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PHYSIOPATHOLOGY AND PATHOLOGY OF AFFECTIONE OF
THE SPINE IN AEROSPACE MEDICINE

floland-Paul Delahaye, Roger Pannier, Henri Seris, Robert Auffret,
Raymond Carrd, Henry Mangin and Marje-José Teyssandier

1. IMPORTANCE OF THE PROBLEVM

To the practitioner o Aviation Medicine who daily encounters problems of spisal pathology in flyif.g personnel,
the cuntradictory opinjons in the literature ere not particularly helpful. There nas furthermore been no recent
synthesis of the problem to comment upon the new syndromes and specinl injuries that heve been identilied in the
past fifteen years: for example, chronic pain in parschutists, spinal fracturvs in ajrcrex who have ejected and
lumbothorxcic pain in helicopter pilots.

The frequent cccurrence of lumbar pain in the 1957 man, and the use of X-rays and tomographic techniques,
have given a better understanding of spinal disenases and have been the subject of numerous communicstions in
orthopeedic, radiolcgical and rheumgtological congresses. In addition, reports froa Aviution Medicine Resesren
Establishments and from clinicel scurces have stressed the pathogenesls and prophyiaxis in accidents, and have
also described the common clinicul picture.

his report, produced under ihe direction of Professor Delahaye, is the work of a team from the Aviktion
Med:cine and Electrorudiology Departments of the Dominicue-Larrey Army Teaching Hospital at Versailles; froa the
Principal Centre for Specialist Medical Examinations of Flying Personnel in Psris (15°); from tne Aerospace
Medicul Laboratory at the Flight Trials Centre at Bretigny-sur-Orge, and from the (roup on Studies and Research
ir Radiology in Paris.

A brief statexent of the factors of sggression in flight and a quick reminder of vertebral anstomy i1l be
necessary to understand the various aspects of spinel conditions ir aviation medicine. This study will conaist
of three parts of verying importance.

By reason of their frequency, different etiologies, symptomatologzy and their dovelopment, injuries merit
spocirl attention, We shall give particulsr atiention to the affections of posture since this is a nex probiea
with many unknown fscets such as etiolngy and development. The aciquired spinal conditions, especially in older

pilots, also merit special consideration since they call for particular care in regerd to invsstigetion and
treatment.

2, AGGRESSIVE FACTORS IN FLIGHT

These are many but can be grouped into two cac gories - first, the ususl factors inherent fn flight, for

exsaple, vibratiop and accelerations of long dur- ~n, and secondly, accident facters such as ejections or crash
landings which subject the skoleton to considerabi: orces twr of vary short duration,

2,1 Inherent Factors in Flight
2.1.1 WVibration

Vibration is a conatant factor to which the pilot is subjected from the starting up of hir sircraft wnd
throughout the flight. The highaat frequencies have their origin in the airerat engines or, in gexeral, in
any moving mechsnical elements, vhile the very low frequency vibrations (helow 20 Hz) are caused wostly by tor~
bulence of acrodynamic origin, They sre very difticult to eliminate (unlike those of high frequency) and ax¢
particulsrly dangerous. The subjective tolerance for short durotion vertical vibratfon is shown in Pigure 1.

2,i.2 The Accelerations

The sccelerations sre caused kv changes in the speed or direction of the aircraft. Accolerstion derived from
speed 18 expressed in meters per uecond per sscond. However, in current practice the unit *“2'" is used, this
being the acceleration due to gravity (2,81 m/sec?),

The cholice of expressions nsed to describve the direction of the vector having an influsnce on man, in & san-
machine complex, depends upon the choice of reference pcint. AGARD has attempted to put some order into the
many sysiems employed, some of which take the movement of the aircraft as reference, others that of the pilot,
while otheis again note only the forces of fnertia and their effacts,
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3
T shows the relationship between aircraft end pilot axes according to AGAKD, Note that the Z vector
for and for pilot are of opposite sign thus 40z accelerations give rise to a force of inortia in the

head t. . direction which tends to push the pilot into his neat and to compress the spinc. It is possible
that sucu repeated ‘microtrauma’” may play a part in the deterioration of the vertebral axis. It is often when
practicing aercbatics .that there appear the first thoracic or lumbar pain of & vertebral arthrosis which had up
till then been latent.

The transverse uccelerations : at righc argles to the vertebral axis, anl are dosignated by the letters Gx.
They are much less dangerous than the preceding accelerations.

Tolerance to thesa is high, and {n asironautics it ja to this type of acceleration that ¢nsmonauts are sub-
jected on blast-off end on re-entry intc the atmosphere.

In avintion the acceierations reach high levels during certain manoauvres such as tight turns, pull-out from
8 dive, catapult launching, and dock landing, In ejections, accelerationsg approach the limita ©? the human body' s
tolerance and unfortunstely often exceed it in a crash landing. Some of the otiier hasus of flight in which one
cnecounters other piotlems of acceleration are:

(n) putting out airbrakes;
{b} lighting after-burnare;
(c) low azpeed =pins,

Thede various accelevations commonly encountered in flight can exist as combinations of longitudinsl and of
transverse types and are of moderate intensity but of long duration (greater than one second). Figures 2 to 6
give the tolerance levels for the varfous types of acceleration.

2,2 Accideital Factors

_2.2.1 Ejections

Escape from an aircraft flying at high speed is posaibie only by means of an ejection seat which, as a result
of the application of a force sufficient to give it a sharp acceleration, (greater than 15g but of short duration
(200-400 milliseconds)) exerts a force initially in the longitudinal body axis in the foot to head directison.

The force then hecomes comgplex as a result of the turning of the seat in its trajectory.

After separation of the pilot from the seat it must not be forgotten that he becomes a parachutist und that
he Is then subjected first to the opening snock of the canopy (8 to 10 g for one second) and then to possible
in‘ury on landing. This is all the more rrequent since, first, the pilot is not a trained pavachutist, secondly
the canopy area is reduced and thirdly the pilot weighs much more because of the survival pack dangling from
his harness. A further hazard i3 of course introduced by the fact that unlike & parachutist the eacaping or
ejecting pllot cannot choose his jumping zone,

2.2.2 Forced Landing

In the course of 4 fors . ‘unding away from runways, the pilot is subjected to complex decelarations of very
high intensity (100 ¢ *or  .'ple) but of very short duration measured in millisecnnds, It should be noted that
a crash landing cen ro lchger be attempted with modern fighter aircraft by resson of the high stalling speed.

In the case of total engine failure the sircraft must therefore be put into a steep dive so a= to keep flying.

In summary, the pilct’s spine is subjected tc two kinds of aggression ~ first that of relatively low intensity
vhose effects resemblc thoso observed in metal fatigue (fatigue des matdrisux), secondly unususl stress (ejecticn
or crash landing) of very high intenajty, which can hazard the mechani2al resistance of the spine since it 2an
cause fractures. .

3. GENERAL FEATURES OF VERTEBRAL ANATOWY

Beiore tackling the clinical and radiological study of the spinul conditions fn serospace medicine, it is
necessary to recall s few gencral snatomical features Some of the elementary facts however, such as morphe-
tnzical deacriptions and vaviations mccording to level in the spine will, however, not be considered. We shall
on the other hand stress three assentisl poiats:

the general appearance of the dorsolimbar spine;
the meansg nf intravertebrai unionr:
the vertebrzl structure.

3.i Gesaral Appesrence of the Lumbosacrai Spine

The vertebral colume which has an *$" &haped curvesure adebted to the stavding position, comprises a dorssl
segaent xitn a brexward convexity and & cervical and lumbar segment with an snterior convexity.

o
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In man, one ¢an distinguich both anatomically and physiologically, t(wo segments separated by the twelth
thoracis vertobra, 'The higher or cervico-thoracie segment and the lower or lumbosacral segmeni exhibit changes
of a gradusl nature, Thus, the vertebras which are particularly characteristic of the middle part of the seg-
monts Secome less 50 towards the end of the seysents, The twelilt thoracic vertebra, virtually a sort of a
vertebral hinge, has both thoracic and lumbar characterirtics. The inferier articular process of T2 {8 similar
to that of the lumbar vertshrae. At the mcst prominent point of the curvatures, the vertebral bodies of T6 - T2
and L1 exhibit an anterior wedge-shaped defommation. This appearance which constitutes a physiological variant
of the vertebral morphology must be borne in mind in the interpretation of X-ray plates. The level of this
vertebra] deformation varies a little with individuals, and is responsible for the veriations in curvature and
modifications in the line of gravity.

In othor respocts the exteprt of cuneifornity of the vertebrae or discs is capable of modifying the usefulness
of the posterior wall. (Delmas).

3.2 The Types of Union of Vertchige

The thoracic and lumbar vertebrae are articulated in the seme way - the posterior arches by means of srticular
procasses, and the vertebral hodies by meens of discs (Fig.8). The aticular processes are virtually posterior
bolts, while the discs play the part of shock absurbers. They ars some 12 mm thick in the lumbar region and
are composed essentially of two parts -~ first, e central nucleus pulposus which is a mass of mucoid tissue very
rich in water, incompressible, but on the other hand very 2asily distorted. Peripherally there is the annulus
fitrosis clesely connected with the cartilaginous plate of the vertebral placeaux.

The vertebrao are furthermore united by a ligamentary system whose role is most important. The common anterior
and posterior ligaments in particular, impart to the sgine much of ite unity by forming a continuous and strong
sheach. These have an antagonistic action and contribute to give equilibrium to the movements of the spine.

Meny intervericbral ligements stretching between the spiky and the transverse procesgses, unite the spines
very strongly and provent the separation of the artieni.. surfaces. The vertebral muscles play a part in main-
taining physiological rigidity in which they act as antagcnists to the passive refiex movements, and are at the
same time capable of supporting pressures In excess of one *on. They are in fact active stays

3.8 Strycture of the Lumbo Thoracic Vertebrae (Fig.7)

The study of the lumbo thoracic verebral structure shows how vulnerable it is tu injury. Coverad only by n
thin shell of compact tissue, the ver.ohral hody is mostly composed of spongy tissue with ordered trabeculae
which can be seen on section in the dried preparation or {n X-rays, The spongy cross members cross one another
in the vartebral body to form a complex lattice-werk on which, in an adult, cap be seen thrse trgbecular systems
(Fig. 1)

& radisting horizontal system (remains of the infantile re ¢ gystem);
n vertical system made up of axial concave cross members gpread out over the whole spine; and
an oblique system formed by an upper oblique and & lower oblique hundle continuing on the posterior arch.

The posterior arch of compact bone comprises some oblique bundles continucus with the vertebral body's
ohlique system; a transverse and a ‘U” shaped fasciculus

The study of the vertebral structure shows us thst the median and anterior parts of almost empty vertebral
bodies, constitute 2 zone of least resistance, particularly predisposed to.compression as a resulc of injury.
On the other hand, the very tight crossing of the upper oblique and lowsyr fasciculi at the level of the pedicular
insertion strengthens that portioa of vertebrae, The pedicular insertion on the pasterior aspsct of the vertebral
body is termed by Rieunau, “the posterior wall” - a concept which is most important in the patholegy of vertebral
injury,
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PART 1: THE INJURIES NF THE SFINE IN AEROSPACE MEDICINE

1. INTRORUCTFON

Injuries of the spine are often encountered in aviation medicine and they always occur in association with a
state of emergency in flight. Whatever the type of aiveraft (propeller or jet) there are tw ponsible methods
of escape from an emergency situation. The first is the crash or forced landing (commercial airccaft, light
private sircraft and some military aircraft). The second is escape by parachute. In the case of a generalised
feilure in a propeller aircraft the pilot van leave the cockpit by his own resources. On _he other hand the
high speeds reached fn jet fighter aireraft call for the use of sa ejection soat to assist escape from the
aircrafs,

After a revisw of the pethogenic theories of spinal iracture, we shall constder firat the various etiological
conditions in which fractu.>s and other injuries nay oceur (¢rash landing, parachuting, ejection), then the
clinical and radiclogical studies. The many traumatic sequelne deserve a detailed account for they {nvolve a
special symptometology since they can be considered as an occupational disease The risk of teeing wn injury
appear on a spinal cord rendered fragile by a congenital or acquired lesion justifies the systematic radiolugical
examination on entry.

2, PATHOGENIC THEOQRIES OF SPINAL "ACTURES (Fig.®)

From all the pathogenic theories of lumhko .iocracic fiaccures, we shall rote Watson-Jones' ciassitrication which
distinguishes three types of fracture according to the direction of impact.

(8) The vertical compression of the spine during slight flexing results in an anterior wedge-shaped compression
fracture. One or severazl vertebrae hodies show an involvement only of the anterior portion without involverent
of the posterior wall., If the trunk is deviated laterally at the time of impact an asymetric lateral com-
pression can be observed on antero-posterior radiogrephs.

Discs are usually spared: the inter spinal ligements can be, hut are very seldon ruptured.

{(h) 'The postero-superior force which acts suddenly from tcp to bottom and fron back to front, puta the spine
into hyperflexion., This results in a comminution fracture of the vertebral body.

(c) The posterior force which acts at right angles to the spine on the upper part cf the truak, puts the spine
into hyperflexion and causes & fracture dislocation with injury cf posterior wall of the vertebral body and
& rupture of the interspinal ligament.

Flg.9 Mechanism <f spinal fracturvs (after Watson-Jones)

L.
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3. STRENGTH OF VERTERRAE

This problem has bcen particularly studied by Rieunau who is currently looking Into the strength of a group
of thrae vertebrae taker fiom nine young subjects and comprising tho vertebral bodles, the soft tissues, and in
particuler the afscs and the ligaments, The author hes been particularly concerned with the force required to
supture the ligaments of the lumbo thoracic spine. X-rays (A P., lateral and %, and tomograns} taken before
and sfter compression enabled the lesfons to be demonetrstod. The first signs such as creakings, coempression,
snd extravasstion of blood appear at pressures of between 603 end 700 kg, while total rupture occurs at about
850 kg. The great strength of the vertebral column and its resistance to mggresslon cen he deduced from this
study.

These meassursients which relate to experiments made on anatomical specimens are none the less valid, but one
nust also take into account the part played by the paravertebral muscle masses which de strengthen the resistance
too impact. On & live subject it can be said that one vertebra cen tolerate a compression ol on2 ton.

4. ETIGPATHOGENESIS OF SPINAL FRACTURES IN AVIATION MEDICINE

These fractures can arise as a resuylt ¢f ejthor crash landings (aircraft, gliders, helicopters), parachuting
snd ejection,

8.1 The Crash Landing
.41 Bilitery Aireraft

In wilitery aviation thanks to development of personal escapc systems (@jectlon seat and parschute), the
crash or forced landing is not vften attempted with most modern fighter aircraft.

