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Abstraet

TWU hundred und seventy autopsy reports in
cespect of air crash fatalities for the period 196221976
have been smidied with
Findings wre correluted with factors like age of the
decensed, airerult types, phases ol Hlight, survival,
autopy system,  causeimode ol death and  injucies
to skeletaljviscerul systems.  Results are compared
with [indings of ather workers in this field.,  Lacunae
in the system of correlation of autopsy findings with
crash factors are highlighted,

other relevant documents.

Introduction

Role ol Aviation Aceidenmt Pathology in the
investigation of faral aircrash i3 {irmly  established
and needs no lurther emphasis’.  Aviation Patholapgy
Cell came to exist in Iadia in 1959 where autapsy
material fram all fatal aircrashes of TA was centras
lised for investigation with & view to study the causes

and modes of deaths, identify the medieal causes af

accidents and reconstruct the sequence of events.

Present study has been undertaken o evaluzte
the autopsy decuments pertaining o the period 1562
1976 held in this cell, in a consolidated manner,
astertain  their adequacy and supgest remedial
measures lor the shortcomings encounrerad,

Material and Methods
Material collected for the study comprised the
following :

(I} Autopsy reports
(11} Reportson histopathalogical examinations,
(111}

Reports an  toxicological  cxamination

whenever undertaken,

* Claszified Spacializt in Pathalopy, TAM, Bangalore-560017

Medical reports lrom SMOs where avail-
abile,

{iv)
(vl Court ol inguiry proceedings,
Paramerers chosen lor correlation ol autopay

findings keeping “* The Man ™ ag central theme,
were as follows @

(i) Age
{ii) Adireralt
(iiiy  Phase of Right
(iv)  Adrcratt type and survival
tv) Welation of body with aircrafr, after
crash
(vi} Pasr-mortem examination
ivin)  Accident-antopsy interval
(viii) Awvailability of body parts
fin)  Causes or modes of death

{x] Injuries

ixit  Histapatholagical examination

ixii)  Taxicolagical investigations
Results and Discussion

2753 diesths resulted from 185 aircraft accidents,
5 gases where autopsy reports could not be traced
were left our of final analysis. Findings under the
chosen parameters are discussed below ;

1l dge
Age of the
groups and is shown in Table 1.

fatalities was classiied in broad
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TABLLE |
Apge of Faral Casualtics

Age (years)

Filat Other Aircrew
1 K 160 {T."F.-i%ll 17
31— 4 40 (18.537) 7
F. o (1 3 1455 3
Unknown 15( 6.9%) 25
Tatal 218 52

Findings show that 735 af pilat casualties be-
longed 1o the age group of 21 30 yre. Perhaps this
high pereentage i related o heavy (lying at thic age.
However, thiz can he interpreted in totality only
when age pattern vis-a-vis llying in the whale of Air
Farce iz taken into econsideration,

(it} Aireraft wccidents & Aircraft types
Drue 1o thelr high speed, jet aircralt are likely
to prodoce disintegration ol the body more olien,
In Table 2 aireralt tvpes and disintegration of hodies
are given.
TABLE 2

Airerafr type & itncidence of disintegrarion

Type of No of [eathe due o
aircraft deaths disintegration
Supersonic and

Trans-sonic 156 58136.7%0)
Transport pai sl 1B (15670
Helicopter 26 Nil

Total 270 it

T this series all the rransport airerall were non-
jet type. Jeb aircrale accidents have resulted in
disintegrarion in 38 out of 158 deaths (36,7%) where
ay in transport airevaft deathe due to disinlegration
were in 16 cases out of BB (18,697, Tamal helicopter
accidents mvolving 26 caswalties did not result in
disintegration of the body.  Tn this respect vur find-
ings are consistenl with that of Masen”,

(i) Phase of flight
Tieaths vccuring during varions phases ol Lzl
are shown in Table o, 3,
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TAELE 2

Deaths during varfous phases af fHiglt

Phase of fiight M. wl deaths Percentage
Take off A 8.1
Landing 13 h
Loss of control ol aircraf m8a .4
Mid-air collisions 12 F.0
Cuollistons with ground

nr awater F115 +3.7
Explosion, fire, break-up
in nir 13 i)
Towl bl 100

* o 5% cuses B0 owos opined by Courds of Toguirs thot loas at
cirntrol of smerale caused the secident,
In 115 casét where airceaf hit the grannd or water, iF wos nod

nrossibie 1y pin point the exaer phase of Nghr, when the acci-
dant occured

D7 casen where partloulars of Mlighl were oul Koown were
eaciuded from this study,

Many workers are ol the opinion that most of
the faralities occour during landing and take off.
However, Mason in his study of 158 fatalities found
that ooly 11.3% ol fawl accidents were reterable
to landing and rake offl phase. Findings ol dhis
report are in agreement with him.

