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Editorial
Discovery Ruleand Medical Negligence

As a General Rule consumer court can reject the complaint of medical negligence if filed after lapse of two
years from the date of cause of action under section 24AfiThé s c o v e evglved®ytheeCourts in United
Stateshas been recently applied blye Hondbl e Supreme Cour t"Qcfobel2010.iTRe i n a ¢
patient wasemployed as a Nurse in Government Hospital, Goahe hado reason to suspect that gauze might
have been left in her abdomen at the time of surgery performed in Novdmer, 1993andthe Gujarat State
Commission was not at all justified in non suiting her on the premise that the cause of action had accrued in
the year 1993 and complaint filed in the year 25.10.200Rara 12]

The term cause of action is not defined in Mog of 1986 thesame has to be interpreted keeping in view
the context in which it has been useth Section 24A (1)andobject of the legislation The question of limitation
is a mixed question of law and fact.

Section 24A, Limitation period:

(1) The District Forum, the State Commission or the National Commissiali not admit a complaint
unless it is filed within two years from the date on which the cause of action has arisen

(2) Notwithstanding anything contained in ssibction (1)a complaint may be entertained after the period
specified in suksection (1),f the complainant satisfiesthe District Forum, the State Commission or the
National Commission, as the case may that he had sufficient cause for not filing the complaint
within such period:

Provided thatno such complaint shall be entertained unlesthe National Commission, the State Commission or

the District Forum, as the case may taeords its reasons for condoning such deldy [Para 13]

Whet her effect of nleagtleinggebn?ce i s Opatentd or O
¢ In cases of medical negligence, no straitjacket formula can be applied for determining as to when the

cause of action has accrued to the consumer.

e Each case is to be decided on its own fact$ the effect of negligence on the doctor's part or an
person associated with him is patentthe cause of actionwill be deemed to have arisen on the date
when the act of negligence was done

e If, on the other hand, theffect of negligences latent, then thecause of actionwill arise on the date
when thepatient or his representative complainant discovers the harm/injury caused due to such act
or the date when the patient or his representativeomplainant could have, by exercise of reasonable
diligence discovered the act constituting negligencfPara 18]

What is the Discovery Rule?

e Wherea foreign object is negligently left in a patient's body by a surgeon and the patient is in
ignorance of the fact, and consequently of his right of action for malpractice, the cause of action does
not accrue until the patient learns of, or in the exercise of reasonable care and diligence should have
learned of the presence of such foreign object in his body.

Background of the Discovery Rule:

e The Discovery Ruleto which reference has been made waslved bythe Courts in United States
becausdt was found that the claim lodged by the complainants in cases involving acts of medical
negligence were getting defeately strict adherence to the statutes of limitation. [Para 19]

Global Scenario on applicability of the Discovey Rule:

e In Pennsylvaniag theDiscovery Rulewas adopted iAyers v. Morgan case.

e Inthat casa surgeon had left a sponge in the patient's body when he performed an operatidhwas held
thatthe statute of limitation did not begin to run until years later when the presence of the sponge in the
patient's body was discovered

e In West Virginia, theDiscovery Rulewas applied ifMorgan v. Grace Hospital Inc. case.

¢ In that casea piece of sponge had been left in the wound during a surgical operation bits presence in
the body did not come to light until 10 years later The Court rejected the objection of limitation and
observed

"It simply places an undue strain upon common sense, reality, logic and simple justice to say that
cause of actionhadd a @ @16 the plaintiffuntil the X-ray examination disclosed a foreign object within

her abdomenanduntil she had reasonable basis for believingr reasonable means of ascertaining that the

foreign object was within her abdomen as a consequence of the ngght performance of the

hysterectomy. 0

281

——
| —



J Indian Acad Forensic Med, 32(4) ISSN 09710973

Again, theSupreme Court observed
iwWe beli eki &chmav asstated and apdied in cases cited above represents a distinct and
marked trend in recent decisions of appellate courts throughout the 'hation.

Recent application of the Discovery Rule:

¢ Inldaho, the Discovery Rulewas invoked irBillings v. Sisters ofMercy of Idaho case.

e The facts of that case were that the plaintiff underwestrgical operation in 1946 A sponge was left in
the wound when the incision was closedThe same wasliscovered in the patient's body in 1961
During the intervening period the patient sustained considerable suffering, during which she
consulted various physicians

i mi t at iecnmresr adf RuG e 0 :

e After reviewing numerous authorities at great length,Goart cast aside the earlier doctrine,adopted the
Discovery Ruleandobserved

Al n r eadlgieme, r ddsHitde dolrec@dmmend it. It is neither the position of a majority of the
jurisdictions nor is it firmly based oconsiderations of reason or justiceWe will, therefore, adhere to the
following rule: wherea foreign object is negligently left in a patént's body by a surgeon and the patient is
in ignorance of the fact, and consequently of his right of action for malpractice, the cause of action does
not accrue until the patient learns of, or in the exercise of reasonable care and diligence should have
learned of the presence of such foreign object in his

e The facts inQuinton v. United States casevere that thavife of the plaintiff was given blood transfusionin
a Government hospital in 1956.In June, 1959 the plaintiff and his wife during the latter's pregnancy
discovered that wrong type of blood was given to her in 195nhdas a result she gave birth to a stillborn
child.

e The Government sought dismissal of the action for damages ogréb@d of limitation. The Court of
Appeals opinedthat whena claim accrues undéne Federal Tort Claims Act, it is governed byrederal law
andnot by local State law

e The Court then held thahe period of limitation does not begin to run until the claimant discoversor in
the exercise of reasonable diligencghould have discovered the act constituting the alleged negligence

e In Josephine Flanagan v. Mount Eden General Hospital LEXSEE case¢he application of the rule of
Discoverywasconsidered in the background of facthatduring the course of operation doneon 14.7.1958,
surgical clamps were inserted in the plaintiff's body In 1966, the plaintiff consulted a doctor because she
experienced severe pain in the region of her abdomen. The doctor told her that surgical clamps were
discovered by Xray analysis Thereafteranother operation was performed to remove the clamps

e The defendants sought dismissal of the complaint on the ground that the sabsredsy time. The Court
referred tahe Discovery Ruleandobserved
"The socalled discovery rule employed in foreign object medical malpractice casé in compatible
harmony with the purpose for whi@tatutes of Limitation were enacted and strikes a fair balance in the field
of medical malpractice. Thensoundness of the traditional rule as applied in the case where an object is
discovered in the plaintiff's body, is patetit.simply places an undue strain upon common sese, reality,
logic and simple justice to say that a cause of action had “accrued' to the plaintiff until the-day
examination disclosed a foreign object within her abdomen and until she had reasonable basis for
believing or reasonable means of ascertainj that the foreign object was within her abdomen as a
consequence of the negligent performance of the operation.”

In the case before SGhe danger of belated, false or frivolous claims is eliminatedin addition,
plaintiff's claim does not raise questios as to credibility nor does it rest on professional diagnostic judgment

or discretion. It rests solely on the presence of a foreign object within her abdomen

The policy of insulating defendants from the burden of defending stale claims brought by a partywho, with

reasonable diligence, could have instituted the action more expeditiously is not a convincing justification for

the harsh consequences resulting from applying the same concept of accrual in foreign object cases as is

applied in medical treatmentcases

A clamp, though immersed within the patient's body and undiscovered for a long period of time, retains its
identity so that a defendant's ability twheredaefdreignd a fist
object has negligently lgen left in the patient's body, the Statute of Limitations will not begin to run until the

patient could have reasonably discovered the malpractice." (Emphasis added)

Doctor should make aware of these new developments in the field of medical negtgenotect from

potential law suitis well as take reasonable precautions in the interest of patient to avoid his sufferings for which he

approached the concerned doctor

—
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Original research paper

Access of High Technology Based Medical Diagnostic Tawol
Convicted Prisoners Lodgedm a Typically Large Indian Jail 1
CT Scan & Case Study

*Dr Munawwar Husain, **Dr Usama B. Ghaffar, ***Dr Jawed Ahmad Usmati*Dr Shameem Jahan Rivzi

Abstract

Computed tomography scan of whole body or part of the limay excellent tool that has elbowed out
other radiological procedures demoting their diagnostic importance. However, it is costly to install and operate
successfully following the prescribed procedure of equipment maintenance, overhaul and replateeatenl
parts. Keeping this in view, this exercise was contemplated to find out if convicted prisoners lodged in jail are being
discriminated at any time by denying CT scan against medical advice. A typically large Indian jail was selected
because it wald be reflective of similar conditions prevailing in other jails. It was found that although the
prescription rate of CT scan was less in prison inmates as compared with the general population, no element of
discriminatory nature or prejudice could beeatted. Search on internet and other related journdtiegieno result
on this topic.Hence it was felt that a beginning should be made. In future large sample studies could be taken up for

an authoritative work. Such a work would serve the requiremethieofovernment for enacting policies as well as

create awareness among the penitentiary officers.

Key Words: CT scanConvicted prisoners, Highd¢anology, Awareness

I ntroduction:

In India, prisons are literally bursting at their
seams due to overcrowding thus exceeding the intake
capacity of prisoners. An example is of Tihar Jail
Complex [1] at New Delhi, the biggest prison in
India. It is illustrative of demoralizing state of

penitentiary affairs. Similar conditions, by and large, |-

prevail in district central jails. The root cause is large
number of under trials lodged in prisons and the sheer
number of pending cases in courts of justice
decelerating the process of final dispensation. Since
the annual budget of prisons is determirsd the
allotted capacity of convicted prisoners, the heavy
number of under trials stretches the recurring
financial allocation to gossameric thinness.
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The present research work was undertaken
to find out whether the prisoners aretting a fair
deal when it com¢o medical treatm#. Computed
Tomography (CT) scanning was selected as the
indicator of medical attention paid to the prisoners
because of the following reasons:
It is a specific diagnostic tool that utilizes high
technology, and hence involvesnsiderable cost
to the patent.
While considering codbenefit analysis (CBA)CT
comes midway to contrasX-ray and ultra
sonogram (USG) which are cheaper, and magnetic
resonance imaging (MRI) that is three times
costlier than CT scan.
CT scan needs referral by qualified and splexad
doctors, and hence it indirectlyeflect on the
attention paid to the incarcerated prisoreris a
highly focused investigative procedure.
CT units are costly to install and operate, and
hence no prison hospital can afford to have e a
huge investment is required to establish the
ancillary infrastructureThe patientsneeding CT
scan have to be referred to outside hospital
anyway.

A typical large Indian jail on which the study was

conducted

Description of Jail:

The prison is spread on an area of 23 acres
of land in the heart of the city. Its inner boundary
wall is 16 feet high and run for 3979 feet. It has

A
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separate barracks; 29 for male and 1 for female
prisoners effectively segregating the sexes. Each
barrack ha a capacity to accommodate-@0 people.

In addition it has 16 cells initially meant for solitary
confinement but now serving as quarantine area. The
prisonbés total capacity
1030 males and 20 females. At the time of writing
this paper the number of prisoners lodged was 2300,
more than half of them under trials

Hospital Figures:

The hospital staff consists of Resident
Medical Officers (02), pharmacists (02), laboratory
technician (1), laboratory attendant (1); doctons
call includes female gynecologist, medicine and
surgery specialists. Their services are generally
borrowed from the main central government hospital
of the district as and when required.

The hospital is small in terms of admission
capacity: 16 beds for male patte and 2 for female
patients. 8 beds for males and 2 for females are
exclusively earmarked for communicable diseases.

Diagnostic facilitis include provision of
simple Xray, laboratory for testing sputum (AFB),
blood (haemogram, malaria parasite), ur{neutine
and microscopic) and stool (for ova, cyst and occult
blood). In addition it has an electrocardiographic
(ECG) machine. However, its reading and
interpretation is done by the medicine doatorcall.

Bed occupancy rate hovers around 80% of
the totd bed capacity throughout the year. Most
ailments treated are typhoid, diarrhea, and simple
cases of food poisoning, fever and skin eruptions.
Serious cases requiring specialized care are referred
to higher centers / hospital. Emergency section
provides fist aid to the patient

Budgetary Provision for Medical Careto

the Inmates

Few years back the prison was paid @ 0.72
paisa ™ per patient per day by the State
Government. For 1050 capacity this would be Rs 2,
75, 940/ annually. However, the financigbsition is
slightly eased now taking into consideratidhe
spiraling inflation index T including on
pharmaceuticals and presently the prison is paid Rs
15,00,000/ annually which would come to Rs 3.91
per day per inmate. Nevertheless, this increasel3
times higher than the previous one.
Observations and Discussion

The present study has been conducted in a
typical Indian jail which is reflective of more or less
similar happenings, malaise and improvisation as in
other jails in India. Though access to medical records
of the patients was denied much information was
obtained from the doctor who was in charge of the
management of the hospital. A total of 5 CT scans
were recommended during the period from January
2008 to December 2008. Those recommended for CT
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belonged to medical domains of neurosurgery,
neurology, carcinma (suspected metastasis) and
neglected injuries, though rare in the last case. CT
scans were recommended by the specialists who had
observed the patient for quite longer period. If this

i figure ofdd inlaoyeag is corhparddby the CTsscanse r s ;

done in a local 10Bbedded medical college hospital
the disclosure would be alarming. Total CT scans in
the medical college hospital stood at 7512 during the
same period. Though it caters to specialties and super
specialties the comparison would not be comparable
in the widest of imagination. Nevertheless, for
feasibility of study the betvise recommendation of
CT in medical college hospital would be 7.15 per bed
per year (discounting the disease profile of the
patient). In that respect on 18 beds of the prison the
CT recanmendation should be more or less 128
during the same duration.

The population of prison inmates is drawn
from the same district; hence it would be expected
that they were predisposed to similar ailments and
illnesses agevise as those attending the medlica
college hospital. But it must not be lost sight of that
medical college hospital draws patients from distant
places too. Hence the demographic profile changes.
Therefore, the population profile in both cases
changes drastically and becomes incomparalxeta
n" variants.

Being a referral tertiary hospital the medical
college hospital gets the referred patients. Mostly
they have exhausted other avenues of treatment
locally to where they belonged. Hence most of them
are far advanced in disease processréfore, CT
option becomes primary. Comparably, the prison
population is mostly under 40s and has lesser
predisposition to fall prey to conditions demanding
immediate CT scan as a matter of rule. Priorities
changes because the first line of radiolagic
diagnosticexposure would be limited to-Kay and
USG.

Conclusion

From the study it was deduced that the
prison has not discriminated nor denied the option of
CT scanning to prisoners if medically required.
Those who really required CT scanning were sent
outside the prison for medical referral and
investigation keeping the interest of the patient intact.
However, the claim by the prison authorities that all
expenses were borne by the prison may be taken with
a pinch of salt. In few cases this may have besnd
by the relatives of the prisoner discreetly. However,
whatever be the case this was unambiguously
established that referral was quick and prompt and
CT scan if advised was followed. This was on the
plus side. However, the possibility cannot be gathsai
that doctors may aver from prescribing CT scan
because they know that the prison would not support

|
)



J Indian Acad Forensic Med, 32(4)

such medical expenditure. So either the needy most
or those who could sponsor the test by their own
resources may be taken up for the same.

Suggestions

1. Pooling of resources must be done.

2. Since health is human right extended by the State
irrevocably, transfer of serious patients to the
hospital equipped with necessary equipment
must be done. For this purpose and in
accordance with the above legal instrument
establishment of a large wadbuipped hospital
may be considered as an extension of
penitentiary complex. It may accommodate
patients from other prisons. It should arguably be
a stateof-the-art affair. Not only CT scan, other
diagnostic and treatmentdiities too, may be
centralized making it a composite facility center
for the jail inmates. This hospital would cater to
prison population of local area as well as other
prisons located within a perimeter of 100
kilometers or more. In the meantime the et

285
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allocation of budget should be increased. Since
investigation costs are high separate head of
accounts may be created within the broader
medical expenditure exclusively meant for the
purpose of investigation.

A large study is needed with wider term§ o
reference that could pipoint other deficiencies

in order to formulate a policy conducive with the
prison environment and beneficial to the inmates.
There is dearth of such type of focused studies
which if properly pursued would definitely lead
to ameloration of pathetic conditions in prisons.
Therefore, such academic ventures must be
encouraged.

References

1. http:/ftiharprisons.nic.in/html/profile.htm

Acknowledgement

Thanks to all the jaiktaff who ceoperated

in the study

A


http://tiharprisons.nic.in/html/profile.htm

J Indian Acad Forensic Med, 32(4)

ISSN 09710973

Original research paper

Fatal Road Traffic Accidents among Young Children

*Harnam Singh, **AD. Aggarwal

Abstract

Fatal road traffic accidents in childhood constitusgnificant public health problem. Young children are

extremely vulnerable to such injuries which are vastly preventable. 59 cases of fatal road traffic accidents in children

aged below 16 years, autopsied during 1 year period were studied. Males acéouB®@d% cases with male
female ratio of 4.9. The most common age group involved wak61lyars. The most frequent victims of road

traffic accidents were pedestrians (61%) followed by cyclists (13.6%). More than half of the cases occurred in

winter seasn and majority occurred a@-4 PM. Children themselves were at fault in majority of cases. Head injury
alone was fatal in 72.9% cases. None of the victim received any treatment-aidfiestthe site of accident. 72.9%
of victims died with in 6 hrs ofccident. The study highlights the pattern of fatalities due to road accidents in

children and suggests suitable preventive measures to reduce burden of childhood mortality due to road accidents.

