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An Analysis of Spinal Injuries after Ejections
and Crash Landings in the l A F

MM DOGRA, RR KAPUR, PMW SUNDARAM
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This study includes detailed follow wp of spinal
infury cases invelved in successful ejections and
crash fendings in the Indian Air Force.  In the period
1860- 80, there ware 69 spinal injury cases from 208
sucecssiul efactions. During 1574- 80, out of 48 pilots
fnvofved in crash Jlandings, § sustained spinal
injuries. The maximum fncidence of ejection spinal
injuries has been seen in Marut Aircraft. Compression
veriebral fracture has been the most common infury.
Muost cases were hospitalised for lass than 30 days.
Majority of spinal injury cases resumatl [lying weithin
16 months; 22 pilots could not resume fighter
fiying. Only 2 spinal injury cases were invalided
out of service.

muring any intlight emergency where the
safety of the crew, is jeopardised, a pilot is left with
only two choices, either to abandon the eircraft
inflight or to skilfully crash land the aircraft. The
designers of aircraft ejection seat always take into
consideration the human spinal tolerance since the
‘spine of a seated pilot is the most vulnerable part for
ejection injuriss. The same is the case with a pro-
parly restrained pilot who crash lands his aircraft,
The incidence of spinal injuries has been ‘worked
out by various workers for many Air Farces all
over the world, For Indian Air Force the spinal
injury among survived ejections has been in the
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range of 3054, Thea long term effects of these injuties
have not been studiad in much detail. [t is neadlass
to amphasiss that A savaraly bruised bhack can ba a
cavse of considerable human sufferings and loss of
valuable trained man-hours, not forgetiing the long
term arthritis sequelae, In this study, all the |AF
wrrorew  who sustained spinal injuries have been
fullowed up in respect af thair types of injury,
hospitalisation and long term effects.

Beview of Literature

Ejaction Sast

Germans were the first to use explosive charged
gjection seat in 2nd World War (1932).  Later, im-
proved versions were made in 1245 by Dornier,
Focks, Wolfe and Heinkel, In Britain, Martin-Bakers
gefined human telerance limits as carly as 1945,
Even tloday they are manufacturing ejection seals
with the same parameters, i.e, peak acceleration
below 21 G for les=z than 100 m Sec at a rate of
Z250-300 G/S=c, Walt's" work evolved human tole-
rance criteria in 1945-47 suggesting peak acceleration
below 18-21 'G".

fncidanace

Varma et al? reported the incidence of spinal
injuries during survivable ejectionz in IAF over 15
yvears period (1857-1872) as 303 in 106 pllots.
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Another study in IAF by Rai st al™ menticns similar
figures in 66 survivable ejections. Delahaye et al’,
in their study of 105 successful ejections overa 15
years petiod, found 22 cases (11.2%]) in Franch Air
Foce. Rotondo® studied 100 cases of sjecticns
carried out by Civil and Military halian pilots over a
period of 20 years. Out of BS cases, 15 sustained

vertebral fractures (16.8%,).

Mechanisin of Spinal lajury

Levy®, reviewing the spinal injury problems of
succossful ejections in his study ol ejection seat
design and vertebral fractures, found the problems
1o be related mainly 1o two areas, 1.8, poor body
pusitiumnu pnd excossive ejection forces,

The most common type of spinal injury is verte-
bral compression fracture and the most {requently
affected area s thoraco-lumbar  zone. Kazarian®
derived the order of frequency as T12, L 1. L5 C5,
C7,L2 7T11,L3L4T10,C4andC 8. Rai &t al’
sindied data of 52 |AF pilots who sustained 87
fractures and found the incidence as T 12 {(25%;).
L1 (20.8%), T1 {(12.7%) and C5 (6.8Y,). Sharda,
in his study, reported the involvement of T 12
{25.45%,) and L1 {23.63",),