4,.1.1.1 French statistics

The sppearance of vertebral fractures arising from crash landings has heen reported hy many authors (Watson-
Jones, Grandpierre, Malmejac, etc). In France, one of the most recent and most documented works has been
published in the Revue de Médecine Aéronsutique (1963) by Grandpierre, Violette, Fabre, Marchesseau, Uinet and
Chelin. In this report, most of the accidents occuring in the French Air Force from 1st January 1954 to
30th March 1061 have beecn studied, Uut of 299 forced or faulty landings, 16 subjects have hid one or several
fractures of the spine (5.3%). Tablse II shows the distribution of injuries according to th- type of aircraft
which has been used.

Pilots of single and two-ueater sircraft have sustained vertebral fractures whereas these have not been found
in pilots of large transport sirczaft (for lnstance, Nord 2501, C47) due to the greater structural strength of
these zircraft and to the lower speed on impact. Grandpierre et al. note that all these fractures sccur in
accidents taking siace away from the runway (crash on rough terrain, or aircraft leaving the runway immediately
afte> touch-dowum).

4,4,1.2 Case histories
We ﬁtve selcated gome typical histories from the work of Grandpierre.

Case No.% - Pilot V on & Pouga comes in too short on finals. The starter orders him to open up throttle but the
pilet does not react. All he does is to incresse his nose-up attitude ir an attempt to reach the runway. The
under-carriage being out, the aircraft hits the ground in a marked nose-up attituds, bounces, touches down again
this time striking the right wing, It whips round and strikes an embaniment which it crosses as it disintegrates,
The apeed st the time of impsct is 116 knots and the stopping distance 110 meters. The pilot sustains a fracture
of 110,

Case No,2 - Pilot 8 and Pilot Do & 123, At an aliitude of 200 feet and right after take off, thinking he is
raising the under-carrisge, the pupil stops the engine. The pilot puts the aircraft into a spiral descent to
the right to avsid a village and with under-carriage down and fleps out the aircraft continues descending.
finaily it stalls at & height of roughly 10 metres and on impact the starboard tank bursts, the right wing bends
undar impact and the aircraft tilts forwaird and strikes the ground violently with the nose-wheel and the under-
part of the nose, After a bounce of 37 metres the aircraft falls back and skids over 45 metres. The speed on
fmpact is 95 knots, X-rays show that one of the pilots has a fracture of Li.

Case No.3 - Pilot G on F84P. Nuring aerchatics the right leg of the under-carriage comes out viclently. Although
the uncder-carriage is damsgsd, the pilot attempts to land away from the runway, with the under-carriage out.

The aireraft comss into contact with the ground at an angle of about 20° nosc down and after & bow ce of about

300 metres, it then skids aver GO metres. The speed on impact has not been noted. The pilot sustains two
fractures of T12 and L1,

Casg No.4 -~ Pilot V on a Broussard, Owing to an enginu failure the pilot has to make a crash landing tn the
bus% in & swamp. ‘The speed on irpact {s about 70 km/hr. The three members of the crew (pilot, naviyator and
photograchar) each exhibit a Zracture of Li, ‘The deceleration has caused the seat backs to move forward.
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TABLE II

piastribuition of Fractures According to the Type of Aircraft after (Grandpierre et al.).
Thé data relates only to Survivers

Ne. of subjects
Type of aircraft No. of accidents showing vertebral
lesions
T8 13 b
Broussard 12
Sipa 2 -
Propeller Jodel 1 -
aircraft Marcel Dasszault 315 15 -
Marcel Dassault 3i2 ) -
Marcel Dassault 311 1 -
C 47 13 -
Nord 2501 11 -
Jet aircraft Mystére 4 34 -
(Prench £MB 2 11 -
construction) Fouga Masister o 1
) Vautour 5 1
Al
Jet alrcraft T 12 5
P 86 X 5 -
(American 1 84 G 2 2
construction) P84F 25 2
Other jet Meteor 2 -
aircraft Mistral-Vampire 47 1

Case No.5 ~ Pilot 8 on a T8, 1n the course of & low level turn there is an engine failure and the aircraft
loses altitude and stalls when it is about 3 metres from the top of & rocky cliff. During the impact the air-
craft loses its wings and its under-carriage, bounces about 10 meires and turns over on its left side. The
spoed on impact is about 80 knota, The pilot sustains a fracture of the antero-superior angle of Ll.

4.4.1.3 lLocation of crash fractures

Table III gives the different locations for fractures according to the paper Ly Grandpierre and hia collesgues.
It represents & total of 24 fractures sustained by 16 pilots or other aircrew,

It will be seen that the fractures occur mostly at the level r~ Ti0 to L2 (eighteen times out of twenty-Tour).
Over the past 20 years many reports have stregsed the frequency with which fractures occur at the level of the
dorsolumbar hinge (Pig. 11). This however is not an observation related specifically tc crash landings since
it is found in &1l injury statistics pudblished in the last few years. The fractures in fact may involve T2, 73,
T6 or T7. In one unusual accident the utlas (or first cervical vertebra) was fractured at the level of its
anterior arch with a sublaxation of the atlanto-sxial joint. Multiple locations are not unusual, nccuring in

fact 8 times out of 16 in Grandplerre's deta and usually involving two vertehrae whose immediate ueighbours show
some slight impairment too.

THBLE 111 TABLE 1V
Distribution of 24 Fractures (After Grandpierre et at,)

Arising %rom Accidents Distribution of Multiple Lesions
Vertebrae | Number of Vertebrae Number of
affected | fractures affected subjects

Cl1 1 ™M ~L2 -1L3 1

T4 1 6 - 17 1

P\ 1 Ti0 - Ti% i

™ 1 Ti2 - L1 1

Ti0 2 Li - 12 2

Tl 1 L2 - 13 1

T12 1

L1 10

L2 4

L3 2
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Fig. 10 Diagrwm showing straightening of lumbar curve during & forward flexion of the spine and the “hinge point"
(after E,Forgua)

T
CT Ti T3 T5 T7 T9 Tl | L3 LS

Fig. 11  Distribution of fractures in aircraft crashes
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4.1.1.4 Pathogenicity of crash fractures

Watson-Jonss in Great Britain was tho first person to demonstrate that there was a relaticnship between the
causa: machanism and the injuries, hy maiing use of the data from 1,058 spinal fractures mostly amongst RAF
poersonnel during the second World War., The fractures were considered tu be associated with spinal flexion, the
pctual degres of which was associated with the position of the seat harmess,

When a crach is imminent the pilut vightens hia harneas, rests his feet on the ruddar bar arg braces ais back
agoinst the seat hack rest. In the seated position this produces siraightening of the lumbar curvature of the
spine but the thoracic kyphosis is hardly sltered at all.

We have been able to confirm these facts by radicgraphy of the seated subject (Delahaye, Auffret, Mangin,
and Seris, 1981). At the instant of the cvash there occirs-a violent deceleration which gives rise to & hyper-
flexion of the trunk which mny occur at the hinging point between T12 to LI or higher (T2 to T7) acconding to
the position and tensjon in the seat harness. The type of fracture sustained in a crash is therefore consistent
with the mechanisms described hy Watson-Jones. Thus, one can draw attention to the fractures with comainution
of an anterior corner (Mechanism 2). 1In fact these fractures can, in casos of hyperflexion {as, for example,
with pcor harness i1estraint) give rise to tearing of the inter-spina} ligaments and to fractures of the qrticular
processss,

In the crash landing of aireraft Z:aaged bv warfare, aultiple fractures are frequently encountered, the number
of fractured vertebrae verying from two to ten. Indeed, Watson-Yones reported a case of ore RAF pilot whu wsus-
tained ten fractures of thoracic and lumbar vertabrae as a result of & crash landing. Isolated fractures of the
articular processes and of the isthmus are 1ot usually encountered as a result of crash landings, however when
they do exist, thay are almost always assccisted with fractures of the vartebral body.

Cervical fractures which are so frequently encountered in motor car accidents, occur in aiscraft creshes only
in special circumstances, e.g. rolling or tumbling after hitting the ground, or with a direct blow to the cervicel
spine or to the head. A typical accident giving rise to a cervical injury has been described ly Grandpierre
et al, a8 follows,

When his engine faiied, the pilot of a Mistral had to make a forced landing with under-carriage retracted,
into a wheat field. The entire front part of the aircraft disintegrated after a skid of 500 metres and the
pilot sustained a fracture of the anterior arch of th2 atlas with a sublaxation of the atlanto axia} joint.

A blow on the top of the head and trensmitted down the avxis of the spine to the vertebree through the occipi-
tal condyles, tends to rupture the annulus of the atlas. If tio pilot Is throwmn onto the forward part of the
{astrument panel (insufficient seat restraint) the hyporaxtension can give rise to fracturas st the level of the
cdontoid process of the lower cervical vertebras. In all these cases the skull injury is the predominant feature
but a careful radiolcgical examination has to be carried out on the entire vertebral axis. In practice-such
lesions of tho cervic.l cord in aircraft accidents are rare.

4.1.2 Accidents to Gliders and to lLight Private Aircrart

In regard to accldents involving ligat aircraft (forced lsnding in the countryside undey difficult Conditions)
we were able in the four cases zxamined, tc detect fractures of the 8: ne at the level of.T12 and of L1. Recently
at Domin{que-Larrey Hospital, we have seen a student wilot who hed been invoived fn.a glider accident (high.
tension c.ble strike followed by stall). P has fracturas of L3, L4 and LS. The posterfor walle of L:3, L4 are
srifected and tomography reveals aultiple signs i{nvolving thio posterior archex of L3 and L4.

4.1,.3 Commercial Aircraft

In the absence of personal cscaps systems, a forced landing is the only way out of an emergency situation.
The accelerations invclved can vary in amplitude and direction according to the type of terrain and according
to the aireraft. Whers high accelerations are involved, failure of the belts ho)ding the soats to the flcor
can result in a piling up of passcngers stii! strapped in thair seats, into the forwerd part of the airareft.
In these muitiple injuries, spinal fractures which are usually lusbo thoracic, may be encountered.

4.1.4 llelicopter Crash

4.1.4.1 Different types of landing

Helicopter accidents can be cousidered uader twe headings according to shethor or not there {8 lois of control,
e.g. whother the main rotor and tail rctor are continuing to tum or not,

Emergency Landing =ith Auto-rotation

In this case the pilot retains & certain emount of control of the sircraft which he lands at a Jow forwavd
speed und ut a varisbie vertical veloaity. This latter can vary Irom that of noreel ianding to the deastructive
impact produced by free fall., Thae force here is essentially in the vertical axis end any spinei fracture skich
oceurs will be at the level of T11, T12, L1 or L2.

MEIPZTY e
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Crash Landing due to loss of Control

®ith ctho loss of one or more blades of tha main rotor and failure of the tail rotor, the helicopter may go
into & spin and hit the ground at any angle of incidence. Accelerations tncreasze {n all axzes and multiple
injuries withont any partieulsr pattern are encountered.

4,1.4.2 Case histories - (Light atreraft-trmy and Avr Force)
¥e shall descrite some typical case historiee,

Caze No. 1 -~ Pilot P or Alountte 2, Crash as a result of o down draught during an operational flight tn difficult
country (mountainous and wooded). The aireraft hits soie trees and violentiy gees over onto lts back. The pilot
has an anterior cunelfois compreasion fracture of L.

Case No.2 ~ Pilot C on Alouetts 2. The lods uf & teil rotor blade brings about an ipzediate tearing out of the
tail sotor housing. The sircraft crishes cnio flat ground frow a height of 720G metres in austo-rotation but with
the engine still switched on. The final phase taken place inte wing with ‘he alrcreft falling flat from a height
of 1 to Vi metres; an eryor which wss dge to the 7mct that hiigh comrn misied the pilot into judgement of height
ubove srsund. On X-vay he was subsequently found to have wusizlines anterior cune{ form conpression fractures of
T10 ard T11.

Case Ro.2 - Pilot F on Alouzite 2. During cruizing flight tie transmission shaft to thz tail rotor failea,
giving rise to loss of the antitorque systew. A crash landiog ir a shin vizh the esgine still switched on, took
place on particularly difficuly sountainous terrein. 7he pilot sestajngd (ractures of L2 and L3 and shortly
afterwsrds exhidited a flaccid injury parspiegis.

Case No.4 -~ Pilot J on Bell 47 G2. During a test flight after servicing of the tafl rotur system, the ajrerafe
engine faiied. The pilot did not reacc well, and the seasures he ook resuited in a reduction of revs in the
asin rotor, He belstedly put the aireraft in auto-yotstion. X-rays showed an anterfor cupseiform compression
fracture of L3 (latersl view) #nilst en AP pluts dexcaptratsd some rixht lateral compression,

Case No.5 ~ Pilot F on Rell 47 G2, During 2n sttempted landing on a mountainous DZ at <, 113 motres, the heli-
copter came intc violent contact with some rocks. The harnsss restraint system was cut through on impect and
the pilot sustained two fractuses (T3 and T9).

4.4.4.3 location of fractures (Fig.12)

Spinal fractures are not s#ften found in helicopter crashes, and of 13% helicopter accidents recorded in tue
French Air Force from 1981 to 196R inciusive, 9 pilots ware fcund ho have & total of ten fractures (8.8%).

In Army light sireraft, in an unspecified nunber of accidents, 8 fraciures were discovered hy radiographic
exanination. Purthermore, Fabra records 8 fractures occurring before 1961 in Aray Helicopter accidents.

Table V shows the distribution of fractures according to ilie vertehrae involved. It will be sesn that frac-
tures occur most frequently in tha region of TI0 to L2 but that the number of fractures involving L3, L4 and L§
is grester thar in crashes of fixod-wing sircraft. Chsuges in the iiervous system as a result of the involvement
of the posterior wall (peraplegis cauds equina syndroae) werc observed in 3 cases. As will be seen in Table VI,
fractures involving severel vertebrae are less frecuont and are not typicai of helicopier crashes.