{iry Aircraft type and ecvidence of survival
Lvidence of survival in relation
involved is mentioned in LTable Mo, 4.

to alrcrall

TABLE 4

Aircrafr type and survival

Adreraft Tvpe  In seconds [ minutes In hours

Supersonic l {3 a

Trans-sonic b | 4

Transport 2 0 2

Helicopter 0 1] i

Total 9 1 o
Evidence of survival was ascertained on the

basis of circumstantial, clinical, autopsy, histopatho-
logical and toxicological evidence, Indication of
survival was available in 18 cases vul ol 270 cusual-
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ties. 8 cases survived in terms of hours which in-
clude 3 cases of ejection escape, | case of spantaneous
ejection ot ground and twoe cases where body was
thrown clear off the aircraft on impact.  Tn case of
helicopter accidents, deaths were instantancous.
Survival in terms of seconds was established only
by histalapical examination of tissucs,

fv) Relation of the bady with aircraft after crah

Separation/entrapment in the aircraft, after
crash modifies the injury pattern to a great extent.
The entrapment may cause several types of secondary
injuries making it diflieult to evaluare the trauma
on primery impact, In this study of 263 casualtics
it war found rhar 43 bodies hud separated from the
aireraft,  “T'his aspect assumes importance in injury
analysis and reconstruction of events lollowiog an
accident and is taken inte consideration in subsequent
discussions.

(vi) Post-mortem examination

Out of 270 fatalities, systemic examination was
possible in 196 cases. Ounly 15 autapsies were con-
ducted by Aviation Pathologists (7.6%). Rest of
the auntopsics were conducted by the patholosiste
who were not trained in the field ol Aviation Parha-
logy, In 15 coses where antopsics were conducted
by pathologists trained in Aviation Pathology, useful
information forthcame in 8 cases especially in respect
of tming/sequence of injnries, survival and pilots
incapacitation,

(rii) Accident-gurapsy interval
Expeditivus conduct of autopsy 15 a pre-requisite
for accorate resnlts. As the accident autopsy in-
terval depends upon the body rerrieval we have
classified this aspect inta 2 phases viz accident-body
removal  mrerval and accident  aulopsv  interval
{Table-5),
TARLE &
Avcident-body retrieval lancapsy tnterval
{ Total cases 270

Accident-body No. Percentage
retrieval interval
Mare than 24 hrs 28 {1174
Accident-autopsy interval No, Percentage

More thao 29 lirs 74 27%

98

Table 5 shows that aceident body removal inter
val was mure than 24 hours In ?8 cuses {1093, Thi
was more or less inescapable due to the diflicul
terraim  where  aircraflt  crashed. However, it i
observed that in 74 cases (279%) the accident-aurops:
interval was more than 24 hours, Uhis reveals tha
in 6 cases thongh the body was retrieved before 2o
bours, autapsy was not conducted during this period

feiii)  Availahility of body parts

There iy a gencral impression that aviation
trwumni is 5o extensive thot the available  humar
remains do not permit any systemic examination.
In our study we have found that human remaing were
yuite adequate for such studies in 196 cases out of g
total of 270 (79723,

(ix) Causes or modes of death

In fatal aircraflt accidents, the forces acting are
miuch beyond the limits of human tolerance and
result in soft tissue injuries, skeletal damape and
injurics to the internal organs. These injuries are
further modified i’ the oceupant is trapped in the
aircrale till all the stages of impact are over, Il the
body is rrapped in t he aircrall it mostly leads 1o
disintegration whereas if separated during the impact,
it rarcly disintegrates,  Burning and charring as a
canse of death i also wost likely when hady daes not
separate. Causes of death under some cragh situations
are piven in Tahble 6,

Cwerall assessment of this table revealy that
disintegration occured only when body was retained.
Multiple ipjuries account for most of the deaths
irrespective of the fact whether the Dodies were
retained, thrown clear or ejected. Head injuries
sccured mors olten in retained cases, while the
single death due ra spinal injury occured when the
pilat ejected, Deaths due to burns and asphyxia
due to drowning coocured more in retained cases for
chvious reasons,

(x) Injuries sastained in aircraft accidents

In 74 hedies, where complete disintegration had
occured, injury description was not possible.  These
cases weore, thercfore, excluded., Remaining |39
cases were considered under two main groups.

