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Spinal injuries in ejection from aircraft — Indian experience
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Fhav srady presenss a detaiied follaw-up of

spivad injurios caves encountered during efec-
fions in the fndian Ale Foree Srom apeil 1987
fo Muarch 1993 During this period fere werp
65 cdsex of swccessful ejecttons.  Analyviy
slaws that oit of the 17 caves of spinal infu-
ries finjury rare 26.2%) invalving 29 vertebral

Jractures. The fractures were Srther as per

adreraft and unatomical location. € ompression
frm-mn’.\' wers Hre mosy CORERT . !‘{,r‘ the spe-
cessfiel efectess, 7 wmnderwens miltiple plec-
fiens withowut sustaintug any injuries, There
was a prepanderance of infuries w D17 and
DI2, Analysis af weight of 141 efecrees cover-
ing the period from 1974 to 1993 vhowed pre-
ponderance of weighi range of 61—65 kg
awmang the spinal infury casey (n = 41,

Keywords: Ejeclecs, Compression [ractore Verte-
bral ingury.

he Indian Air Foree (1AF) eperdles ai-

crafis fitted with different types of gjéction
seats Ejections resulr inospinul injuries in quite
a tew cases. It iz essential to analyse spinal in-
jurics periodically. Two such analyses were
carried out covering period of 1960 1o ey
1980 [1] (spinal infury rate 3529%) and June
980 to March 1987 [2] fspiual Injury rase
27.3%). Both the studies reporred vermebral
compression fracture most frequently in the e
gion uf thoracolumbar spine. This paper 15 an
update covering ejections durine the periad
from April 1987 to March 1993, We have in-
cluded some additional paramsters for analvsis
of spinal injuries in this studs

Material and methods

Particulars of each pilor, his age and EXperi-
ence, detatls of the areraft and (he emergend
leading to ejection were obtzined from the ap-

17700

proved protorma INFFIMS) 1956, All pralorms
perbminimg to the perind from April 1987 1o

March 1993 were analvsed Hur:':lj_', callection of

the daata, special attention was paid to sprina
mjuries The details regarding the prapress of
the cases of spinal injuries were wathersd from
the ¢ase Tile records ul the Lrepartnwent ol
Human Engimeering in [AM

Results

fncidence and wyury analvsis, A \otal of 384
ejections have taken place in TAI1 Singe 1980
[1.2] und 3352 of them were successful. The
prosent study tor the period from April 1987 1o
March 1993 includes a total ol 73 ejections, af
which 65 wers successful. Out of these 65 sue-
cessful gjections, 17 eases were of apinal inju-
res In the present study the injury rate is only
26. 2% (Table 1)

Tuble 2 shows that a higher incidence of
gjections occurred fram Mig series aireraft, A
1012l of 29 vertebral fractures were sustained
byi7 pilors. Out of the 17 pilots ejecled, 7 had
sustatned multiple vertebral fraciures (Table 3),
Yearwiss distribution of the successtul election
and the area of spinal injuries is given in Table
4. Tt 15 seen thal all the cases of vertebral fac
fures were in the tharacolumbar region and none
were sustained in the cervical region. The ver
tebree Thar were most commaonly alfcered were
D11 and D12, OF the spinal injuries, 85.5%
were in the thoracic rezion, of which 42.6%
were in the lower thoracic areu, Cinly 3 out
of the 29 siles involved were in the [umbir
region,

Table 5 shows that 910.7% of the pilts gjected
wire below the age of 10 vears, It iv also interast
g 1o note thal 16 out of the 17 ejectees with
spinal injuries were below Lhis age.

frrd S derisparcedded, RN L

oyl s M e e S S

B
were
had
reyies
PErios

D
taines
seque.
Table
the m

Th
spinal
TAF s
weale g
[hﬁ pIJI

fnct . A




¢

Spenal ampwerey or cpeefion from peeceaft Indfun experivay Coonprend 008wl

Iabic 1. Sabemt detmls of cpections o delforent penods i LAE T9610)-14991)