4.1.4.4 Fathogenesis of fractures in helicopter accidents

G.Fabre who has extenaively studied this problem, noted in 1262 thet the slmost exclusive iznjury to the dorsa-
lusber hinge was significant, in that {t showed that the spine of helicopter pilcts who were restrained by a
sent Larness, bepaved as though the individual were not wearing s tarness. Thus, with s sharp deceleracion the
vertebrsl column ssve way at the level of its natursi pivet - in cthef worts et the dorsolumbsr hinge. These
fractures shich rsnged from T10 to LZ wers particularly observed ia crashes during siuto-rotation at s vericty
of speeds,

In crashes with loss of coatrol, the injuries may renge from the leve! of T50 to L2. By a mechanisx ritich
has alirezdy heen damcribed, in a crash 1snding the deceleration can somecimes give riss to 3 hyperflesion at
the sid-thoracic level, e.g. TS to T8. The Jmpact way be by the individual being directly throwa eato ohataclen
a8 ju the frastures of T3, T4 of the pilot in case No. & shove. The fractures in tho lnwer lumbar region - L3
to L5 are due to & vertical comprassion without the shock absorbing of the lower iiebs, as for exseple may oscur
in parschuting where an Individual laads on his buttocks.

4.2 Parachating

4.2, 1 Generalities

The parachuts originclly used zs a mears of saving aviators and balloonists wes explayed aficr 1935 in 8 fiev
techniqus for infiltration behind enexy lines, and in the imat War (1939-45} and in other conflicts (Indo China
or Algerin) airborne and somasndo perachute troops played a zost importent role. The nesd to reduce to s sinisue
the occurronce of irsobilising injuries has therefore resulted in the development of new techniques, particulacly
in rexard to isnding. In this cispter we shell be conajdering the jusps with aucnpatic deploysent of parschute
which are zost {requently made use of hy the mililary.
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TABLE VI

Multiple Injuries in Heilicupter Crashes

Vertebrae affected | Number of pilots

e

™ - T4 1
T10 - T1l 1
Ll - L3 1
Ll - L4 1

4.2.% Parachuting - French Technique

4,2.2.1 The equipment of the military parachutist

The military parachutists’ equipment comprises clothing weighing 7% kilograms made up of a particularly
light-weight conbat suit, a steel helmet with chin strep and a pair of parachuting boots. The two parachutes
weigh together 17 kilograms. They consist of first the bsck parachute (Type TAP 600) with automatic opening,
and sscondly the ventral smergency parachute (Type TAP 660) with manual opening. Impedimenta weighing between
25 and 40 kilograss (rations, armament, waiym clothiig) are carried on opurations or on manocuvres. The para-
chutist of 75 kilograus completely equipped therefore weighs some 125 to 140 kilegrams,

4.2.2.2 The French back parachute

The Prench baci parachute is composed of a nylon canony 80 square metres surface, with & vent for the escape
of air; s karness terminating in four 1ift webs and twenty-four shroud lines which join the lift webs to the
CRNOPY.

The completa parachute (except the harness) is folded inco a bag or sack which ia closed by three fine cords
wshich break under a pull of 25 kilogramss. The canopy i5 strengthened st the level of the vent by a cord which
breaks under a puil of 15 kilograms on the static line 4.8 metres long and with & bresking strain of 1,560 kilo-
grans (Fig. 13). The static line fclded at the top of the pack. ends in a snap hLook which is Zixed tn & cable
in the aircraft shortly hefore the jump.

The harness is aade up cf three straps 5 cm wide; one bottom strap and two crutch straps (Fig.14). The sunject
s almost always seated o the bottee strap (in the shap2 of a ‘U") which goes from one side of the body to the
other and then forward tc the shonlders. Each end of it is linked to the iift webs ~ two on the rignt and two
on the left of the parachute, and on these the opaning shock s unifomly transeitted to the shroud lines. The
two crutch straps furthersore leave the bottom strap between the thighs and by s intricate course, complete
the closurc of the harnsss in front. This hamcess is basjcally the same as that specified hy J.Beyne in 1923
with the object of spreading the snock losf on opening over the zreatest possidble ares of the body: applying
the ioad to those parts of the body beat able to taiarate it, thai is those parts protected by the large muacle
sagses; keepisg the shock points awey from the more delicats organs, and lsatly supporting the body in such a
position that at the time of landing it is in as good & positinn s possible,

4.2.2.3 leaving the aircraft und the jump

Bhorcly Sefcre the jamp the speed of the ajrcraft is reduced to coproxizately 180 kms/hr and at an altitude
of 402 metres (160 meires for operationxl jumps) the leader mekes a rinal check of the equipment, The exit is
rade through a side deor std on rare occasions through the aft end of the aircraft. At s signal from the klgxon
the parachutist jumps cut as fsr as posxible {-om tha aircreft snd st right angles to the line of flight. At
this prerise mosent he brings his Jegs togethe., feet forward, and with both hands folded on the veatral parachute
(Pig. 10).

Luring free fall the static line uncoils, tighteus and brosks the strings closing the pack, pulls out the
canopy and finslly bremks the mir vent cord, The freed parachute fills with air and the automatic opaning line
vemains fixed to the cable on the pircraft. About three ssvcnds elapse between the start cof estraction of the
canopy and its compiete deplcyment, during which time the body descridbes e parabols, travels about 50 metres,
and slows Jdown froe 200 ams/hi to 30 kms/hr approximately. A good 2xit ensures a good pogition on opening of
the cemony sad therefore reducss the danger of {njury.

%.2.2.04 The opening shock of the parachute

The positicn of the budy at the time of canopy deployxsnt resembles that of a foetus in the uterus. The back
{s rounded and the head i bent forwerd with the chin on the chest. The arms are folded across the body toucaing
the thorex. The iegs are held closz togather, slightly f:rward, so as $o form gn acute angle with tho rest of
the bod; £nd all the zurcies are contructed to tha unost, especially thoss of the back of the nock and cf the
sbdomen. The opening sfock of the parackite has been ccnaiderably reduced with the current use of 2 technique
of folding the shroud lines firs: so g2 to give & slower opzning and deplojment to the canopy. It has kaen
reckoned thet 3 body weighing 75 kilograms wili in the harsess straps weigh 375 kilograas in canory first deploy-
peat and 225 kilograss in riggirs lines tirst deplommmut.

A
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Fig. 15  Attitude nf a parachutist on opening

The opening shock is always applied principally onto the Mttom strap in a frontal plane passing roughly
through the cervical thoracic hinge point,

4.2.2.53 The descent

The falling spoed of & parachutist A is represented by a vector, AD which is, according to the parallelo«
grem of forces, the resultant of two vectors acting at right angies to one another, namely, AC (the wind speed -
variable) and AB (the velocity of the fell i), nil wind - approximately constant for a given subject and for a
given canopy).

It {8 in fact the torminal velocity of descent for a given mass supported by the parachute, and ite value is
of the order of 5 metres per second for a man of 75 kilograms using a French 60 square metre parachate.

A C
P
v AB =
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P subjocts waight
3 = surface of the canopy
|8 ML zooffictent

X

The varigtion in AB are »small, and desend on:

- canopy porosity (varjos with toxture .nd uss),
-~ air humidity and temporatura,

4.2,2.6 Landing

The landing impact can be calculated by the relationship:

P o= inv?
hence v o= 7 = A2 + A
P
m = =
4
2= F
kS
1 P (P+ACH
therefore F = X e—
2 ugks

where g, k, § are constants,

For & given parachute, the landing impact F is proportional to the square of the windspeed AC and to the
square of the weight P of the subject. Thus, a parachutist of 75 kilograms is subjected on landing to an
impact of the order of 95 kilrqrams for low velocity surface wind, 180 kilograms for a surface wind of 5 metres

per second, 290 kilograms for a surface wind of 7 metres per second, and 475 kilograms for a surface wind of
19 metres per second.

The physiological safety coefficient established by Bldriot (1905) is 5 times the parachutist's body weight.
A junp will therefore he forbidden when the surface wind velocity exceeds 9 metres per second. These values
for the impact force and landing apply only for the case of the parachutist who descends without manceuv- ng,
for by correct traction on the two up-wind 1ift webs it is possible to lower the corresponding halt canopy and
reduce the swing amplitude as well as reduce the value of AC {representing the surface wind velocity; by 2 to
3 metres per sezond, On the other hand if ane makes use of the wrong lift webs the value of vector AC can be

increased by the same amnuat. This is where the usefulness of theoretical instryction in the judgement of wind
direction during descent comes in,

It 18 somewhat difficult to adopt and fo maintain the correct position of the body for landing as one approaches
the ground. Forming n large part of the theoretical training, it calls for a symmetry of the body with respect
to the sagittal plane in order to spread the shock wave uniformally onto the lower limbs. These latter must be
kept tightly together and remain so with the soles of the feet placed at the same height and parallel to the
ground (Fig. 16). In addition to this, the legs must be kept slightly bent with the muscles partly contracted
80 a8 to form a levered shock absorber around the axes represented by the joints of the ankles, the hips and
the kness, The position of the rest of the body, is similar to that adopted by the parachutist on csnopy opening,
that is with the muscles contracted maximelly, 7The landing of impact shock ia thus located in a frontal plane
which passes approximately through the enkles and the hips,

To maintain a good landing position requires considerable self-control for as the ground rises, there is a
natural tendency to avoid {i either hy bringing up the feet under the bottom or by going out to meot the ground
by ccmpletely extending the lngs, In both instances the lower limbs cannot play the part of shock absorbers
required of them and the apine iy going to receive most of the shock on landing, The landing theorstically
ends in o clasaical tumbling. In pre~tice and according toc body positicn with reference te the wind divention,
one or other of the buttocks comes ints. -.ntact with the ground as close as possible to the heels after which
the parachutist rolls onto hi. besk, Ke miet then collapso the canopy - a task which 1s not easy in a strong

wind ~ 30 as to avold heing draax <~ this is & covse < some of the injuries brought about by colliding with
rough ground, tress or uild ., »

4.2.3 Statistics of Spinal Iafuree

In the course of 1,033,828 sumis rrrried o’ at the School for Afrborne Troope at Pau from 1958 to 1966
inclusive, the following have heen found: [, 062 frsctures (i,c¢. 1.9 per 1,000 jumps) principally affeeting the
lower limbs; 947 injuries to the spine Inclwiing 155 fractures
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Fig.18 Attitude of parachutist for landing

These 150 fractures of the veriebral column represent:

1. 35% of the total number of accidents;
7.8% of the total number of {ractures;
16.7% of all spine) injuries noted,

A clome examination of these statistics (Table VII) show that the number of spinal fractures related to the
nunter of jumps made diminishes wvery year (2.7 per 1,000 jumps in 1859 and 0.5 per 1,000 jumps in 18962). This
is due to the selection standards for airborne troops heing progressively more rigidly spplied, e.g. limitation
of wsight to 80 kilograme, elimination of all candidates showing spinal enomulies etu, Conuistency cf the other

annunl percentuges leads one to conclude that the ground trmining and the French Sumping technique are now well
estabiizhed,

A simple analysis of the difterent vertebrae fractured is most instructive (Figz. 18) even without teking
accotint of the number of associated acaidents, Thus in the courase of I, 188, 135 jumps it has been found that
159 spinal fractures have involved a total of 199 vertebrap. These multiple locetions are detailed in Table VIIIL,
In two cases two parachutists who had landed under particularly bad conditions showed an involvement of 7 vertebrse.
In Table 1X there csh be seen the nunber of occasions on which the different vertebrae wers involved; it is quite
clear that the most involved spinal seguent lies between the twelth thoracic and the third lumbar vertebrae wh;ch
were injured 14Y times -~ in other words, in T76% of cases. Injuries above and beluw this level are not unusual

but cervical involvement is rare. Fractures involving the posterior wall described hy Rivunau were observed
less than once per 100,000 juaps.
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TARLE V1
Occurrence of Spinal Fractures in 1,033, 523 Jumps
N
Statisties frem Pau A R Total
Year 1969 | 1060 | 1961 | 2962 | 1963 | 1964 | 1965 | 1966 1915:6;0
Numbet of jumps made 110 006 | 120 000 { 130 618 | 132 713 | 134 939 | 139 925 [ 129 336 | 135 994 1033 528
Total accldents recorded 1 435 1 836 1413 1 508 1 291 1 444 1 359 1 247 11 533
Totel tractures observed 232 245 219 253 231 2831 254 261 1962
Total spinal accidents 103 1 127 124 102 130 102 98 957
recorded
Total number 30 20 RE} 28 19 7 1 7 155
o | Number/10 000 jumps 2.1 1.6 2.3 2.1 1.4 0.5 0.84 0.51 1.5
Q
1
-]
# 19 related to number
é of accidents 2.05% 1.1% 2.3% 1,85% 1.5% 0.5% 0.2% 0, 55% 1.35%
3
& |%related to total | o | g ojer | a3.2n | 120 | 8.26% | 20% | 43 | 273 | T.e%
) fractures
% related to number ,
of spinal accidents 29. 2% 11.7% 2% 22,6% 18,7% 5. 4% 10.8% T.2% 18, 7%
baenna sy
i
TABLE VIII
Multiple fructures - vertchrae wnvolved Number" of
occasions
1 + T12 1
™+M 1
™ + 79 2
T + T12 1
T12 + LI 7
Ti1 + T12 + L1 3 {
Til + T12 4 L1 + L2 + L3 1
T+ TiI2 + L1 + L2 2 L3 + L4 + 15 2
T2 + L1 + L2 b l
L1 + L2 1 .
L1 + 44 1 !
LI +12 +13 3 {
LS + 81 1
L3 + L4 4 ‘
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Fig. 18 Distribution of fractures in parachuting

TABLE IX

distrihution of 195 Fractures Observed in
1, 188, 155 Jumps by Airborne Troope

Number of fractures

Vertebrae affected observed
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T8
79
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4.2.4 DPathogenesis of Spinal lestons

Since the work of Greifer (1939) all authors agree that 90% of the accidents due to parachuting occur on
landing.

4.2.4.1 Opening shock and landing impact

In order to determmine the nature of the spinal curvatures of a fully equipped parachutist at the time of
opening the parachute and at the time of landing, G.M.Teyssandier and R.F. Delahaye have carried cut a radlo-
graphic examination of subjects in various parachuting attitudes under the supervision of s&n Airborne Troops
Instructor. It was not possible to obtain satisfactory AP views because of the density of the equipment and
parachutes, but from the lateral views it was ~~ssible to obtuin the tracings shown in Figure 19. For a ¥rench
parachute (Type AP 600) the canopy opening shuci (shroud lines first) can be represented by a vector acting
from below upwards, whese origin is nt the hottom web strap and whose value is of the order of 225 k!lograms
for & 75 kilogram subject. This vector is in a frontal plane which passes through the extr-emity of the coceyx
then runs through the lumbo s: cral hinge whicih crosses the spine round about the cervical thoracic hinge. This
may explain the fact that cervain cervical column injuries have been less frequently encountered since abandoning
the system of folding the parachute for opening (canopy first).