Hospitalization and Follow Up

This i= one aspect of spinal injuries where
literature ovailable is gquite scanty. Mirsch and
Nachemson® followed up 85 pilots who ejected dur-
ing 1957-60 in the Roysl Swedish Ailr Force. All
the 13 vertebral fracture cases returned to jet fiying
except one case whose injury was quite recent
Feriod of follow up for all cases was as follows \—
3-4 years in B pilots, 2-3 yearsin 11, 1-2 yearsin
23 and less than 1 year in 15 pilots. Among veris-
bral injury cases, one case developed gibbus after
compression fracture of T 6 and was off flying for
one year, Other 11 cases returned to active service
again between 0-4 months (2 months on en average).
Jones et al' studied siections with Martin Baker
{MB) seats in U S Navy and compared the incidence
wilh British data on M B seats and Swedish data on
SAAB scats as well a5 MB seats. Out of 165 survived
ejections, 34 (21Y%) had vertebral injuries, Most
of these pilots were treated conservatively with only
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rast, followed by hyper extension exercises, Somg
were fitted with braces and a few were fitted with)
Plaster of Paris casts. Out of the initial 7 cases, &
cases were invalided out for  radiculoneuritis
degeneration of inter-vertebral discs with localised
arthrosis, arthritis and muscle spasm.  But later nn._
all cases returned to flight status after short pariogs
ol non—tlying and limited flying (dual place, non-
sjaction seat aircraft) status. The Swedish piloty
raturned to flight status after 2 months on ﬂﬁ
average, as compared to 3-6 months in the casc of
5 Mavy and British pilots. Hospitalisation perod)
in U5 Mavy was less than 1 month In 9 coses, 1-3j
manths in 17 cases, 3-6 months in 4 cases and 1.1
year in # cases, Tima of return to full Hlying  statug
was as shown in Table-l.

TABLE—I

1-3 3.6 612 =12
manths months manths imnths

6(30%,) 8(457))

L &S Mavy B(25%) -
British 7(32%)) 10(45%) 4(18%) 1(E30
Swedish 11919 — 149%:) —

* -4 maniths average 2 months

Rotande®, in his study of 15 spinal injury cases!
post-gjection In [talian Air Force, found that ngl
syurgical or reduction manoeuvres were necded a
there were no complicated or myelic fractures, In
majority of cases, Plaster of Paris jacket was given
far 4 months on an average, and than a rainforced
correctiva carsel worn for a lenger time. 14 subjects
nut of 158 recovered complete fitness for flight after
varying pariads,

Roychoudhary et al® evaluated 38 cases of spinal
disabilities in 1AF, Qut of 26 cases of spinal fractures,
16 were due 1o sjections, 6 due to crash landings
and 4 dus to road accidents and ejection test rig
trials. 17 cazes returned to fighter flying and the
other 9 casss were allowed flying only in non-
gjection seal aircraft, Mo case was made parmanantly
unfit for flying duties.

AVIATION MEDICINE
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Gupta et &1* studied the relationship of spinal
disabilities and flying. They evaluated 31 cases of
spinal fractures. Out of these, 18 cases went back
to full flying duties after varying lengths of time,
Eight cases were found unfit {or ejsction seat air-
craft and ware mada it to fly transport(helicopters.

Varma et al'® reviewed the hazards of vertsbral
column abnormality in relation to acceleration forces

due 1o ejections. According to them, in simple wedge
compression fracture of thorocolumbar region the
antarior depth (height of vertebral body) after healing
may get permanently reduced by one guarter 10 one
third of the undisturbad postenior depth. In such
gasas the intervertebral discs and the annulus are
generally undamagad, Such ceses are treated on
conservative lines and recover completely in sbout 3
months and il asymptomatic with full, painless
movements, tull tighter flying may be restored after
G monthe of observation. Cases with multiple
vertebral fraciures need caution during assessmant for
fighter flying as there is likelihood of associated
undiagnosable injury to paravertebral structures or
changes in spinal curvature. Such cases will be more
suited for transport flying. Comminuted fractures
involve disarganisation ef wvertebral body 1o the

extent that its anterior height could get reduced

more than one third. Inter-spinous ligaments and
intarvertebral discs often get demsgad, These are
unsafe or unstable fractures and fighter flying should
not be permitted in such cases.