Key Words: Road Traffic Accidents, Children, Injury, Fatal.

I ntroduction:
In many Countries around the world,
injuries are the leading cause of death.

Approximately 20% of all unintentional deaths
worldwide occur in children under 15 years old and
are among 10 leading causes of death. Road accidents
account for 21% of all death in this age group. [1] O
14 year children constitute 30.4% of total population
in our country. Accidental death of children accounts
for 6.7% of total such death out of whi86.3% are
due to road accidents. [2] Road Traffic injureaga
leading cause of death in childréPedestriarare 30
times more in involved in accidents as conepéw
cyclists and car occupart).

Road accidents accounted for 55% of all
accidentateath in children and in almost all of these,
the unsafe behavior of child was considered to be at
fault. [4] These road accident deaths occur in healthy
children who might have been expected to have had
productive lives and cause immeasurable distress and
guilt to the parents and other parties involved. So the
prevention of accidents in children is being
increasingly recognized as an important public health
issue.
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Material & Methods:

All the children under 16 years of age were
included in study, which died due to road accidents
over one year p&d.

During 1 year 450 cases of road accidents
were brought for postmortem examination. Out of
these 59 cases were below 16 years of age. These
cases were thoroughly studied for age and sex
distribution, place, time and cause of accident,
pattern andlistribution of injuries, fatal injuries and
cause of accident. The history was taken from
relatives, friends, and police inquest report and
hospital records. The data thus obtained was analyzed
statistically.

Observations

In one year study period 5€hildren aged
less than 16 years died due to road accidents out of
450 cases (13.1%) out of which 83.1% were males
and 16.9% were females. The commonest age group
involved was 1316 years (30.5%) followed by-B2
years (27.1%) and-8 years (20.4%) respéatly.
(Table- 1)

There were no fatal accidents before one
year of age and after that the incidence increased as
the age group increased. The national and state
highways accounted for 55.9% of all cases followed
by village roads (23.8%). (Tab®)

Pedestans (61%) were the commonest
group of road users killed followed by cyclists
(13.6%) (Table 3) 54.2% of fatal accidents occurred
in winter season (Table 4). The majority of
accidents occurred between -22 PM (27.1%)
followed by 24 PM (18.6%) and 40 AM (15.3%).

No accident occurred between 10 PM to 6 AM.
(Table - 5) Trucks and buses were responsible for
40% of fatal accident followed by cars and jeeps

A
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(30.5%) (Table- 6) Hit & Run type of accidents
occurred 59.3% cases followed byraver accidents
in 18.6% case¢Table7). Children were themselves
at fault in majority of cases like negligent road
crossing (22%), playing on road, (16.9%) and cycling
without helmet (13.6%).(Tablg)

None of the victim received any treatment or
first-aid at the site foaccident. 16.9% cases died on
spot and only 1.7% cases reached hospital with in 15
min of accident where as majority reached with in
15-30 min (18.6%) followed by 3@5 min (15.3%).
(Table9)

43 (72.9%) patients died within six hrs of
accidents out of wibh 10 (16.9%) died on spot, six
(10.2%) with in 0.51 hrs and 23 (40%) with in-&
hrs. Only two (3.4%) patients survived for more than
14 days. The longest survival period was 26 days 20
hrs in a pedestrian who died due to subdural effusion
and compresen of brain. (Tablel0)

The commonest site injured was had and
face (84.7%) followed by lower limbs (76.3%) and
upper limbs (72.9%). Multiple injuries are a rule in
road traffic accidents. In total there were 189 major
injuries in 59 cases i.e. injury perase was 3.2.
(Table1l)

Head injury was fatal in 72.9% cases
followed by abdominal (30.5%) and chest injuries
(28.7%). There were 87 fatal injuries in 59 cases that
is fatal injury/case was 1.47 (Tahl®)

Hemorrhage and shock was leading cause of
death acounting for 37.3% deaths followed by
laceration of brain and intracranial bleed in 22%
cases each. (TablE3)

Discussion

Road traffic accidents are a major cause of
childhood moatility. After one year of age as the age
group advances, the incidence oftafaaccidents
increases. Males outhnumbered females in ratio of 5:1.

[4]

Pedestrians and cyclist are the common
group injured. [3, 4, 5, 6, 7] Majority of fatal
accidents occurred during winter season. Children
were at fault in majority of cases. They weai¢her
playing on the road or crossing the roads,
unsupervised by adults. The cyclists were not
wearing any protection helmets.[4,5/8bne of the
injured received any treatment or first aid at the site
of accident.16.9% cases died on the spot and only
1.7% reached hospital with in 15 minutes of accident.
3/4" of these death occurred with in first 6 hour. [9]

Multiple injuries are a rule in road accidents.
Major injury per case was 3.2 and fatal injury per
case was 1.47. Head injuries alone were cause of
fatalities in majority of cases (72.9%) [4, 8, 10]

Road accidents are most common cause of
death in children over one year of age. So the
prevention of injury to children remains high priority
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for society. So the preventive measures should be
directed towads improving the road safety for
children, increased supervision of children by adults
and the provision of safe play areas away from the
traffic. [11]

Conclusion:

Fatal road accidents are a major cause of
childhood mortality upto 16 years of age involvin
mainly males. Children are themselves at fault in
majority of cases. To prevent these early childhood
deaths, children should be educated about traffic
rules. They should be separated from kigleed
highways and safe playgrounds should be developed
for their recreation. The cyclists should have proper
training and should be encouraged to obey traffic
rules.

Wearing of safety helmets should be made
compulsory even for the cyclists. Smaller children
should not be left unattended by parents near the
roads.Special restraining devices should be installed
in cars and buses. Walking should be encouraged in
children rather than cycling for good health and safe
journey.

Table No. 1: Age & Sex Distribution

Age Male Female Total
Group No. (%) No. (%) No. (%)
(Years)
0-1 0 (0) 0 (0) 0(0)
2-3 3(5.1) 0(0) 3(5.1)
4-5 6 (10.2) 4 (6.8) 10 (16.9)
6-8 9 (15.3) 3(5.1) 12 (20.4)
9-12 13 (22) 3(5.1) 16 (27.1)
1316 18 (30.5) 0 (0) 18 (30.5)
Total 49 (83.1) 10 (16.9) 59 (100)
(N=59)
Table No. 2: Place of Accident
Place No. %
NationalHighway 16 27.1
State Highway 17 28.7
City Road 9 15.3
Village Road 14 23.8
Approach Road 3 5.1
Total (N=59) 59 100
Table No. 3: Type of Road User Killed
Type of Road No. %
User
Pedestrian 36 61.0
Cyclist 8 13.6
Ride Motor Cycle 6 10.2
Cars Jeep 2 3.4
Passenger Bus 4 6.8
Others 3 5.1
Total (N=59) 59 100
Table No. 7: Type of Accident
Type of Accident No. %
Hit & Run 35 59.3
Run Over 11 18.6
Head on 3 5.1
Fall from bus 4 6.8
Over turn & 4 6.8
Skidding
Others 2 34
Total (N=59) 59 100
)
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Table No. 4: Seasonal Variation Table No. 11: Site of Injury
Seasons No. % Site of Injury No. %
Winter Seasons 32 54.2 Head & Face 50 84.7
Summer Seasons 19 32.2 Neck 3 5.1
Raining Seasons 8 13.6 Thorax 26 44.1
Total (N=59) 59 100 Abdomen & Pelvis 22 37.3
Table No. 5: Time of Accident Upper limb 43 72.9
Time of Accident No. % Lower limb 45 76.3
6-8 AM 3 51 Total (N=59) 189 Injury /Case =3.2
810 AM 9 15.3 Table No. 12: Fatal Injuries
1012 AM 7 11.9 Site of Fatal injury | No. %
122 P.M 16 27.1 Head 43 72.9
2-4P.M 11 18.6 Cervical Spine 4 6.8
4-6 P.M 6 10.2 Chest 17 28.7
6-8 P.M 6 10.2 Abdomen 18 30.5
8-10 P.M 1 1.7 Pelvis 3 5.1
10P.M.-6 AM 0 0 Lower limb 2 3.4
Total (N=59) 59 100 Total (N=59) 87 Injury /Case =1.47
Table No. 6: Vehicles Responsible for Accident Table No. 13: Cause of Death
Responsible No. % Cause of Death No. %
Vehicles Hemorrhage & 22 37.3
Trucks& Buses 23 40.0 Shock
Cars & Jeeps 18 30.5 Laceration of Brain 13 22.0
Tractor 7 11.9 Intracranial Bleed 13 22.0
Two wheelers 6 10.2 Compression off 6 10.2
Others 5 8.5 Brain
Total (N=59) 59 100 Respiratory Failure 4 6.8
Table No. 8: Cause of Accident Rupture of Heart 1 1.7
Cause of Accident No. % Total (N=59) 9 100
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Abstract

DNA extracted from the victimsd fingernails may as
were collected from 8 victims, and wesebjected to DNA extraction using the KiTissue and Hair Extraction Kit
(Promega) ».

All samples were typed for 15 autosomal short tandem repeats and for amelogenin using the Kit
« Powerplex TM16 system (Promega)and the ABI Prism 310 DNA sequencerheTl profiles obtained were
compared with those achieved by similar typing of wvictdi
In two Forensic investigations, mixed genotypes were detected in DNA extracted from the nails: Alleles originating

from the victim were coamplifedwih ot her all el es that matched the suspe:
victimsd fingernails contained biological materi al (bl
Our results confirmed the usefulness of the nails as a specimfenegosic identification of the aggressor.
Keywords: Fingernails, DNA, Victim, STR, Promega, Genotypic Profile, Fingernails, Hair, Tissue
Introduction: Blood collected from the 10 victims and
DNA analysis has proven to be a valuable  from 13 suspects, and bloodstains sampled from the
technique for human identification and for the  crime scenes. Samples were stored-Z4t°C until
resolution of criminal disputes.Human nail material ~ DNA extraction.
has been identified as a potential source of biological DNA extraction from blood was carried out
material for Forensic DNA testirfd, 2, 3]. by salting out technique.
Fingerna” C||pp|ngs collected from victims Bloodstains and fingernails were extracted with DNA
in assault cases, principally sexual cases, are Q" system according to the protocol described by
occasionally sent to Forensic laboratories as a Promegds]:
possible source of DNA originating from the For bloodstains, 150yl of lysis buffer was
perpetratof4]. added and incubated for 30 mn at 70°C. Lysis buffer
The aim of the present study was to optimize and Sample were then transferred to a DNA IQ Spln
the extration conditions using the Kit DNA & Basket seated in a 1.5mhicrocentrifuge tube and
system (Promega) in order to identify a foreign Cen@rifuged at room temperature for 2 minutes at
profile in wvictimso fingénﬁwmfﬁpgd BOSSI y originating
from the perpetrator. DNA was purified by adding 7pl resin. After washing
Materials and Methods: alnd dryir;)g f;)f thehresm :DNT\ was eluted in E(;Oul of
. elution buffer. The nail clippings received no
EXtraCtlo.n O f DNA . . treatment before extraction.
, W|th|n 8 ferensm CaS?W.mk& we received DNA extraction from nail clippings was
the fingernail clipping of 10 victims ofmurder (7 carried out by a modification ofhé protocol
males and 3 females). described above. In order to minimize the quantity of
Corresponding Author: endogenous DNA recovered, digestion was done at
*Dr Kamoun Arwa room temperature and not at 70°C for a short period
Hopital Hédi Chaker, Route El Ain Km 0.5, 3029 of time ranging from 1 minute to 10 minutes, mixing
Sfax, Tunisia was done by a gentle pipetting and hgtvortexing.
E-mail : arwakamoun@yahoo.fr DNA purification and elution steps were not
Tel: 216 9865282, Fax 216 74248622 modified.
** Professor Short Tandem Repeat Amplification And
Service de médecine légale, Typing:
?%(I)Dzngsaft;s I?_at;:gilgba, The DNA samples (1ng) were amplified
’ ’ using the powerplex 16 Kit following the
manufacturer 6s recommendati ol
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products wereanalyzed using an ABI Prism 310
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When studying the resolving power of the

Genetic Analyzer accor di nppwerplex 16Y dysiem, id@mke &t al tound that only s

recommended protocol.

Initial fragment sizing was performed by the
GeneScan Software (Applied Biosystems). Allele
calling was performed" by
16 macro opeting within the genotyper® software
program (Applied Biosystems).

Genetic profiles obtained from the nail clippings
were compared to those typed from blood samples.
Results

In the £' Forensic casework, the victim was
a man. The nall clippings digestion was carried out at
room temperature for 10 mn. Genetic profile analysis
revealed evidence for the presence of DNA from the
of fender in fingernail cl
with dlele signal intensities 3 times lower than those
of the victim[figure 1].

In the second investigation, the victim was a
wo man. Victimds nails wer
for only 2 mn at room temperature. Amplification
with the powerplex 18" systemshowed a foreign
male genetic profile which could be assigned to the
perpetratoffigure 2].

In the other caseworks, fingernails collected
from 8 victims were digested for only 1mn at room
temperature. Genetic profiles typed were identical to
those obtaing from the blood nail donors.

In one investigation, genetic profiles retrieved from 2
bloodstains matched the profile of one suspect,
providing hence evidence for his culpabilffygure

3].

Discussion:

DNA Identification is often useful in
forensic invesgation, since it could originate from
the perpetrator, particularly when the sample is taken
from the victim cadaver. Indeed, sexual assaults or
homicides are often associated with multiple actions
of aggression and defence which may lead to transfer
of DNA containing material: skin epithelial cells,
blood. Therefore, in relevant cases, the analysis is
focused on fingernail clippings or on debris scraped
from underneath nails[4] Several experimental
studies aimed to develop techniques for foreign DNA
extraction from nails of volunteers having scratched
other subjects.

Oz et al used phenol/chloroform for the
extraction of DNA from the entire fingernail
clippings [6] Amplification of 4 autosomal STRs
(short tandem repeats) produced a genetic profile
identical to that typed from the buccal swabs of the
same volunteers. They concluded that the routine
fingernail clippings would not contribute essential
information in forensic casework. In fact, when
digesting the entire nails, endogenous DNA would be
relaively abundant and thus preferentially amplified.
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17% of minor alleles could be detected at a ratio of
1:19.[7]

Gangitano et al optimized a non organic DNA
eRtradiom eppeedure fdP dngermaill ¢ligpmgs after
scratching|[8]

DNA samples were typed for an STR locus
residing on the Y chromosome: DYS19. The success
rate of typing of the scratched person was 64%. This
strategy based on the identification of haplotypic
markers could be useful only for the exclusion of
male suspects.

Wiegand et al reported that a foreign profile
could be obtained from debris scraped from
iungleyneathy nails & femqvay ef particlestwasyfarsed h a n d s
out with sufficient carg[9]

Cline et al developed a technique for
isolating and purifying foreign DNA in fingernalil
€lippingsd1R]ehwiman fest paisewene peavilyscoated f f e r
with mouse liver and allowed to dry several days. A
one hour HO/EDTA (ethylenediaminetetraacetic
acid) soak of camminated nail clippings released
only exogenous DNA. The presence or absence of
each species DNA was confirmed through
mitochondrial DNA amplification using PCR sites
conserved in all mammals.

To date, genetic identification of foreign
DNA in fingernail dippings was successful in 2
cases. In the®ireport, debris from the fingernails of
the suspect were scraped out with a plastic spatula
and extracted with Chelex 100. Amplification with
the pentaplex kit genRES MPX revealed alleles at all
loci which coutl be assigned to the victifi1]

In the 2 case, a 2 years old micro
bloodstain under the fingernails of a victim was
scraped. A mixed DNA sample from both the victim
and the scraped person was recovd@d

In our report, we extracted DNA from the
entire fingernail clippings of 10 victims by DNA
IQ™ system. We used mild digestion conditions
(shorter incubation time, room temperature, gentle
mi xing) in order to minimize
lysis. We succeeded to identify a foreign DNA
pattern fron fingernail clippings in 2 cases. In the
other caseworks, failure to identify additional alleles
could be attributed to the absence of foreign
bi ol ogical mat eri al in the vi
Conclusion:

Our study underlines the value of the genetic
analysis of fingernails in forensic investigations. In
fact, victimséd fingernails
material which could possibly originate from the
perpetrator: body fluids scratched epithelial cells.
Digestion conditions must be optimized to minimiz
extraction of victimbds DNA.
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Abstract

A severe burn injury is the most devastating injury a person can sustain and yet hope to survive. It is a
common catastrophe today as burn injury cases are one of the common emergencies admitted to any hospital. There
are several social, economic, culturmhd psychological factors interplaying which influence the reporting,
treatment, management and if the patient dies the further investigations.As the etiological factors of burn injuries
vary considerably in different communities, careful analysis okffidemiological features in every community is
needed before a sound prevention programme can be planned and implemented. When stratified by age, more
females were found in most age groups. Most burns were domestic, with cooking being the most prévéaient ac
The maximum incidence of burn injuries in males were noted in the age group36f ydars. 56% cases who
suffered burns were housewives.26% females hati0®% burns. Smell of kerosene was present in 4% cases.
Maximum burns were of'8degree with28% males and 54% females. Head & neck were involved in 94% cases

Extremities were involved in all cases.