(i} Skeleral injuries

{fi)  Imjurics to the internal organs

(i) Skefetal inpuries
Skeletal injuries encountered in 189 cases arc
classified in Table 7,
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TARLFE &

Causes of death in crash sitvations

; P TCIRp— Teipat e Sponta- Ejection Unassisted Total
Cause of death g o aineq Theown I ':Ef;ff escape cscape =
inale clear i
Phzintegration 74 - 74
[33.7%4
Mulriple 123 16 | 17 1 158
L juries {55.955) (B4, 1%) (10609} (77.2%) (100Y)
Head injury 14 I — 4 — 18
(haa) (6:2%4) (13.67%0)
Spinal injury —_— | 1
:‘L&‘.I't- ]
Burny 4 | - 1 —_ [
(148540 (5.3%4) i4.6%)
Huemorrhage & 2 | - —_ 3
Shock (09553 (3.3%)
Asphyxin due 4 - — — —_ 3
to drowning (1854
Total 2904 100) 190 100) 1100} 290 100y 1100y 269
Note: 7 ca.*.:t,s: where particulars of flight were not known are excluded from rhis table.
TABLE 7
Steletal injuries
Impact. & v o -
: NOTEENES = rection nassiste :
Fractures Herained Thrown eiection e ;:gd;;': escape Tetal
ina/c clear '
Skull 90 (62%) 9 (47%) — 18 (82%) ! 118
Farial Bones 81 (5550 7 (3REI) — 17 (77%) 1 106
Spine 72 (499) 6 (31.5%) 1 14 (642 1 94
Pelviy 52 (35%) 4 (219 - 13 (599%) 1 70
Sternurn 30 (2054) 5 (3535 —_ 4 {18%) i 41
ibs 122 (B3%) 16 (B492) [ 16 (73%) 1 136
Arms. 120 (BZ5%:}) 14 (73.63:) l 17 {7255) i 153
Legs 120 (82790 15 (79%%) — 17 (77%0) | 158
Note: Seven cases where relevant dﬂ[ﬂ.-ils were not decumented are nol considersd in this table,
HECEA RN o909 oy




Skull was fractured in 118 cases (6290). Those
bodies which were thrown clear from the aircraft on
impact sustained [ractures ol skull in 479, cases only,
An analysis of 153 cases by Mason 7 gives almost
sinilar findings. Similarly facial bones, spine and
pelvis sustained more. [ractures in retaioed cases as
compared to those thrown clear, Fracture of sternum
aocured anore ollen in separated bodies lor which
This, however,

In

there is nin satisfctory explunation,
could be due to emall number of cases recorded,

unsuceessful jection escape, the iojuries are mucl

more marked because of rhe cxtreme loree will
which the bodies hit the ground, Fractures of rihs
arms & legs occnred with almost equal Teequency s
all the groups.

(i) dnguries fo dnternal Organy

Iepjuties to  internal are  classihoed

Table Na. 8,

argans

TABLL 8

futernal Inpuries Suxtained in Foatal Aircraft Adveidenty

Impact

Injury
Eetained Thrown
clear
Brain injury 108 (74%) 13 {6854)
Heart injury 77 ¢53%) 11 (58%0)
Lung injury 127 (87% LT (He5L)
Lung (wide 15 ¢1034) I (5%

spread damags)

Diaphraem 20 (1495) 2 (10%)
Gireat vesscls 4 (3% 2.(10%]
Stemach 20 (14%0) 5(13%)
Tatestine 55(23%4) +121%)
Kidueys 46 (319 T e G|
Liver an (614%) L1 (58350
Liver (Extensive 23 (16%) 8 r10%:)
dumage)

Splecn 03 (43%) 73T
Total

146 19

Spontancous L jection Unassisted  "Tatal
ejection Escane Fseape
o 1G (73%5) l 158
- 13 (59540) | |2
- 16 (7394 | 171
— 20 9% 1 14
— 7 (3200 — 29
— 6 (27%) — 12
SRR EL -- b}
= (185 — 41
— 910 = Gl
LT 47753 | |14
—_ G(27%) — 3l
. 10 (4394) ! 81
! 22 1 w8

Note : Beven eases where relovant derails were nor

In separaled and retpined cases brain dnjury
showed eqgual ‘incidence, ‘Though injurics to the
lungs also thowed almest equal incidénce bur wide
spread damape was almost double in retained and
unsuceessful ejection cecape cases doe 1o higher mag-
nitude of forces as compared to those who were
thrown clear from the aireraft during the crash im-
pact. Tearing of margingl diaphragm has been
reporied by Hassd, In present series diaplicagm Injury
was noted m 16%, of cases; hur those who had un-
sucvessiul ejection escape showed 3290
thoreby showing increased susceptibility of disphragm
to decelerative trauma.  MHeart and great vessels are

incidence

LLH

documentad are not considered in this table.