Matarial and Mathods

Details regarding the total number of ejzctions

and crash landings, pilots” particulars and details of
aircraft and other relevant information were collected
from the records available in the statistical section of
the Directorale of Flight Safety, Relevant Courts of
Inquiry files were studied to extract informalion per-
talning to the circumstances of ejection/crash
landing and immediate sequelae. Medicz! documents

-'[_ﬁF_MS F-1) of the concerncd pilots were studied to

extract details regarding pericd of non-cffectivity,
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medical category and final disposal.  Wherever

possible, the concerned pilots were conlacted in

person and necessary discussions were held to get
first hand information,

After obtaining the availabla details, a systematic
analysis was done. Efforts wera made to look into

specific proclems contributing directly or indirectly
10 the injury and its sequalae,

Results and Discussion
a)  Incidencea

In 209 successful ejections involving 196 pilots,
69 ejections (33")) caused injury to GG pilots,

One pilet sustained injury anly  during the first
ejection while subsequent 2 ejoections in the same
type of aircraft were uneventiul. Although the total
number is small it clearly highlights that multiple
ejections do not expose an individual to an increased
incidence of spinal  injuries  during  successive
ajactions,

Available data in respect of crash landings
pertain 1o a period fram 1574 to 1980. A total
number of 46 pilots were involved in aircraft acci-
dents and only 5 pilots sustained spinal injuries.
Threa of these pilots wara from fighters, one from
helicopters, and one was injurad in a ground accident
while adjusting his seat in g Canbarra aircraft.

b)  Distribution of Vertebral Fraciures

In &% sjections causing injury to GG pilots, a
total number of 110 vertebrae were damaged.

Maximum incidence af spinal injury was in the
dorsa-lumbar region (28%,) followed by mid-thoracio
(5%, and lower cervical {41)) regions. In crash
landings 2lso, the maximum incidence of spinal
injury was in lower dorsal and lumbar ragions of the

spine.
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¢) Ejection Injury vs Aircralt Type

The details of ejections and spinal injury rates in
different aircrafts are given in Table-|l

TABLE-!I

Aircraft No. of Mo, of ejec- Injury rate

successful lions causing peorcentags

ejections injury {54)
Marut 10 G 650.0
Hunter 38 16 421
Type-77/66 43 12 27.9
S5-22 20 17 66,7
Gnaot 3B 9 25.0
Mystara 19 2 105
Type-96/69 g 3 37.5
Canberra 1 0 —
Toofani 7 { —
Vampire B 2 26.0
Iskara 1 Q
Kiran 7 2 28.6
Type-75 1 ¥ -

S 208 69 33.0

Maximum number of ejections have been in
Type 77 aircraft. Maximum injury rate has been In
Marut (60%) follewed by S-22 (66.7%), Hunter
(42.1%) and T-96 (37.8%). Other aircraft show an
injury incidence belween 25 and 287,

Aircraft-wise distribution of injuries to different
segments of spine among successiul ejecteas is given
in Table-il.

TABLE |1l
SPINAL SEGMENT
Aircraft  Cervical Upper Thoraco Lower Sacro-
thoracic lumbar lumbar cocoy-
{T1-T9) EEL
Gnat 3 2 4 4] ¥
Type-77/66 2 3 7 1 1
Type-96/69 0 2 1 ] (o]
5.22 0 0 13 0] 1
Hunter 0 2 13 ] 1
Marut g 0 4 Q 1
Kiran 0 1 2 4] 0
Vampire a o 2 G 0
Wystere 0 0 2 0 0

32

Maximum incidence of injury is localised to
thoraco-lumbar region of the spine. The cervical
fractures have bean sesn anly in Gnat (3), T-77 (4
and Marut (1) aircralt. The most likely causeof
cervical and high thoracic fractures in Gnat aircrafl
can be postural inadequacy on account of neck
flexion.

d) Types of Infury

Types of injurics oncountered |n this study of
all ejections and crash landings are shown in Table-|¥