-

Fig. 19 Radiograph tracings of the parachutist’'s spine on depluyment {left) unu nn landing (right)

The landing shock can be represented hy a vector (Fig.19) acting from below upwards, whose origin is at
ground level and whose magnitude varies, for a given parachutist, with the square of the horizontal wind speed.
This vector is in & Zrontal plene which passes through the ankles and the hips, runs through the vertebral
bodies of Ti2 to L3 and crosses the posterior wall of the spine at the level of the lumbo thoracic hinge, These

observations confirm the statistical data, namely, that the most vulnerable spinal segment lies indeed between
T12 and L3.

4.2.4.2 Mechanism

The association of spinal hyperflexion with pressure 2n the vertebrae acting from helow upwards, is the
commonist mechanism responsible for the fractures of varying types, and for the disc and ligament {njuries which
usunlly occur at the level of T10 to L2,
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The cervical cclumn can be damaged by a similar mechanism in which the lover axis is situated sbout the
cervical thoracic hinge. The injuries associated with flexion can occur ejther at opening of the canocpy if the
chin has not been pressed close to the sternum (this is vnusual since the mental tension resultas in an intense
muscular contraction) vr again on cpening of the canopy where over-confident qualified parachutists mav insafrici-
ontly contract their neck muscles.

Spinal hyparextension

Spinal hyperextension can give rise to cervical injuries either on canopy opening or on landing if the neck
muscles are not sufficiently contracted, but then the shock wave may sharply throw the head backwards. This
results in fractures of the spinal processes, in disc or ligament injuries, or in rupture of the anterior
anastomotic network of the medullary arteries. This usually gives rise to serious involvement of the central
nervous sysgtem,

Direct impoct to the spine

As he rolls after landing, if the parachutist strikes a stone sr branch or any ground protuberance the impact
can give rise to an unspecifiable variety of injurles; he could furthermore sustain a fracture of the first
cervical vertebra from & “rabbit" punch caused by the posterior edge of his helmet. Injuries of this type however
are most unusual, On the other hund at th.. instant of the opening of the canopy the metal buckles which unite
the 1ift webs and the shroud lines, cften strike the spine or the helmet with great force. The risk of such
accidents hus markedly diminished with the use of the parachute folding system ‘‘shroud lines first".

Finally one must refer ic the observations of Haan according to whom as a result of & bad landing in England,
the skull, acting like & hammer, caused the first cervical vertebra to burst. Death cccurred 15 minutes later,

4.3 Ejection of Military Pilots from Jet Aircraft

4.3.1 Introduction and Definition

¥hen the speed of an aircraft exceeds 300 kilometres/hr it becomes extremely difficult for the pilot to escape,
and from 500 to 600 kilometres/hr this is practically impossible without serious risk such as collision with the
rear parts of the aircraft., Ejections by means of an explosively propelled seat fs then the only means of
enstring the pilot’' s escape from the cockpit.

4,3.2 The Principles of the Ejection Seat

In order to evoid collisior of the seat and its occupant with the rear pert of the sircraft, it is necessary
to impart to these a speed which Is in excess of that of the aircraft, by an emount determined by the height of
the tail assembly and in particular the tail fin. At the moment of separation the speed of the sest must be at
least 17 to 18 metres/sec. In order to obtain the acceleration necessary to give the seat its required velocity
in the very short time avajilable, the system makes use of the pressure of combustion gases frum one or more
cartridges, The combustion takes place in a gun, part of which is attached tc the af{rcraft, the second part
being ejected nlong with the seat, The accelerations resched are 20 ~21 g for 80 - 100 milliseconds with a simple
gun, and )7 ~18 g for 180 — 200 milliseconds if a telescopic gun is used.

4.3.3 Types of Seats

Two types of seat can be considered according to tho level of acceleration impartad and to the method of
firing the gun,

4.3.3.1 The level of accelerution

Simple Gun - During th. thrust imparted by the cartridge the seat travels a distance of 1 metre, the duration
of the impulse being 80 - 100 milliseconds and the acceleration reaching 20 -21 g. The speed at the moment of
geparation from the canon is 18 metres/sec approximateiy. The principal seats of this type are the Sud Aviation
E86, E93 and E93.

Telescopic Gun Seat - The duration of the impulse in this instance is 180 - 200 milliseconds and acceleration
being from 16 - 18 g. The velocity of the sesat at the end of its course and after a lesser acceleration is
bigher (25 metres per second for the MK4). The principal scacs of thiz type are Sud Aviation E96, £97, Martin-
Baker MK4 or AM4, RAC, North American, Martin-Baker AM8, Figure 21 gives the acceleration curve sgainst time
for a standsrd MK4 and for the AM6 rocket seat.

4.3.3.2 Methods of firing the sect

The two nethods of Ciring the seat are a2ither by means of a face-“lind or ty meaiss of & low firing handle.

Seats with Face-Blind - The seat can be fired by pulling on a face-blind of aither strong canvas or in some
seats, of leather. The pilot must thersfore put his hend againat the hendrest ootaining thersby a position
which 18 good for the vertebral column, in that it keeps it straight, while the fuce-blind protects the face
and the pllot's oxygen mask from the relative wind velocity, Part of the weight of the chest 1s teken ty tho
face-blind handie through the hand. The scats that fall into “hig cavegory are Sud Aviation £92 -E95; Martin-
Baker, all types; North American,

|




Different phases of ejection

Pig. 20 Phases of ~scape by ejection seat

1, Geat leaves

2, Seat rises

3. Beat goes over tail sssembly

4. Automatic opening of seat parachute

5. Automatic release of seat larness

6. Beparstion

7. Automatic opening of pilot’'s parachate

Oom.
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Fig. 21 Accelerations as & function of time. Ejection by two different seats: Standard MX 4 and Rocket AM 6
{accelerstions mensured at the saat, pelvis, head end vertebras)

Ejected weight; seat + pilot = 172 kg

—r et s maone mone wee smes woe Bt gndard MK 4 Pocket seat AM 6

Maximum scceleration = 20 ¢ Maximum acceleration = 15 g
Seat velocity = 80 ft/sec Seat velocity = 160 ft/sec
Acceleration slope = 240 g/sec Acceleration slopo = 200 g’sec

Pig.22 Seut-pilot sopuration (after a USA publicatior)
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Seats with lcw Firing Mechonisn - The seat {s tired by first raizing the arm rests thercly uncovering two
triggers, pressure on whizh fires the seat. This systes is expleved in the following seats: RAC, £96, and E97.

Special cuse of the Martin-Bokor X9 « The Mavtin-Baker MK4 which 13 used in the most up-te-date sircraft, in
addition to firing o a fsce-bDlind has & secondury or emergency firing handle sftustcd batween the thighs and

the seat pan, being thus within reach of the pilot even at high g. By puliing this firing handle the pilot puts
himself {nto & good attitude for ejection aml furthermore his hands arec only = short distance fr.. the nomal
position ¢ the control column hence saving time., Tho face hewever {s in that case not protected hy a face-dlind,

4.3,4 Description of the Different Phases of Ejection

The phascs to b~ considereG (Fig. 20) are preparation, the ojection {taelf, leavins the seat, psrachrt) g and
landing.

4,3.4,1 Prepavation

Rth the first sexts the pilol had to prepare for ejection ly following out a driil which was described in
the course cf training or of teaching and instructior. sessions. The drill was as follows: gct rid of ths gun
sight, jcitison the canopy, pluce fszet on the foot rests. In the case of a high firing drill, plsce heads on
the firing handle, both hands above the head, and pull striight down to bring the handle on to the chest. This
1ast moveaent fired the cartridge.

The current system of ieg reatraint simglifies this drill. 7The use of the face blind eisures correct pozftion
of the heat on the head rest, and therefor? avoids putzing the spine in sn unfavourable flexesd position. Witk
a low firing handie, if the pilot follows his instructions correctly, tne spinal curvature will not be placed
in an unfavourable position sither. This syztem is a typc of escape which is more suitable to certain types of
ajreraft,

4,3.4.2 The ejection itself

Under the action of the seat gun the seat is projected upwards. This causes an suxiliary gun to fire s smail
metallic bolt to which is fixad a drogue or seat stabilising parzchute. Stabilised hy this parschute the seat
recedes from the aircraft, its speed rapidly dropping until it reuchres {ts teruinal velocity.

4.3.4.3 Separation frox the seat (Fig.22)

On the first scats the pilot had to separate himsclf from the seat by releasing his harness siter 5 or
8 seconds and leaving it ip free fall shilat the seat, braked by the stabiliser, was rapidly left beldind hiam.
He then Ead to open his parschuts, Today, howsver, various {sprovements such ax suiomstic separation from the
scat and parschute opening ensure greater safety.

Two distizct cases, however, must be mentioned. ¥irst, at high altitnje lhe pilot remains in his stabilliced
seat domn to 10,000 ft and at this aititude a barometric capsule cauces tl.: ceparaticn of the seat aad the pilot,
whilst simsltaneousiy setiing 0T & sogquence which results in the cpening of the parschute, Sevondly, st low
altitude snd at high spe=ed, an accelercmeter ensures that the meparation ssquence is initiated only when the
seat has reached a velocity sufficiently loy to L& compatible with the strength of the parachute,

£.3.4.4 Parachuting and landin~

Mhether uader amnual or sutomatic control. parachuting snd lasding of these ejccted pilots does not present
particular difficulties unless ihe subject is uncouscious (uncontroclled contast with ground).

4.3.5 Different lypes of Ejection

4.3.5.1 Ejection in noraal attitude

Ip this condition the atrcreft is flying & straight 1ino in an approximately horizontsl fiisht path and with
a weight lond factor in the regior of one. The pilot will be sitting in hie seat at the mowent of ejoction,
All other attitudes ard configurstiuns are shrommal.

4.3.5.2 Ejection in vnusual ottitudes

Here the sircraft sttitude may be cither inverted or banked, in both of which conditions the pilot is kept
on hix seat only hy bis seat harnexs. His back is not pressed against tne sest back and above all his weight
does nut coaproas the seat vushion. Because of this the dynemics of the cjection are altered because the seat
i alresdy travelling fairly rapidly by the time {¢ hegins to transmit its impulse to the pilot’s pel¥is. In
conseguence the acceleration leparted to the body f8 therefore puch higher md sy {n fact cxceed the safety
margin, In an joction from a tmaked sttituda the position of the spise is particularly bad and fracturas of
the apine have been observed under condi{icns such &2 these,

variaticns in the fiight sath of the aircra€e can givo rise o edditfonsl sccelerations, thus in s tight
turn the zesultant increascd acceleration s added to tkat iaparted by the seat.
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In & low speed apin on a modern ajroraft the Ax acce'ersation dsvoloped by the turaing of the sircraft
thrusts tho pilot formard intc hia hamasa snd, aince the attschment peints aré low, hix spins tends to be
forced to a {lexed positicr ¥hich fsvcurd the production of fractures ¢n ejection.

In wn olection witii dwttisonuing cf the canopy there is a one socond delay retween the firing of the seat and
its actusl time of ieaving tha aircraft., Tnis deiny enables the seropy to bo dragzed away from the sest's
trajoctery by t'e foree of ths siip atraam. In casea where the aircraft spproaches the ground at high speed
shis dalay can coupromiss she success of the ejection.

In V00U aircraft opercting aeay ground level and without any horizontal velocity here is no slip stream to
help get rid of the cancpy., P:rtheimore, {2 there is loas of control there may be a high degrse of roll {360°/sec)
wiich wpy s2fect tha directi{nn taken by the efection seat as it leaves the aircraft.

In the case of a Isilure in a carrier cataput, the aircraft out of conirol can crash in < few seconds so
the gain of on: second can seve ths life of the pilot Foi thesy reasons ejection of the pilot through the
canopy Wb examined {n investigations carried out in France, Great Britain, USA and Switzerland. These investi-
gstions, subsequently confirmed by live ejeciions under emergancy conditions, demonstrated the possibility of
escaping hr this xeans without systsining sorious injuries.

4.3.6 Statistics of Ejections in the French Air force

Prem October 19581 to the end of 1966 259 ejections have baen studled in the French Air Force, We shall now
exasing the raaults obtained irom these ejections and then the injuries sustained,
4.3.8.1 Comprehensive results

According to the finsl outcome ejections can be divided into two groups according to whether they have failed
or succeaded, We shall call failed aiections those which have resulied in the death of tiie pilot, and successful
ojections those in which the pilot has survived even though ne Ray have sustained severe or siight iajury., #e
shall examine first of sll the overall resulss then the snnual staiistics,

Duerall resuits

TABLE X
Shows the Ejection Jata a3 Unsuccessful or Successful

Total nusber | Unsuccessful ejections s
of ejections (killed) Successful ejections
35 84 188
163% 24% 6%
TABLE XI

Successful Efections

Total number of

successful ejections Serious injury | Slight injury | Uninjured

193 34 32 129
%% 13, 1% 12.2% 48.1%

In over half of the injurias (Table XI; the pilot was uninjured.

Injuries without partial incapacity occur in §2.2% cases.

TABLE X1
bistribution of Izjuries

Qurs c v s .. Fractures and Jislocations
Szrisus izjuries ertebrai injuries .
of limbs
34 22 12
a 13.1 8.49 4.8
b 1.4 11.2 5.2

a - percoptage of ull ejuctions
b ~ percontage of succeasful ejectiors.

T h |




One pilot presentud a serlous syndrome {n which wara uxsocieted involvement of the central nervous system
(hemipleris), fructured vertohrae and a rracture of the astragalus., The vertebral fractures appeared in 8, 4%
of all ejections and 11.2% of thr successaful ejections,
4.3.6.2 Annual statisties (Table X1}

The annusl distribution ie frirly uniform and the annual percentage of successful ejections has slightly
increased during the rocent years, This improvement seems to be due in largo moasure to the installation of
entirely automatic seats on the current alrecraft.