liable o rupture when subjected to deceleration o
high magnitude and in addition may receive pene
trating injurics by hroken ends of the ribs/sternum o
by compression due to telescoping of cockpit struc
tures,  In present sevies incidence of trauma o hear
is almost identical in all gronps.  Tnjury to aorla i
3% rcases could be atributed to direct violence a;
the bodies were retuined in the aireralt, However
due to pure deccleration, as in cjection cseape, the
incidence increased o 2790,

Incidence of to stomach 15 erqual i
separated and pon-separated cases (11351 Slomnacl

Fralma
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ruptore 15 rarc in Lhe absence of sovere internal
injuries. Intestine was injured in 227, cases, Niason®
in his study of 158 cases found almost eyual incidence
ol injuries 10 stomach and intestine though he guotes
sther workers te have Jound dotestinal ruprure more
aften, Kidneys were injured in 46 retained and 15
separated cascs for obvious reasons.  TTass! has found
a very higl incidence of liver injuries in aviation.
Mason™s overall ligures are 48% in cases ol crash
accidents and 6024 in separation type of casnalties.
There is a general agreement  that right lobe of
liver is injurcd more often than the lelt,  In the
present study liver was injured in G1%, of retained
and 58% ol separated cases.  Extreme damage o
liver, however, occured more often in cjection escape
cuses Lhereby showing more susceptibality to decele-
raLion Lrauin,

fxi) Histopathological examination
Histopathological  cxamination conducted  on
disintepration and non-disintegration Lype ol casual-

ties 15 shown in Talde 4,

TABLE 8

Histopatholugical Examinarion

Futulities Histopath Sipniticant

Cxam, Findings
Digintegration 7 P la (22%4)
Mo disintegration [EETH 176 3L (7655)
Findings indicate (hat in majority of cases

histopathological examination was conducted and
it yielded nseful results in 229 of cases cven when
tizsues were very scanty® i,

(xit) Toxicelegical Examination

Toxicoloical invesligations were not underraken
in any of the disintegration type of casualties. In
the other pronp, the investigation was done in 23
vases out of which in pne case the cause of the death
and accident could be established on losicological
report alone.®  In large number of cases the speci-
mens were found nunsuitable dus (v poor preservation
and delay in collection.

An atrempt was made to correlale the injuries to
skeletal svstem and viscera with crash fzctors, will

DECEMBER 1998

a view to assass the role of salety eyuipment. The
records of Courts of Taguiry, however, were ol
found adequate for such corvelation.

Summary Apd Conclusion

The study shows that most of the casualties
helanged to younger age croup. Phase of flight in
which mnst of the accidents cansed death was loss of
control and less afren Janding or take off.  Most ol
autopsics were condueted by pathologists who were
not traincd in Aviation Accident Pathology. Where
autopsies were conducted by trained Pathologists,
the findings were distinctly more contributory. In
i} cases the autopsy was delayed beyond 24 hours
gven thouch the hady was recovered rarlier than 24
hours. In majority of cases availability of body parts
was adequate to allow u systemie examination.

[ujuries to skeletul system and viscera were madi-
fied according 10 the sirnation whether the body was
retained  in the aireraft o wad thrown  clear,
Where the alrercw ejected, a different pattern of
It is interesting to nole that even
operating . in each  aircrafl

injory was lound,
with wvariahle [aclors
aceident, the statistical figures pertaining to injuries
of lungs, aorta, liver and splecn cte show an identica)
pattern as compared 1o studics conducted in other
Correlation of these injuries with safety

countries,
equipment could not be made for want of informa-
tion,

Histopathnlogical  examination, irrespective of

scantiness of tissue, has proved 1o be valuable,
Toxicological exanination though performed on a
limited number of sprcimens has shown its usefulness.
Hewever, expaditious eollection of samples and ideal
not heen possihle in many

preservation  have

INstances.

Non-participation of a trained Pathologist (Avia-
tion Accident Pathologist) in most of these aceidents
haz led to = gross deficiency of vital information
which atherwise would have heen forthcoming had
such » Pathologist been involved in the investigative
machinery right from the beginuing. Since no
unitormity in collection of information/data is found
in this series a lag of valuable data was either not
available or had to be discarded from the study.
A centralised scientific data compiling and infor-
mation retrieval system will yield more fruitful
resultsin future.
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