Key Words: Burns,Fatal, Fire, Dowry, Death

Introduction:

Fire has been known to mankind for about
400,000 years. Although the ugkfire was known to
ancient man, it is probably the potential fury of an
unharnessed fire that made man bow before it. India
has an ancient culture where fire was worshiped since
the civilization started. Along with water (jal), air
(vayu), earth (prithyi fire (agni) is perceived as one
of the four basic components of universe. [1]

Burns constitute a major cause of death and
morbidity whatever reason may be, in the world and
in this country too. Burns always have posed a threat
to the sensitive human bpdAn accurate estimate of
incidence of burns is going to be difficult to obtain
for the huge and diversely composed population of
this country.
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The loads of overpopulation, illiteracy, poor
standards of safety at home and in the industry
further add to overwhelming rise in the burn
incidents. As everywhere else, the modes of
sustaining burn injuries in India are the same i.e.
flames, scalds, electrical and thermal. The most
common cause of flame burns is accident. [1]

Undoubtedly a severe burn is the most
devastating injury a person can sustain and yet hope
to survive. In the United States, there are
approximately 2 million thermahjuries every year
and 130,000 of them necessitate hospital admission.
Approximately 10,000 to 12,000 of these individuals
die as a result of thermal injury annually. [2]

Material and Methods:

The study consisted of 50 cases alleged to
have died of burnand brought to mortuary attached
to the Department of Forensic Medicine and
Toxicology, Government Medical College, Amritsar
from May 2004 to July 2005.

All the 50 cases were first thoroughly
examined for noting demographic details and other
relevant obsevations. The information was collected
from accompanying relatives, hospital records, and
police papers to ascertain the incidence, manner and
circumstances of burns. The external and internal
findings of burns on autopsy were noted along with
the examinton of clothes.

Observations:

The present medielegal study of burns in
50 cases was conducted on dead bodies brought in
the Department of Forensic Medicine & Toxicology,

A
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Govt. Medical College, Amritsar with effect from
May 2004 to July 2005.

Age and se wise distribution of burns is
depicted in table no. 1 and figures | & II. Out of 50
study cases, 36% cases belonged to males which
included one case of eunuch who was a castrated
male. For all practical purposes, this case was
discussed as a male in theidy. 64% cases belonged
to females.

The maximum incidence of burn injuries in
males were noted in the age group of3llyears i.e.
12% and minimum cases were reported in the age
group of 210 years i.e. 2% and no case was observed
in the category of @ years. The maximum incidence
of burn injury in females was noted in the age group
of 21-30 years i.e. 52% and minimum cases were
reported in age group of above 60 years and no case
was reported in the age grouplOyears. The
minimum age to suffer burnsvas 2 years and
maximum age was 64 years.

56% cases who suffered burns were
housewives and 6% females were labourer. In males,
16% were labourer, 8% were businessmen, 6% were
doing private jobs and 2% were students. In females,
4% were students. (As shown in table no. 3 and
figure no. IV).

Maximum percentage of burns was seen in
females as compared to males in 26% cases. In
males, maximum, 10% cases, suffered burns to the
extent of 050%, followed by 8% cases suffering
burns to the extent of 830%. In females, maximum,
26% cases fell in the catexyy of 91:100%. Equal
numbers of cases, 6% each, were charred. (As shown
in table no. 7 and figure no. V).

72% cases were nesmokers and non
alcoholics. 4% females were only bidi smokers. 2%
males were only alcoholic. 22% males were both
smokers and alcaltics. (Table no. 4).

In 78% cases, bodies were devoid of clothes
and in 22% cases, burnt clothes were intact. Smell of
kerosene was present in 4% cases. (Table no. 5).

1% degree burns were suffered by 6% cases
in male and 8% cases in female&’ @egree burns
were seen only in females in 4% cases. Maximum
burns were of @ degree in which 28% males and
54% females sustained burns. (Table no. 6)

Head & neck were involved in 94% cases
and spared in 6% cases. Chest & abdomen were
involved in 92% case and spared in 8% cases.
Extremities were involved in 100% cases. Genitalia
were involved in 50% cases. (As per table no. 8)
Table 2: Area Wise Incidence and Distribution of

Burns
Area No. %
Rural 14 28%
Urban 36 72%
Total 50 100%
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Table 1: Age andSex Wise Distribution of Burns

Age (Years) | Males Females | Total
No. (%) No. (%) No. (%)
0-1 0(0) 0(0) 0(0)
1-10 1(2) 24 3(6)
11-20 24 4(8) 6 (12)
21-30 6 (12) 20 (40) 26 (52)
3140 3(6) 3(6) 6 (12)
41-50 4 (8) 12 5 (10)
51-60 2(4) 1(2) 3(6)
> 60 0(0) 12 1(2)
Total 17 (36) 32 (64) 50 (100)

Figure I: Sex Wise Distribution of Burns
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Table 3: Incidence and Distribution ofOccupation
of Burn Cases

Occupation Male Female
No. (%) No. (%)
House wife 0 (0) 28 (56)
Labourer 9 (18) 3 (6)
Business 4 (8) 0 (0)
Student 1(2) 24
Private job 3(6) 0 (0)
)
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Figure IV: Incidence and Distribution of
Occupation of Burn Cases
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Table 4: Incidence andDistribution of Addictions

in Burn Cases.

Addictions Male Female
No. (%) No. (%)
Smoking 0 (0) 2(4)
Alcoholism 1(2) 0 (0)
Both 11(22) 0 (0)
None 36(72) 0 (0)
Table 5: Incidence and Condition of Clothing in
Burn Cases
Condition Of Cloths No. %
Clothes present & burnt| 11 22%
Clothes not present 39 78%

Table 6: Incidence and Distribution of Degrees of

Burns
Type Male Female
No. (%) No. (%)
1%degree | 3 (6) 4 (8)
2"degree | 0(0) 2(4)
3%degree | 14 (28) 27 (54)
Total 17 (34) 33 (66)
Table 7: Incidence of Percentage of Burns
Extent Male Female
No. (%) No. (%)
0-50% 5 (10) 2(4)
51-60% 0 (0) 4 (8)
61-70% 2 (4) 2 (4)
71-80% 1(2) 6 (12)
81-90% 4(8) 2 (4)
91-100% 3(6) 13 (26)
Charred 3(6) 3(6)

Figure V: Incidence of Percentage of Burns
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Table 8: Incidence and Distribution of Burns on
the Body

Body Regions Involved Spared
No. (%) No. (%)
Head & Neck 47 (94) 3(6)
Chest & Abdomen 46 (92) 4 (8)
Extremities 50 (100) 0 (0)
Genitalia 25 (50) 25 (50)
Table 9: Incidence and Distribution of Alleged
Causes of Burn Cases
Alleged Causes Male | Female | Total
Stove burst 6 13 19
Clothes caught fire from gal 0 2 2
while working
Clothes caught fire from stov| 0 4 4
while working
While saving victims of| 0 1 1
cylinder blast
Cylinder blast 4 1 5
Clothes caught fire from candl{ 0 1 1
Suicidal burns by kerosene 0 2 2
Burnt by husband 0 2 2
Burnt by in laws 0 1 1
Burnt by a known person 0 1 1
To conceal crime 1 1 2
Gas leakage 0 1 1
Fall into fire 1 0 1
Blast of machine whilg 1 0 1
working
Factory fire 1 0 1
House fire 2 2 4
Fall of burning cigarette in tq 2 0 2
bed while asleep
Discussion:
Age and sex wise distribution:
Out of 50 cases of burns, females

predominates males. 64% cases belonged to females
and 36% were males. Male to female ratio was
1:1.77. (Table no.1 and Figures | & Il) Aggarwal and
Chandra [3] observed 67 cases belonging to female
category out of 100 caseof burns. Females were
affected more than the males. Doshi [4] observed 157
females and 143 males in his study of 300 cases with
male to female ratio of 1:1.17. Ganguly [5] observed
58.34% cases belonged to female category as
compared to 41.66% males.nBa et al [6] observed
that females outnumbered males in the ratio of
1.25:1. Haralkar and Rayate [7] observed 239
females and 104 males in total of 343 cases with
male to female ratio of 1:2.30. Naralwar and
Meshram [8] found 64% females and 36% males
suffered with 1.76 times more frequent involvement
of females.

The present study is in unison with all these
studies, because female become victim of domestic
fire. In the home, either it is stove burst, gas leakage,
or wearing loose clothes which are mordnerable
to catch fire. The maximum cases of burns were seen
in the age group of 230 years comprising of 52%
cases out of which 12% were males and 40% were
females. In males, the maximum incidence of burns

A



J Indian Acad Forensic Med, 32(4)

was seen in age group of-30 years comprisinof

12% cases followed by 430 years comprising of
8% cases. In the age group of&1 years, 6% cases
were reported. In the category of-2Q years and 51

60 vyears, 4% cases were reported in each
respectively. 2% cases were observed in the category
of 1-10 years. No case was reported in the category
of 0-10 years and above 60 years. In females, the
maximum incidence of 40% cases was observed in
the age group of 340 years followed by 8% cases in
the age group of 220 years. 6% and 4% cases each
were obsrved in the age group of 3D years and-1

10 years respectively. 2% cases each were observed
in the age group of 430 years, 560 years and
above 60 years respectively. No case was reported in
the age group of-Q0 years.

Doshi [4] found male to femaleatio of
1:0.88 in age group of below 15 years and 1:1.17 in
age group of 125 years. Sinha et al [6] found the
boys were affected more than the girls, while in the
next group; subsequently females dominated males
probably due to their engagement in cogk in
kitchen. In 3rd decade, there was not much difference
in sex incidence. Sharma et al [9] observed that out of
110 cases, 33 belonged tel0 years, 28 in 2B0
years, 12 in 340 years, 3 in 450 years, 4 in 560
years and 3 in 60 years. Aggaral and Chandra
[3] observed 31 deaths in age group of3Dlyears
and 13 deaths in 31 to 40 years. Majority of them
belonged to 2nd and 3rd decade i.e. 67 cases.
Females were double the number of males and were
in their 2nd and 3rd decade. Haralkar and &ay7]
found the maximum number of burn cases i.e. 156
(45.48%) belonged to age group between 15 and 25
years. Minimum number of patients i.e. 61 (17.28%)
were in the age group between&byears.

The present study is in consistence with the
studies of hove mentioned authors in respect to
preponderance of female sex and age groups due to
involvement of females in kitchen work, even in
younger age and early marriages in society, clothing
pattern, few suicidal and dowry deaths are also
reported in this age

Area-wise distribution:

In present study, urban habitat comprising of
72% cases predominately the rural habitat in 28%
cases. (Table 2 and Figure Ill) However, Sinha et al
[6] observed high incidence in rural habitat. Haralkar
and Rayate [7] observed thmiral preponderance
probably due to style of living and low soe€io
economic status. Use of shegadi, chulah, stove for
cooking was seen more in rural than in urban areas.
Punjab is a developed state and has lot of industry.
There is great rush of migratopopulation in the
urban areas who still use stoves in the kitchen and
majority of cases reported belong to poor
socioeconomic strata females catching fire.
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Occupation:

In the present study, housewives
predominated comprising of 56% cases other
occupationsn females, 6% cases of laborers and 4%
cases were students. In males, the category of
laborers comprising of 18% cases predominated
followed by 6% cases of private jobs, 8% case of
businessmen. (Table 3 and Figure IV) Aggarwal and
Chandra [3] observed thall the females of 3rd
decade and some of 2nd decade were housewives.
Haralkar and Rayate [7] observed in their study of
343 burn cases admitted at General Hospital, Solapur,
that 49.85% were housewives, 6.2% dghourers,
10.2% non agrlabourers, 3.% own business and
unemployed 11.08% and doing no work were
18.06%. The present study was in consistence with
studies of above mentioned authors due to
involvement of females in the kitchen work.

Addiction:

In the present study 4% females were bidi
smokers In males 22% were both smokers and
alcoholics and 2% were alcoholics (Table 4). Despite
high rates of addiction in this part of country, only
22% males were both smokers and alcoholics and 2%
were alcoholics. 4% females were bidi smokers. The
alleged case of burns as a result of fall of burning
cigarette into bed while asleep was only 2 cases out
of 50 study cases. None of the case showed the
presence of alcohol on autopsy. In the study of Leth
et al [10], 51% of house fire deaths were due to
tobacco smking, often in combination with alcohol
intoxication or handicap. Merley and Baker [11]
observed that more than half of the deaths resulted
from cigarette ignited fires though 39% of people
who died in such fires were not cigarette smokers
themselves. Gorgen et al [12] in 169 autopsy cases
found that more than half of fire victims had alcohol
exceeding 0.05%. The present study was not in
consistence to the studies in western world. In the
study of Parks et al [13] falling asleep while smoking
was one of th major etiologic factor and substance
abuse were seen in 25% cases. In the current study,
though domestic fire dominated in female victims,
but fire due to alcohol or smoking cigarettes was
negligible. This was due to Punjabi culture, where
addiction to hese agents is negligible.

Clothing and accelerant:

In the present study, body was devoid of
clothings in 78% cases and in 22% cases burnt
clothes were intact. Smell of kerosene was present in
4% cases. (Table 5) Sukhai et al [14] observed the
use of acc@rant in 76.8% cases and paraffin was
preferred. In the study of Parks et al [13], gasoline
was the commonest solvent involved in burn
fatalities. Betz et al [15] observed in 18 out of 21
cases, use of gasoline as accelerant. Current study
also points outise of kerosene and its detection only
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in 4% cases as majority had been treated in the
hospital and wounds were cleaned and in other cases,
fire was due to domestic gas or factory fire and there
were hardly any clothes for evidence of combustible
material.

Degree of burns:

In the present study, maximum burns were
of 3rd degree (Wilson) in which 28% males and 54%
females sustained burns. (Table 6) Betz et al [15] the
predominance of 3rd and 4th degree burns in his
21cases study. Stefan [16] in his study obseé that
the depth of burns has no relation with the fatality,
rather burns of 2nd and 3rd degrees of 57.3% body
surface survived more than 16 days .

Percentage of burns:

In the present study, maximum percentage
of burns, 32% cases were in the category9tf
100%. Only 14% cases had sustained less than 50%
burns. (Table7 and Figure V). In the study of
Aggarwal and Chandra [3], percentage of burns was
up to 25% in 3 cases, betweenZ®% in 32 cases,
between 56r5% in 23 cases and was more than 75%
of surface area in 42 cases. Maximum deaths due to
burns were because of surface area involved in the
burn injury. Sukhai et al [14] observed the mean age
burn surface area of 63.3% leading to death
irrespective of depth. Betz et al [15] in his study of
suicidal @ases, the extent of burns ranged from 50%
to 100% of body surface. Similar observations were
seen in the current study as observed by Sukhai et al
[14], Betz et al [15]. It is also concluded that it is the
percentage of body surface area which decidesdeat
due to burns. Minimum percentage of area leading to
burn death in the present study was 50%.

Distribution of burns:

In the present study, extremities were
involved in 100% cases, followed by head and neck
in 94% cases, chest and abdomen in 92% cases,
geritalia in 50% cases. (Table 8) Cases in which
percentage of burns was above 90% involving head,
neck, trunk or extremities died within 24 hours. In the
study conducted by Datey et al [17], it was observed
that maximum cases had burns involving limbs and
trunk, next in order was involvement of head, face &
neck and genitalia. Mcindoe [18] found that burns of
the trunk and head were more serious to life than
burns of extremities and burns of the flexures and
external genitalia carried a bad prognosis, if tmwt
life then to health. Similar observations were
observed in the current study.

Alleged causes of Burns:

In the present study, alleged cause of death
was stove burst in 6% males and 13% females.
(Table 9) Suicidal burns by kerosene were seen only
in 2% cases all of which were females. In the study
of 100 cases of Aggarwal and Chandra [3],
commonest mode of oamitting suicide was by
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sprinkling kerosene oil over the body and setting
them to fire. In 11 cases who committed suicide, 8
cases were of females, out of which in 2 cases, illness
and domestic quarrel were responsible for this act
and 3 cases were malda. rest 6 cases the motive
was not known. In the present study, 4 cases resulted
from house fire.

Aggarwal and Chandra noted 2 out of 100
cases where jhuggi caught fire accidentally. In the
present study 1 case of a female where the body was
burnt afterkilling by poisoning and | cases of a male
where the body was burnt after killing by ligature
strangulation. SuareRenarando [19] studied two
cases of homicidal ligature strangulation with
extensive burning of bodies. Haralkar and Rayate [7],
in his studyobserved that burns were more common
in housewives than other occupation because
housewives were more exposed to injury prone
environment while cooking. Cooking at floor level,
use of kerosene pressure stove, wearing of loose
clothes such as sarees, degmtmade them more
prone for burn injuries. Narlawar and Meshram [8]
observed that kerosene stove flames was major cause
of burn due to which females burned 2.04 times more
frequently than males. Domestic fire was the main
reason of burn injuries.

Conclusions:

Despite the modernization, the domestic fire
is the major cause of burns with maximum
involvement of females and the stove burst, being the
main cause. Dowry deaths, curse to ourcalbed
modern society, are still prevalent, in spite of
stringent lawe and amendments in the acts. As this
problem of thermal deaths persists in our country, the
government along with various working groups and
bodies need to come together with more sincere
efforts so as to minimize burn mortality and also to
prevent and r@uce their incidence.
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Original research paper

Computed Tomographic Studies on Ossification Status of Medial
Epiphysis of Clavicle: Effect of Slice Thickness and Dose
Distribution

*Kaur Gurdeep, *Khandelwal N., **Jasuja ®.

