like 
time of survival, acts of volition, compensation 
settlements etc. In spite of the tremendous 
advance made during the past fifty years we are 
still unable to evaluate the entire lesion, which 
are exposed on the autopsy table. As cranio-
cerebral injuries form a considerable percentage 
of deaths and as even trivial injury looks 
apparently normal in blunt force injuries, only a 
careful autopsy will enable us to asses every 
important facts on the autopsy table, which helps 
the public, police and the court of law in 
administering justice. 

The present study is based on the 
observation made on 117 bodies that died of 
cranio-cerebral injuries by blunt force, 78 of 
which from the clinical series and 39 of those 
who died before being admitted to any hospital. 
Various results were arrived after detailed post-
mortem examination and have been discussed 
and conclusions have been drawn regarding the 
age, sex and their relation to blunt force injuries.  

Various types of skull fractures, intra 
cranial lesions, associated injuries, lucid interval 
and incidence of period of survival have been 
critically analysed.  

From the clinical series, 10 cases have 
been selected for correlating the clinical 
observation made with those findings at autopsy. 
These cases have been discussed and 
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interpreted. In some of these cases post mortem 
findings confirmed the clinical diagnosis. 

References: 
1. Bose T.K, Karmakar R, Basu R. A Study of fatal cerebral 

compression case due to intracranial hemorrhage in road traffic 
accidents. JIAFM 1992; 14(3): 16-20  

2. Vij K. Textbook of Forensic Medicine, Principles and Practice. 1st 
ed. New Delhi: Churchill Livingstone Pvt. 2002: 520 

3. Modi J P. Modiôs Medical Jurisprudence and Toxicology. 22nd ed. 
Nadia: LexisNexis  Butterworthôs; 2002 

4. Spitz WU, Fisher RS. Medico-legal Investigation of deaths.2nd ed. 
Charle C Thomas; 1990:421. 

5. Parikh CK. Parikhôs Text Book of Medical Jurisprudence, Forensic 
Medicine and Toxicology. 6th ed, New Delhi: CBS  

6. Gandhi R K, Queresh GU, Agrawal, Swami VB. Cranio 
Intracranial injuries in vehicular accidents JIAFM 1992; 14(2):12-18. 

7. Sharma BR, Sharma V, Vij K. Road Traffic Accidents- A 
demographic and topographic Analysis. Med. Sci Law: 2001; 
41(3):266 

8. Akang EEU, Kuti MAO, Osunkoya. Pattern of head injuries in 
Ibadan. Med Sci Law:2002;42(2):160 

9. Agniothri AK, Joshi HS, Tsmilshina. Study of Craniofacial trauma 
in a tertiary care hospital, Western Nepal. Medico-Legal update: 
2005; 5(1):23 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10. Shkrum MJ. Skull fractures in fatalities due to motor vehicle 
collision.JFSCA:1994; 34: 107-122 

Table 2: Incidence of Sex in relation to Age  
Age (Yrs) Males  Females  Total  Percentage 

0 ï 10 8 7 15 12.8 

10 ï 20 7 0 7 5.9 

20 ï 30 17 2 19 16.3 

30 ï 40 26  1 27 23.2 

40 ï 50 15 4 19 16.3 

50 ï 60 15 3 18 15.3 

60 ï 70 6 2 8 6.8 

> 70 3 1 4 3.4 

Total 97 20 117 100.0 

 
Table 3: Victims involved in Accidents 

Category Victims Percentage 

Pedestrian 32 35.2 

Occupants of Vehicle 27 29.7 

Driver of Open Vehicle 21 23.1 

Cyclists 11 12.0 

Total 91 100.0 
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Abstract    
In order to investigate the effects of lead exposure on risk of cardiovascular disease during 

Occupational battery workers i.e. lead exposure, plasma cholesterol and its fractions as high-density 
lipoprotein (HDL), low-density lipoprotein (LDL) and triglyceride (T.G.) were determined in various battery 
workers in Lucknow city U.P., India. Increased risk of cardiovascular disease was observed in the various 
battery workers. Total cholesterol in the battery workers and control group was 142.14±31.92 (mg/dl) and 
95.72±11.57 (mg/dl) respectively, which is higher in the battery workers than that of present in control 
group, While LDL cholesterol in the battery workers and control group was 158.30±22.70 (mg/dl) and 
103.77± 4.62 (mg/dl) respectively. HDL cholesterol in the battery workers and control group was 
38.80±10.13 (mg/dl) and 65.53±6.52 (mg/dl) respectively.  

The triglyceride levels were 162.06±90.85 (mg/dl) and 138.62±5.65 (mg/dl) in the battery workers 
and control group respectively, which is not affected [p > 0.05]. The LDL/HDL and Total cholesterol/HDL 
cholesterol ratio, Blood pressure, and blood lead level, was also higher in the battery workers, Results 
suggest that lead exposure increases cholesterol synthesis and transport to peripheral tissues whereas 
reverse cholesterol transport to the liver is not affected.  
  

Key Words:   Lead; Lipid Profile; Cardiovascular disease; Battery Workers 

  

Introduction: 
Lead poisoning is presently becoming 

the most common disease of environmental 
origin and is increasing very rapidly in 
developing countries. [1-5] Environmental 
toxicants, including lead and other metals, are 
potentially preventable exposures that may 
explain population variation in cardiovascular 
disease rates. [6]The cardiovascular effects of 
lead, however, are not limited to increased blood 
pressure and hypertension, but also been 
associated with an increased incidence of 
coronary heart disease, stroke, and peripheral 
arterial disease. [7] In order to gain an insight 
into lead exposure and its effects on lipid 
profiles, we investigated the distribution of blood 
lipids in various battery workers in Lucknow city, 
India, who have been shown to be 
occupationally exposed to lead. 
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Material and Methods:  
The study conducted on 60 industrial 

employees (case group) exposed to lead 
through acid battery in the battery manufacturing 
and refilling & battery shops. The age and Body 
Mass Index (BMI) matched unexposed person 
from general population (control group). To 
prevent discrimination, subjects were recruited 
for our study fulfilling inclusion criteria (male sex, 
age 20 to 40 years, exposure more than five 
years, and five hours/day, BMI less than 25 and 
no history of chronic disease, at least one year 
tenure, no use of medication other than 
analgesics during the month preceding data 
collection). Every subject was offered the 
examination after obtaining ethical clearance 
from the Institutional Ethics Committee. The 
cases and control subjects were explained the 
procedure of study.  