TABLE X111
Annual Distribution of Ejuctions and thefr Results

Serious injuries Slight
Year Killed LR Uninjured | Total
Spine fractures | lLimb fractures tnjuries
October
1951-1952 1 - - - 3 4
1953 4 - 1 2 3 10
1954 1 - 1 7 3 18
1955 4 1 - 2 6 13
1956 4 3 - 8 9 24
1957 5 1 - 2 11 19
1958 4 2 ~ 1 T 14
1959 6 2 - 1 g 18
1860 5 2 2 1 11 21
1981 6 1 - 1 15 23
1862 4 - 4 5 7 20
1963 5 1 - -~ 14 20
1984 5 1 2 - 5 13
1965 1 £ - 2 12 2
1966 3 3 3 - 14 22
Total 84 22 12 32 129 259

4.3.8.3 Distribution of fractures on ejection

Spinal fractures are the most commonly ancountered serious injury, appearing wmore frequently than injtries
to the limbs such as fractures of the humerus. femur, tiblia or open dislccation of the knee joint. Thirty spinal
fractures were distrihuted amongst 22 pilots (Tables XIV and XV),

TABLE XIV TABLE XV
. Distribution of Ejection Fractures Multiple Spinal Fractures
According to Locstion from Fjection
(French Alr Force) (French Air Force)
Fractures Vertebrae involved | Number

Location | Number T - 18 1

™-T8-T9 - T10 i

T4 : ™-1 1

T5 - 8 - L1 1

76 1 Ti2 ~ L1 ~ L2 [ 1
™ 4
T8 5
o) 1
T10 3
™ -
T2 3
Ll 9
L2 2
L3 -
54 1
Total 30

L.
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4.3.7 Mechanisa of Production of Spinal Fractures During Ejection

The mecianiam is one of fracture by comuression of a more or less flexed spinal column. Broadly the
injuries are of iwo types - firstly, occurring at the dorsolumbar (or lumo thoracic-trenslator) hinge (Ti0 to

L2) and on landing; secondly a high or medium thoracic location (T4 to T9) occurring at the momont of ejection
from the aircraft,

Dorsolumbar hinge fractures (T10 to L2) are met with i7 times out of 30 after a lauding under poor or difficult
condicions (parachuticts fractures occurring in hilly terrain or with high surface windj. The fractures of T4
to T9 are dus to the seat harness altering the spinal curvature. A bad seated posture of the pilot an his zjec-
tion seat leads to flexion of the spinal colums. These observations have besn made ss a result of examination
of crash injuries and statistics. The classificatior is obviously somewhat broad because it {r, not always
vosarble to state that a lower thoracic freoture in particular, may be due to poor position of the pilot as the
seat leaves the aircraft, or as he lands, for these ‘wo mechanisms may combine to give multiple fractures,

4.3.8 Studies Carried out at the Flight Test Centre

In spite of its great interest, the assrsmment of strength of the spine in kilograms is not entirely useful
when one is referring to ojection seats (.ployed in sviation.

4.3.8.1 First studies

From the very first studies carried out in Germany it has been mandatory in any investigations cn acceleration
to consider the factor ol tiie.

Richter in 1940 applied accelerations increasing from 2.2 to 15 g for a period of between 1/10 tv 2/10 of &
second., It was found that fron 10 g the subjects felt pain at the level of the chest and neck. The vertebral
thrust from bottom to top results in a bending forwards of the head, and subsequent trials showed, at accelera-
tions above 15 g, compression fractures of the lumbar vertebrae (Weisehofer (1943)). Previous work had shom
that accelerations above 18 § could be tolerated and that the peak could reach & value of 25 g for 1/10 second
for an accelerstion of 300 g seconds, Subsequently experimenta in aviation medicine centers of USA sliowed that
the human body could tolerate without risk of serfous injury, accelerationa greatly in excess of 40 g for very
brief periods (less than 1/10 second),

4.3.8.2 The studies of Latham {IK)

The studias ol Latham (UK) were the first to draw attention to the role of the semt-pilot assembly as repre-
sented bty two masses suspended together by & spring, T-is ides explains in a general way the origin of the
veriebral injuries noted in some cases of ejection (ag whera the pilot has replaced the seat cushion by another
much softer one -~ Figure 26). Subsoguent work especially that done with the Flight Study Center at Bretigny
(H.Seris and R. Auffret) has shown that the seat-pilot coabination is in fact much more complax. Tne pilot
must himself be considered as a combination cf suspended masses, each elemenisry mass oeing joined to the next
mass by combination of spring and shock absorbers,

Lathan placed accelerometors on the ejeccion seat and st the level of the pilot's hip, and the data he obtrined
(Flguros 23 and 24) showed differsnces in the level of accelsratiun az well as # dephasing becween the ejection
seat and hip. VYhen the pilot was seated cn an 2lastic cusliion {t was found that increasea of acceleration tovk
place st the level of the hin

4.3.8.3 Studies carried out ot the Flight Studies Center at Bretigny

H.Seris and R, Auffret at the Flight Studies Center st Bretigny have swuied ejectiona through the canopy,
by making use of the scries of accceroretere, amplifierc and tape recorders with very hiyn band pass (Fig. 28).
This enabled more accurate measurements to de mude.

nese suthors recorded especially the resonant frequencies of the seal pan (26 hertz) and, even more important,
the accelerations of the seat. The curves obtalner {ndicated that these very high frequencies were completely
filtered out by the cushion although the levsl of acceleration in them reached a value in the region of 80 g
The corresponding accele*atione at the lsvel of the pelvis and of tho lumbar region was of 20 g.

The same phenomenon is observed in the pilot fn whow each vertebre aiong with the anvironmental soft tissues,
constitutes a distinct mass, esch of which is bound to the next one by a spring (the intravertebral diac} and
pv 2 shock sbaorber (the paravertebral muscle masses) (H.Seris). The importance cf this fact is highlighted
when one measures the compresaton of a lumbar vartebrs of the cadavar during ejection.

On Figurs 28 » peal sent acceloration of 50 ¢ gives rise to an acceleraticn of 21 g at the rignt {liac crest
tnd 33 g at tho level of the hemd. It will be seen on the vertabral compreasion curve that this peak only gives
rise to n compression of 2,25 kn* (abngt 225 kg). On the othe~ hand at time 0.17 on Flgure 26 an acceieraticn
of 8 g becomern 3C g at the 1lisc crest and 12 g at the head. Tne vertebral compression in spive of ths longer
duration is then of 4 kn (400 kg),

* Xn » kilo-newtons (iransiator),
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These facts can be explained on the basis of the esponse tiue of tho vertebral colum. ‘1sus, 0.03 seconds
iz required for the acceleration to bw trapsmitted from the pelvis to ths head, I the peak lastz less than
0,03 saconds, when the head is accelerated the vertebral column will be less compressed (Curve 28), If the
acceleration lasts several hundredths of a second, #ll the shock absorber systems are at their limit and the
vertebra is subjected to compression corresponding to F =m7y. Thus the fdeal cushion will filter out high
accelerations corresponding to vibration of the seat while the body also will act as a filter, One can thus
follow the concept of very high acceleration acting for a very short time. After all are not Amerizen rugby
players subjected to 70 g for 6 to 8 milliseconds during s violent tackle®

In conclusion one can agree with J.Martin and H.Seris that acceleraticns of less than 80 g and lasting less
than 1/10C second do not give rise to body injury cn a spine which is receiving these sccelerations in the
correct attitude.

4.2.9 Radiological Studies of the Vertebral Column of a Subject in an Ejection Seat

4.3.9.1 1961 experiments

R.Delahaye, R.Auffret, H.Seris and H.Magin in 1961 examinad the radiological appearance of the spine of
subjects on an ejection seat supplied by the Aerospace Medical Laboratory of the Flight Test Center of Bretigny.
The stidies were carried out in the Radiology Depsrtment cf the Army Teaching Hospital Dominique-Larrey at
Versailles,

The investigaticn was carried out on 1G subjects squipped with flying overalls, helmet and breathing apparatus,
Those men were placed on a Martin-Baker MK4 s2at using firat the face-blind snd then the low firing hendle on
the seat pan. The X-rays (AP and lateral) were teken with s Langcals (CGR) machine with a cross heam.

We carried out two types of exsmination. In the first the adjustment of seat restraint harness wag perfect
and the instructions for ejection weras followed scrupulously. These were: head on head rest; buttocks well
wedged into the beck of the seat; leg restraint straps tightened.

On the other hand in the second series of tests, tho seat harness wss loose and the head was silowed to be
off the seat. In this position there is a slight dorsal flexion which is usually sencountered at the time of
faulty ejection. In both inatances the latersl views were the most usefnl, since they enabled cne to study the
spinal curves, The AP plates were rather difficult to make use of in spite of the use of varying degrees of
penetration because of the intrinsic opacity of the seat structurs,

In the first series of plates our aim was to look tor changes in spinal curvature sccording to whether the
high or low firing position was used but the plates revealed no substantial differences in the appsarsies of
the spine in the two systems. On the whole, the seated position reduces the physiologiceal curves of lumbar
lordosis and thorac!c kyphosis,

The second series of experiments eneblod us to show that the thrust axis passss through the centre of ourva-
ture ss detarmined by the degree of dorsxl flexion., Thuc the lumbar spine reduces its lordosis, while the
thrust axis passes through 16, T7 or T8 eccording to the degrve of flexion. This variation in the thrust sxis
affords sn explanation of the high thoracic lucailon of fractures on ejection s well as of the anterior cunei-
form compression which takes place.

This type of radiological examination on an ejection seat hes subsequently been carrisd out bty Levy in UBA.
Our aim has been to determine the sppearmnce of the apine in two kypaotic subjects sitting on wn sisotion s2at.
In spite of following the drill carefully mnd, in partfcular, paying artentior fo havitiy the head well proseet
against the head rest, the thoracic curvature did not vary and the thrust sxis passed through the ceatre of
curvature, It therefore seems that the presence of Kyphosis {8 a contra fndisstion to ejectien, Thia e imination
is in fact dealt with adequately hy the existing selection standards.

4.3.9.2 Experiments 1966 to 1557

From 1966 to 1867 Delshaye, Auffret, Seris and Mangin carried out an investigation op the fraotures cantribue
ting to bad position of the pilot: height of the seat, posjticn of the legs, the effect o? a cushisnud head
rest and the effect of weariug different heimets on avinal posture.

The seat employed was a Martin-Baker AM4 mock-up with however textile and soft wear as for am airborue ejece
tion seat, Two types of cushioned head rest and two difleront iielmets were comparad. In ordar to give the
subjects an environment as close an possible to romlity, a ficor resembling cthe of the Mirage III waa placed
on the seat support snd s movable foot rest in the shape of & ruddec bar, sand sdjustable in distance ond height
was fixed to the floor,

Several subjects were X-rayed in fourteen configurations. In the first four radiographs, ¢ full plate was
used to esamine the entire spinal cord and in the fifth to fourteenth case the radiograph concentrated on the
skull, and the cervical and thoracic column. Photographs were taken anteroc posteriorly and lsteraliy in each
of these conditions, and a tracing of the X-rsys subsequently enabled a comparative study of the different
curvatures tu be made by auper position (Pigures 27 and 28).
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Results

A low position of the seat pan tends to restore the lusbar lordosis and the thoracic kyphosis thus nullirying
the changes on spinal posture brought about by sitting down. No variations in spinal posture have been noted
even 1f the subject brings his legs under his seat when it {3 in the normal position.

On the other hand & low seat position and the 1- under the seat, does straighten the lumbar lordosis but
it stizl does not alter the kyphosis, On the X-ra, .lates an angulation is seen at the level of the critical
zone between T4, T5 and T8 in the low seat position. The fact that a subject might be kypho'ic clearly worsens
this observation gnd favours the developmen. of fracture.

Spinal Posture and the Hearing of ¢ llelmet

On the lateral X-rays the distance between the structure of the helmet (visible on X-rays) and the vault of
the skull has heen measured. Greater than with helmet A, this difference provides an explanation of the changes
in spinal posture, especially in the critical zone, wiich are more obvious with the A helmet, The reglon T4,

T5 and T8 tends to become more flexed while a low seat posftion merely increases flexion of this critical sone.
This effect would certainly be increased by wearing too large a helmet,

Influence of the Type of Cushion

The various typea of head rest cushion can bring the head forward causing only & variation of cervical poscure
although occasionally a flexion of the thoracic cord in the critical zone. All factors responsible for bringing
forward the head or the shoulders are undesirable. Some of these are beyond the pilots control, e.g. poor fold-
ing of a parachute, wearing too large or a badly fitting helmet, both of which can cause flexion of the spinal
cord,

The most important factor however remains the pilot’'s position. It is important that the seat height be the
same at the time of ejection as during fligut. The importance of a tight harness ia obvious, especially since
the trunk tends to be compressed under the effect of acceleration. The leg position is less important, but it
is preferable to leave the feet on the rudder bar. 1In thia way the body has s more stable seating and the back
is more easily pressed back into the seat cushions, This is obviously applied only to meats having leg restraint
without vhich it is essential to place the feet upon the stirrups. Certain deformities of the spine, i particu-
lar kyphosis ara & contra indication to ejection. Each of the factors discusszd has only & small influence on
vertebral posture but in combination they may give rise to & flexion of sufficient !mportance to bring about a
fracture

5, CLINICAL FEATURES OF SPINAL INJURIES

It is necessary to make n distinction betmween the spinal fracture with clinical symptomatology and asymptomatic .
fractures. It is this well established fact which today justifies the systematic practice of spine radiography :
after serfous injury. :

5.1 ¥Frsctures with Clinical Manifestations

The majority of fractures seen after a crash, ejection or parachuting accident, are accompanied by thoracic :
or lunbar pain but seldom by cervical pain., Pain, the essential symptom of simple fractures of tlie apine, can 4
assume several forms ~ sometimes violent, appearing immediately after the injury and frequently giving rise to
serious functional difficulty, whereas in other cases it may be discrete in the initial stages, becoming more
severe saversl hours after the injury,

Clinical examination, in particular palpation and percussion, reveal localized pain, whilst on inspection :
it may be possible to see the protrusion of & spinal process or the localized contraction of a muscle mass, »
U'suelly examination of tha nerveus system reveals no abnormality but one may encounier paraplegis or a cauda
equina syndrome sppearing very rapidiy after the injury. In other cases the pair may be very slight, may not
be increased by percussion and simple ccntusion or brulsing would he disgnosed {f the existence of a fracture
were not revealed by X-1ay examination.

5.2 Asymptomatic Fractures

In 18% of fractures obsarved after aircraft accidents (crashes of light aircvaft, halicopter cvashes, zlider
sccidents and ejecticnn) the systematic radiologzical examination which i3 nowadays mandstory in the French Air
Force has revealed the exjstence of spinal Injurfes. 1The pilots do not have nccessarily any clinical simms.

5.8 1Injury withcut Fractures

After a jump, & parachutist may develop lumbar pain accokxpanied occasjonally bty irradiation of e root type
pain. OQut of 138 cases of parachutists vertebral syndrome, 89 (85%) appear immediatdly sfter the jump (Richaud).
Repeated injuries, even minor ones, can play & very important part (sve later).
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6. RADIOLOGY IN THE DIAGNOSIS OF SPINAL INJURIES IN AVIATION MEDICINE

The disgnonis of spinal frectures amongst flying personnel and parachutists is almost always hy X-ray. This
reveals the “latent forms' described, the seat of lesions, and the number and type of {hese and governs the
treatment according to the observed condftion,

6.1 Radiological Technique

The radiological sxamination of the spine in merospace medicine does not differ from that for sny other
spinal injury., Let us thorefore recall the principles which seem to be fundamental to this examination.