Abstract

The accuracy of technique adopted for Forensic age diagnostics of young adults and adolescents especially
in case of livings lies in the standardization of the technical parameters used. The emergiogicabitethniques,
when used in standardized way may minimize the possibilities of misinterpretation, as it has been practically shown
in present study. CT scans of 100 live subjects were performedsnll6ce ( Si emenbs Sensati (
machine and # volumetric data acquired was reconstructed into five separate sets of slice thickness for each one of
the subjects included in the study and the ossification status for each set of slice thickness was determined for all the
subjects separately. The resuhre almost identical while evaluating ossification stages from 1 and 2 mm thick slice
data but the differences are found in the ossification stages when evaluated using 3 mm,5mm and 7mm slice
thickness as compared those found in 1 and 2mm slice thickdhegs concluded that by increasing slice thickness
the rate of errenous interpretation are also increasing.

Thus, the minimum reliable thickness to produce high resolution scans in order to get maximum accuracy is
2 mm for staging medial claviculassification from CT scan and the reconstruction should be done using kernel
(filter) B60F at window setting osteo (1500/450HU).

Key Words: Forensic, ossification, Clavicle, Computed TomographyeSlhickness, Dose Distribution

Introduction: The proper way of using these techniques

The demand of estimating age of has reduced the padsgities of misinterpretation to
adolescents and young adults has increased in the the minimum and raised the accuracy level of the
recent years due to the increasing cross border results to the maximum.

migration [1]. Age estimation in cadavers, human The current state of forensic age estimation
remains and living individuals is generally needed to ~ of living subjects is mainly considered for the
solve the issues withignificant legal and social purpose of criminal prosecution [2]. Forensic age
ramifications for individual as well as for the estimdion in living adolescents and young adults

community. The accuracy of the technique to be used undergoing criminal = proceedings is generally
for age estimation especially in case of living performed to determine whether the defendant of

individuals is of utmost importance in both the  questionable age has reached the age of criminal

situations criminal as well asivil. The newer responsibility and whether general criminal law of
radiological techniques proved invaluable inventions ~ adults can be apeld([3].

of modern era for diagnostic purpose, may also be In most countries the age threshold of legal
used for age diagnostics in forensic context. relevance ranges between 14 to 21 years of age [4].

When it is necessary to prove that the subject has
attained the age of 21 years, an additional x ray
examination or CT scan of clavicle is recommended

Corresponding Author: d ong with the recommendati on
** Professor of Forensic Science, On Forensi c Age Di agnostics:
Department of Forensic Science, physical examination of the suspect, an x ray of left

Punjabi University, Patialal4700xdia hand and dental examination and orthopantogram to

Email: opjasuja@gmail.com know about the dental status.

*Department of Radiodiognosis & Imaging, Clavicular Epiphyseal osgifation is must in

PGIMER, Chandigarh, India case it is necessary to prove the proband has reached
*Research student the criminal liability threshold of 21 years , as the

other system on which the development analysis is
based are fully matured by this time[5]. If bone
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development of hand has beerompleted, an
additional radiological examination of the clavicles
should be realized6]

Kreitner et al. stated that the ossification
status of medial extremity of clavicle can easily be
assessed by computed tomography as conventional
radiographs which we the basis of analysis in some
comprehensive studies are sub optimal because of the
over lapping of the ribs, vertebrae and mediastinal
shadows. Interpretation of the stages of medial
epiphyseal development is even prevented in some
cases. Conventionabmography is time consuming
and lack clarity .Computed tomography eliminates all
these problemg7]

Schulze et al [8]has reliably determined the
ossification status of medial giysis of clavicle in
556 casesaged between 15 to 30 years of age using
the classification of stages used by Schmeling et al.
[9].He discussed that partial volume effect in CT
using thicker slice was possible explanation of early
visualization of stage 5(21 years) in his study as
compared to 26 years in the study of Schmeling.et
and established the effect of slice thickness on
staging the ossification status. Mulher et al [10] has
determined the ossification stages for different slice
thickness 1mm, 3mm, 5mm and 7mm separately in
each one of 40 subjects included in the stiadgrove
that inadequate choice of slice thickness can lead to
misinterpretation of ossification status.

Schulze et al [11] suggested the use of
reconstruction kernel (filter) suitable for osseous
structure and to view the scan in bone window to
study thestatus of ossification of medial epiphysis of
clavicle for better visualization.

The method of clavicle examination also
appeared to be significant. For the age interval in
which mature clavicles have been observed, the
predicted probability of beingnature clavicles is
greater when Xays or CT scans are used instead of
dry bone specimens. Inappropriate slice thickness of
CT scan can affect age diagnosis, as an almost
completely fused clavicle may be diagnosed as being
mature when details are lost digegreater thickness
[12]

Present study is aimed to study the chances
of interpretation errors while defining the ossification
stages of medial epiphysis of clavicle due to technical
parameters selected for scanning and how does the
resolution affect theesults. The slice thickness is an
important parameter of CT scanning which depends
on the choice of pitch ratio in helical CT, which in
turn influences axis resolutions. The choice of
higher pitch ratio value therefore reduces spatial
resolution perfamance [13]. The radiation dose (as
expressed in CTDI vol) is inversely proportional to
pitch.

The trade off in increasing pitch is an
increase in effective slice thickness, which in turn
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results in increased volume averaging and reduced
image signal (camast between object to be detected
and background)[14]. Thus the slice thickness
depending upon the choice of pitch ratio value in turn
influences both image quality as well as dose
distribution to the patient and suboptimal quality
scans may lead to im@retation problem while doing
staging to define ossification status, but the dose
distribution to the patient is correspondingly
increased to produce scans of optimal quality at less
slice thickness to increase contrast to noise ratio in
the resultant CTmage [13, 14]

Materials and Methods:

CT scans of 100 live subjects (55 males and
45 females) falling in the age group of 12years to 30
years, originally performed for their diagnostic
purpose as contrast enhanced CT chest, neck
angiography, pulmonargngiography and bronchial
artery angiography on 16
16) CT Scan machine, retrospectively analyzed to
find out the ossification status of bilateral medial
clavicular epiphyses at different slice thickness.

The CT examinton of all the patients were
performed acquiring volumetridata using technical
parameters:

KVp - 120; MA - 140/150; Rotation time
0.5sec; Pitchi 1.15; slice collimation 16 x 0.75;
FOV 294 mm; Matrix 512 x 512. The volumetric data
aqquired from spiral CT scans performed using above
mentioned parameters reconstructed into axial scans
of slice thickness 1mm, 2mm, 3mm, 5mm and 7
mm using kernel B50 (filter suitable for osseous
structures) at window width / window level 1500 /
450 H.U.(osteo).
The respective ossification stage was determined
corresponding to each slice thickness separately for
both side in case of all the subjects involved, using
following classification criteria[8]
e Stage I:Ossification centre not ossified.
e Stage I. Ossification centre ossified but
epiphyseal cartilage not ossified.
e Stage Il Epiphyseal cartilage partially
ossified. (Fused)
e Stage IV Epiphyseal cartilage completely

ossified, but epiphyseal scar is still
visualized.

e Stage V. Epiphyseal scar is ndonger
visible.

The radiation dose distributed to the patient
as calculated by the dosimeter inhibited in the
scanner itself while performing the examination was
CTDlIvol = 11.54 mGy.

Results:

All CT scan images obtained after
reconstruction at differerdlice thickness permit the
evaluation of ossification status. Following results
show the difference in the ossification stages of the
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same subject at different slice thickness. Results are
almost identical while evaluating ossification status
from 1 and 2mm but the differences was found in
results between 1 and 3 mm slice thickness in about 7
cases out of 100 patients CT scans. The stages were
found different in 5 mm slice thickness as compared
to the stages defined from 1 and 2 mm slice thickness
in 20 eamples among the sample size of 100 patients
and staging interpreting the ossification stages using
7 mm slice thickness exhibited different results in 25
cases out of 100 cases.

Relationship of slice thickness and rate of error in
determination of ossifcation stage

Slice Thickness % error
1lmm 0
2mm 0
3mm 7
5mm 20
7mm 25

Relationship between slice thickness and fallacious results
of staging

20
7
2mm 3mm S5mm

Slice thickness (MM= Milimeter)
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25

% Age error
2R NN
S o S o
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With the increase of slice thickness of CT
scan, the %age of fallacious results increases i.e. at
1mm and 2mm there is no difference and at 3mm is
7%, 5mm is 20% and at 7mm B5% i.e. with
increase of slice thickness, the percentage of
fallacious results increases.

Discussion:

Computed tomography is advantageous as it
allows imaging of medial epiphysis of clavicle
without overlapping. Kreitner et al.[6] examined 380
CT scanf patients aged 280years.Slice thickness
was 8mm in 202 cases,5mm in 88 cases,4mm in 54
cases and 1,2,3mm in 36 cases. They recommended
ideal slice thickness of 3mm for imaging of sterno
clavicular joint using pitch factor 1.3 to 1.7 and 3 mm
reconstrgtion increments and table speed of 4 to 5
mm per second. Though they did not mentioned
guantum of error, while various slice thickness was
used.

Schulz et al. [7] examined CT scans of 629
patients aged between 15 and 30 years and evaluated
the medial egiyseal cartilage of clavicles. The slice
thickness of the scan suitable for the evaluation
considered in this study were 7mm in 546 cases, 5
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mm in 2 cases, 3 mm in 4 cases, 2mm in 1 case and 1
mm in 3 cases. The question, how does the slice
thickness affetcthe interpretation of the ossification
stages corresponding to the age intervals, the authors
advised to be examined in the further study but in
their opinion in order to achieve best possible results
and ensure maximum accuracy in age estimation
practie, the slice thickness of 1 mm is most ideal to
perform CT scan.

The findings of present study are in
conformance with this and found that 1mm and 2mm
slice thickness of CT scan images give the best
results without any error for the purpose of defining
medial clavicular ossification stages. Mubhler et al.
[9] determined ossification stages of 40 live subjects
at different slice thickness reconstructing the data
acquired into CT imaged of 1, 3, 5 and 7 mm thick
slices and found different stages while assessat
different slice thickness.

They concluded the slice thickness has a
crucial impact on the evaluation of clavicular
ossification status found that even the slice thickness
of 1 and 3mm led to different results in one case; the
ossification status veaalso different in three cases
using slice thickness of 3 and 5 mm for staging and
same differences were encountered for slice
thickness of 5 and 7 mm in another three cases and
suggested in the end to use slice thickness of 1mm
for CT examination of elvicle to evaluate the
ossification stages for forensic age estimation
purpose.

In order to ensure a maximum of accuracy
in forensic age estimation practice, it is recommended
to perform thinslice CT scans. Thus thslice
multidetector CT images of the individuals aged
between 10 and 35 years were analyzed successfully
in 502 cases using the classification criteria of staging
used by Schmeling et al. [8] in a retrospective study
by Kellinghaus et al.[15] and found that the findings
of their study were in line with those from the only
CT based studies on clavicle ,except from the fact
that stage 5 first occurred at the age of 26, which is 5
years later as compared to the other studies by CT
,but with thick slices(7mm). This vast difference
assumed to occur due to partial volume effect with
thick-slice CT images by a visual deception of the
epiphyseal scar occurring with stage 4.

The present study found that the results
defining the ossification status at different slice
thickness were diffrent in 25 cases among the
sample size of 100 live subjects.

This difference in results depending upon slice
thickness was mainly caused by partial volume effect
and decreased resolution using greater slice thickness.
The resolution along longidinal axis is inversely
proportional to the slice thickness, as the slice
thickness increases the resolution will be decreased,
which apprerently partly or fully masks the fine
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anatomical structures like cartilaginous epiphyseal
plate creating confusiobetween stage 2 and 1 or
epiphyseal scar creating confusion between stage 4
and 5.Some time it was difficult to clarify whether
the epiphyseal plate has been fused completely or not
yet appeared while defining the stage from 5 or 7 mm
thick slice.

Conclusions:

CT scan images in a large sample size of
bilateral clavicles of 100 live subjects were studied to
find the effect of the slice thickness and found that it
has crucial impact on the evaluation of clavicular
ossification status, because thisoise of the main
parameter affecting the special resolution of CT scan,
specifically longitudinal axis. Even the slice thickness
of 1 and 3 mm led to different ossification stages in 8
cases.

In all the cases the ossification stages defined
usingl and 2 mm slice thickness has been found
identical. Therefore we recommend that a slice
thickness lor 2 mm should be used for CT
examination of clavicle to evaluate the ossification
stage for Forensic age estimation factor to ensure
maximum accuracy andeliability in results. The
slice thickness of 2mm is rather beneficial to the
subject as, volume dose (CTDI vol) is reduced while
using technical parameters for acquiring minimum
slice thickness of 2mm as compared to the technical
parameters used in orddéo get 1mm minimum
reconstructed slice thickness. The CTDI vol (CT dose
index) was equal to 10.50 mGy for 2 mm (min) slice
thickness and CTDI vol has been increased to 11.54
mGy for Imm (min) reconstructed slice thickness in
our scanner 1:8owMDCT(Siemems Sensation 16).

Thus 1 or 2 mm is the only reliable
thickness to produce high resolution scans in order to
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get maximum accuracy in the results and
reconstruction should be done using kernel (filter)
B60f at window.
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The Profile of Age in cases of Victims of Sexual Offence
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Abstract

Sexual assault on female subjects is a global healttur&an right issue. The problem has legal as well
health related bearing. Female victims, often young girls are the worst sufferers of crime like rape, kidnapping and
trafficking etc... To prove this type of crime, age estimation is most important. Theofgelevance to criminal
liability ranges between 14 and 18 years in most countries. In the present study 141 cases were studied for age
estimation in cases of victims of sexual assault cases at Dept. of Forensic Medicine & Toxicology, Govt. Medical
College, Surat. In accordance with the updated recommendations for age estimation, a physical examination with
determination of anthropometric measures, inspection of signs of sexual maturation, dental examinatiarayand X

examination were carried out. Stigingly we found that appearance and fusion of ossification centers’and|&r
eruption were occurred in few cases at earlier age as contrary to that mentioned in standard literatures.

Key Words: Sexual Assault, Victims, Age EstimatioRape

Introduction :

Estimation of human age is a procedure
adopted by anthropologists, archaeologists and
forensic scientists. Age is one of the essential factors
in establishing the identity of an individual and also
in law, the crime and punishment is entirely based on
theage of a person. In the modern society, the crimes
against the children are increasing. According to
Aggrwal Ml & Pathak IC (1957) [1]epiphysis of
bones unites during particular age periods which are
remarkably constant for a particular epiphysis. This i
possible due to complex but dependable system by
which the osseous framework of the body develops,
grows & matures. Epiphysis of the bones unites at a
particular age and this is helpful in age determination.
Determination of age is helpful in both civédnd
criminal cases. In the living, age determination is the
most important issue to the court and to the common
citizen as well.
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Age determination is also important while
taking consent or in cases relating to juvenile
offenders, rape, kidnapping, employment in
Govternment establishments, competency as a
witness, attainment of majority, marriage, fixation of
criminal responsibility, etc. Extensive work on the
determination of age of epiphyseal union has been
carried out in different states of India as well as
abroad and fnm the finding of various workers, it is
evident that there is not only difference in the age of
epiphyseal union in India and abroad, but also in the
different states of India. These differences may be on
account of varying genetic and epigenetic factibes |
climatic, economic and dietetic conditions. Among
many factors used for age estimation, none has
withstood the test of time which necessiciates the
continuous work on this vitalssue by the medico
legalists. The present study was undertaken
retrospedvely for determination of age in cases of
victims of sexual offence coming particularly to the
Forensic Medicine & Toxicology Dept. for age
determination.

Material & Method :

The cases of victims of sexual assaults
registered under Sec. 376 IPC, Sec.38C,land Sec.
362 IPC, Sec. 366 IPC, Sec. 377 IPC were brought
for estimation of age to the Of Forensic Medicine &
Toxicology department, Govt. Medical College &
New Civil Hospital, Surat. Total 141 cases of victims
of sexual offences were studied which &vef period
from January 2006 to June 2009. The age estimation
was done first by general emblem. In the general
emblem, general information of victim was taken i.e.
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name, age, sex, residence, education, occupation,
requested by, brought by, date, place tighe of
examination. The age was asked from the victim of
sexual offence which was verified either by parents
who come along with the victim or from birth proof.
Proper written consent for age estimation was taken
from the victim & signature was taken. Ratts were
examined in the presence of female witness, &
signature of witness was also taken. Two
Identification marks of victim were noted & history
of case was also recorded.

The determination of age of victim was done
on the basis of:

1. Physical examimtion: in which general
examination was done by measuring height,
weight, signs of puberty, like development
of pubic hair, Axillary hair, development of
breast, onset of menarche.

2. Dental examinationin which total no of
teeth, type of teeth, presence df olar
and space for'3molar was noted down.

3. Radiological Examination in  which
appearance & fusion of various bony centers
was noted. The Xay performed was simple
machine Xray and it was read by us. The
opinion of radiologist was not taken into
congderation.

The data thus collected was analysed ugipg6
software. The result obtained was matched with the
data of the standard textbooks and recent scientific
literatures.