The subjects were given instruction to 
obtain from tea or coffee 24 hrs and stop 
medications 48 hrs prior to day of testing. They 
were asked to take light breakfast at least 2 hrs 
before testing. All the tests were conducted in 
the morning hours in a quiet room with 
temperature of 25°C-28°C. 
Anthropometric Measurements and Body 
Composition:  

The weight of each subject was 
measured to the nearest 0.1 kg with a battery 
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operated scale. The height was measured to the 
nearest centimeter with the aid of a portable 
stadiometer. From these data, BMI was 
calculated. Blood pressure was measured two 
times on the left arm in each subject in a resting 
position. [8] Each measurement was spaced 
twenty minutes apart and was usually performed 
before collection of blood samples. The average 
of the two measurements was used for all 
analyses.  
Blood Analyses: 

Venous blood samples were obtained 
between 8.00 a.m. and 10.00 a.m. from the 
subjects after an overnight fast. Aliquots of blood 
samples were separated for lead analysis and 
the remaining blood samples were centrifuged to 
separate plasma and red blood cells. From 
Plasma concentrations the total cholesterol, LDL 
cholesterol and triglycerides were determined. 
HDL cholesterol was determined in plasma with 
the same commercial kits for total cholesterol 
after very low density lipoproteins (VLDL) and 
low density lipoproteins (LDL) were precipitated 
with heparin-MnCl2 solution. [9]  
Blood Lead Estimation: 

Blood lead analysis was performed 
using atomic absorption spectrophotometer, 
which is automated Lead analyzer, named Lead 
Care II blood lead analyzer certified by waiver 
under the authority of public health service Act 
(PHSA) 42U.S.C.263 (a).  
Statistical Analysis: 

Results are expressed as mean ± S.D. 
One-way analysis of variance (ANOVA)  
followed by the least significant difference (LSD) 
test were used to analyses the results with p < 
0.05 considered significant. [10]The 
relationships between blood lead levels and 
plasma lipids and the anthropometric 
parameters were also analyzed using Pearson 
correlations. [10] 

Results:  
¶ Age (Years) of Case and Control Group: 

Analyses of the anthropometric 
parameters (Table 1) showed that average age 
(years) of case group and control group was 
31.62±6.03 and 29.60±6.01 respectively and P-
value is P>0.0005.  

¶ Time of Exposure (Years):  
The Time of exposure of occupationally 

lead exposed should be more than 5 years for 
case group.  The analyzed data showed that 
average Time of Exposure (years) of case group 
and control group was 10.76±2.43and 0.00 
respectively. There was significant difference in 
Time of Exposure (years) between cases group 
and control group. 

¶ Time of Exposure (Hours Spent /Day) in 
Workshop or Industries: 

The Time of Exposure of Occupationally 
lead exposed should be more than 5 hours 
spent /day in workshop or industries for case 
group.  The analyzed data showed that average 
time of exposure hours spent /day in workshop 
or industries of case group and control group 
was 10.76±2.43 and 0.00 respectively. There 
was significant difference in Time of Exposure 
between cases group and control group.  
BMI between cases and control:   

There was also no significant difference 
in BMI between cases and control.  The average 
BMI (kg/m

2
) in case group and control group is 

respectively 24.41 ± 4.74 and 25.99± 3.26.and 
P-value is P>0.05. There was no significant 
difference between case and control group in 
reference with Age, Chest, Abdomen, Hips, 
Height, Weight, and BMI in size. 

¶ Blood Pressure: 
The systolic blood pressure (mm Hg) in 

battery workers was 127.63± 20.16 while in 
control group it was 123.18 ± 5.05 respectively 
and p-value is P<0.0001,which is greater than 
control and borderline hypertensive. The 
observation shows that the diastolic pressure in 
cases was 79.23±10.78 mm Hg. 

¶ Heart Rate:  
The heart rate in battery workers (case 

group) was 69.12±11.15 while in control group it 
was 72.7 ± 3.46 respectively. The P-value is 
P>0.05, which is not statically significant. 

¶ Hemoglobin:   
The hemoglobin (gm %) in battery 

workers (case group) was 9.036±1.002 while in 
control group is 11.694±1.018 respectively. The 
P-value is P<0.0001, which is statically 
significant. 

¶ Plasma Lipid Profiles: 
In the battery Workers (case group) total 

cholesterol is higher i.e. 142.14±31.92 mg/dl, 
than control group i.e. 95.72±11.57 mg/dl 
respectively. Quantitatively, cholesterol levels of 
the battery workers were 1.5 or 2.0 times higher 
than that of the control group (P < 0.001). There 
were statistically significant differences in the 
LDL cholesterol between battery workers and 
control group. The values obtained for the 
battery workers (case group) were 158.30±22.70 
mg/dl and control group 103.77±4.62 mg/dl 
respectively. It is significantly higher than 
controls group (p < 0.001). There was no 
significant difference in triglyceride (T.G.) 
between cases and control.   

While in HDL cholesterol concentrations 
(mg/dl) the value in case group and control 
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group is respectively 38.80±10.13 mg/dl and 
65.53±6.52 mg/dl and P-value is P<0.0001. 
Therefore in HDL cholesterol concentrations 
(mg/dl) is being lower in battery workers (case 
group) than that of control group. While in VLDL 
cholesterol concentrations (mg/dl) the value in 
case group and control group is respectively 
74.05±68.65 mg/dl and 19.48±4.15 mg/dl. 
Blood Lead Concentrations:  

Lead levels in the blood of the battery 
worker (case group) were significantly higher 
than that of control group (p < 0.001) in the 
Lucknow city. The Industrial battery worker 
(case group) has the higher blood lead level of 
35.45 ± 13.36 ɛg/dl than that of control group 
6.04 Ñ 01.49 ɛg/dl. (Table 2) 

Correlations between Blood Lead and 
Anthropometric Parameters, and 
Investigated Lipids: 

There was no significant correlation 
between blood lead levels and any of the 
anthropometric parameters (p > 0.05) (Data not 
shown). However, a positive significant 
correlation was observed between blood lead 
and total cholesterol and blood lead and LDL 
cholesterol.  

Discussion: 
Lipid and lipoprotein abnormalities play 

a major role in the pathogenesis and 
progression of atherosclerosis and 
cardiovascular diseases. [11-15] In Indian 
populations, dyslipidemia as a risk factor for 
cardiovascular disease and increasing incidents 
of death due to cardiovascular disease in both 
urbanized and underdeveloped rural countries 
have been reported. [16] In this present study, 
we evaluated the distribution of some blood 
lipids in battery workers who are occupationally 
exposed to lead; we found that majority had 
triglyceride levels not significantly different from 
controls. On the contrary, total cholesterol levels 
in the battery workers were between 1.5 and 2.0 
times higher than controls.  

In addition, HDL cholesterol in battery 
workers was considerably lower when compared 
with controls. To our knowledge, the distribution 
of blood lipids in battery workers in Indians has 
not been reported in the literature. Indications 
from this comparison are that while the HDL 
cholesterol and triglyceride concentrations of 
both the controls and cases were within the 
acceptable range prescribed by the American 
Heart Association (AHA), the battery workers 
with total cholesterol of 142.14±31.92 mg/dl and 
LDL cholesterol of 158.30±22.70 mg/dl seem to 
have unfavorable risk profiles for cardiovascular 
disease when compared with control. 

Furthermore, the LDL/HDL ratio of the battery 
workers seems to have a greater risk of 
cardiovascular disease when compared with 
other controls. 