TABLE-IY

Type of injury No. of Caseg
Back contusion and strains 2
Spondylitis, lumbago and backache 2
Compression fracture 2
Subluxation, complete frocture and

chipping of vertabral body 4
Fractura spinous process 2
Fracture transverse process 2
Disc prolapse, disc Injury and ssiatica 4
Fracture Coccyx 3
Total 81

|n majority of cases where more than one verle-
mral injury accurred, the most common  involvement
was of adjacent vertabrae. Only in 8 cases of multi-

ple vertebral fractures, the trend was  different
(Table V).
TABLE-V

_*.i Mo. = aebra_emcturmj o Type of aircm_ﬂ;
1 DWVA and LY 5-22
2 DY3 and DV12 T-77
3 DYE, 12 and LV1 T-496
& OYS, 9 and A0 5-22
5 DV7, & and LW Kiran
B owva, 11, 12and LWV1 Huintg
7 DYE and 12 Gnat
B

DV11 and fraclure coccyx 522

The mechanism of 2 vertebral fracturas at distan
sites is difficult to explain due to ejection ford
ser-sa. 1t is quite likely that some of these injuri
may have resulted from bad posture during pr e
phase, parachute opening or landing an ground.

AVIATION MEDICIN
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e} Perfod of Hospitalisation
apinal Infuries

& Mansgemsent of

Out of a total 209 ejections, BB pilots were

hospitalised for varying lengths of time,

of hospitalisation is shown in Tabla-vi

TAELE-VI

The period

f]  Non Effectiveness for Flying Duties

Details of non-effectivencess for flving duties are
shown in Tahle-Vil.

Period of Hospitalisation

(days)
010
T—20
2130
31 40
150
5160
== G0

Total

No. of pilots

*3 cases were hospitalised twice.

Most pilots were discharged from hospital by
about 20 days and the others ook longer periods
depending upon the severity and symptomatology
af injury. Thres pilots were hospitalised more than
onge for the same disability due to aggiavation of

their symploms/disability.

After hospitalisation, 49 pilots viere sent on
Efpk=lﬂa1.ra for a varying period of 4-8 weeks, averag-
ing 6 weeks. One case was sent on sick |gave after
his second hospitalisation also Thirtyfour pilots wers
treated with Plaster of Pariz cest and remaining

"L_giéi_ﬂ' reated with rest and analgesics

Cne pilot

sustained camplete fracture CV4-5 and had to be
given skull traction along with Plaster of Paris,
followed by cervical collar for 3 months.  Surgical
(intervention was nsaded in only 2 cases. Bath
._-.[_.!hi:[a'_l:rWEnt laminectomy and removal of 2 portion of
-?’Tj:gtﬂ'ri-!_altahral disc to relieve cord-compression.  Five
pilots, who sjected and sustained injury during war,
Were lreated initially in Pakistan and their hospitali-

‘sation documents could not be perused.

TABLE-VII
Feriaod in Manths Unfit for all Linfit for
types of flying. Fightar flying.
Mo, of pilots Nuo, of pilots
0 4 14 B
b8 26 11
9—-12 20 12
13—16 6 ]
17—20 4] 2
21—24 1 2
25—28 1 2
28-—32 a 1
33 and above 3 3
Permanently unfit 4] 22
Invalided out i 2+
Still under review 3 3
Toral 76 76
Mote :

Ejecticns-69, Crash landing-5
2 cases were upgraded to A1G1 (medical category
for fully fit) but had complications and were down-

graded though the flying catagary was restored later,
* Same cases.

Qut of & total 74 pilots (sjections 69 and crash
landing B} invelved, majority of them were non-
affective for all flying duties for a period ranging
from 0-12 maonths,  Sixty cases resumed restricted
fiving duties (non ejection seat) by end af 12 months
and 11 cases tock longer periods 1o resume even
restricted flying.  Three cases were quite recent and
& finality regarding recovery had not been reached,

Qut of the 14 pilots who started restricted flying
within 4 months of their injuries, 8 pilots had com-
pressed vartebral fracture and 5 had resumed flying
duliss as early as 2} 10 3 mionths.

Gut of the 3 pilots who took langer time (mora
than 32 months) to resume restrictad flying, 2 casses

ware (nvalided out finally and one took 42 months
ta resume flying.
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