Observations

It was observed that the maximum
percentages of the victinage in the age group of 14
17 yrs (i.e. 71.6%), the mean age belégyr. Among
these 80.9% were from urban population and almost
all (99%) were educated. Almost half (48.9%) were
engaged in household work and about one quarter
(23.4%) were students in @fent grades. The history
of runaway with the friend, colleague or known
person, mostly consented or on abetment was
common in almost all the cases were brought for age
estimation in the department.

Out of a total of 141 cases, 57 (40%) spent
some hoursbut did not stayed for whole day, 58
cases (42%) stayed together for several days, while
26 (18%) lived together for several months after
which either they came back by themselves or were
brought by police, after complaint lodged by their
parents.

The fact of having sexual intercourse was
furnished by 68.7% while they stay together. Sexual
activity with the partners was mostly in the age group
of 14-17 years. The indulgence in sexual activity was
even observed in the age of 9 years ranging upwards
up to he age of 23 years. In majority of the cases
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83.7% sexual
consent.

Secondary sexual characteristics
1. Pubic hair: stage-b: starting at 11 yrs and
completed at 15 yrs.
2. Axillary hair: Appearing at the age of 456
yrs.
3. Breastdevelopment: starting at 11 yrs and
completed at 15 yrs.
No discrepancy was observed in above
mentioned criterion on matching these data with the
standard literaturf3, 6-13].

Dental examination:

Eruption of third molar is very irregular. The
usual age mentioned in literature for its eruption is
17-25 years.

This holds true in the present study also, but
we do depend a lot on its eruption or non eruption to
fix the age. In the present study comsprg the age
ranging between 09 to 23 years; 52 (36.8%) cases
were between 123 years of age, which reflects that
out of 141 cases examined, 125 (88.6%) did not have
their third molar erupted. It was also observed that
the third molar was seen eruptedeasly as in 16 yrs
and it was even seen absent in the age of 23 years.

Radiological examination - Ossification

centerso:
Acromian process of ScapulaAge of fusion is 17
18 years.

The fusion of tip of acromian process of
scapula was observed as early as at 14 yrs of age in
more than a quarter (26.6%) of cases. It was seen
united in 61% at 15 yrs, in 82% at 16 yrs & in 86% at
17 yrs of age. It was also observed that it was not
fusedin 13.88% of cases even at the age of 17 yrs.
Head of Humerus: head, greater & lesser tubercle
fuses with shaft at 19 yrs.

The fusion of head of Humerus with the
shaft was observed as early as, at the age of 14 yrs
and also as not fused, as late at 20ofrage. It was
observed that it was fused at the age of 14 yrs in 13%
of cases, 11.4% at 15 yrs, 20% at 16 yrs, 36% at 17
yrs, 43% at 18 yrs, 80% at 19 yrs and 33% at 20 yrs
of age.

Medial Epicondyle of Humerus: Age of fusion 14

16 years.

The fusion of mdial Epicondyle was observed in
nearly half (45.45%) of the cases at age of 13 years.
In 86% cases at 14 yr37% at 15 yrs and in all cases
of 16 & 17 years.

Upper end of radius and ulna: Age of fusion 1617
years.

activity took place with mutual

The fusion of upper end of radius and ulna at
elbow joint was observed in greater percentage at
quite early age and it differed with what was quoted
in contemporary literature. It was observed to be
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fused in 54% at the age of 13 years, 80% at age 14
yrs ard 93% at the age of 15 years.

Lower end of radius and ulna: Age of fusion 1819
years.

Similar findings were observed in the fusion
of lower end of radius and ulna. Fusion of lower end
was reported even at the early age of 14 years in 13%
cases. It incresed to 35% at the age of 15 years, 55%
at the age of 16 years, 58% at the age of 17 years and
surprisingly low percentage (57%) of fusion was
observed at the stated age, i.e. 18 years. On an
average in 46% the fusion was observed in the cases
examined intie age group of 14 to 18 years.
lliac crest: Age of Appearance 14 yeargusion
occurs atge 0f18-20 years.

Below 13 yrs of age, iliac crest was not
appeared seen in 100% cases. Betweebh8lyrs age
in 95% cases iliac crest appeared but not fuséer
19 yrs of age iliac crest fuses in all cases.

Tri-radiate cartilage:Age of fusion 1415 years.

Tri-radiate cartilage was seen to be fused in
45% of the cases in the age of 13 years, whereas it
was found fused in 73% subjects of age 14 years,
which is the age at which it fuses as per the available
literatures [3, 6-13] In rest i.e. in 27% cases of that
age group it was observed-tused. Similarly in the
age of 15 years, that is the upper limit of age of
fusion, it was observed fused only in 87% a$es.

Ischial tuberosity: Age of Appearance 1h6 years
and of fusion 22 years.

It was said to be more appropriate to
consider the appearance of ossification than fusion
while estimating age by radiological findings. Here
appearance of centre for I$ah tuberosity was
observed in half of the case at early age i.e. 12 years,
27% at age 13 yrs and 45% at the age of 14 years.
More importantly it was found that the centre has not
appeared in one quarter of the cases at the age of 15
years which is the pseribed age of appearance
mentioned in standard literatuf8, 6-13]

Head of Femur: Age of fusion 1718 years.

Following the trend of observation of fusion
of ossification centers at early age, contrary to what is
mentioned in literaturel3, 6-13] pertaining to Indian
population, head of femur was found fused in two
third of the cases at very early age of 14 years. At 15
years it was found in 58% of cases and at 16 years in
65.5% of cases. In the prescribed age of fusion, i.e. at
17-18 years it \as observed to be fused in 86% of
cases and not in hundred percent.

Few (9.2%) of the subjects (alleged victims
of sexual assault) furnished proof of age, in the form
of birth certificates issued by registering authorities
or school leaving certificates. The documentary
proof failed to match with the age estimated on the
basis of considering physical and secondary sexual
growth, dental examination and Radiological
Examination In 25% Of Cases, Which Is Alarming.
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Discussion:

Third molar erupt in the age gtap of 1725
yrs, & Per the standarfiterature [3, 613] In our
study third molar was seen erupted even at the age of
16 yrs in 3% of case and at the age of 15 yrs in 10 %
of cases. Modiclaimed that third molar erupted even
in 14 yrs & 15 yrs of age. &ay[6] found third molar
erupted between 156 yrs. Lall and Townsand[5]
found third molar erupted even at the age ofl65
yrs. Therefore stage of eruption should be noted
during examination. In some rare cases third molar
may not appear until the advadcadult age. It may
appear even after 50 yrs of age.

According to Modi[6], owing to variation in
climatic, dietetic, hereditary and other factors
affecting the people of the different states of India, it
cannot be reasonably expected to formulate a tmifo
standard for the determination of the age of the union
of epiphysis for the whole of India.

In our study acromian process of scapsla
fused in 80% of cases at the age of 17 yrs. Some
cases show fusion even at the age of 15 and 16 yr.

According to Galsraun study[6] acromian process
fused in female at the age group of-1B yrs.
According to Pillai studyf6] and Flecker stud{6] it
shows fusion at the age of-1B yrs.

In our study we have observed that head of
Humerus fuses with shaft at the axfel9 yrs in 80%
of cases. While at the age of 20 yrs it fuses only in
33% cases, remaining 67% of case show partial
fusion. We have also observed that it shows fusion
even at the age of 14 yrs and 15 yrs in few cases.
According to Galstraun study] andPillai study[6]
it shows fusion at the age of -14 yrs. According to
Basu & Basuy6] study it shows fusion at the age of
16-17 yrs. According to Hepworth study it shows
fusion at the age of 1¥8 yrs. According to Davies &
Parsor6] it fuses at the agef 19-21 yrs.

In our study we have observed that Medial
Epicondyle of Humerus shows fusion in all cases at
the age of 147 yrs. It was observed similar to
Galstraun study[6], Basu & Basu study[6],
Hepworth Study[2], lall & Nut Study, Pillai Study
[6], Flecker study[6] and Franklin study[6].
According to Davies & Parson stud]it shows
fusion at the age of 20 yrs.

In our study we observed that upper end of
Radius & Ulna fuses at the earlier age contrary to
standard literature. According to Gadsin [6] it
shows fusion at the age of -1% yrs., according to
Basu & Basu study6] and Hepworth study?] it
shows fusion at the age of-13 yrs. Similarly it was
also observed with Flecker stud], Davies &
Parson studyg] & Franklin study [6]

Similarly lower end of Radius & Ulna shows
fusion in early age i.e. 145 yrs in few cases. After
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16 yrs it shows fusion in increasing order. The Pillai

study[6] shows fusion between 118 yrs of age.

There was no difference observed regarding
fusion of liac Crest, Triradiate Cartilage as compared

with various studies.

The Ischial Tuberosity appears at the early
age i.e. 14 & 15 yrs in few cases. The Galstraun study
[6] also shows appearance of Ischial Tuberosity in

early age i.e. 146 yrs.

The Head ofFemur found to be fused in

early age i.e. 146 yrs. The Galstraun stud]

shows Head of Femur fused at-18 yrs of age. The

Basu & Basu study6] shows fusion at 134 yrs of
age. The Hepaworth studg] shows fusion at 47
yrs of age.

The Pillai &lecker[6] study shows

fusion at 14 yrs of age.

Retrospective study on 114 girls illiam

Bilkey Ch. Sangma et §lL4] found that at the age of
16 yrs epiphysis around the elbow joint, at the age of
18 yrs the epiphysis around the wrist joint, at dige

of 17 yrs epiphysis around the knee joint, and at the
age of 21 yrs epiphysis around the pelvic joint are
completely fused. In our study we found that as age
increases i.e. from 147 yrs epiphysis around the
elbow joint shows fusion in increasing ordéround

the 1617 yrs of age in all cases epiphysis around the
elbow joint fuses.

Conclusion:

In the present study we can see that the

fusion of ossification centers were occurring at the
early age also in comparison to mentioned in various

standard | i

teratures.

estimation is more important in various medico legal
issues. Incriminal cases some innocent may get
punishment and the real accuse may be released, so
there is need to update the data by taking a bigger
sample size in living so that the result obtained may
become dependable for the medico legal expert.
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Table 1
Age Wise Distribution of Cases
Age alleged Frequency Percent
9 1 0.7%
12 2 1.4%
13 11 7.8%
14 15 10.6%
15 31 22.0%
16 29 20.6%
17 36 25.5%
18 7 5.0%
19 5 3.5%
20 3 2.1%
ast 6 s w hiy preci®s age
Total 141 100.0%
Table 2
Area Wise Distribution of Cases
Area Frequency Percent
Rural 27 19.1%
Urban 114 80.9%
Total 141 100.0%
Table 3
Regarding Consent Present or Not
Consent Frequency Percent
Absent 23 16.3%
Present 118 83.7%
Total 141 100.0%
Table 4
Frequency and Percentage WisBistribution of
Days Stayed
Days Stayed Frequency Percentage
Several Days 58 42%
SeveralMonths 26 18 %
Nil 57 40 %
Total 141 100 %
SpPTruuTiIree a1 u
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Table 5
Comparison of Age correspondig with Proof with Proof of Age
Age Corresponding With Proof
Proof of Age nil No Yes TOTAL
Absent 128 0 0 128
Present 0 3 10 13
TOTAL 128 3 10 141
Table 6
Comparative study of age of apearance of ossification centre
As Per the
Standard
Literature & In Our Study
Sr. Examination Eruption/Ossification | Scientific Also Found at the Early Age | Age as Per
No. Dental/ Radiological Material (In Yrs. with percentage) Literature
(Age in Yrs) (In Yrs. with
Percentage)
1. Dental Examination Age of Eruption 17-25 14(7%), 15(10%) 17(3%), 18(14%)
16(3%)
2. Acromian Process of Age of Fusion 17-18 14(26.6%), 15(61%), 17(86%)
Scapula 16(82%)
3. Head of Humerus Age of Fusion 19 14(13%), 15(11.4%) 19(80%)
16(20%), 17(36%),
18(43%)
4. Medial Epicondyle of Age of Fusion 14-16 13(45.45%), 14(86%), 16 & 17(100%)
Humerus 15(97%)
5. Upper end of Radius & Age of Fusion 16-17 13(54%), 14(80%), 15(93%) | 16&17(100%)
Ulna
6. Lower end of Radius & Age of Fusion 1819 14(13%), 15(35%), 16(55%), | 18 & 19(100%)
Ulna 17(58%)
7. lliac Crest Age of Appearance 14 - 14(100%)
8. lliac Crest Age of Fusion 1820 - 18-20(100%)
9. Tri Radiate Cartilage Age of Fusion 14-15 13(45%), 14(73%) 15(87%)
10. Ischial Tuberosity Age of Appearance 1516 12(50%), 13(27%), 14(45%) | 15(75%)
11. Ischial Tuberosity Age of Fusion 20-22 - 20-22(100%)
12. Head of Femur Age of Fusion 17-18 14(66%),15(58%), 16(66%) 17-18(86%)

——
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Abstract

In a wide varietyof circumstances of feticide, fetal age determination is important for identification. This is
an important identification feature in postmortem cases. There are many different parameters to determine the age
from fetus. But actual problem arises, whentibey of fetus is either mutilated or decomposed. The data of femur
length and other variables at various gestational ages can be used for age estimation of fetus at autopsy. But at time
of autopsy each bone may or may not be present for autopsy. Sstuthysof ultrasonic fetal biparietal diameter
was done to collect data, which can be utilized to ascertain the age of fetus in autopsy cases particularly in the
Punjab region. This regional data can also be used to determine gestation age, if exaostasalrperiod date is
not known in antenatal cases of this region or to develop charts for ultrasound dating of pregnancy based on bi

parietal diameter and, second, to derive reference curves for normal fetal growth baspdraiddidiameter.

Key Words: Age DeterminationBi-Parietal DiameteiJltrasonographyGestationalAge, Pregnancy, Ante Natal

Introduction :

Measurement of various fetal body parts is
known is fetal biometry. Ultrasonography is done in
every ante natalase for measurement of various fetal
parts. If the exact date of LMP is known then it can
be useful in correlating the -piarietal diameter with
gestational age.

During fetal autopsy, all the parameters for
identification, may or may not be available
particularly when body is decomposed or mutilated
and sometimes only few bones are available. Then
there is no other option except to find out the age
from bones. Measurement of length of bone and
diameters at autopsy is very easy, less time
consuming ana cheaper way of finding out the age
of the fetus. In many cases we may not have all the
bones. If skull is present then we can measure bi
parietal diameter and by doing this study, we are able
to provide data in form of charts to solve such cases.

Reviewof literature::

No single parameter is sufficient in giving
accurate fetal age ultrasonographically. Few useful
measurements in the fetus are femur length, length of
kidney [1], abdominal circumference and head
circumference[2]
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If more than one parameter is taken in
determining the age of fetus, it is considered better as
reliance is not kept on one paramefét

Measurement of kidney length is aisl
between 2% to 38" weeks [1] Femur length and
BPD have more value prior to 36 weeks but after 36
weeks head circumference and femur length has more
value [2]. Length of femur is also better parameter as
compared to BPD for determination of age etk in
the third trimester [3] Bi-parietal diameter
measurement is in less common use after 20 weeks of
gestation. Measurements ofmrietal diameter also
help in determination of age of fetus.

The biparietal diameter and femur length
correlated equbt well with gestational age.
However, the bparietal diameter was more than
twice as sensitive as the femur length to variation in
fetal growth. Femur length had a larger error
associated with its measuremed

It is well established that ultrasound
measurement of femur length andgarietal diameter
are comparably accurate estimators of gestational age
when obtained in the first half of pregnancy. Both
estimators, however, become less accurate later in
pregnancy|[5]

It is well known that ethnicityhas a significant
influence on fetal biometry[6, 7]

The correlation coefficient of gestational age
versus fetal femur length is statistically greater than
that of the gestational age versus fetal biparietal
diameter [8]

Measurement of the fetal femur gars to be a
reliable method for assessing gestational age, which
can compensate for the limitations of the BPD
method [9]
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Material and Method:

The antenatal cases coming to Gian Sagar
Medical College for routine Ultrasonography during
pregnancy will bestudied for biparietal diameter.
This is a random case studé. total of 271 cases
were taken. Only those cases had been taken where
there was no mistake for last menstrual period
(LMP). Consent of every volunteer was taken. Cases
with  fetal congenital =&  developmental
abnormalities were excluded. During
Ultrasonography, fetal parietal diameter was noted.
LMP of these cases was recorded. We had prepared a
graph from the available data. Then this graph will be
utilized to solve the cases of age deteation in
medico legal cases.

Result

With the help of ultrasonic examination of
these volunteer cases, the measureepabietal
diameter is presented in tabulated form.

Chart M. 1 shows location based
distribution of cases taken in this study depicteat th
most of the cases belong to Punjab state.

ChartNo. 2 shows age wise distribution of
cases taken in this study.

Bi-parietal Diameter:

Table Nb. 1 shows the tabulated form of-bi
parietal diameter at different lunar mbst of
gestational months whilehart No. 3 is showing its
graphical representation. According to present study,
average bparietal diameter of skull at™4lunar
month of pregnancy is 30.63 mm and maximum at
10" lunar month is 87.43 mm.

Table No. 2 shows the tabulated form of
biparietd diameter at different weeks of gestational
age while chart 4 is showing its graphical
representation. According to present study, minimum
biparietal diameter of skull at 14 weeks of pregnancy
is 28.30 mm and maximum at 39 week is 93.08 mm.