1. The entire spine must he X-rayed both by antero-posterior and by lateral views, According to the casualty's
condition, plates will be tsken either in the standing position or in decubitus. In the Air Force, tais
compiete examinntion of the vertebral column is compulsory sfter any aircraft accident,

2. All spinsl anomalies call for the use of localised X-rays (AP and lateral) in which attention must be paid
to the roles of angles of incidaace by approaching tho examination of each segment via its concavity and by
sdapting the technique to the needs of each particular casp. Lateral views will enable one to calculste
precisely the correct incidence for the localised plates,

3, The examination of ‘s posterizz arch in the lumbar region can be made &t angles of incidence from ¥ right or
left and at an angle of 45° to the plane of the posterior articular processes in the median sagital plsne.
At the thoracic level, the fact thet the posterior articular facets ars on the horizontal plane, calls for
the use of lateral view tomograms,

4. Tomograms, both antero-posterior and lateral, enable one to make a fine and minute examination of the lesions
a3 woll a8 of the posterior wall of Rieunsu. Aatero-posterior tomograms particularly in the lowest posterior
planes, are particularly useful since they ensure an almost complete exploration without heving to move the
patient out of his supine posftion.

5. In certain cases with simple compression, a dynamic radiological exarination enables une to &ssess the degree
of mobility of the spine, any variation in the shape of the intravertebrsal spaces, and therehty confirm the
presence or absence of injury sither of the inter-spinal ligament (widening of the space between the spinal
processes) or of the discs (pinching or seleccive widening). This radiodynamic exploration makes use of
antero-posterior views with lateral right and left flexion and lateral views with flexion and extension.

In conclusion, the radiological examination is slways made up of plates of the entire spine, snd also of
lccalised plates. If there is an injury, then antoro-posterior and latersl tomography is essential for a
precise examinstion of the posterior wall and of the vertebral lesions. We are of the opinion that radio-
dynamic exmzination should be mere sidely employad in the examination of simpie compression fractures,

8.2 Locus of the Fractures

Bince the lumbo-thoracic hinge is the most frequent seat -- .41 fracture in aviation medicine (Table XVI)
wvhatever the cause ot the injury, (aircraft or helicopter cra.n, parachuting, ejection) the vertebras most
frequently involved are T11, TiZ and Li in more thsn 60% of cases, Nonethelcss, high or meditm thorscic, or low
lumbar locations must be aysiematically looked for as they are frequently encouritered, Ou the other hand
curvical fractures are unususl ¢-d ars almost only encounteied in parachuting as a result of the opening shock.

TABLE xVI
Showing the Various Sites of Vertebral Fractures in Aviation Nedicine

Typ2 of injury Commonest sites Lews usual sites Most unusual sites

lumbo-thoracic hinge

light aircraft crash

TI0 12

upper or mid-thoracic

low lumbar

helicopter crash

lumbo-thoracic hinge
T10 -L2

low lumbar

upper oy mid-theracic

parachuting

lumbo-thoracic hinge
110 -12

upper cr mid-horacic
low lumbar

5 -C1

ejection

luabo-thoracic hinge

upper or aid-thoracic

low lumbar




3.3 &igns

6.3.1 Generalities

According to Decoulx and Rieunau it is possible to distinguish two types of sapinal fracture (Fig. 29);
fractures without lesion of the posterior wall (the stalile fractures of Ncoll) and fractures in which the
posterior wall is affected {unstable fractures of Nicoil),

TSN

A ] C

Fig. 29  Aaatows-yathologicsl ciaesificailion (after Rieunsd). Léft to right: luabo-thorscie fracture
without involvement of the posterior #all (4) snd with invoivement of the wall (B&Cj

The tirsi type of fracturc im the moat frequuntly encountered (Tabie XVII). In the varjvus statistical dsis
pade use of in this werk we have found that 1n 94% of fractuvros; the poxterior xsll was Intact. This proportion
1s in the reglsn of that guoted in seversl worke on spianl injuries (85-95%;.

TABLE XVI1

Gilving the Distrihution cf Fractures ¥ith or Without Involvement of Posterior Wall
(Rare from Afr Force, Light Avistion, Army, Afrborre Troops)

~}
.. . #ithout invaluvement Weth invelvenent

h N 5f ) .

&ype of injury usber of jractures of posterior wall af posterior wall
light aivcraft crash 24 23 1
helicopter crush 26 23 ]
parachuting 195 187 8

—e
ejection 30 hrd 3
TOTAL 274 20 15

The inf-equent in-olvement of the posterior wall (13 casos) has to be looked for vystematically bocause §t
can give rise to lesions of the cuntral nervous syutem by the displacement of a tony frasment. With such cases,
surgical treatmens or the application of a plaster under X-ray survelllancy are assential.
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6.3.2 Frectures not Involving the Posterior Kali

In tn2 majority ot observations the posterior «all of Rieunau {8 fntuct as can be confirmed by lccalised
X-rays. As = check, and &s pact of the rcutine exacination, frental and ssgglrsl tomograms confirm the impress-
ion given ty exmminatios n? the etsndard >lates,

The laterx] plate taken in flexion demonstrates in general a riormal scparation of the spinal processes,
confirming thereby the integrity of the ligaments.

¥e can now describe the injuries ohserved, by considering in succeasion (Figures 30 to 31)-

() the shape of thc body,

(h) the appearince of the contours of the plateau and the angles,
{c) the density of tia oony structure,

(d) affoctions of the posterior wall,

(e) dizplacements and postural difficulties,

() association lesions (discs, ligiments and soft tissues),

(g) remote lesions.

6.3.2.1 The shape nf the body of the vertebra

The questions here is usually one of anterior cuneiform cospression, in nther words & reduction in the hefght
of the vertebra localised to its anterior part. This usually oniy affec.s oe vertebra, dut multiple fractures
are not unusval, e.g. 30 cazes have Leen recorded in statistics from the School for Airborne Troops st Pau;

5 cases amongst the ejection statistics of the Air Furce and 8 in aircratt crashex (light sircraft and
helicopters).

~he side view is the more useful to show up the degreo of cospression which in the mafority of cases is
slight. Occasjonally the anterc-posterior view may reveal r widening of the veriebral body or an asymmetric
lateral compression,

6.3.2.2 Appearance of the contours of the plateau and the angles

The anterior contours are nften irregular, and in compression fractures the anterior anglo overlaps the
vertebral contours. The line of the {racture iz rarely visible which has ensbled ¥Wataon-Sones ¢o refer to
fraciures impacted by compression. In muny cases there is a tearing of the antero superior corner when the
line of fracture becomes visible as an irregular and serrated edge. The anterior edge of the vertebral body
in such cases is in the shape of an obtuse angle. Coupressions fractures are accompanied by a break of the
anterior part cf the plateau, in 75% of cases only the superior plateay being affected. In serious injuries it
{s not unusual to note an involvement of the two vertebral plstesu. 0n the various tomogyaphic sections there
has been no evidence of the contour erosion which is characteristic of an inflammatory process.

6.3.2.3 Density and bony structure

In the fructures exaained systematically shartly after injury there {s no marked change in the density or
in the structure of the bony ares, There {s only some increased density in the injured portion.

§.3.2.4 Injury of the posterior arch

Ir. all these observations the nosterior wall of Rieunau was intact. Ths pusterior arch fractures which have
been encountered ususlly involve the transverse processes. Although the sole involvement o these processer is
rare in ejection injuries, it csn arise in some crash landings or in » landing on the beck.

6.3.2.5 Displacements and postural complaints

In simple compressicn fractures which do not involve the posterior »all, the immediate sequelae neither
fnvolve vertelral displsccment nor postursl difficulties,

6.3.2.6 Associated injuries

In anterior-cunefform compression fractures, the disc and the ligamentary system are usually intact, but the
disc next to & fractured vertebra agy be affected when the nucleus causes a collapse of the vertebral platesu
cn which the dizc is rer ing. This can cause the disc ta break without separating, and on radicgrephic plates
one sees & narsowing of the intervertebral space. These are usuelly fractures corresponding to the second
mechunism of Watson-Jones (i.e. anterior-cuneiform compression fracture with comminution of the anteriar part
of the vertebra). Tais disc lecion can bring sbout a more or less repid anthrosis and {s encountercd in cases
of serious injury, e.x. &s & result of helicepter nr afrcraft crash landings on hiily terrain or parachute
lapdings under poor conditions,
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Fig.30 #Practure ot T8 (atfecting superior vertehral piateau) -~ Ejection fiox superson;c sireraft
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Fle.30  Fractures of L3 =« 15 - Yelicopter crash




L]

6.2.2.7 Remvte lesions

These are infrequently found hut one rar mention reflex asrocoly. and other traumstic lesions, such as limb
fractures.
6.3.3 Fracture with Involvement of the Posterior Wall (Fig.32 to 38)

Lesa frsquently encountered than the type considerad above, they are howevsr wmore sevious since they are
sometimes accoxpanied by nsurclogical lesions (psraplegis and cauda equina syndrome). Thia time of fracture
invelving the postorior wall may arise in ail types of injuries in aviation medicine (Tsbkle XVI). The localised
lateral radiograph should lead one to suspect involvement cf the bony posterior wall for ii enables one to study
the vertebral Irsgrents and to messure the degree of gibbosity. Tomographic techniques enable one to identify
the nusber of vertebral tody fragments, tihe orientation of the fracture lines and enables one to determine the
axtant of postarior wall involvement.

6.3.3.1 The shape of the vertebral body

In santeran-ponterior virw the vertcbral bodr is more or less compressed and generally larger. The lxteral
view shows separstion into two or more portions, the anterior fragment being distinctly displaced forward while
the posierior trapezoid shaped fragment bulges postericrally.
€.3.3.2 The eppearance of the contours, the plateaus and the angles

In s tomwographic section, the contours of the fragments are quite sharp, bearing no sppearance of lscunar
or erosion changes. The vertehral plateau show depresaions.
6.3.3.3 Bony structure density

Ususl,y revesls no abnormality.

6.3.3.4 Involvement of the posterior arches

The poaterior arch, and especielly the blades of the articular processes are ususlly normal.

6.3.3.5 Displaceaent and pustural changes

Along with Decoulx and Rieunau the majority of authors stress the !mportance of measuring the degrese of
sibbusity in the exsmingtion of the patient. 7This is a seasurement which can be effected in seversl ways -
either by measuring thc angle ntween the superior a=i inferjor plateaux of the affected vertebra or by the
ratin of the height of the posterior to the anterisr adge of the affected vortebra.

It cne delincate. the spinsl axis, the line passing through the anterior edges usually describes a rogular
curve vith s large radius. In s case of verisbral fracture with compression, the angle made bty this line
sccurately measuyres the extent of the compression fracture, thst is to say, the degree of gibbosity. Although
it does rot taks into sccount the frequently msrked and varisble compression of tius discs, this second method
is none the leas proferabie becsuse the first method depends on & degres of parallclism which does not slwwys
exist between the auperior and inferior facets sf the vertabra.

€.3.3.5 Assuciated lesions

One or xore discs aay exhibit an overall compression or pinching and the ligmsuntary system me, be damaged.

6.3.3.7 Remote lesions

In some cases of extensive travma the patient may have other fractures e.z. limts, skull or thoracic cage.

6.3.4 Isolated Fractures of the Transverse Processes

Isolated fractures of the transyerse processes are sometimes encounterad in parachutists who have landed on
the back, or in aviators after s crash landing. In one case of supersonic sjection, L.Tabusse, R Pannier snd
R.P.Deishaye found two fractures of the traisverse processes of L1 ~ L2 associsted with fractures of the body of
TI2 ~ L1, with an involvegent of the posterfor wall.

6.3.5 [Isolated Fractures of the Spinal Processes

Isoisted fractures of the spins} provesses especially st the levels of CI, 08 and C7 can be produced by the
opsaing shoek cf the parschute, They are, however, uncomson (2 cases), and since the new systes of parachute
folding hes baen omployed this type of injury has no longer been encountersd in airborne troops.

6.3.6 {solated Fractures of the Ixthmus

12 it is inde~d posaitle %o sustain theso, they have never been detected in the datc espluyed in this current
study.

L




Fig.32 Parachuting accident. Saraplegia,

Fracture of L1 with involvement of posterjor wall

Fig 33

Glider crash - Fracture of L&
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F’',.34

Olider crash (same subject as in Figure 33). Tomograms defining {nvolvement of posterior arches of

L3 and 14

Fig. 35

Stipursonic ejection ~ Fractures of Ti2 and L1




Fig.38

Supersonic ejection (same subject as Figure 35).

Fig. 37

Rapid appearance of

perivertebral calcification
(1% nonths after injury)
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Parachuting accident - Fracture of ., with involvement of posterior wal]
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Fig.38 Ejection - Comminuted fracture of 18 with involvement cf posterior wall

6.4 Ditvferential Diagnosis

The differential diagnosis of spinal fractures in serospace medicine prosupposes 2 thorough knowledge of the
morphological variations and developmental anomalies ot vertehral bodies which must not be confused with traumatic
sequelee. We shall therefc o study in turn the merphological variants cepable of being confused with vertebral
fractures, and the alterations associated with a disorder of the embryologiesl development of the vertebral body
or of the vertebra and disc combination (enterior corners, retro-marginal hernias, Schmorl’ s notches).

6.4.1 HMorphological Vuriunts

The most froquently encountered morphological variunt in verie’. w is & cuneiform tendency which is congenital
but which may be confused with a traumatic condition.

6.4.1,1 Definition of the cuneijorm vertebra

The concept of & cuneiform vertebra has not always been msde clear, and furthermore its definition depends
upon the zuthor. One can none the less differentiate the truly cuneiform vertebra, the result of injury and
the vertebra with a cureiform tendancy.