The findings of the present investigation 
indicate that exposure to lead alters the 
metabolism of cholesterol and thus increases 
the risk of cardiovascular disease and 
atherosclerosis in lead-exposed subjects. HDL 
and LDL are two of the four main groups of 
plasma lipoproteins that are involved in lipid 
metabolism and the exchange of cholesterol, 
cholesterol ester and triglycerides between 
tissues. [17, 18] It is evident that HDL protect 
against atherosclerosis. Some of these factors 
appear to have anti-oxidant and anti-
inflammatory effects which may obviate 
processes that initiate atherogenesis. [19, 20] 
Epidemiological studies have also shown that 
elevated concentrations of total or LDL 
cholesterol in the blood are powerful risk factors 
for coronary disease. [21] Numbers of studies 
have demonstrated that blood lead increases 
from 10 to25 ɛg/dl are associated with systolic 
and diastolic blood pressure increases of 1.4ï8 
mmHg and 1.2ï4 mmHg, respectively. [22] 
Mean blood lead levels observed in the battery 
workers in this study were between 2.5 and 3.0 
times higher than control subjects.  

Even though job experience indicated 
that lead exposure has been going on in these 
workers for 4 to 26 years had a borderline high 
systolic blood pressure as prescribed by the 
AHA. It remains to be established in these 
workers the threshold value of blood lead that 
might be associated with increased blood 
pressure.  In addition to blood lipids, other 
factors such as age, physical activity, genetics, 
body composition, alcohol intake, tobacco use 
and body fat distribution, contribute significantly 
to risk of cardiovascular disease. [14]  

All the subjects who participated in this 
study were nonsmokers and by virtue of the 
demands of their occupations, most of the 
workers are physically active and this might 
account for the normal levels of HDL cholesterol 
observed in them. [23] The anthropometric 
parameters measured in the battery workers did 
not reveal any statistically significant difference, 
thus suggesting that these factors may not play 
any significant role in the dyslipidemia observed 
in these battery workers.   

 Conclusion: 
Our data suggests that the lead 

exposed persons having altered lipid profile, 
increased total cholesterol and decreased HDL 
cholesterol.  
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It suggests that lead exposed persons 
are at the high risk of cardiovascular diseases. 
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Table 1 

Demographic and Anthropometric Characteristics of the Subjects (Values: Mean ± S.D.) 
Parameter Case Group Control Group  P-Value 

Age(Years) 31.62±6.03 29.60±6.01 P>0.0005 

Time of Exposure(Years) 10.76±2.43 00  

Hour of exposure per day in  workshop  10.76±2.43 00  

Chest(cm)  81.36±3.46 81.83±3.52 P>0.0005 

Abdomen(cm) 69.47±7.26 70.97±5.62 P>0.0005 

Hips(cm) 82.71±2.91 83.60±2.77 P>0.0005 

Height(m) 1.56±0.13 1.58±0.12 P>0.0005 

Weight(m) 65.31±8.51 62.61±7.41 P>0.0005 

BMI(Kg/m2) 24.32±4.74 25.89±3.26 P>0.005 

B.P. Systolic(mm Hg) 127.63± 20.16 123.18 ± 5.05 P<0.0001 

B.P. Diastolic(mm Hg) 79.23±10.78 81.52±4.81 P<0.0001 

Heart rate 69.12±11.15 72.70±3.46 P<0.005 

Hemoglobin (gm %) 9.036±1.002 11.694±1.018 P<0.0001 

Table 2 
Blood Lead and Blood Lipid Profiles of the Subjects (Values Are Mean ± S.D) 

Parameter Case Group Control Group  P-Value 

Blood lead value(in ɛg/dl) 35.45 ± 13.36 6.04 ± 1.49  P<0.0001 

Hemoglobin (gm %) 9.036±1.002 11.694±1.018 P<0.0001 

Total cholesterol(mg/dl) 142.14±31.92 95.72±11.57 P<0.0001 

T.G. (mg/dl) 162.06±90.85 138.62±5.65 P>0.005 

HDL Cholesterol (mg/dl) 38.80±10.13 65.53±6.52 P<0.0001 

LDL Cholesterol (mg/dl) 158.30±22.70 103.77±4.62 P<0.0001 

VLDL(mg/dl) 74.05±68.65 19.48±4.15 P<0.0001 

Total cholesterol /HDL Cholesterol 3.66±3.15 1.46±1.77 P<0.0001 

LDL /HDL  4.07±2.20 1.58±0.70 P<0.0001 
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Abstract 
There have been several studies on the human skull, long bones, pelvis, sacrum and manubrium 

to establish the sex of skeletal remains. If small segment of the bone or small bone is found then it will be 
very difficult to identify the sex. The present study showed the sternal extremity of the fourth rib can be 
used in determining the sex by direct metrical analysis of an isolated 4

th
 rib. The samples (55 males, 39 

females) were obtained from individual of known age and sex and three measurements (SI, APW and 
PD) were taken from each rib. The sample was divided into five groups from less than 15 years to more 
than 60 years and was analysed by stepwise discriminant function analysis. It was found the specificity of 
sex determination varied from 50 % to 88.89 % and overall correct classification varied from 60% to 94%. 
SI was the most reliable followed by APW and APW measurement is most useful criteria for more than 60 
year of age. It was therefore concluded that sexual dimorphism can be detected by direct measurement of 
fourth rib and this dimorphism increases with age 

 

Key Words: Identification, Sex Determination, Sternal Rib, Discriminant function 

 

Introduction:   

Identification means absolute fixation of 
the individuality of a person. Identification of the 
individual whether living or dead is of paramount 
importance in day to day practice. After the 
identity of the individual is established it opens 
up the channel for successful crime 
investigation. Even in civil cases identification of 
a living person is important. Identification can be 
partial or complete.  Partial identification means 
ascertaining only few facts about the individualôs 
identity while the other facts still remain 
unknown. In Corpus Delecti, doctors have to 
establish two facts identity as well as cause of 
death. In case where the body is skeletonized 
age and sex determinations are always crucial 
and problematic especially when incomplete 
skeleton is received and when there is no other 
means available to identify the body. 
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Determination of sex from skeletal 
remains has been studied and analyzed 
extensively by researchers from abroad. In India 
the pioneers in this field are Jit & Singh [1],   
Singh & Singh. [2-6] Krogman [11] is of the view 
that 100 % accuracy in sex determination can be 
achieved when the entire skeleton is available. 
However problem arises when fragmentary 
remains of skeleton are brought for examination. 

Therefore we have used the sternal end 
of 4

th
 ribs of both sides to establish the identity of 

sex of the victim. The sternal end of rib is 
chosen because it has been shown from earlier 
study by Iscan et al [7-9] to be a perfect bone to 
show advancement of age and the age can also 
be estimated by this method if the partial 
skeleton is found. It also appeared to fit Howellôs 
criterion [10] of showing advancement of age 
rather than the effects of function & stress. 