Falal
Perind Toinl N (%)
1S3l R 2 Y {6
| FRO-HT 1a2 [T (108
1987 W3 13 E 01O
Tenal 184 IR W

Spinal injuncs

Sucoassli among sucoessiil
Mo (%) cjcctocs {%a)
196 (91 &) ne (15 2]
91 (K 2) 18- (27.8)
G (R9 1) | TR0 2}
TE52 091 6 111 (2R B}

Tubbe 20 Distoibution of success

ful ¢

pections by aiccraf® type amd vear

¥ oarw e distnibution

Areeull |98 1958 1950
MG senies ] + (4L
Huester il ] I
Ageat I 1

Fag i 0 { (i
[&karn { ] 0
LT 0 ] 0

Fintal 10 a9 It

| A

g 19a2 (R k] [utal

I & 4 43
| fl {t %

4

1 Q {0 1

1 | {} |

} 2 i !

Ik, Bl i s

Table 3. Spinal fractures vs alecrafl bypes

Fable 4. Yearwise distnibulion of epections and orea of
spinal injotiss
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During the period wnder review, 3 pilots oiz
were involved in multiple ejections. All of them 1991 17 3 b0, 11
had ejected once each prior to the period under D{-‘ 81
eview. MNone of these 3 pilots ejected in this  jgg: o 5 012
perivd sustained any spinal injury. D5, 6,7, 12
[letails regarding the type of injury sus- DL
tained, the associated complications and the r["'f
sequelac suffercd by the 17 gjeclees are given in jgoz 3 | GBI 1 L

‘Table &, Compression fracture was ssen to be

the most common injury sustained,

The weightwise distribution of ejections and
spinal injurics involving all types of aircrafls in
IAF since 20 years is piven in Table 7. Data

were'available only from the vear 1974, Most of

the pilots who ejected were in the weight rangs

ind. J, Aeroxpoce Med. 3R(2) 1904

of 61-65kg and the percentage of injury sus-
tained by the pilets in this weighl range was
also more.

[n this series 7 pilots had sustained multiple
spinal fractures. l'able ¥ brings out the causes
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Fable & Fypoes of impuries wnd comiplcatnms
Pypeh ol oy Mo )
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Compression tracture wilh disc prolapses
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Fracture with paraplegia
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of ejection which could have contnibuted 1o the
malposiure resulting i maltiple fractures,
Hospitafization. All the cases with spinal

ijuries needed hospitdlization and 12 aut of the
17 cases were hospitialized [or less than 60

davs. Four ejectees had associated fractures of

either humerus or femur and had 1o be kKepr
langer for open reduction. One pilot developed
paraplegia with spinal fracwire and had w he
hospilalized for longer than G0 days. All thess
cases were treated symptomatically with bed
rest, anti-intlammatory analzssics and later with
spinal exercises. The pilot who developed
paraplegia with spinal injury was treated with
lumbar traction and adjuvani therapy Surgical
inlcrvention was ot needed for anv of these
cases. After hospitalivation. ail ol them wers senl
an sick leave for a period of 4 ¥ weeks.

Frerind af noneffectivrness from Mving. Ning

pilots out of the 17 cases returned to full fighter

Mying category within 12 months afier ejection

|

Filots who had wsaocioted lractures ook as long
gs 18 months to per hack their Oying calegory,
The bomgest time taken was abour A maandhs by
a pilat who had aotenor compression fractures
of D8, 9 and 10, Anather ease of muore than two
vertebral fractares took 12 months more loo el

back to his flyinge duljes.