Dubouioz, Legro, Merjanian and Serratrice, in a statistical asxamination of vertebrae having a cuneiform
tendency, only took sccount, on santero-posterior views, of differences in Leight greater than 2 mm on one side
of the vertebra compared with the other. In lateral views, the differences between the anterior and the posterior
edges has to be 3 mm or more for Li, and 2 ma for the othar vertebras. These last figures can be accepted as
showing the criteria for a vertebra with a cuneiform tendency, and it is our opinfon thet the lateral views only
are uf value in such determinations. In addition to these numerical deata, it seems advisable both to Seze snd
Djian and to ouraelves to bear In mind the fact that a vertebra with a cuneifo,m tendency has regular corners,
is not domaged, and shows no changes in structure or in density. Such a vertebra is usually the resuit of a
congenital abnormality. In doubtful cases in spite of the apparent precision of these definitions, it is obvious
that t.. be certain one is dealing with an sacquired compression cne must take account of a comparison of X-rays
taken bofore and after the sccident as well as taking note of the results of tomographic axamination in AP and
in lateral views of the suspected vertebra. The medico-iegal szpents sare obvious,

6.4.1.2 Vertebrae with a cuneiform tendency

This type of morphelogical veriant certainly exists and is frequently eucountered in deily practice, Indsed
Brocher lays streas on the fact that tue thoracic vertebrac exhibit a moderate degree of cuneiformity which is
purely physiolugical. Vertebrae with a cuneiforw tendency are especimlly found at the cenires of the physio-
logical curves such as T6 for the thoracic volumn, and Ti2 - L1 at vhe lumbo thuracic hinge,
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For the diagroais of cunaiform compression fractures in aviators or in parachutists it {s essential to he
familiar with these facts, since these zones are also the point at which the {racture preferentially occurs.
In order to avold the mistaken or & missed diagnosis of fracture, we would stroas the importance of an irtact
structure and the slight reduction in height of those vertebrae havirg & cunef form tendeniy. With aviators our
tr % is alwaye easier since we can refer to his radiological dossier, so that here, the differential diagnosis
presents no great difticulties.

6.4.2 Changes due to a Disorder of the Vertebral Budy and of the Disc-Vertebra Complex

These morphological changes of a pathological nature present the radiologist with diagmostic provloms more
difficult then those presented by cuneiform variants we have s*udied above and a knowledge of the embryology
and appearancss of the vertebral bodies enables one to avoid mrking a misteken diagnosia of fracture. To Decoulx,
such a differential diagnosis presents no difficulty, but he none the less stresses the mistaxes frequently made,
even hy professicnal radiologists., We shall therefore examine the following 3 conditions:

- The sbsence of union of the corners of the vertebra in an adult,
- The anterior retro-marginal hernia (of Seze and Rotes-Querol)
~ The results of the disease of the epiphyses,

6.4.2.1 Failure of union of the vertebral corners in the adult (“parudiscal defect”
of wmklo-saxon authors)

This comuon abnormulity has been described in the literature as: persistent process of the spine; anterior
paradiscal defect (Hellstadun); vertebral osteochondrosis dissecans of the adult (Galland); persistence of
epiphyseal corners.

Schmor: and Junghaus consider the term vertebral ephiphyses to be incorrect, because one is dealing with a
marginsl ring. On lateral radiographs of a child one can ofien see a clear stresk at the base of one or of
several vertebral angles. The vertebral angles then appear as little triangular and rounded fragmentg detached
from the vertebral body /Fig.39). 1In a child this appearance is nommal since fusion tukes place physiologically
about the age of twenty-one to twenty-two years. The persistence in the adult indicates a developmental conditicn
which has prevented normal fusion from taking place.

The soparation of the fragment from the vertebral body, although ususlly complete, is sometimes incomplete.
This effect i3 most frequently found in the anterior and superior corner of the vertebral body, whilst the
anterior and inferior cornar is infrequently involved. The free vertebral corner is separated from the body by
& straight clear iline which is regular in appearance and quite distinct from the irregular and serrated appearance
of marginal fractures, Whereas the para-discal dafect will remsin unchanged without tendency to union, the
union of a marginal fracture will be accompanied Ly a characteristic deformity: an irregularity in the curvature
of the anterior surface of the vertebral body (a transverss fault),

It {5 unusual for the detached corner to fit exactly into the contour of the vertebral kody becsuse either
it is too small, being atrophique ur even punctiform, or else too large hy reason of excessive growth so that
it overleps the vertebral contours, We have usually seen this abnormality on only L1 - L2 but it may be &ssoci-
ated with other lesions which may facilitate diagnosis.

Decoulx recommends an examination of the entire vertebral column for slthough the vertebral body may retain
a normal shape it may also he cuneiform with the base posterially. On the platesux, irreguiaritiss snd depress-
jons which are hernias into the spongy bon2 may be encountered. Occasionally the complete picture of the svquelae
of epiphvsitis may include the existence of free vertebral corrers. Msny authors think that even in isolation
this abnor=ality renders the adjacent disc more fragile, inducing thereby an earlier degeneration. The exis%ence
of & lack of union of this type in an injured person has on occasion led to 4 mistsken diagnosis of fracture in
spite of the fact that the characteristic features are easily recognisible. In the ejected pilots we have dealt
with, the absence of union has not given rise to any special problems but on the other hand, after crash landings
(landing with under-carringe up) we have observed this anomaly on a number of occasions. In one case in particu-
lar, the careful examination of the radiological case history of the pilot of & pistca engine sircraft enabled
us formally to eliminate 1he diagnosis of fracture which had been suggestad,

We would emphasise in th!s connectinn the value J0f a faultless technigue in taking the leteral X-rays since
slight rotation mey cause a super-position of the vertebral body and ot the anterior corner, giving it thereby
an appearance of overflowing like & fracrtured f{ragment. Ia such a case any discussion on the interpretation
can be eiiminated by a tcmogram which brings proof of the nature of the abnormality by highlighting the regularity
of the contours and the integrity and the structure of the detached fragment, An examination of reference plates
or dossier can sometimes intr. .uce a long delay but it can confirm the preeence or absence of union of the
vertebral corer.

6.4.2.2 Anterior retro-marginal hernia (Fig.in)

Do Seze and Rotes-Querol describe, under the name of anterior retro-marginel hernia, a peculiar potch on the
nuperior vertebrsl plateau ot a thoraciz or lumbar vertebra, This abnoimality can ensily he diagnosed since on
lateral view it shows a gentle slope posterially and on the anterior aspect, s sharp slope. J°. is surrounded
by a zone of dense hone., On the antero posterior view it has the appearance of a large cubola or of & raised
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cyoule, This nctch may be accompanied by an overall reduction of the height of the intervertebral disc, and
occasionally one may obsorve an osteophytic excrescence on the snterfo vertebral lip. De Soze considers that
this change is not associated with injury but that it is simply a growth dystrophy which takes place at the
level of least resistence, that is, anterially in the spongy vertebral astructure which runa cblicuely down and
fon

This anterior retro-marginal heruia which is a variety of intra-spongy tissue hernis, #s most fraquontly
observed in Scheuermann' s Cisease and as secuolae of epiphyaitia, Although 1t I8 fenorally assnciated with
other characteristic signz of ths condition, It is possihle to find R retro-marginal hernia in isclation, After
an injury, the use of the term “anterior retro.marginal hernia’” shouid be avoided because the patient may inter-
pret it as a traumatic condition with the possible psychological effucta which ave typically associatud with
spinal injuries.

Good quality radiogrephz usually enzhle this shnomality to be disgnosed hut it is, {n this connection,
essentiol to stress the need for impaccable techniques, In our examination we have come across twe cases in
which insufficient radicgraphic evidence led to a wrong diagnoais of injury. A further exmmination empleying
standard techniques and carried out in the department was sufficlont to eliminate the question of fracture.
Tomograms enable vne to confirm the presence of an anturio’ retro-ssrginal hornia since the section clearly
delineates the contours of the hernia, the densc eppoarancs of its margina and the characteristic orientation
of its slopes,

6.4.2.3 Epiphysites ~ Scheuermann’s disease type, and their sequelae

These conditions should under no cirumstances give rise to problems of differential diasgnosis from fractures
and they are mentioned here only because in a foreign survey of ejection fractures a certain number of the cases
appeared to us to be uncertain or doubtful. Multiple fracturez on ejoction are {ndecd mentioned but the X-ray
plates show lesions typical of epiphysitis.

The number of vertebrae affected, tcgether with the cuneiform aspect of the body, the irregular leminated
appearance cf the plateaux, the unfused angles, the anterior retro-marginal hernias, appear to be sufficiently
evocative. None the less a lucalised effect can in certain caze# giva rise to difficulties in diagnosis., Thus,
we have found in one ejected pilot a discrete compression of 3 -4 mm localised to T8 together with & Schmorl
rmarking on the vertebral plateau above it. This compression whose origin could be disputed was associated with
a slight asymmetry of T8 (reduction in lateral height on the left of tho vertebral body), 16 being the inflexion
point of a slight right scolinsis. ‘The intervertebral discs adjacent to T6 were norwal. Less marked defoima-
tions of T7 and T9 enabled one to suggest the diagnosis of the sequelae to epiphysitis

The reference dossier confiimed the existence of these abnormelities and after ejection the pilot exhibited
no clinical complaints. In accordance with Decoulx It must none the leas be note’ that localised lesions in
the lumbar segment are much less well understood; none the less they do not give rise to any apecial diagnostic
problems,

n closing this chapter we shali cite one classicel cause of error, namely, the cuneiform pseud» vertebra of
Schmitt caused by the projection of t.e glenoid cavity of the scspula onto the first thoracic vertebra,

7. TRAUMATIC SEQUELAE IN AVIATION MEZICINE

7.1 Generalities

Pilots of the Air Force and of Army Light Aviation who have been involved in an accident are all examined
clinicaliy and radiologically in the course of the medicophysiological supervision of flying personnel.

It should be noted that amongst these highly motivated perasons, the presence of pain or discomfort is not
necessarily always notified to the medical personnel examining the pilots and parachutists. Along with P.lance,
wo can examine succeasively:

1. Pain in subjects having an unknown or unrecognisad fracture,
2, Pain in subjects whose fracture has been identified and treated.
3. The sv-called lumbar pain of effort (parachutists),

7.2 Pain {n Subjects having an Unknown or Unrecognised Fracture

The 1racture is unrecognised because there has been no radiological examinstion. In pilots from the Air
Force and from the A L.A.T., radiographs of the whole of the spine are compuiso-y, but in pilots of private
light afrcraft and gliders as well as in parachutists we have noted the appesraice of secondary paii usually
at the level of T12 - L1 :

7.2.1 Clinicel Findings

Chronic lumbar pain is tha most frequent finding. It {s generally aggravated by standing and sometimes by
sitting for a long time, e.g. motor car jour.eys, helicopter flights and aerobatics, Quiet rest usually cases
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this discomfort which is usually localised between T12 and L1, together with occasinnal rout pain. The ciiniual
examination occasicnally reveals a gibbosity and more rarely a slight curve. There may b2 a backward movement
of the spinal processes with reference to these immediately above and below, whiist on palpation o proneas mey
be tender.

The muscle ma3ses about the spine are atropiiied and there is reduced vertebral mobility.

7.2.2 Radiology

The radiograms show signs of fracture: anterior cuneiform compression fracture and ccmminution. Arthrosjs iz
not unusual., According to P.Lance it is to these unrecognised fractures nppearing only secondarily that we have
for half a century been giving the names of traumatic spondylitis or the syndrome of Kummel-Verneuil, We shall
return to this rather important point.

7.3 Pain in Subjects whose Fracture has been Recognised and Treated

The pilot cr parachutist reports sick, with pain appearing after a variable time (Table XVIII).

TABLE XVIII

Constlcation after injury | Number of cases !

under 3 months 4
3-6 months 1
§ months ~ 1 year 12
1-2 years 13
2-7 years 14

Many c:i the subjects had been advised to carry out vertebral exercises under medical supervision but some had
not unde:atood tne need for this treatment, whilst others who had started work had sustsined injury (motor cor
accident, heavy landings in parachute on difficult terrain).

7.3.1 The Glinical Findings

The clinical findings are almost identical to those in the preceding section, and a fairly consistent finding
is of hypotonia and atrophy of the paravertebral muscle masses. Lumbar pain is for the most psrt chronic.

7.3.2 Radiology

AP and lateral X-rays enable one to make &n inventory of the injuries. Again we take the liberty of stressing
the valus of X-rays taken befoyrehand (at the entrance examtnation for flying personnel). In one cas2, & cuneiform
appearance of Ti2 had been considered as of traumetic origin, whereas the plates taken before the accident revealed
the same appearance which was thus a physiological variant. There are some pos:-traumatic sequelae and occasiornal
uigns of arthrosis on the radiographs,

7.3.2.1 The results of fracture

The radiclogical examinations consistently show a persistence of the cuneiform compression. There is often
an increase of density in the compredsed corner, but the contours remain regular. In the csse of f{ractuve ol
the anterior corner there i3 a remodelling which entails an increese in size antero posterially, of the vertebral
plateau. In these observations of anterior cuneiform compreasions, the intervertebral spaces msaintain their
normal height.

7.3.2.2 Vertebral arthrosis

Yertebral arthrosis is not constant amongst those who have vertebral fractures. It appears only if the disc
hes also been wffected in the injury. The radiological picture of anterinr marginai osteophytotis, pinching of
the intervertebral spaces and condensation of the plateaux, is not specific. Indeed there can be an increase
in density of the edges and vertebral angles opposite the damsged vertebra, whilst most often the inferior verte-
bra acts as e supporting bracket. In serious injuries the arthrosis can become a synostosis - & veritable bony
bridge crossing the disc and fusing togethor two of the vertebrze. In one supersonic ejection, & bilatersl
synostcsis of T12 - L1 appesred witliin & moath and s half,

We have however been intrigued to sou an atypical radiological picture in a fighter pilot who received another
injury secondary to ojection. The appesarance of the vertebral hodies of Li, 1.2 and L3 was nornsl on antero
posterior and on lataral views: the intorvertobral spacos wure at the normal height but at the superior angle
of L3 and at the infervertebral xpaces of L3 ~ L4. curvillnear calcifications sppeared. Antero postaricr tomograms
confirmed in planes 8, 9, 10 (equatorial planc 8), the celcificatinns which 1 been detected on the standsrd
plates, furthermore at the lovel o?f tho Inferior right angle of L4, thore wus a similar type of caleification,
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although less dense and going ohliquely outwards and dovnwards. The implantation base was at the infarior left
angle of L4, This latter calcification mads cns think of a syndesmophyte type of formatfon (Mig.40). A com-
plementary exenination o the dorsu lumbar hinge snd of the Sacro-ilime joint revealed no asmocisted lesions,
80 1t would appuar that this i» indeod a cade of port-traumstic calci fication,

7.4 Lushagc of Stratn

7.4.1 Generalities

In their report to the French Orthopaedic Congress, A.Beau and A.Lom2ine considcred tbat musculer strain
should be thought of as & muscuiar contraction tsking place in unusual conditions and giviag rise theraby to ana-
tomical and functional disorders,

Into this framework Tulls the symptomatology presented hy the parackutist M.J, Teyssandier who has made a
particular study ol this problem in French Airbomme ‘Troo;s, and who has describad the vertebral pain ax the
“yertsbral parechnting syndraome’, The psin oceurs frequantly - 6,3-12,5 times for 16,000 fumps in the dats
relatiag to the 1,033,525 jumps made at Pau.