Aims and Objectives: 
1. To determine the sex of the subjects by 

measurement of 4
th
 rib parameters   

2. To find out the best parameter to be used for 
measurement 

Material and Method: 
The present study was conducted by 

Department of Forensic Medicine, Teerthanker 
Mahaveer Medical College & Research Centre 
Moradabad on 100 pairs of 4

th
 rib taken from 

dead body brought for postmortem examination 
in mortuary of district Moradabad, UP. Out of 
these 94 pair of 4

th
 rib were taken for study and 
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6 pairs were excluded because they were 
partially destroyed and fractured during 
collection procedure and were not suitable for 
the study. 
Study Material:  

The material comprised of 188 (55 
males, 39 females) 4th ribs collected at autopsy 
both from right and left side of dead body. Out of 
188 fourth rib 55 ribs of right side and 55 ribs of 
left side are taken from males and 39 right rib 
and 39 left rib were taken from females, of 
known age who were brought in for post- 
mortem examination to the mortuary of district 
Moradabad. As soon as the body was brought 
for post- mortem examination its particulars were 
recorded and age was cross checked from 
relatives. The sternal end of fourth rib was 
collected after identifying and by cutting 2ò long 
portion along with costochondral junction with 
the help of rib cutter. To avoid mixing of each rib 
it was suitably tagged and numbered.  

The specimens were left in glass 
container filled with saturated solution of sodium 
chloride for 6 to 8 weeks. They were then boiled 
in water with a pinch of sodium bicarbonate for 
30 minutes. All the adherent soft tissues 
including coastal cartilages were carefully 
removed and dried for 2 to 3 days. Following the 
technique presented by Iscan et al (7-9], three 
osteometric measurements were taken at the 
sternal end of fourth rib with the help of vernier 
caliper to the nearest tenth of a millimeter: 

¶ Maximum Superior Inferior Height          (SI) 

¶ Maximum Anterior Posterior Width         
(APW) 

¶ Maximum Pit Depth                                 
(PD) 

Age Groups 
The ribs were grouped in five different 

age groups ranging from less than 15 year age 
group to more than 60 yrs. SPSS software 
version 19 was used for the discriminant function 
analysis. Standard canonical discriminant 
function co-efficient was obtained and D.F can 
be calculated by formula DF = SI x (X) + APW x 
(Y) + PD x (Z) where X, Y and Z are the 
coefficients of various parameters of different 
ribs utilized for the study. This equation can be 
used for all age groups and D.F can be 
accordingly calculated. Structure matrix value 
was obtained and the value having more positive 
value indicates the best parameter for the study 
in particular age group. Then all the data was 
compiled by SPSS to find out the correctness of 
the classification, sensitivity and specificity of the 
age group for the differentiation of gender.    

 

Results: 
In present study out of the 94 cases, 

male constituted 55 (58.51%) while female 
constituted 39 (41.49%) of cases.(Table 1)There 
is no significant association between the gender 
and location of the rib measurement and also 
there is no such significant association between 
gender and parameter of rib measurement as 
the p value is > 0.05, hence the hypothesis of no 
difference is accepted (Table 2) 

Descriptive statistics of all the 
participants with their individual parameter of the 
rib measurement showed that in the first age 
group of less than 15 years out of three 
osteometric dimensions two parameters (SI 
height and APW) were used to discriminate the 
sex while in rest of group all the parameters 
were used to separate the sex. (Table 3A & 3B) 

According to the  goodness of fit test 
data for all groups, less than 15 years  age 
group is not good for fit as the significance value 
is greater than 0.05, the data is fit for the rest of 
the groups of participants as significance value 
is < 0.05. (Table 5) 

SI has shown positive coefficient for all 
age groups indicating best parameter except for 
61ï75 year group which showed APW having 
positive coefficient indicating APW is best 
parameter for this age group. From the structure 
matrix of group wise parameters it is evident that 
parameter SI is more appropriately and 
positively discriminating the gender. (Table 6) 

In our study the group means of each 
predictor variable according to gender and age 
wise showed the negative values for age group 
(31ï60) year in males and positive values for 
females. It indicates discriminant function 
analysis discriminates females more correctly 
than males in this age group. (Table 7) It is clear 
that sexual dimorphism is detectable by the 
discriminant function analysis in all the age 
groups. Average accuracy varied from 60 % to 
94 %. Sensitivity in males was 88.89% and in 
females was 80%. (Table 8A &8B) 

Discussion:  
With the skull and pelvis have been 

proved to be the most reliable indicator of sex 
but they can be missing or damaged in some 
cases.  [11] Other parts of the skeleton have 
also been researched with varying degree of 
accuracy. Overall this study revealed that 
accurate sex determination from the sternal 4

th
 

rib could be as high as 94%. Also it is one of the 
few parts of the skeleton in which sexual 
dimorphism increases with age. This was 
comparable to highly dimorphic areas such as 
distal epiphyses of femur and proximal 
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epiphyses of tibia with correct classification rate 
of 89% & 87% respectively.  [12, 13] Iscan et al 
[14] introduced the rib phase technique where it 
was indicated that sexual difference in adult rib 
can be assessed with great reliability using 
discriminant function statistics.  

This study has demonstrated that 4
th
 rib 

shows sexual dimorphism. It was found that 
superior inferior height was most potential 
measurement for sex determination and sexual 
dimorphism was highest in age group from 40 to 
75 years and least in less than 15 year age 
group. The similar study was done on Turkish 
population

 
[15] which also showed that SI height 

is most reliable dimension for sexual dimorphism 
and if both dimensions are taken together it 
gives an accuracy of 86 % to 90%.  

Similar study done on West African 
population in Ghana

 
[16] showed the accuracy of 

sex determination varied from 80% in the young 
and 74% in the old groups to 78% for the total 
group. Iscan et al [14] study in North American 
whites and black as well as in others showed the 
accuracy of sex determination varied from 82% 
in the young and 89% in the old group to 83 % 
for the combined group.

 
The study is based on 

known age of males and females so the 
assessment of age is very much important 
before the analysis of the gender. If the 
approximate age is not known then there can be 
error in determination of gender. It should be 
noted that in all the studies mentioned above, 4

th
 

rib is used for the assessment.  
The present work has used only 4

th
 rib 

for sex determination; therefore more studies 
should be done on other ribs as well. In a study 
for analysis of intercostal age variation at the 
sternal end of the rib indicated that difference 
among 3

rd
, 4

th
 and 5

th
 ribs were within one phase 

for 98 % of the sample.
 
[17] Another research for 

complete osteological analysis of variation in rib 
(3 to 7) of the rib cage was carried out and 
preliminary result indicated that SI and APW 
dimension of rib 3 to 7 are not statistically 
significant from the adjacent one.  [18]  

Therefore 4
th
 rib should be identified first 

with very caution as the technique is specific to 
4

th
 rib e.g. if the skeleton is found in the grave or 

soil it will not be always easy to determine that 
which rib is the fourth one. Another problem is 
with the preservation of the sternal end of the 
rib. As many scientist know that soil condition is 
very much critical as less acidic soil will preserve 
much better than more acidic soil. To reduce any 
potential damage one must be very careful when 
the ribs are to be collected from the grave or 
from the ground as it is observed that police 
collects the skeleton and forms the bundle of  

bones and sent it to medical officer for 
postmortem examination. Ideally forensic expert 
or anthropologist should be called by the police 
at the site where the body is exposed and 
destroyed by the natural condition or by animals 
to collect this fragile bone. 