Permunent wrounding  Thrae pilots oul of
the |7 eases were mwade permanently untit for
glection sear aireraft and helicopler due o per
sistent backache, One of these 3 pilars had ad-
vanced spondylytic changes. He was declared
permanently unfir to fly. The pilol who devel-
eped paraplegia atter ejaction had a slow recoy-
ery He could barely walk with assistance and
was boarded out of service aller bwo vears, Tl
of the 7 pilots who sustained multiple vertebral
fractures, only one was made permanently unfit

to fly,

lYiscussion

Ihe rate of spingl injuries anong successiul
gjectees in the recent past has reduced consid-
erahly from the first incidence, The aircraftwis
distributian of successful clections compared:m
our study shows that out of the 65 ejections
during the period under review, 45 (69.2%) had
taken place from MIG séries aircraft and thisis
attribuled to the fact that [AF has more MG
series atrceafis than any other types. Out of the
45 ejectess from MIG series, only |2 had
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sustained spinal injurics, piving an injury rate of
only 26.6%. This proves that cjection forces
encounteriel and the mjury dyvnamics of MIG
serics aircratt are not penerally very different
fram other aircralis

The incidence and frequency of wvertebral
fractures depends also upon various other fac-
wrs, such us the aitilude of the aircrafm at the
time of ejection, as well as some individual
lictors such as hody height, bod, weighr
Hection jull, positioning of liead and torso dur
ifig cjcetion, and so on [3).

The aireraft allitude in the ejection phase 13
Aso very important It is frequently unfavour
abile fur many different reasons (loss of control,
wealher conditions, cle i, so the pilot mav he
stbjected o complex accelerations during cjec
ton: This modifies the pilor—sear relationship
The body position is of considerable patho M-
netic impurtance in the bivdynamic mechanism
of the production of spinal fractures afier ejec-

1 Arvaspace Med, 38171 1994

tion [4]. Fur cxample, if the aircrall is tilted 1o
one side during ejection, there is lateral flexion
of the trunk whose severity depends on the -
propriateness of the hamess design. Forward
flexion is limited by the sirups. When a low-
positioned control svslem is used, it is foond
that flexion is more marked for suhjects with
long thorax and short arms [S] In a tght wn,
the acceleration gencrated by the manccuvre is
added to the acceleration of the seat In spins
the —(ix zoceleration developed by the rotation
thrusts the pilot w the harness. IF the anchorage
pomnts of the hamess are low down, the spine is
placed in forward flexion. This change of spinal
zeometry favours verlchral fractures [6], Under
these conditions, it is possibie that Lthe pilat will
be unable to place |1|~. sping against the seu
back completely and correctly during the ex
tremely shorr period of time between the 1 -
gering of the ciection sun and the ejection
itgelf
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Similarly, the low seat pan has u tendency to
ubhiterate the lumbar lordosis and accentuate
the dorsal kyphosis. If the legs are hroupght
back, the lordosis is corrected b the dorsal
kyphosis remains unchanged. A high seat posi-
ton oblilerates the lumbar curvature hut has a
stall influence on dorsal statics The height of
the seat pan should thos be adjusted w 1he
physical lype of the subject. It should be ad-
justed so that the thighs remain in contact with
the seat pan and the angle between the thigh und
the trunk ix 1357

According (o the pilot’s constitution, the
weak point of the spine can be the thorucolum-
bur spine or the middle thoracic spine In order
Wy prevent incorrell position, i1 15 necessary to
train pilots o extend actuvely the spine afier
grasping the handle and before pulling it 10 op-
crate the ejection device, even though the har-
ness system dmposes the correct altitude, The
influence of measurements of the pilos on ver
lehral bending was studied hy the US Army. It
was tound that & sitting height of 5th percentile
mcreases the risk of fracture at the L1 level and
a sitting height of 951h pereentile increases the
risk at D8 [7]. This is slightly difterent from our
tindings of vertebral fractures at D11 and D12,
Howewver, the statistics of the US Army and the
US Navy represent o different distribulion for
the same seat