Discussion:

We had prepared the charts or graphs from
the available ultrasonic data of biparietal diameter
especially for Punjab region. Trend line was also
drawn. These trend line and graphs of biparietal
diameter obtained ultrasonically can be used to
determine the agof fetus brought for autopsy. The
expected date of delivery can also be calculated by
using these charts or graphs by getting gestation age
from biparietal diameter obtained from ultrasound in
antenatal cases where last menstrual period is not
known. Thee charts are more useful in Punjab region
population as these are directly produced from local
population. On the whole, if one variable is known,
we can calculate the other variable from these graphs
and trend line.

Good curves in the graphs were obtdine
when horizontal axis becomes lunar month
gestational age [10].
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Conclusion:
Our new set of reference chart and table for

fetal biometric measurements in reference to
biparietal diameter is ready for Punjabi population
group.
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Chart No. 2
Showing Age Wise Distribution of Case
Age wise Cases
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Table-1

Showing AverageBiparietal Diameter in Relation
to Lunar Months of Pregnancy

Gestational Age ( lunar Average
months) length(mm)
4 30.63
5 41.76
6 53.93
7 63.65
8 76.50
9 83.21
10 87.43

Chart-3
Showing AverageBi-parietal Diameter in Relation
to Lunar Months of Pregnancy

Biparietal Diameter Vs Gestation Age
in lunar months
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Table- 2
Showing Average Bi-parietal Diameter in Relation
to Weeks d Preghancy

Gestational Average Gestational Average

Age (inwks) | BPD (In Age (in wks) BPD (In
mm) mm)

14 28.30 27 71.73

15 31.10 28 71.44

16 34.68 29 73.63

17 36.98 30 76.65

18 43.73 31 79.88

19 48.03 32 80.91

20 49.20 33 82.52

21 51.68 34 83.31

22 53.65 35 85.77

23 56.88 36 84.12

24 58.24 37 86.94

25 59.47 38 89.69

26 66.12 39 93.08

Chart-4

Showing AverageBi-parietal Diameter in Relation
to Weeks of Pregnancy

Biparietal Diameter Vs Gestation Age
in wks
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Analysis of Railway Fatalities in Central India

* RamesNanajiWasnik

Abstract

A two year retrospective study of railway related fatal cases has been carried out in dnenBefpof
Forensic Medicine & oxicology, Indira Gandhi Gogrnment Medical College, Nagpur. Railway fatality cases were
stand for 5.99% (@tal 173) of all autopsies (n=2888) conducted during the period of January 2001 to December
2002.The fatalities were predominantly seen in the males. Male to female ratio was 8.62:1.The maximum numbers
of victims were in the age group of -2@ years (n= 1@ cases, 69.34%). Majority of victims died on the spot
(96.53%). Maximum number of railway fatalities were accidental (91.32 %) followed by the suicidal (8.68 %) in
nature, whereas none of the homicidal railway fatalities noted. Crush injuries were foatig awer lower limbs
followed by the upper limb then over the face and head. Maximum victims (84.38 %) died due to hemorrhage and

shock following injuries to the vital organs.

Key Words: Train Accident, Railway Fatalities, Safety, Fatal train Injuriedia

Introduction:

The injuries and deaths due to accidents are
inescapable in the modern way of living. The
accidental deaths are mostly due to the road traffic
accidents but the deaths due to railway fatalities are
also not ngligible, especially in the areas where
railway traffic is higher. A train accident is defined as
a "collision, derailment, or any other event involving
the operation of orack equipments.” Train accidents
can cause devastating damages and personaiemjur
including the death of the person. Trains are
frequently involved in accidents that critically injured

There is also increase in the Gross National
Product (GNP) and improvement in the standard of
living.Being the heart of India, many national railway
routes pass through the Nagpuailway station,
joining the various states around it. Nagpur station is
having the heavy burden dfansportation of the
passengers and goods as well; therefore the
incidences of railway fatalities and mishaps are also
higher at this junctionMost of thereported cases of
railway deaths were either directly hit by the train or
recovered in the vicinity of the railway tracks.

Fatal railway injury is characterized by

passengers and innocent bystanders. These accidents extensive disruption of more than one body region.
are indeed disastrous and catastrophic due to the speed Hence, to properly understand the epidemiology of

Indeed, a train acaid can
resul t i n

that trains travel.
definitely
property as well.
Nagpur is an important city as well as an
industrial town and the second capital of State of
Maharashtra. It is situated in the central part of India.
As per the sensex 2001, the population of Nagpur city
was 20,51,320 and that of Nagpur district was
40,51444, of which the peoples residing in urban
area were 64.36 and in rural area were 35.64 %
respectively, these areas are connected very well by
the railway network. Nagpur has rapid growith
educational establishments, roads, buildings,
business, energinfrastructure,industrialization and
of course populatioduring last 25 years
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railway deaths and the pattern of injuries produced, a
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Materi al and Methods:

The present retrospective study of 173 fatal
cases of train accident has been carried out in the
Department of Forensic Medicine and Toxicology,
Indira Gandhi Medical College, Nagpur for a period
of two years from Jan 2001 to Dec 2002. Tdea
was obtained from police papers (Requisition and
inquest Panchnama) regarding information on age,
sex, and supposed manner of death, pertinent history
and autopsy report.

It was verified from the friends and relatives of
deceasedlhe age, sex, tygeof injuries, pattern and
distribution of fatal injuries were noted. All the data
thus collected were analyzed and findings are
presented in this paper.

Observation:

Out of 2888 medicdegal autopsies
conducted during the period of two years from
January 2001 to December 2002, 173 cases (5.99%)
were due to train accidents.

A
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Figurel: Month Wise Distribution of Railway
Fatality.
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Fatalities by rail occur throughout the year
but uniformity was not observed in the victims of
railway accidents. However, the fatalities were
equivalently seen in all the seasons i.e. in summer
season 60 cases (34.68 %), rainy season 54 cases
(31.21 %) and in winter season 59 cases (34.10 %).
Figure 2: Age and s& wise distribution of
Railway fatality .
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The above table shows that the fatalities by

the railways were predominantly seen in the males
155 cases (89.59%) as compared to females i.e. 18
cases (10.40%). Male to female ratio was 8.62:1. The
maximum numbersf victims were found to be in the
age group of 2019 age groups i.e. 120 cases
(69.34%).

Figure 3: Area- wise distributions of Railway fatalit

ARFAWISE DIE BUTION OF TRAIN
FATALITIES

There were 122 cases (70.52%) cases from
urban area while 51 cases (29.48%) cases were from
rural area.
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Table 1: Cases brought from

Victims No. of cases %
Spot 167 96.53
Ward/ Casualty 6 3.46
Total 173 100

From the above table was clearly evident that
majority of victims died on the spot 96.53% because
of sustaining severe type of injuries, insufficient
ambulance services.

Figure 4: Gender and manner of death in Railway
fatality
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Accidental railway fatalities were the
commonest accounting to the 158 (91.32 %) cases,
while the suicide seen in only 15 (8.68 %) cases
whereas none of the homicidal cases were recorded.

Injuries sustained in railway fatality shows
that the crush injurie were found mostly over lower
limbs (n=105), followed by the upper limb (n=102),
face and head (n=72) and least in the perineum and
posterior aspect of thorax. Crush injury to the neck in
the form of decapitation was observed in 27 cases.
The crush sepatian of the trunk from the body was
seen in 31 cases.

Table 3: Thoracic and abdominal organ
involvement in fatal railway accident
Organ Type of injury
THORAX Contusion | Crush/ %
Laceration
Lungs 46 79 11.35
Heart 7 9 88.65
ABDOMEN
Liver 10 71 41.75
Spleen 5 49 27.83
Kidney 15 44 30.41
Perforation
Stomach 18
Intestines 37
Bladder 23

Crush laceration and the contusion to the
lung were seen in most of the cases compare to the
heart. Injury to lungs was seen in the 88.65 % cases
whereas injury to the heart accounts only in 11.35 %

A
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cases. Liver injury was observed in 41.75 % followed
by the kidneys (27.83 %) and the spleen (30.41 %).
Table 4: Cause of death in railway fatalities

Cause of Death Cases %
Injuries to the Vital

organs 112 64.73
Head injury 26 15.02
Shock and Haemorrhage 34 19.65
Septicaemia 1 0.05
Total 173 100

Maximum numbers of fatalities were due to
injuries to vital organs i.e.112 (64.73 %). Shock and
hemorrhageccounts for 34(19.65 %) alone and head
injury in 26(15.02 %) cases.

Discussion:

Out of 2888 medicdegal autopsies, 173
cases (5.99%) were due tailway fatality. The
incidence of railway deaths is far lower in this area
compare to the others [2]. It was observed that the
fatal train accidents occurred throughout the year
without any uniformity and seasonal variation.
Railway fatalities were 6(034.68 %) in summer
season, 54 (31.21 %) in rainy season and in winter
season 59 (34.10 %).

Fatalities by the railway were predominantly
seen in the male in 155 cases (89.59%) as compared
to female 18 cases (10.40%). Male to female ratio
was 8.62:1. The nha predominance over female was
due to the fact that most of the outstation activities
are usually carried out by the males. Males
outnumbering females in railway fatalities have also
been observed by othefl, 38] The maximum
numbers of victims were faud to be in the age group
of 20-49 agegroupsi.e. 120 cases (69.34%); similar
findings were observed by the othefk, 3-5, 7-10]

The passengers on the train, specially males of these
age group takes the risk to get boarding in the
running train, hangingn to the doors, windows or
side bars and travelling on the roof getting injured by
low overbridges, tunnels, also leaning out of the
windows of a running train when the trains are
overcrowded. Males are doing most of the laborers
work along the rail treks (Gagma), try to cross the
rail lines while the train was nearby , takes risk to
walk along the railway track, etc are the reasons to
get succumb to the train fatalities specially by the
male .

There were 122 cases (70.52%) from urban
areas while 51 c®s (29.48%) were from rural area.
Railway fatalities were predominantly seen in the
urban area as train transportation is the cheapest
mode; urban people adopt it to make to and fro to their
outstation working places. The factors which are
responsible fohigher incidences of railway fatalities
are a) in the urban area peoples residing in slum area
usually goes nearby the railway tracks to attend their
natural calls b) walks along the railway track as the
short cut to reach the destination early disregardi
the railway safety rules, c) encroachment of the
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platforms by the people for business and other
purposes. The reasons behind the lower incidence of
railway fatalities in rural areas are that most of the
villages are either far away or not connected \tlith
railway stations and tracks. The people only
occasionally avail the transport facility because in
such villages the major way of transport is by bullock
cart or by bus etc, hence reflecting the lower incidence
of railway fatalities in rural areas.

Study clearly shows that majority of victims
died on the spot because of sustaining severe type of
injuries, insufficient ambulance services, which is in
agreement with others study, 6, 8, 9, 11]

Accidental railway fatality was the
commonest manner thathers accounting to 91.32 %
cases while the suicide seen in only 8.68 % cases
whereas none of the homicidal cases recorded in the
railway fatalities, these are consistent with the finding
of various studies[1, 2, 4, 5, 7-10] The accidental
railway fatalities are due to the fall from the running
train, while boarding a running train, while going
hanging on the doors etc mostly done by the males;
dashed by a passing train while walking or crossing
along the railway tracks, shumg accidents, collisions
or derailment etc.

Injuries sustained by the train showed that
crush injuries were found mostly over lower limbs
followed by the upper limb, face and head, neck
regions and then the thorax and abdomen. Crush
injury to the neck wa observed in the 27 cases. The
fractures to the lower and upper limbs with the
disarticulation were the commonest one followed by
head and face. The crush separation of the trunk from
the body was seen in 31 cases whereas the multiple
fractures to the rils were commonly seen due to
effect of shearing and grinding force from the
rotating train wheels. Most of the injuries sustained
were abrasions and contused abrasions followed by
the laceration and the fracture of limbs and then the
decapitation, similarifidings were observed by some
observant [4, 9]The study clearly revealed that head
was injured in most of the cases followed by upper
limb, neck, lower limb & trunk in descending order
[1, 8, 9] The other injuries were due to the primary
and secondarympact. The primary impact injuries
are related to the head and arms, chest, trunk as it is
usually get struck from the side, which are usually
multiple and extensive and the secondary injuries are
due to been thrown down and run over resulting in
the crusing and deep injurieg9]

Concerning the thoraeabdominal organ
involvement, the crush laceration and the contusion to
the lung was seen in most of the cases compared to the
heart. Reason is that lung is the superficial organ than
the heart and occupiesaximum area of the thoracic
cavity / rib cage. Most of the parts of the heart are
retro-sternal therefore lungs are more vulnerable to
injury as compare to heart. The majority of serious
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injuries to the chest occurred from forced compression
by the crusheffect of the wheels of the trains.
Abdominal injuries are sustained following the
primary and secondary impact resulting in grave
injuries to the abdominal viscera.

Maximum numbers of fatalities were due to
injuries to vital organs 64.73 %, Shock and
hemorrhage alone in 19.65 %, head injury in 26 (15.02
%) cases and in only one case septicemia was the
cause of death. Maximum fatalities (84.38 %) were
due to hemorrhage and shock following injuries by the
train to the different vital parts of the body atige
crush amputation of the limbs, decapitation causing
hemorrhage and shock. Similar finding was observed
by. [2, 4-6]

Conclusion:

Most of the railway fatalities were
accidental in nature and in the bread earning age
group particularly among the males. The increasing
number of population, overcrowding in the trains,
reckless and careless behaviour of the passengers,
pedestrians and ¢htrain drivers towards safety norms
are the constant causes of railway fatalities. The high
levels of the railway fatalities make a strong case for
the necessary accident control interventions. Public as
well as the railway authorities must take some
measires to bring down these fatalities. People must
follow some easy set of laws like do not travel on
footboard, do not enter or get down from running
trains, do not try to cross the level crossing gate when
it is closed, be alert and reduce your speed while
approaching railway unmanned level crossing, never
guess the speed of the train and adhere to the set
norms of railway safety to curb this menace. The
railway authority must take some steps to prevent the

ISSN 09710973

accidents by acknowledging the safety engineering,
training and awareness among staff, attentive
surveillance, high quality maintenance and strict law
enforcement.
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Table 2
Types of injuries in train victims
Anatomical Site Abrasion Contused Lacerated Contusion #/Crush/
abrasion Wound amputation/decapitation
Head &face 4 35 85 10 72
Neck 2 4 6 3 27
Thorax anterior 2 36 9 6 40
Thorax posterior 3 13 4 3 17
Abdomen anterior 4 16 3 6 31
Abdomen posterior 6 11 9 1 22
Upper limb 12 37 21 4 102
Lower limb 16 37 39 3 105
Perineum region 8 1 5 0 17
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Custodial Deaths- An Overview

of the Prevailing Healthcare

Scenario

*Y S Bansal, *Murali G, ***Dalbir Singh

Abstract

Preventing torture in custody and ensuring strict compliance of its guidelines in custodial deaths is one of

the i mportant agenda on t
allegations of torture against law erdement agencies.

he NHRC&6s I|ist. Sudden and
Delay in providing basic medical care is one of the

commonest allegations by the relatives against jail authorities. In this study we analysed the pattern of custodial
deaths that had been brought to the mortuary at PGIMER, Chandigameddazo legal autopsy and have suggested

few preventive measures to reduce the morbidity as well as mortality among prisoners. Ninety custodial deaths that
occurred while undergoing treatment in PGIMER, Chandigarh in the last decade were analysed, kasedson

factors such as age, sex, treatment protocol, etc.

Of these, 95% were males and 5% were females; Sixty three

percent cases were reported from the Punjab zone, 27% from Haryana, 7% from Chandigarh, 2% from Uttar Pradesh
and 1% from Himachal PradesEighty nine percent deaths were attributed to natural causes, while 11% cases were

due to unnatural causes, mostly suicides.

Key Words- Custodial death, Human Rights, Natural disease, Jail, prisoners

Background:

The motto of he National Human Rights
Commi s si oSarve iBhavanfu Sukhinald .
Happiness and health for all is sought to be achieved
through a rightdased regime where respect for
human beings and their dignity is cardinal.
President 6s assentantRightst he
Act was a major breakthrough in this direction.
Section 3 of the Act provides for the setting up of the
National Human Rights Commission (NHRC) and
Section 21provides for the setting up ofvarious
States Commissions (SHRC). [1]

As per the Oxfordlictionary custody means

Aprotective car e or guar
somet hingo. I n t h eisdkfieegl a |
as any point in time whe

movement has been denied by law enforcement
agencies, such as during transporbipto booking, or
during arrest, prosecution, sentencing, and
correctional confinement[2] All over the world,
especially in developing countries like ours Custodial
death is one of the key sensitive issues with respect to
human rights violation.
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Sudden and unexpected death in custody is
commonly associated with allegations of police
misconduct, media speculation, rumours, and intense
community concern. It is also recognized that law
enforcement misdemeanours do occur, hence
thorough and objectivavestigation by thd-orensic
Pathplegistis crugiabtg previe indigppiable facts
regardingthe cause of death.[3] As per the NHRC
guidelines, all custodial deaths are to be reported
within 24 hrs and poshortem examination is to be
conducted by a paneif doctors & videography has
been made mandatory. NHRC Report from 20Q1

to 20067 showed an increase in custodial deaths all
Qver alidia (4] Bhough f majosity @fe then easeso i
eustady dierdueeto ngtural caysgsy but issues such as
Regligence) i rmedical srigbr impropes denificarg f
facilities cannot be ruled out. This study is an attempt
to see the pattern of custodial deaths in North West
Chandigarh zone of India so as to bring awareness
among law enforcement agencies for better care of
prisoners.