 References:  
1. Jit J, Singh S. ñThe sexing of the Adult Clavicleò, Indian Journal of 

Medical research; 1966;54;551-571 
2. Singh S., Singh S.P. ñThe sexing of Adult Femoral- Demarking 

points for Varanasi zoneò. Journal of Indian Academy of Forensic 
Sciences;1972b;11(2):pp. 1-6 

3. Singh S., Singh S.P. ñIdentification of sex from Humerusò. Indian 
Journal of Medical research; 1972a ;60 (7); 1061-1066 

4. Singh S., Singh S.P. ñIdentification of sex from the Ulnaò. Indian 
Journal of Medical research; 1974b ;62 (5); 721-735 

5. Singh S., Singh S.P. ñIdentification of sex from the Tibiaò. Journal 
of Anatomical Society of India;1975;24:pp 20-24 

6. Singh S., Singh S.P. ñIdentification of sex from the Fibulaò. Journal 
of Indian Academy of Forensic Sciences;1976;15:pp 29-34 

7. Iscan M. Y., Loth S. R., Wright R. K. ñMetamorphosis at the 
Sternal Rib End: A new method to estimate age at death in White 
Males,ò American Journal of Physical Anthropology, Vol. 65 No.2, 
Oct. 1984, pp. 147-156. 

8. Iscan M. Y., Loth S. R., Wright R. K. ñAge Estimation from the Rib 
by Phase Analysis: White Males,ò Journal of Forensic Sciences, 
Vol. 29, No. 4 Oct. 1984, pp. 1094-1104. 

9. Iscan M. Y., Loth S. R., Wright R. K. ñAge Estimation from the Rib 
by Phase Analysis: White females,ò Journal of Forensic Sciences, 
Vol. 30, No. 3 July. 1985, pp. 853-863. 

10. Howells WW. Age and individuality in vertebral lipping:  Notes on 
Stewartôs Data. In Homenaje a Juan Comas en su Aniversario, 
1965; 2: 169-178. 

11. Krogman W.M. The Human Skeleton in Forensic Medicine, Charles 
C Thomas, Springfield, IL, 1962. 

12. Iscan M. Y., Miller-Shaivitz P. ñDetermination of Sex from the 
Femur in Blacks and Whites,ò Collegiums Anthropologicum, Vol. 8, 
No. 2, Dec. 1984, pp. 169-175. 

13. Iscan M. Y., Miller-Shaivitz P. ñDiscriminant Function Sexing of the 
Tibia,ò Journal of Forensic Sciences, Vol. 29, No. 4, Oct. 1984, pp. 
1087-1093. 

14. Iscan M. Y. ñOsteometric Analysis of Sexual Dimorphism in the 
Sternal End of the Rib,ò Journal of Forensic Sciences, JFSCA, Vol. 
30, No. 4, Oct. 1985, pp. 1090-1099. 

15. Cologlu AS, Iscan M.Y., Yauvz M.F., Sari H. Sex determination 
from the ribs of contemporary Turks. J Forensic Sciences 1998; 
43(2)273-276. 

16. Wiredu E.K, Kumoji R, Seshadri R, Biritwum RB. Osteometric 
Analysis of Sexual Dimorphism in the Sternal End of the Rib in West 
African Population. J Forensic Sci 1999; 44(5):921-925. 

17. Loth S.R., Iscan M.Y., Scheuerman EH. Intercostal variation at the 
sternal end of the rib. Forensic Sci Int 1994; 65:135-43. 

18. Allen M.B. Osteometric variation in ribs: American Blacks. Florida 
Atlantic University MA Thesis. Boca Raton, 1997. 

Table 1: Frequency of Participants  
Age grps (Yrs) Male (%) Female (%) Total 

<15  3 (60) 2 (40) 5 (100 %) 

16-30  26 (68.4) 12 (31.6) 38 (100 %) 

31-45 12 (48) 13 (52) 25 (100 %) 

46-60 9 (50) 9 (50) 18 (100 %) 

61-75 5 (62.5) 3 (37.5) 8 (100 %) 

Total 55 (58.51) 39 (41.49) 94 (100 %) 

Table 7: Function at Group Centroids 
Age (yrs) <15 16-30  31-45  46-60  61-75  

 Function Function Function Function Function 

SEX 1 1 1 1 1 

Male .382 .540 -1.354 -2.993 3.737 

Female -.573 -.281 1.250 2.993 -6.228 
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Table 2: Location and Parameter Wise 
Distribution 

 

SEX 

Male Female 

Count Count 

LOCATION 
(P>0.05, Non-significant) 

L-4 84 78 

R-4 162 115 

PARAMETER 
(P>0.05, Non-significant) 

APW 84 66 

PD 78 61 

SI 84 66 

Table 4B: Discriminant Function Analysis 
Parameter 46-60 years 61-75 years 

  Mean Std. Dev Mean Std. Dev 

Male 
 
 

SI 14.437 .6147 17.624 1.8569 

APW 7.012 .2150 8.954 .1916 

PD 3.637 .3637 5.874 .2373 

Female 
 
 

SI 17.746 .6370 17.082 2.3205 

APW 8.037 .7583 7.000 .2083 

PD 5.089 .6884 4.032 .1792 

 
Table 3A:  Descriptive Statistics of Parameters 

 <15 years 16-30 years 31-45 years 

 SI APW SI APW PD SI APW PD 

N 10 10 76 76 76 50 50 50 

Mean 13.42 4.662 15.482 6.499 2.959 16.140 7.318 4.203 

Std. Error of Mean .296 .1959 .1947 .0943 .0805 .2866 .1326 .1255 

Std. Deviation .937 .6195 1.6975 .8221 .7018 2.0264 .9374 .8873 

Table 3B:  Descriptive Statistics of Parameters 
Parameter 46-60 years 61-75 years 

 SI APW PD SI APW PD 

N 36 36 36 16 16 16 

Mean 16.091 7.524 4.363 17.421 8.221 5.183 

Std. Error of Mean .2980 .1260 .1525 .4961 .2489 .2363 

Std. Deviation 1.7880 .7561 .9149 1.9843 .9955 .9450 

Table 4A: Discriminant Function Analysis 
Parameter < 15 years 16-30 years 31-45 years 

  Mean Std. Dev Mean Std. Dev Mean Std. Dev 

Male 
 
 

SI 13.587 .9758 16.312 1.0553 14.563 .6252 

APW 4.653 .6489 6.764 .8240 6.599 .5124 

PD   3.225 .7753 3.473 .3937 

Female 
 
 

SI 13.175 .9535 15.050 1.8130 17.597 1.7585 

APW 4.675 .6702 6.362 .7946 7.982 .7251 

PD   2.821 .6247 4.877 .6459 

Table 5: Canonical Discriminant Functions 

Age groups Function Eigen Value Canonical Correlation Wilkõs Lambda Chi-square Sig. 