The percentage of load applied on a singie
vertebra inereases progressively from the cervia
cal to the lumbar region and, according to many
authors. ranges from 7% of the toml bodw
weight at C4 to Z0% at D1, 25% a1 D&, S0% ar
L1 and 60% ar L5 level [6]. It is known that the
break load. indicated in G, ranges from 18 1o
125G for lumbar vertebrae at different ages [t
was [ound thar it ranged from approximately
JO0 to 900 kg for the last thoracic and first
lumbar vertebrae in people aged from 19 1o 40
vears [4, 7). I'his corroborates the age-related
incidence of spinal injurics in the present study
I"urther, an analysis of injury and pilot age willl
help us have an insight into their flving experi-
ence. Malposture due to inexperience could be

I'14

ane of the causes for these injuries in thy

Yuunicr |"‘I!I'=Ti-

Most ejections fake place at mic speeds of

150 10 500 knots. Speed 15 an aggravaling Gaclor
and all the published statistics emphasize the
mereased  imcidence  of  lesions,  particularly
fracturcs At high speeds the Breaking action of
the seat-stabilizing parachule cannot always be
eftective, High spueds dimunish the chance of
sofe ejection

lhe other factor causing spinal mjuries
welghtejection theust ratio. A lot of einphasis iy
L1 :,_f_i‘.i!ﬂ to body weizht t:.'L|||irL:|1|{'r|E-i, A%
wamen are being sclected for flying in the 1AF.
Female pilots in the low-weight catepory with a
different distribution of muss, will have a
change in the centre of gravity. This makes the
seal mwre prone 0 rambhng, Also, (emales,
with thewr high far content, have reduced musele
mass and lean body muss. Fven though there s
an ncrease in the chance of ingury by 4% on
DRI caleulations with low hody weight, the
welghtwise distribution of injury shown in
Table &, however, indicates that the masimum
incidence of injury in successful ejectees 15 in
the weight group of 61-65 kg and the injury
incidénce is relanively lower in the lower and
higher weight groups. It is difficult to compare
imjury rates to weight groups: It is difficull wo
compare imjury rates o weight when the aie
crafls. missions and life supporl equipments are
so ditferent. It is possible that if all these po-
tentially confounding variables had heen eons
trolled, the results would huve heen different
However, Lhe present observation that the pilots
in the 61-63 kg weight group are mos! suscep-
tible 10 spinal injuries needs further detailed
evaluation

Finally, the clinical and radiclogical evalug-
tion of 2jectees is very important. As per the
existing policy of TAT, X-rav examination of the
whole spine should be carricd out immediataly
after ejection and, il negative, the same should
be repeated after four weeks, irrespective of the
symptoms. The pilol 4 taken off tlying for one
week and thun regular preflight check is carried

T o Aurrpece Med, 3812 1904
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vt daily with weekly clinieal eXaminations, [f

there are no clinjcul and radiological findings,
the spinal surveillance i stopped. However, in
order to avond mMiIssing cases of dixc pathiology
and other soft-tissye abuvrmalitics, i jy advix-
able to carrv o nvestigations like MRIC
sean whenever the symptoms do o correlute
the anjury: f-'::]lﬁv.-jm_-_
recovery,

clinical apd radiologjcul
EIeCtion  spinal
evitliated at the Institge of Aeraspace Medi
cine by subjecting them 1o aviation
such as acceleration ad vibsution in
cal simulaters, Al clinically normal
cleared for flying,

HyuTy. eases  are

Slresscs
acromed)

CONES dre

'he incidence and rhe lype of injuries ana-
Ivsed in this study have indicated a bener pic-
fuie in terms of spinal injuries sustained by AL
pilats during this perivd of survey as compared
to the earlicr perig between 1960 ayy 1987
Treatment for (heee spinal injuries has been

tnd . Aorosmmee Mad IB(2; 1904
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M dpeetion from direraft - Tndian SNTERERCY ] ad g,

successtul in most cages with minimal or

14
residual effects
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