Materials and Methods:

This is a retrospective analysis of 90 cases
of custodial deaths that have occurred in the last
decade during their treatment in PGIMER
Chandigarh who had previously received treatment
either in the respective jail hospitals or peripheral
health centres. The pestortem examination of these
cases was conducted in the mortuary of the institute
as per the guidelines laid out by National Human
Rights Commission. Relevant information was
gathered from posgnortem reports and medical
record files. Causes of death were categorized under

A
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natural (disease process) and unnatural
(suicides/accidents/homicides). Factors such as sex,
age, place of occurrencéreatment protocols, past
medical history, allegations of foul play/negligence,
etc were taken into account while analysing the

sequence of the events leading to death in these cases.

Results:

A total of 90 cases of custodial death were
analyzed. Out othese, 85 were males (95%) and 5
were females (5%), the eldest prisoner was 85 years
old & the youngest was of 16 years.( Hip Sixty
three percent cases were reported from the Punjab
zone,27% from Haryana, 7% from Chandigarh,2%
from Uttar Pradesh and 1%ofn Himachal Pradesh.(
Fig-2) Natural causes accounted for 80 (89%) deaths,
whereas 10 (11%) cases were of unnatural
causes.[FigB] Among the natural causes, 51%cases
had single organ system involvement, majority being
pulmonary; while 49% cases had mukipsystem
involvement. HIV was diagnosed in 9 cases (11%),
out of which 6 cases were reported from Punjab jails
and 3 from Haryana jails. All the HIV cases were in
the age group of 235yrs. Two cases were diagnosed
to be Hepatitis B positive. Among the natural
deaths,suicides constituted 60% cases, mainly fall
from height (3 cases), followed by poisoning (2
cases) and one due to suicidal hanging. Majority of
homicidal cases were due to trauma (3 cases).
Homicidal burn in judicial custody was reported in
one case.

Discussion:

Premature death of persons in custody is
always tragic. The legal authorities are bound by the
law to provide adequate necessary amenities to
ensure the health and safety of persons in their
custody, including timely medical ssistance, and
treating the inmates in a humane manner. Majority of
the cases studied died due to natural causes, which is
in accordance with global scenario.[5][6] A study in
Ontario showed 41% natural deaths whereas a study
in California showed that natal causes constituted
62% of the custodial deaths.[2][5] Suicidal cases
were more in the west as compared to our country.
They were mosyl due to poisoning and hangirg
the present study, natural causes constituted89% of
the custodial deaths which is mslar to the
observations made by the NHRC that some 80 per
cent of the deaths that occurred in custody were
attributable to causes such as illness and old age. The
remaining 20% occurred for a variety of reasons
including, in certain cases, illness agged by
medical negligence, violence between prisoners, or
suicide. It is these latter cases that have exercised the
Commission over the years, requiring it to issue
specific directions in respect of individual cases of
such deaths.[7]Eleven percent of thatural deaths
were HIV positive; however history regarding their

——
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disease status was not available. Majority of the
deaths were due to pulmonary involvement, mostly
Tuberculosis. Two cases were HBV positive. Proper
history was not available in the suicedenomicides.
However, it has come to light that of teaicides, 3
were due to fall, twavere of poisoning and one was
of hanging. All these cases of suicide, point to
negligence on the part of person who was in charge
of their custody at that relevant ipb of time.
Aluminium phosphide with ethyl alcohol was
detected in both the cases of poisoning. How the
inmates were able to procure poison and alcohol
inside the jail premises was not known. It is these
kind of cases which raises suspicion of foul ptay
the jail authorities.

The law commission has observ§sl;:

AEven if the police
custody of a victim, a death in the police station is
made to look like a suicide or accident and the body
is disposed off quickly, with the connivanad a
doctor. Records are manipulated to shield the police
personals responsible. The local politicians and
warlords join the conspiracy. The relatives & friends
of the victim are unable to seek justice because of
fear, poverty and ignorance. Police atrigsit and
custodial violence have become so much part of our
lives that films and novels have recently made them

staple themes. 0
It was observed that proper records
pertaining to their medical illnesses, medical

treatment, history of any addiction, etc wemnet
available. Many cases had a history of opium and
alcohol addiction. Some may have contracted illness
during confinement while many cases had -pre
existing illnesses. In a few of the cases, allegations of
negligence were made against jail authorities,
including non deliverance of timely medical
assistance.

In one of the cases put before the NHRC where there
was an allegation of death due to delay in the
provision of timely medical aid, the Commission held
that the person appeared to have died becausde of
denial of timely medical aid, which showed gross
negligence on the part of the jail prison
superintendent.[9]

The Article 21, which is one of the luminary
provisions in the Constitution of India, also lays
emphasis on the fact that no person shall b
deprived of his life and personal liberty except
according to the procedure established by law.

Even the convicts, unddrials, detainees,
and other prisoners in custody cannot be denied this
precious right.

Our study was limited by the lack of
standad data awilable in the records, it wa®und
that though inquest proceedings in all custodial
deaths were supposed to be conducted under 176
CrPC,[10] but the investigating officer was heavily

A
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dependent on jail authorities for the relevant
information.
Suggestions & Conclusion:

Wh e n t he state takes

liberty, it assumes full responsibility for protecting
their human rights. The most fundamental of these is
the right to life. Each year, howevenany people die
in custody. Though majority dhese deaths are due
to natural causes, but improper medical facilities
could be an important aggravating factor. Providing
healthcare facilities, equivalent to that available in the
community is one of the most important remedial
measures. The provisioof adequate treatment for
HIV, communicable diseases, drug and alcohol
addiction in detention is essential in order to protect
the rights to life. Proper awareness among jail
authorities and prisoners in such cases can prevent
further spread of infectiomaong the inmates.
Developing good practice standards on
training; reviewing recommendations from NHRC,

Genderagewise distribution
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and monitoring progress in their implementation are
some of the steps in a positive direction. Systemic
measures to improve prison conditions, collegtmd
shaging a igformgtion por rdgaghs éns custody; and
commissioning research and implementation of the
recommendations by the Government, should be
undertaken. The views of the Commission for better
maintenance and running of prisons, better trained
and moe dedicated staff, including medical staff, and
decrowding of prisons are few of the important
suggestions to be followed.

Factors such as timely medical diagnosis
and treatment, facilites for quarantine in
communicable diseases are few of the important
issues relating to the healthcare of the individuals in
custody. Strictly following guidelines & slight
modification in the already laid down procedures, as
well as compliance among jail authorities will go a
long way reducing the morbidity and mortality
among prisoners.

MANNER OF DEAT

NATURAL
80

UNNATURAL
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Y o
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Abstract

Medical Certification of Cause of Death [MCCD] scheme was proposed by WHO iaparative tool to
obtain scientific and reliable information in terms of causes of mortality. It was accepted by the Government of India
with suitable incorporations made in The Registration of Births and Deaths Acf,11.98%ross sectional study
was ne with an objective to appraise the completeness and accuracy in filling up of these certificates as per the
prescribed guidelines and subsequently assess the success of the MCCD training scheme. Information was collected
on the various components of tbeuse of death certificate in all cases brought for autopsy over a period of two year
and statistical analysis done. Results of the study reflected that there was a conflict of opinion and understanding as
to the meaning of thhmodtesr md dead héds afndd dantamdher & of d
effort needs to be put forth to educate and generate awareness regarding complete and accurate filling of the forms
and to make them understand t he \serveyhe ety pypose or whithitMCCD s
was introduced. Also the lacunae in the scheme that exist need to be addressed.

Key Words: Medical Certification of Cause of DeatlWHO

I ntroduction: The purpose is to permit systematic

Mortality statistics are quite essential for the
welfare of the community, health planning,
management of health programs, for control measures
in preventing spread of epidemic, to build up
scientific database for medical research, to know the
impact of halth services, to evaluate health
indicators like infant mortality rate [IMR], maternal
mortality rate [MMR] etc. and to find out magnitude
of emerging and remerging diseases.

Therefore, every physician has become
obligated to issue a cause of deathtifieate in the
unfortunate death of his patient. Incomplete or
inaccurate entry in these certificates poses difficulty
in obtaining reliable information pertaining to causes
of mortality. To overcome this, Medical certification
of cause of death [MCCD] keme was introduced;
which is basically a part of International Statistical
Classification of Diseases [ICD] and health related
problems formulated by WHO.
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recording, analysis, interpretation and comparison of
morbidity and mortality data collected in different
countries or areas at differentis. [2]

Therefore, the Government of India has
made a provision in the Registration of Births and
Deaths Act, 1969 [India] for certification by the
registered medical practitioner who has attended the
deceased during his last illne§y

To ensure corid and proper filling up of
these forms, the Government is currently covering
this scheme in phased manner to include medical
practitioners at primary, secondary and tertiary levels.
It is also being included in the MBBS curriculum so
that budding medicgiractitioners will be well versed
on this issue.

There is no provision for the concerned
officials to appraise the efficacy of the training
program. We conducted a literature search through
PUBMED, Medline and various Indian public health
journals to knowthe impact of the awareness scheme.
Surprisingly, literature pertaining to the effectiveness
of this awareness program is scant and virtually- non
existent. Hence, we conducted a survey to find out
the effectiveness of the program by studying the
various omponents of the cause of death certificate,
certified by the doctors who have already been
trained under the scheme.

Material & Methods::

We carried out the study at a tertiary
hospital attached to a medical college. Being a
teaching hospital, all the concerned doctors were

A
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covered by the government launched awareness
program.

Cause of death certificate issued in all
medico legal cases (N€8) that were subjected to
autopsy during the year 2008 and 2009 were
included. These cases had been treated at the same
hospital before autopsy. Cause of death certificates
issued by treating physician, along with the history
and treatment records weraudied and analyzed to
evaluate the accuracy and entirety in filling up of the
forms as per the prescribed guidelines. We compared
the cause of death from records with the autopsy
findings.

Results

We studied a total of 296 certificates, out of
which 207 vere male deaths and 89 were female
deaths. The analytical outcome of the study revealed
that preliminary components of the certificate viz.
full name, age, sex, address were correctly entered in
all the cases. Immediate cause of death was
mentioned in althe cases but 291[98%] cases had a
medical terminology. In rest 5 cases, 4 had written
brought dead while in 1
for postmortem
modes of death like cardiac arrest, cardiac shock,
sudden cardic failure, respiratory failure, respiratory
paralysis, respiratory arrest etc. that should have been
avoided, were mentioned in 254 [86%] cases. The
cause of death includes any disease or injury
responsible to initiate a chain of events incompatible
with life resulting in death of a persof3] It was
mentioned in 14% of the cases only. Part |l was filled
in all the cases. Interval between onset and terminal
event of various conditions mentioned was written in
80 [37%] cases. Manner of death was indicated
166 cases [56%)]. Out of 89 female cases, particulars
were filled in 54 [60%] cases only.

The doctor certifying death is required to put
his signature, mention his/her full name &
designation along with date and preferably should use
his/her seal bearingegistration number, at the
bottom of the certificate. All the certificates bear
signature but only 10 (3%) certificates had the seal
with registration number of the physician. The last
part of the certificate was detached and handed over
to the relativesn all the cases.

Discussion
In the present study we found that the
doctors are finding it difficult to correctly fill the
immediate cause of death. Only 14% could correctly
fill this column. Astonishingly, 86% of the doctors
are confused between thet ms &écause
O0modes of deat ho. The
mentioned in textbooks and literature and are covered
extensively in the ® MBBS curricula. Although the
MCCD guideline

of

319

——

ISSN 09710973

cause of death should no¢ confused with the modes
of deathd; the dil emma sti
One of the reasons may be that the treating
physicians refer the textbooks on medicine, surgery
and the allied subjects that do not mention the
difference. The text books that mention these
differences are mostly forensic medicine textbook,
that are taught in thé'®phase of MBBS curricula.
Another reason may be the indifferent
attitude towards filling up of these forms, which the
treating physicians feel that, this is unnecessary. This
may also be the reason why the doctors ignore or
omit to put their seal with registration number in the
death certificate. Guidelines of the MCCD as well as
6l ndi an Medi cal Counci l
etiquete, and ethics) Regulation 2004,[ insist that
every medical certificate including the cause of death
certificate should bear the seal of the doctor which
should bear the registration number. It will be foolish
to argue that the doctors in a teaching hospital are
ignorant of these basic guidelines. e contrary, it
may be concluded that there is a general indifferences

Another area of concern is failure to mention
the interval between onset and termirlent of
death. The MCCD guidelines do not mention what is
exactly meant by onset of the illness. Furthermore, as
the tertiary health centers mostly deal with the cases
which are either referred from some primary health
centers or treated at other hospita , t he
terminal illnesses, sometimes becomes blurred. Many
times, the patients are admitted in their terminal stage
of the disease. Therefore it is very difficult to
pinpoint this interval. Hence the guidelines should
explicitly define this inteval, and for different
hospitals as well as different disease conditions.
Other minor areas that need to be addressed are the
manners of death, which again is sometimes confused
with modes of death or causes of death. In case of
female deaths, if the ladg not in the child bearing
age, the importanclsesits ground. However as a
part of the routine the doctors should meticulously fill
all the columns as per the guidelines.

Conclusion

The MCCD scheme is an important step in
regularizing and maintaingn uniformity of issuing
the cause of death certificate by medical practitioners.
However our study revealed that there is a conflict of
opinion as to the meaning
deat ho, 6modes of deat ho,
The sestiom gn Ingeal petween onset and terminal

d i events needs o be redefined for different segings to y

ensure a proper and genuine filling up of these
certificates. Extra effort needs to be put forth towards

speci fi calanvaenessgegarding Goraplete ang accuratesfifling of

the forms.| f it i s not done, it
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of being an important tool to obtain scientific and

reliable information in terms of causes of mortality. addressed.

The findirgs of the study are as follows:

ISSN 09710973

Total number of cases studiedn= 296

Correctly filled

Incorrectly filled

Immediate cause of death mentioned

291[98%)] had medicdkérminologies

5[2%)] had something else

Modes of death mentioned as immediate cause of d¢ 42 [14%)] had real cause of death 254 [86%)] had modes of death
Interval between onset and terminal event 80 [37%] 216 [63%]
Manner of death 166 [56%] 130 [44%)]
Data with regards to female deaths [n= 89] 54 [60%] 35 [40%]
Seal of the doctor containinggistration no. 10 [3%] 286 [97%)]
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Abstract

Sex determination from skeletal remains is well studied and extensively documented subject .The sternum
has drawn considerable attention in Forensic and anthropological studies. Morphological variants of sternum are
well documentedThe present study was designed to examine the sexual dimorphism of adult sternum in a
population specific autopsy sample using discriminant function analysis on 70 adult bones (35 male and 35 female).
It was observed that the sternum exhibited sexualoigihism in the study population (Indian Bengali). The
following discriminant function was obtained: DF 86*Ws +1.04 * WM4 +. 77 *PCI[25.03 Overall 100 % of the
cases could be correctly classified in to the two sexes from the three predictors [wigipnao$ternal notch (Ws),
Width of sternum at level of*"4rib (WM4) and posterior curved length of sternum (PCL)] in the model. €ross
validated results showed correct classification in 100% cases. The results of this preliminary study show that
sternum exibit considerable sexual dimorphism and these variables contribute to discrimination between the two
sexes in the study population. This investigation also reiterates that discriminant functions are population specific.
Sexing of adult human sternum is shpossible with reasonable accuracy using the discriminant function on a
sample obtained from the said population by this approach using a linear combination of new parameters

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

Analysis

I ntroduction:

Sex determination from skeletal remains is
well studied and extensively documented subject of
research. The gsteum is an elongated, flattened bone,
forming the middle portion of the anterior chest. Its
upper end supports the clavicles, and its margins
articulate with the cartilages of the first seven pairs of
ribs. The human sternum consists of three parts,
namedfrom above downward, the manubrium, the
body, and the xiphoid process

Like several skeletal remains the sternum
also present populatien specific morphometric
features. Racial differences are prominent as shown by
studies as earl vy al3. They r t
sternum has drawn considerable attention in studies
related to sexual dimorphism [2, 3, 4, 5] and
application in estimation of statur]
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This further warranted populatidrased
studies on sternum. Another stufi§] focused on
sexbased morphometry of the sternum
Maharashtrian population of India.

The present study was designed to identify
these morphological features (predictors) and
examine the sexual dimorphism of adult sternum in a
population specific sample applying lare
discriminant function analysis. The purpose was to
examine how a combination of these newer variables
discriminated between the two sexes in a population
specific sample (Indian Bengali). The variables used
in the present series were new and taken fdinect
megssiremgny & autepsypnjwetpane sample.
Method:

A study on autopsy cases was conducted at
the mortuary of the department of Forensic
Medicine, Budwan Medical College, Burdwan,
West Bengal, India. Thirtfive consecutive cases of
unnatural deathén adult male subjects (above 18
years of age) were examined (at autopsy) by the
author. The sternum of those subjects (fresh bodies)
were dissected and removed from the thoracic cage.
Cases with observable deformity, injuries over chest
wall and fracturd sternum were excluded. All the
cases were examined (autopsy) within 24 hour of
death. Subsequently healthy sternum of 35
consecutive female subjects were included from the

in
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di scri mi nant functi on wa s ca
Lambda equal to 121384, hi squa

routine forensic autopsy cases using the same
method and criteria .The sample thoétained

comprised of 70 sterna (35 male and 35 female).