<15 years 1 .273 .463 .785 1.691 .429 

16-30 years 1 .156 .367 .865 10.507 .015 

31-45 years 1 1.764 .799 .362 47.274 .000165 

46-60 years 1 9.483 .951 .095 76.368 .00046 

61-75 years 1 26.601 .982 .036 41.473 .000046 

Table 6: Standardized Canonical Discriminant Function Coefficients and Structure Matrix 
 <15 years 16-30 years 31-45 years 46-60 years 61-75 years 

 Function Function Function Function Function 

 1 1 1 1 1 

 *SCDFC **SM *SCDFC **SM *SCDFC **SM *SCDFC **SM *SCDFC **SM 

SI 2.098 .446 1.434 .961 1.594 .998 1.501 .883 -.130 .992 

APW -1.879 -.035 -.249 .724 0.117 .069 -.245 .441 1.020 .847 

PD   -.313 .609 0.006 .240 -.569 .307 -.010 .027 

*Standardized Canonical Discriminant Function Coefficient ** Structure Matrix 

Table 8A: Predicted Group Membership 
 Sex <15 years 16-30 years 31-45 years 

 Male Female Total Male Female Total Male Female Total 

Count Male 4 2 6 20 6 26 24 0 24 

Female 2 2 4 23 27 50 8 18 26 

Sensitivity Male 66.7 33.3 100 76.9 23.1 100 100 0 100 

Specificity Female 50.0 50.0 100 46.0 54.0 100 30.8 69.2 100 

Overall  correctly classified 60 % 61.8% 84.0% 

Table 8B: Predicted Group Membership 
 Sex 46 - 60 years 61 - 75 years 

 Male Female Total Male Female Total 

Count Male 16 2 18 8 2 10 

Female 2 16 18 1 5 6 

Sensitivity Male 88.89 11.11 100 80.0 20.0 100 

Specificity Female 11.11 88.89 100 16.67 83.33 100 

Overall  correctly classified 94% 92% 
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Abstract 
Determination of ótime elapsed since deathô (TSD) is one of the important content of the post-

mortem report. Although the status of transparency of cornea is variable, depending on different factors 
like other parameters used for the purpose of determination of time since death but it is less variable as 
compared to others. The study sample comprised of 238 medico-legal autopsies conducted in the 
department of Forensic Medicine & Toxicology, Rajendra Institute of Medical Sciences, Ranchi, 
Jharkhand during June 2006 to September 2007. In majority of cases cornea remains transparent & moist 
in 0ð06 Hrs and becomes transparent & dry in 06ð12 Hrs, transparent to hazy in 12ð24 Hrs, hazy to 
opaque in 24ð36 hrs and opaque in >36 Hrs. In sequence, changes occurs more in warm & moist 
weather then in warm & dry weather and cold & moist weather respectively and least in cold and dry 
weather. 
 

Key Words: Cornea, Transparent, Hazy, Warm, Cold, Dry, Moist, Time Elapsed Since Death (TSD) 

  

Introduction: 
Determination of ótime elapsed since 

deathô (TSD) helps in the investigation of 
complex and mysterious cases to unearth the 
truth for the administration of justice in many 
ways. In general, determining the time of death 
is extremely difficult, and accuracy is almost 
impossible. Although by careful study of different 
macroscopic, microscopic, chemical and 
biological parameters, the TSD can be 
determined in considerably narrow range. The 
status of transparency of cornea is also variable 
depending on different factors, like other 
parameters used for the purpose of 
determination of TSD but it is less variable as 
compared to others.  

Materials and Methods:    
The study sample comprised of 238 

medico-legal cases for autopsies conducted in 
the department of Forensic Medicine & 
Toxicology, Rajendra Institute of Medical 
Sciences, Ranchi, Jharkhand, during June 2006 
to September 2007.  
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Only those cases whose TSD were 
known by relatives, police or doctors and verified 
by other post-mortem changes, were included in 
this study.      
The study was based upon variation in: - 
1. Weather:  Condition of weather was 

categorized in terms of warm & moist, 
warm & dry, cold & moist and cold & dry. 
Cold means the average of maximum and 

minimum temperature of the day when it is 
below 22°C and above 22°C is warm. [1] Moist 
means average of the relative humidity above 
70% and below it was considered dry. [2] 
2. Cornea:  Transparency of cornea was noted 

in following manner: 
a. Transparent and   moist 
b. Transparent and dry 
c. Transparent to hazy 
d. Hazy 
e. Hazy to Opaque  
f. Opaque 

For the purpose of classifying the 
observation systematically, the dead bodies 
were grouped in the following manner based on 
the known time elapsed since death: 

Group Time elapsed since death 

I 0ð06Hrs 

II 06ð12 Hrs 

III 12ð18 Hrs 

IV 18ð24 Hrs 

V 24ð36 Hrs 

VI >36 Hrs 
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Inclusion Criteria: 

¶ When TSD was known by the relatives, 
police or doctors 

¶ When it is verified by other post-mortem 
changes 

Exclusion Criteria: 
a. When eyes were open.  
b. Body was kept in cold room/ freezer. 
c. Body was grossly affected with septicemia.  
d. Death was due to diarrheal diseases and 

malnutrition. 

Observation: 
Status of Transparency of Cornea in Cold & 
Dry Weather: 

During this weather a total of 54 cases 
were examined. In 0ð6 Hrs of TSD, cornea 
remained transparent in 100% case in which it 
was transparent & moist in 91.67 % of cases.  In 
06ð12 Hrs cornea remained transparent in 75% 
cases but it became dry, in 50% cases.  

In 12 to 18 hrs cornea became 
transparent to hazy in 75% cases and in 25% 
cases remained transparent where as in 18 to 
24 Hrs corneas became hazy in 50% cases and 
remained transparent to hazy equally in 50% 
cases. In 24ð36 Hrs cornea became hazy to 
opaque in majority (54.55%) cases and 
remained hazy in 2

nd
 largest number (27.27%) of 

cases. In >36 Hrs it became opaque in majority 
(62.5%) of cases and remained hazy to opaque 
in 28.57% cases. 
Status of Transparency of Cornea in Cold & 
Moist Weather: 

During this weather a total of 65 cases 
were examined. In 0ð6 Hrs of TSD cornea 
remained transparent in 81.81% case in which it 
was transparent & moist in 63.63 % of cases. In 
06ð12 Hrs cornea remained transparent in 
66.67% cases but it became dry, in 50% cases 
and in 25% cases it became transparent to hazy. 
In 12 to 18 hrs cornea became transparent to 
hazy in 50% cases and in 37.50% cases it 
became hazy where as in 12.50% cases it 
remained transparent and dry. In 18 to 24 Hrs 
cornea became hazy in 42.85% cases and 
remained transparent to hazy equally in 42.85% 
cases where as in 14.28 % cases it became 
hazy to opaque. In 24ð36 Hrs cornea became 
hazy to opaque in (80%) cases and became 
opaque in 20% cases. In >36 Hrs it becomes 
opaque in majority (85.71%) of cases and 
remained hazy to opaque in 14.29%.  

Above observation indicates relatively 
more changes occurring in moist weather may 
be attributed to relatively more decomposition in 
moist weather. 
 