At complete Forensic autopsy the sternum in
all the cases were carefully dissected using a standard
linear midline incision. The clavicles were
disarticulatedfrom the sternum. The sternalargins
that articulate with the cartilages of the first seven
pairs of ribs were carefully cut so that the body could
be measured with precisioDirect measurements
were taken by technical quality divider, metallic
(steel) graduated scale and tailors tape wetidings
up to one mm. Three readings were taken and
average of the results was recorded. All
measurements were taken keeping the bone on flat
surface in anatomical positiofitie following
measurements were taken.

(1) Width of supra sternal notch (Ws).
(2) Width of sternum at level ofrib (WM4).
(3) Posteriorcurved length of sternum (PCL)

Metric data was summarized as mean and
standard deviations. Discriminant function analysis
was done to examine the dimorphism in sternum and
how the variables could corregthssign the bones to
the proper sex. Statistical analysis was done using
SPSS software version 10.0 for windows. Faded
P value of less than 0.05 was considered significant.
Results

The present study sample comprised of
equal number of male arfdmale intact adult sterna.
The sample size was 70.The summary of univariate
and multivariate analysis seen from Table 1. It was
observed that the sternum was larger in males
regarding all the three variables namely width of
supra sternal notch (Ws), Widtii sternum at level of
4™ rib (WM4) and posterior curved length of sternum
(PCL). The results showed that the mean posterior
curved length of male and female sternum was
22.4+1.01cm and 17.920.98 cm, respectively. The
mean width of the male and femaleesosternum at
the level of &' rib was 5.3 + .31cm and 4.4+ .33 cm
respectively. The width of the suprasternal notch of
manubrium for male and females was 5.71 + .39cm
and 4.79 + .31 cm, respectively.

Table 2 shows the results of the statistical
test of normality of the distribution of the variables.
We performed OneSample Kolmogoraa&mirnov
Test to examine the normality. All the three variables
were normally distributed thus fulfilling the
assumptionand requirement of discriminant function
analysis

A direct discriminant function analysis was
performed using three variables as predictors of sex
of sternum. All the variables were entered together.
The Predictors were width of supra sternal notch
(Ws), width of sternum at level of*4rib (WM4) and
posterior curved length of sternum (PCL). The
classification groups were male and female. One
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degree of feedom 3 and Ralue of .000. Because P
value was less than .05, we could say that the model
was a good fit for the data. The following
Discriminant Function (DF) was obtained:

DF = .86*Ws +1.04 * WM4 +. 77 *RC25.03

The standardized canonical coeffitie and
the structure weights p¢oled withirgroups
correlations between discriminating variables and
standardized canonical discriminant functioresjeal
that all of the three variables contributed to the
multivariate effect (Table 4). The best predictor for
distinguishing between male and female sternum was
the posterior curved length of sternum (PCL).

The Cut Score was [Calculated from group
centroid (Table 5) by obtaining the arithmetic mean
of the values]. The group centriods indicate the
unstandardized canonical discriminant functions
evaluated at group mearGases where the D F score
was less than 0 the sternum female. For values of
discriminant score above 0, the sterna were male.
Overall as well as at individual level 100 % of the
sample was correctly classified into their group by
this model. (Table 6)in cross validation each case is
classified by the functions derived from all cases
other than that case.Crossvalidated results also
showed 100 % of the cases correctly classified by this
tri variable model. (Figl)

Discussion

Earlier works have shown that metric
analysis of the sternum is a helpful technique in the
sex determination of skeleton[1,2] A study[3] on
400 North Indian sterna showed that the combined
length of the manubrium and mesosternum was more
than 140 mm. the sternum was male, and if less than
131 mm. it was female. The same study also
concluded that length of theanubrium, manubrium
corpus index, width of the first or third sternebra or
their index, were not found to be useful in sexing a
given sternum while using multivariate analysis the
probability of correctly identifying the sex of a
sternum was over 85%.

The anthropometric measurements of the
sterna in the present series (Indian, Bengali) are
comparable with those dcftudies [3, 4, 5,pn sterna
from North Indian and South Indian population.
Sexual dimorphism in the sternum has also been
investigated in Nigean population using the
morphometric variable$8]

The present work consisted of direct
measurement of the sternum in autopsy cases.
Discriminant function analysis is used to determine
which continuous variables discriminate between two
or more naturally occurring groups. In this study the
method of discrhinant function analysis was used to
evaluate how those three variables [width of supra

|
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sternal notch (Ws), width of sternum at level Bfrib
(WM4) and posterior curved length of sternum
(PCL)] can discriminate between male and female
sternum. The pres¢ sample was homogenous as to
sex. In its natural position the inclination of the
sternum is oblique from above, downward and
forward. It is slightly convex in front and concave
behind. So we considered the posterior curved length
of sternum as one of theariables in the present
investigation.

The analysis showed th#tis modelcould
correctly classifyoverall 1086 of original grouped
casesThe posterior curved length of sternum was the
best predictor of sexThis result in this population
specific (Irdian Bengali) sample is better than those
of other Indian studies [3, 4] where 70 to 85 percent
correct classification was possible using the
manubrium length, length of body and width of body
as predictor§he present results are also more
accurate thantsdies from South Indi§5, 7] where
sternal index was examined for classification of sex.

This further asserts our contention that
morphometry and sexual dimorphism in adult human
sternum is population and race specific. Discriminant
functions too are pmulation specific as fouhin the
present investigation.

Mutilated or grossly decomposed human
remains can be examined by applying this method of
sex determination from morphometryWe believe
that direct measurement in autopsy cases is more
accurate and reliable than other works of
morphometry  with  radiography and digital
measuremenNo correction factors for measurement
(distance of xray film and orientation) were needed.

The present work was conducted with
direct measurement of only three variables. Further
research with a larger study design and more number
of measurable variables should be done to
discriminate between male and female sternum in
Indian Bengali populatiorMorphological variations
related to race and population can be worked out
using populatiorbased studies.

This is a humble attempt at studying the
sexual dimorphism in adult sternum in Indian
Bengali population and the application of linear
discriminart function analysis to estimate sex using
three newer variablesThe Present approach in
Indian Bengali population is new as we have used
(a) direct measurement at autopsy in wet bones (b)
the linear combination of posterior curved length,
width of supra ternal notch and width of sternum at
level of 4" rib that have not been used predictors
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in earlier works(c) the measurement techniques are

simple, easy to perform and repeatable.

Only one shortcoming of the present work
is the presence of soft tissire the strernal sample
that might have influenced the morphometry.

This however was uniform and minimal
specially in measuring the curved length of the
posterior aspect of sternum. The results of this
preliminary study show that sternum exhibit
considerale sexual dimorphism and these variables
contribute to discrimination between the two sexes
in the study population. In maybe concluded that
sexing of adult human sternum is thus possible with
high accuracy using the discriminant function on a
sample obtmed from the said population taking
these three variables.

The accuracy of discriminant function was
100% in both groups, proving that this can be used
to distinguish males from females in a statistically
significant manner thus overcoming the difficudtly
application of grnal index and other method$he
two variables namely width of supra sternal notch
(Ws) and width of sternum at level of 4ib (WM4)
can also be successfully used in fragmentary remains
of sterna as in many cases of forensic egerthe
entire bone might not be available. This technical
aspect of sexing of human sternum can be of
immense help in human identification
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Table 1
Descriptive Statistics
N Range Minimum | Maximum | Mean Std. Deviation | Variance | Kurtosis
Variable
Statistic Statistic Statistic Statistic | Std. Error | Statistic Statistic Statistic | Std. Error
WS 70 2.20 4.20 6.40 5.2500 6.936E02 .5803 337 -.844 .566
WM4 70 |2.70 3.60 6.30 4.8500 |6.659E02 |.5571 .310 -.407 .566
PCL 70 10.40 15.60 26.00 20.2114 | .2993 2.5043 6.271 -1.255 .566
Table 2 Table 3
One-Sample KolmogorovSmirnov Test Sex Mean | SD
Ws  WM4  IPCL Width of suprasternal notch 57086 | 3936
N 70 [70 70 Male (Ws)
Normal Parameters Mean |5.25001/4.8500 [20.2114 V¥]|d_th of sternum at level of 53000 | 3144
Std. D. |5803 5571 [2.5043 4" rib (WM4)
Absolute[083 |135  |154 Posterior curved length | 55 49431 10091
Most Extreme Difference|Positive |.083 093 .140 (P.CL)
Negative|-.071 135 |.154 Female | Width of suprasternal notch 47914 | 3091
KolmogorowSmirnov Z .694 [1.127 |1.287 \(lejzh e Tlevel of
[Asymp. Sig. (Ztailed) 721 158|073 4m' i (‘\’Nm;”””a EVelot 1 44000 | .3378
Test distribution is Normal. Posterior curved length
(PCL) 17.9286| .9898
Table 4
Variable | CanonicaDiscriminantFunctionCoefficients | Standardized Canonical DiscrimindatnctionCoefficients | Structure Matrix
Ms .858 .304 .496.
WM4 1.038 .339 .528
PCL 767 .766 .875

Constant | -25.032

Tests of Equality of Group Means

Wilks' Lambda F dfl df2 Sig.
Width of suprasternal notch (Ws) .366 117.556 1 68 .000
Width of sternum at level of%ib (WM4) | .338 133.135 1 68 .000
Posterior curved length (PCL) .157 365.175 1 68 .000
Table 5 Figure No. 1
Unstandardized Canonical Discriminant Scatter plot showing the variables discriminating
Functions Evaluated At Group Means the male and female sternum
Sex Functions at Group Centroids [SSMNU= width of suprasternal notch, WM=
Male 2.611 width of srernum at level of 4th rib; POSTCURV=
Female  |2.611 posterior curved length of sternum]
Table 6 Yo o” oot
Classification Table ssman %;Eﬁn ég.fﬂré% o
Sex Male[Female Total [ gEs o
Original  [Count |[Male  [35 [0 35 _ - ==
Female 0 |35 35 R og
% Male  [100.0.0 100.0 o o” Faf 5| om B
Female |0 [100.0 100.0 %gfgg;n i
Cross Count  |[Male 35 [0 35 a o
\validated Female 0 |35 35 =, =
% Male  [100.00 100.0 gl B SERTE T e S
Femal 100. 100. =a nehE .
emale |0 00.0 00.0 A DEEEM L Eﬁ?, | o femals
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Estimation of Stature by Percutaneous Measurements
of Distal Half of Upper Limb (Forearm & Hand)

*Kumar Amit, ** Srivastava A. K.** Verma A.K.

Abstract

Determination of stature from skeletal / dismembered remains is not new for Forensic Experts. In this study
efforts are made to reconstruct stature from distal half of upper limb (forearm & hand), for which standing height
and distance between tips of al@eon process and middle finger of right and left arms are measured in 100 adult
male and female students of 25 years of age. These measurements are analyzed statistically to establish relation
between stature and forearm and hand in form of regresgigation and multiplication factor.

Regression  equations are  derived separately for both the sexes by using

formulay — ¥ = byx(x — f)ie.y = n%{x — %) — ¥ and calculated &8 = 2.42x + 56.64 for males and 2.29+

60.3 for femaleswherey stands for standing height amdior combined length of forearm & hand. By putting the
value of x in different situations statures are calculated and compared with the corresponding real standing height
and these were close {8 cm) in met of the cases.

Multiplication factors are also calculated in the study and these are 3.67 for male and 3.73 for female but
their results are less compatible with regression equations.

Key Words: Stature,DismemberedRemain,Regression EquatioMultiplication Factor

Introduction : Even then the result may be quite erroneous
Stature is one of the important criteria for because of considerable statistical differences

establishing identification of unknown person/dead  between the lengths of fresh and dry bonesRe}.
body. It is usually measured as standing height of the —cutaneous measurements of different parts of body
individual but evaluation of stature is fifult when especially of upper and lower extremities and their
dead bodies are mutilated, burnt or skeletonized. relation with stature may be the correct solution for
Reconstruction of stature from skeletal / mutilated remains. Rough estimation of stature from
dismembered remains is not new for Anthropologists ~ Parts of upper & lower limbs is used since years as
/ Forensic experts. A number of multiplication factors ~ stature is supposed to be equal to the length between
and regression equations have been developed to the tips of middle fingers of both arms when they are
reconstruct stature from long boner throughout the  fully extended (8). Stature can also be chited
world (1-6). But estimation of stature in mutilated from one arm by multiplying the whole length with
bodies especially from their bones is a tedious and two and add 34 cm for chest or from distal half of
time consuming process which involves cleaning and  upper limb (from tip of olecranon process to tip of
preparing of bones. middle finger) by multiplying with 19/5 (9). Recently
Forensic experts/ anthropologists are tgyirto

develop appropriate formulae/ regression equations
for stature from pecutaneous measurements of
different parts of upper & lower limbs (41B).
The study Afestimation of

cutaneous measurements of distal half of the upper
limb (foreartmrs & hands)o0 is an effo
correlation between distal half of the upper limb and
stature. This enables doctors/ autopsy surgeons to
establish stature in mutilated bodies especially when
forearm & hand is intact and most of the other parts
are danaged.
Materials and Methods:

200 healthy students (100 males and 100
females) of Subharti Medical College Meerut
between 125 years of age were selected for this
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study irrespective of their caste, religion, dietary
habits & socioeconomic status. Students having
significant growth disorders, deformities, bony
anomalies & fracture of forearm & hand are excluded
to rule out any gross anomaly in reconstruction of
stature.

For reconstruction of stature from forearm and
hand standing heights of all the selected students are
measured on stadiometer without shoes, as distance
between standing surface to the highest point on the
head in midsagital plane. Combined lengths of
forearm & hand are measured as distance between the
tips of olecranon process and the middle finger by
sliding caliper.

These measurements are compiled on master
chart and also on excel format. The mean& standard
deviation of standing height and combinedgénof
forearms & hand of right & left arms and from their
average are derived on computer from which their
correlation coefficient with standing height are
calculated.

Regression equations for stature are derived
from right and left distal halves of uppkmbs and
the average of both limbs separately in male &
female by using the formula:

y - = byx(c —® =mil G-y
B o =y =
m_—x—%)—F

Wherey= Standing height (stature)

¥ = Average (mean) of standing heights
X = Combined length of forearm & hand
Combined length

x = Awerage (mean’} of
offorearm & hand
T =Co-relation coefficient between standing height

& combined length offorearm & hand

Gy = Stondorddeviationof standingheight
Sx=Stendarddeviationof combined length
offorearm & handEfforts are also made to formulate
multiplication factors for stature from forearm and
hand in both the sexes and compare with the years
known ratio 19/5.

Observation & Results
Stature:

The standing height of males varied from
158.5 cm to 184 cm with na@ value of 170.905 cm
and standard deviation (S.D) 6.0204596. The stature
of females varied from 147.5 cm to 167.5 cm with
mean value of 156.495 cm and standard deviation
4.658811.(Table ).

Table I: Stature of the study group

Total Males (100) | Total Females (100)
Minimum 158.5 147.5
Maximum 184.0 167.5
Mean 170.905 156.495
SD 6.0204596 4.658811
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Length of Forearm & Hand:
(A)Males:

The length of right side forearm & hand
varied from 41.5 cm to 52 cm in males with mean
value of 46.8 cmstandard deviation 2.254 and-co
relation coefficient with standing height 0.9055. The
length of left side forearm and hand varied from 41.7
cm to 51.5 cm with mean value of 46.797 cm,
standard deviation 2.2462 and-iedation coefficient
with standing heigt 0. 901227. The average of
lengths of right and left sides of forearms and hands
varied from 41.6 cm to 51.75 cm with mean value of
46.799 cm, standard deviation 2.246602 and co
relation coefficient with stature 0.904695 (Table II).
Table Il: Combined length of forearm & hand in
male

Length of forearm & hand (in cm)
Measurement Right side | Left side | Average
Minimum 41.5 41.7 41.6
Maximum 52.0 51.5 51.75
Mean 46.8 46.797 46.799
Standard Deviation | 2.254 2.2462 2.246602
Co-relation 0.9055 0.901227 | 0.904695
coefficientwith
stature

(B)Females:

The length of right side forearm & hand
varied from 38 cm to 45.1 cm in females with mean
value of 42 cm, standard deviation 1.79 and co
relation coefficient with standing height 0.88. The
length of leftside forearm and hand varied from 38
cm to 45.3 cm with mean value of 42 cm, standard
deviation 1.777 and emelation coefficient with
standing height 0. 872. The average of lengths of
forearms and hands of both the sides varied from 38
cm to 45.15 cm withmean value of 41.9825 cm,
standard deviation 1.777218 and -retation
coefficient with stature 0.87992 (Table IlI).

Table Ill: Combined length of forearm & hand in
female

Length of forearm & hand (in cm)
Measurement Right side | Leftside | Average
Minimum 38 38 38
Maximum 45.1 45.3 45.15
Mean 42 42 41.9825
Standard Deviation | 1.79 1.777 1.777218
Co-relation 0.88 0.872 0.87992
coefficient with
stature

Regression equations for estimation of
stature were derived from the combined lengths of
forearm & hand of right, left and average of both
sides separately in male and female with the

formulay = n%(x — %) —¥ as discussed above.

These were calculated as:
1. For male
a. Distal half of right upper limb: 0.9055 X
6.0204596 / 2.254 (x46.8)-170.905 =
2.4X% + 56.64

A