Status of Transparency of Cornea in Warm 
and Dry Weather: 

During this weather a total of 44 cases 
examined. In 0ð6 Hrs of TSD cornea remained 
transparent in 75% case in which it is 
transparent & moist in 50% of cases, where as 
in 25% cases it became transparent to hazy.  

In 06ð12 Hrs cornea remained 
transparent in 33.33% cases which all became 
dry and in 44.44 % cases it became transparent 
to hazy. 12 to 18 hrs cornea became transparent 
to hazy in 44.44% cases and in 33.33% cases it 
became hazy. In 18 to 24 Hrs cornea became 
hazy in 50% cases where as in 33.33 % cases it 
became hazy to opaque.  

In 24ð36 Hrs cornea became hazy to 
opaque in 85.71% cases and opaque in 14.29 % 
cases. In >36 Hrs it becomes opaque in 100% 
cases. Above observation shows that relatively 
more changes in warm environment.  
Status of Transparency of Cornea in Warm 
and Moist Weather: 

During this weather a total of 75 cases 
were examined. In 0ð6 Hrs of TSD cornea 
remained transparent in 66.67 % case in which it 
is transparent & moist in 50 % of cases and in 
33.33 % cases it became transparent and hazy. 
In 06ð12 Hrs cornea remained transparent in 
60% cases but it became dry, in 50% cases and 
in 40% cases it became transparent to hazy.  

In 12 to 18 hrs cornea became 
transparent to hazy in 44.44% cases and in 
22.22% cases it became hazy where as in 
22.22% cases it remained transparent and dry. 
In 18 to 24 Hrs cornea became hazy in 23.08% 
cases but remained transparent to hazy equally 
in 61.54% cases where as in 15.38 % cases it 
became hazy to opaque. In 24ð36 Hrs cornea 
became opaque in 100% cases. In >36 Hrs it 
becomes opaque in 100% cases. 

From above observation it appears that 
initial changes in warm and moist weather (as 
compared to warm and dry weather) is less 
because the moisture prevents the drying of 
cornea; but later on changes hastens due to 
relatively more decomposition in moist weather. 

Discussion: 
A. Behera et al did ophthalamoscopic 

examination in cases in which time since death 
was within 2 to 4 Hrs as cornea was clear during 
this period. [3] 

Lan Zhou et al established relationship 
between changes of corneal opacity and PMI by 
processing and analyzing corneal images [4] 

 Suzutani T et al says that when cornea 
is transparent, the time which has elapsed since 
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death is less than 36 Hrs with few exceptions, 
with eyelids either open or closed. [5] 

Conclusion: 
In majority of cases cornea remains 

transparent & moist in 0ð06 Hrs and becomes 
transparent & dry in 06ð12 Hrs, transparent to 
hazy in 12ð24 Hrs, hazy to opaque in 24ð36 
hrs and opaque in >36 Hrs. In sequence 
changes occurs more in warm & moist weather 
then in warm & dry weather and cold & moist 
weather respectively and least in cold and dry 
weather. This is evident from the present study 
that corneal examination is an important tool for 
the estimation of Time Elapsed Since Death in 
different geographical and climatic situations 
with relatively greater degree of accuracy.   

It may prove helpful for doctors working 
in periphery hospitals like sub-district and district 
hospitals, where one hardly find any amenities, 
facilities and environment to conduct autopsies.  

  Moreover, no such study has ever been carried 
out previously in this state of specific 
environmental settings, so the findings of the 
present study will be of great importance with 
respect to academic and Public Health issues.  

Future Scope of the Study:  
Some computer assisted device might 

be developed to quantify the opacity based 
prediction of TSD which can further help the 
same with even greater degree of precision.  

References: 
1. D. S. Lal .Classification of climate. Text book of Climatology ed 

2006, page:  337. 
2. D. S. Lal. Humidity, Text book of Climatology ed.  2006, page: 179. 
3. Behera A.et al. Eye is the spy of Forensic Medicine. Medico-legal 

update. Vol 5, No.2 (2005-04-2006) 
4. Lan Zhou et al. Image analysis on corneal opacity: A novel method 

to estimate postmortem interval in rabbits. Journal of Huazhong 
University of Science and Technology [Medical Scieces] April 2010, 
volume 30, Issue 2, pp 235-239. 

5. Suzutani T et al. Studies on the estimation of post mortem interval. 
Hokkaido Igaku Zasshi. 1978 Jan; 53(1):7-13 

 

Table 1  

Status of Transparency of Cornea in Different Time and Weathers 

Time 
(Hrs) 

Season Transparent Transparent to hazy Hazy Hazy to opaque Opaque Total 

 Transparent & moist 

Transparent & dry 

0-6 C&D 12(100%) 11 (91.67%) 0 0 0 0 12 

1 (8.33%) 

C&M 9 (81.81%) 7 (63.63%) 2(18.18%) 0 0 0 11 

2 (18.18%) 

W&D 6 (75%) 4 (50%) 2(25%) 0 0 0 8 

2(25%) 

W&M 8 (66.67%) 6 (50%) 4 (33.33%) 0 0 0 12 

2 (16.67%) 

6-12 C&D 6 (75%) 2 (25%) 2(25%) 0 0 0 8 

4 (50%) 

C&M 8(66.67%) 2 (16.67%) 3(25%) 1(8.33%)  0 12 

6 (50%) 

W&D 3 (33.33%) 0 4(44.44%) 2(22.22%) 0 0 9 

3 (33.33%) 

W&M 12 (60%) 2 (10%) 8(40%) 0 0 0 20 

10 (50%) 

12-18 C&D 2 (25%) 0 6(75%) 0 0 0 8 

2 (25%) 

C&M 2(12.50%) 0 8 (50%) 6 (37.50%) 0 0 16 

2 (12.50%) 

W&D 1(11.11%) 0 4(44.44%) 3(33.33%) 1(11.11%) 0 9 

1 (11.11%) 

W&M 4(22.22%) 0 8(44.44%) 4(22.22%) 2(11.11%) 0 18 

4(22.22%) 

18-24 C&D 0 4(50%) 4(50%) 0 0 8 

C&M 0 6(42.85%)  6(42.85%) 2(14.28%) 0 14 

W&D 0 1 (16.67%) 3 (50%) 2(33.33%) 0 6 

W&M 0 8(61.54%) 3(23.08%) 2(15.38%) 0 13 

24-36 C&D 0 1((9.09%) 3 (27.27%) 6 (54.55%) 1 (9.09%) 11 

C&M 0 0 0 4(80%) 1(20%) 5 

W&D 0 0 0 1(14.29%) 6(85.71%) 7 

W&M 0 0 0 0 5(100%) 5 

>36 C&D 0 0 0 2 (28.57%) 5 (62.5%) 7 

C&M 0 0 0 1 (14.29%) 6(85.71%) 7 

W&D 0 0 0 0 5(100%) 5 

W&M 0 0 0 0 7(100%) 7 

Total  238 
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A Study of Pattern of Crush Injury in Medico-Legal Autopsy 
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Abstract 
Crush injury is a type of mechanical injury. A crush injury occurs when a body part is subjected to 

a high degree of force or pressure, usually after being squeezed between two heavy objects. Crush 
injuries are rarely encountered in everyday trauma care but become an important injury in disaster 
situations. These injuries are commonly found in victims of collapsed structures, which may result from 
earthquakes, hurricanes, tornados, bombings, and other large scale events. It is also seen in road traffic 
accidents, railway tract incidents, and in industrial accidents. 

This present study is a retrospective study undertaken at the mortuary of Forensic Medicine, 
Gauhati Medical College and Hospital. The study includes all the crush injury cases coming to the 
mortuary for autopsy during the year 2011. The main objective is to study the pattern of the crush injury 
cases in respect of different epidemiological data, to find the causes of death in different crush injury 
cases, the sex ratio and the causes of such injury. 
 

Key Words: Crush injury, Lacerated injury, Autopsy, Earthquakes, Hurricanes 

 

Introduction: 
Crush injury, a type of lacerated injury 

[11, 14] occurs because of pressure from a 
heavy object onto a body part. [13] When a 
heavy weight like a wheel of a truck passes over 
any extremity, by its shearing and grinding force, 
it tears the skin from the underlying tissues and 
crushes the muscles, soft tissues and bones 
beneath it, resulting in a crush injury. [8-10]] 

ñA crush injury is a direct injury resulting 
from crush. Crush syndrome is the systemic 
manifestation of muscle cell damage resulting 
from pressure or crushingò. [8]  

Crush injuries are rarely encountered in 
everyday in trauma care but become an 
important injury in disaster situations. These 
injuries are commonly found in victims of 
collapsed structures, which may result from 
earthquakes, hurricanes, road traffic accidents, 
railway incidents, tornados, bombings, and other 
large-scale events. [6] 

Crush Injury is also defined as injury 
sustained from a compressive force sufficient to 
interfere with the normal metabolic function of 
the involved tissue, May be open or closed. [5]  

Crush Syndrome is the systemic 
manifestations of crush injuries.  
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It consists of rhabdomyolysis, electrolyte 
and acid-base abnormalities, Hypovolemia, and 
acute renal failure. [5] 

Materials and Methods: 
This study is a retrospective study 

undertaken at the mortuary of Forensic 
Medicine, Gauhati Medical College and Hospital.  

The study includes all the crush injury 
cases coming to the mortuary for autopsy during 
the study period starting from the 1

st
 of January 

2011 till 31
st
 of December, 2011. Details of the 

cases were collected from the police, relatives 
accompanying the body, the inquest reports, 
hospital records and the autopsy reports. The 
main objective is to gather epidemiological 
information, to find the causes of death in 
different crush injury cases, the sex ratio and the 
causes of such injury. 

Observation and Results: 
A total of 2652 autopsies were carried 

out during the study period and crush injury 
comprised of 5.65% of the cases with 150 
cases. Most of the victims were between 21-30 
years of age, followed by 31-40 years. Only one 
case was found to be above 70 years. (Graph 1) 

Most of the victims were male 
comprising of 89.3 cases out of the 150 cases 
studied during the study period. (Graph 2) 

Most of the victims belong to the Hindu 
community, followed by Muslims. The religion of 
10 cases could not be ascertained as they were 
reported as unknown cases. (Graph 3) 

In this study most of the victims were 
married, and in 10 cases which were unidentified 
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cases, the marital status of the victims was not 
known. (Graph 4) Accidental injuries top the list 
with 96.6% of the cases, and rest are the 
suicidal cases. (Graph 5) 

Head and neck were the most common 
body part involved in our study, followed by 
lower limbs. In one case, the whole body was 
crushed in a run over in highway by trucks. 
(Graph 6) In present study most of the injuries 
resulted from Road traffic incidents comprising 
of 52.6% of the cases and rest were the railway 
incident. (Graph 7) Most of the victims died on 
spot before getting any treatment. (Graph 8)  

Most of the victims died instantaneously, 
followed by hemorrhagic shock. Crush injury 
associated with coma is found in five cases. 
(Graph 9) 

Discussion:  
Most of the victims were male and 

belongs to the Hindu community, which is similar 
to the findings of Dr. Gunajit Das, Dr. Y Malik 
and Dr. A.P. Baruah. [3, 4, 7] It depends on the 
relative ratio of various religions in a given area. 
In the area where Gauhati Medical College is 
located, most of the people belong to the Hindu 
religion, which results in their greater count in 
this study.  

Most of the victims are between 21-30 
years of age, which is similar to the findings of 
Dr. Y Malik [7] and Dr. A.P Baruah [13] but 
different from the findings of Dr. G. Das, [4] who 
found the most common age group to be 31-40 
years.  

Ahmad, M., Hussain, S.S., Rafiq, Z., 
Khan, M.I. in their study of phalangeal fractures 
and crush injuries found the mean age of the 
male  patients  was 35.6 years and that of 
female was 29.5 years.[1] The age group 21-30 
years is the working age group in our area. 
Peoples from various districts come to Guwahati 
in search of job, which results in increased 
incidence of accidents and an increased 
incidence of crush injuries. 

Most of the injuries are accidental in 
nature, which is similar to the findings of Dr. R. 
Basu, Dr. T.K. Bose, Dr. S. Batabyal and Dr P.B. 
Paul. [2] The public transport are carrying more 
passengers than their capacity, even the 
passengers were using the roof tops of the 
transport, resulting in increased number of 
accidents and an increased number of crush 
injury cases. Head, Neck and Face is the most 
common body part involved, which is different 
from the findings of Dr. G. Das, [4] who found 
the most common body part involved in crush 
injuries was the lower limbs.  

Most injuries resulted from Road traffic 
accidents. Earlier it was thought that crush 
injuries were more common in railway incidents 
but in this study it is found that crush injuries 
were more common in road traffic incidents. 

Most of the victims died on spot 
receiving no treatment, which is similar to the 
findings of Dr. A.P Baruah, Dr. G. Das and Dr. Y. 
Malik. [3, 4, 7] Most of the injuries occur in the 
head and neck region, resulting in crushing of 
the brain, resulting in immediate death of the 
victims. 

Conclusion:    
With increasing civilization the number 

of road traffic accidents as well as the crush 
injury cases is also increasing. In this busy world 
people do not have time to wait for their turn. 
Peoples are now travelling using the roof tops 
and even hanging outside the transport vehicle, 
resulting in casualties.  

Mass education is the only option left by 
which we can reduce such injuries. The 
government needs to concentrate in this 
direction and the NGOs, social groups, and 
DOCTORs need to put in more sincere effort. 

Steps should be taken not only to 
minimize the mortality but also to prevent and 
reduce their incidence at least in cases where 
human errors and human greed plays a role.  
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Graph 1:  According to Age 

 
Graph 2: According to Sex 

 
Graph 3: According to Religion 

 
Graph 4: According to Marrital Status 

 
Graph 5: According to Manner of Injury 

 
 

Graph 6: According to Body parts Involved 

 
Graph 7: According to Type of Incident 

 
Graph 8:  According to Treatment Received 

 
Graph 9: Cases According to Cause of Death 
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