The number of cases which do not come to the actention of the dcctor on a parachute unit must bo emphusised
since some individuals with pain do not crnsult the doctor but prefer to treat themselves by means of common
remedies so aa not to run the risk of being temporarily grounded. The motivation of parachutists must be borane
in mind for in their specialty they are accustrmed to & l1ife which 48 not free from hazard end they tend not to
dw2i! on their symptoms, ALl this enables one %o understsud how important it is for a doctor of an airhorne
anit to have the trust cnd confidence of the personnel he is dealing with,

7.4.2 Clinicul Findings

The parschutisc’s vertebral syndrome can appear at any age and with a varisble delay according tu the number
wnd frequency ol jumps. Ir all cases the principal signs sarc pain woich can sppear eitiier as chronic (this is
moat frequent) or as acute ic which it is most marked,

7.4.2.1 Acute pain

The acite pain can either graft itself onto & besis of chronic discomfort or less frequently it may appesar
tirst. It is usunlly triggered off by a muscular strain such as earrying a ouitease or winding & starting
handle or more frequantly by an injury (paracisite jump).

In 138 cases of parachutist’'s vertebral syndrome. 89 (i.2. 65%) appearcd limedintely aftar the jump (Richaud). g
Occssionally the pain was generai over the entire spinal sxis, out freguently it wes localised and accompanied
by irradistion of & rvot type pain in a b t or bar or ix & well delineated dermatome, I 1s made woraa by
coughing, eneezing und defecatior. It appears preferentially at the lumbar and lowee thoracie level btut it can
also appcar in the fors of backache, orticolis, cervical pein and oscipital headache. Such cases ave much more
frequent than ont wiuld believe from tha topographical analyses sf fractured vertebiae, The contracture 3f the
parsveriebral muscles brings sbout a marked functional impairment ac well as characteristic postures. -

7.4.2.2 Chronic pain

Where is the qua:itied parachutist who does not in the courss of yrivata conversgtion complain of Iumbar pain
or of other discomfort nf vertabrsl origin? Our cbservatious huve been contirasd by meny doctors of sirborne N
troops, Sometimes diffuse, this pain in in general localised to a distinct apiral segment and ia not usually
seccompanied by any root vain except in a s:bscute form.

This type of pain is of varying severity. 2msed ¥ rest in bed, ipcressad by a long poriod of sitting much
mrve qo than standing, it 1s increaced of courss as -he dey wears on and is swakened by the first movement after ”
s prolonged stay in cne position, It resembles the ligamentary type of pain which can be observed in “loading
synidrones” (Hackett ang Troisier),

If there has been a causal injury it will Ip general have been forgotten and will only be brought out un
careful interrngation. In other cases the time between the injury snd the sppearance of tirst discomfort can -
vary from 3 montns to 10 years, being or an sverage 1 -3 years, Esamination of the spinal cord revesals sote
reduction of movement and hypotonic or atrophed lateral spinsl muscle wmasses, It is oceastonslly posaible to £

2licit tenderness to elther percussicn of & spinal process and mors froguehtly to preasure in the lateral apinsl
fosss.

7.4.3 Radiology

We leamn from some incomplete siatiatics of Bicheu” fnvolving 89 cliniceil ceses of parachutists' vertebral R
syndrome, “hat the radislogical examination was noima. .. 42 cases (47.3% of cases) and reveals signs of previous o
gpinal couplaint in 47 cases, i.¢. 52.8% of cnsed, Tho detail of the identified lesions is as follows: )

2% sequelae of Scheuermann’s disesse, 3 moderatu arthrosea of the cervical columy; 6 moderate arthroses of
the thoracic and lumbar column, 4 sacralisations of L5 ar iwsharisation eof 81; 3 acoliaes. N
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The injury repressnted by the jusmp is thus revealing as all these subjects had undergone many selection

oxaninations during which nothing in particular had beon noted, whe~eas many of their friends had been eliminatec
bacavse of cliniocally detectablo dimeases,

7.4.3.1 Reiiologically detectable spinal lesions

Occasionally the syndrome may find its origin in a rediologically detectable spinal coaditice of shich the
putient may or may not bo avure and which may have heen present before he took up parachuting or which mey have
bsen acquired since.

Asongat the congenital lesions the fullowing have deen noted: slight xpondyiolisthesis of L5 on S); trans-
nission abnormalities of (ke lumbo aacral hinge (sacralisation and lumbarisation) and frequent morphnlogical
abnormalities (blocks or gaps in the posterior arcs of the iast vertebrae). 7Zhe sequelae of epithysitis
(Scheuermann' s Disease) are frequently encountered. In this the vartebrae are frequently daformed with flaky
platesux showing multiple notches, Affections of apinal posture (rcolisis, kyphosis and lordosia) are scmetimes
encountered in the parachutist's vertebrul syndrome. Normally discrete, these may not have been clinjcally
detectable.

It is sometimes very difficult to link scquired lesions with a neglected or unsuspected causal injury. One
sliould not lose sight of the fact that s minor physical condition cun be associated with marked symptoms.

The acquired lesions of this type occur either infrequently, as a result of fractures of the processes or of
the isthmus, or incidentally as a result cof disc lesions with pinching of the intravertebral space, or more
frequently with cuneifoim or communuted fractures of the vertebral body. Very frequently these lesions may
occur 1n association with sigms of vertebral arthrosis. These latter are usually situated in the lumbar segment
or in the lower part of the thoracic spine whilst a location in the cervical or apper thoracic segments is far
from being exceptional. Thoy can be detected from 25 to 35 years of age and at the 30th as well as at the 300th
jumr. The arthrosis may be generalised or may be associated with an old and quiescent osteoligamentary lesion.

It is often an ostecplytosis localised near a vertebrsl interspace which draws attention to a disc involvement
which would otherwise have passed unnoticed.

7.4.3.2 Comparison with other investigations sn parachuting and sports

The Italians Fraitta and Cazzato have also remsrked that “old parachutists'’ frequentiy exhibited a clinical
syndrome of vertebral origin which is an snalogous to that which we have described. In the course of systenatic
radiographic examination of the lumbar aspine of & 100 of ‘hese subjects, they discovered that 50% of cases had
radiological signe of spondylarthritis; 21% of cases had radfolcgical signs of Bsastrep’'s syndrome and 25% of
cases had radiological signs of Baastrep's syndrome in its initial phase.

In the course of our ovbservations we have not been able to demcastrste a single case of Baastrep' s syndrome,
and furthermora it sesas to us that the figure of 50% for the occurrence of spondylarthritis is very high. It

is possible that their sampling dealt with older and more experienced parschutists who had done more than 300 -
400 jumps.

In other respects Villiaumey has found arthrosis type lesions in 60% of subjects who were scidulously practis-
ing judo and only 18% in a control group. After having selected a group of judo experte who had pain corresponding
to that of parachutiats, he was abls to detect in 63% of his subjects, aigns of disc involvement which was some-
times minimal and without any arthrosis reaction. On 8 control group the figure reached was barely 7% of cases.

In view of the lack of systematic radfographs of the parachutists’ spines we have no precise rsference point,
However, for some months, the selection tests for instructor now comprise such an axamination so that in & few
vears we shall be able to examine this problem more extensively.

7.4.3 2 Spinal lesions vith radiological signs

Very often it is the accumulation of microtraumae to which the vertebrae and discs are subjected at each
jump, that in the end gives rise to a deteriovation of these. Radiographic cxamination reveals no sbnormality
even in spite of the use of tomographic techniques and any’es of incidence specially selected for the exemination
of 1.8, C7 and T2,

7.5 Other Problems

This radiological examination of post-traumatic effacts cannot end without considering twe problems whicn
nave alraady been the subjeact of much work, namely, the spondylolistheses and their traumatic etiology, and the
syndrome of Kummel-Vameuil,

7.5.1 Spendylolistheses and its Traumatic Etiology

Certain authors such as S!card have reported cases where the traumatic etlology of spondylolistheses cf LB
on 81 is indisputable. In the radiological routine examinations made aftsr ejection or after an aircrafi
accident (crash landing in particulas) we have never come scross & case of spondyloijstheses. The type of




fracturos observed did not predispoge the development of cvhis cvondition. However we must stress that it 1s
poasibls to encounter spendylelistheses us & result of triums, Cbviously as a result of the tests made on

entry {(Chapter 3) everyone showing a dissolution of continuity of the tsthous with or without spondylolisthesex
will be eliminated.

7.5.2 The RKummel-Verncuil Syndrome

ince the work of Decoulx and Ricunau (1958) the syndrome of Kummel-Vemeutl as originally desorilend has
ceased to exist.

This syndrome descrihed by Kummal (1881) then by Verneuil (1832) {s chitracterised by a throe stage development
as follows: First, initial .rauma with moderate and trans!tory clinical sigms; secuudly, an ‘nterval without
symptomatology and thirdly the appearance of gihbosity with a re-sppearanco of peisn.

The anktemical basis of the syndrome is the appearance of & secondary collapse of the vertebral body ¢s 1
result of iniury. ‘the fraguency of accurrence of this entity was kign. et us nate however thev no precise
radiological exinination wes carried vut at the time nf the inftiel injury. Thia failure to exsmine sufficiently
the patient with . epinal injury had lad to a felse pathogenic concept which for & long £ime hn$ beon widely
sccepted. In fact ihis trauwmatic spondylitis of Kuwmel-Yerneuil was aceording to Kummel, secondary tc a post-
traumatic csteoporosis. The vertehral compression sppesred subsequently.

As a result ¢f the {ncreased numbers of routine radiclogical examinations it has been vossivle to demonstrate
numerous types of fractures. Decoulx and Rieunau with their large number of cases have nevar secn e postvtrammatic
osteoporosis and they believe that the Kummel-Vernenil syndrome no longer exists as a clinfcal entity.

h.Magin and R.P.Delahaye have exanined i02 case historizg of spinal injury in the courses of aircraft accid:nts
from 1951-1963 inclusive. Amongst the recent injuries (1963) wers 8 compression fractures of the spine and
12 cases with no lesjon demonstrable by radiological means, 0ld injuries (82 casnss) included 8 compression

fractures und 74 injuries without detectable initial lesion. Relayad vertebral comnression has never been met
in the various examinationa msde,

Most orttopaedic specialists are in sgreenent wfth the idess of Decoulx and Risuman, that one should ne
longer refer to the syndrome of Kwamel-Verneuil. The compression 1§ not secondery; it is present on the Flrst
X-rays where it had been missed as a result of absence of radisgraphic examiatiion.

8. AIRCREW SELECTION AND SPINAL INJURIES

8.1 Acceptance
8.1.1 Generalitivs

Having sccepted that certain . :lors in flight are harmful, it is necessary during selection to detect any
acquired or congenital spinal abnormulf{ties which could be a zohe of least rasistance.

The case histories and the ststic and dynamic clinicai testing eventualiy guids the radiological exsaination
which is made systematizally on all candidates for pilot, flight engineer, navigator nr prrachute fnstmctor.

¥e shall now consider in turn the statistical studies bearing cn homogsuious populstiorns (non-aircraw):
statistical studies on aircrew; our policy on clinical investigation by rediologicsl examination (reference
dossiers), and the action taken in regard to minor cougenital alterations of the spine.

8.1,2 Statisticsl Studies Relating to Horogenious Populations {non-~aircrew)

Runge {:2%4) tound 1174 clinically silent vertebral alterstions {28, 44%) In the nourse of 4854 entrance
exsminations. Thess aslformations wore diatributed as follows; lumbarisation of 83 (Q.88%); sscralisktion of
L5 (0.16%); supplementary vertebral sesment (0.098%); scoliosis (2,23%); spinadbifida octultn (3,08%); antero
posterior displacements (spondylolisthesis) (2.908%).

P.Lance quotes the survey of Lindem Brown, Larsen and J.B.Mitchell who nut of 8%4# spines exsmined found
1929 subjects suffering from congenital abnormalities, R P, Delahiayz, H.Mangin and P.Boursiquot diacovered 801

congenital abnormalities out of 66887 examinations of the svine (partial or tutalj (survay of 1859-1964 included
subjects examined at Hiad Larrey).

It can therefore be estimated that 1 individual out of 10 (Lance tiinky 1 out of 5) hes & spinsl malformetion

or deformation vhich may make his spine at leaat partielly unsuited to somx fypes of physical stress or to
soricus physicsl insult.

8.1.3 Statistical Studies on Aircrex

Following the finding of vertebral lesions after efecticn, the need to verify tne radiological intearity of
the spine has been resdily accepted by doctors in the Fransh Afr Foree, In 1383 F.Nontsgard draw attention to
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the theorotical aspacts which have guided research and techuiques. The eatire spins was exnlored. & Montacsrd
and K.ficanoles (1656) reported che resulis of g survey of 1552 rudiological files from 3953-1956. The vevtebral
investigstion was rapidly narrowed down to the lumbar segment since at that time the sauthors balieved that the
lusbar spine received diroctly the impact of ejection mad was therafore the most exposed to injury.

The radiological exsminationy concerned di’ferent groups of afircraw: experienced fighter pilots whcse ages
seldom exceeded 30 yaars angd candidates for admission to afrcrew aged from 18-20 yewrs.

8.14.3.1 Besults of pain
Of the conditicns encounicoved Montasw.cd and Ficanoles list the following:

Yertebrel postural conditiops, slippages and slterations in the disco-ligamentary system,

Vertebral posturel conditions

The authors seldem found serious vertebrai imbalance and they remort only two serious scolises; one without
wedd tication ot the vertehral bodies, the cther secondary to s thoracic wedge shaped hemivertebra. On the other
hand acme lesy obvious {xzhalarice is frequently described us secondary to a marked asymmetrical sacralisetion.
The suthers were of tho opinion that this resulted in a marked lack of fitness for flying. Frequently occurring
slight asymmetries of LY causing & marked imbalance were also noted,

Vertebrel slippage

Only cno case of retrolisthesis an ohservad but on the other hand out of the {552 files studied, the authors
noted 38 caseg of spondylolisthesis (2, 23%. In most cases the spondylolisthesis affected L5, 1t was always
of tirst degree. the fifth vertebra heing only a quarter off the sacral base with respect to the posterior plane,
and encrosching not more than 1-1.5 cms. Lysis of the vertebral isthmus was usually seen, especislly on the
three quarter and lateral plates and less frequently on the AP views,

The lysisa wam sometimes unilateral while the gap could either be slight or markcd, In one case there was
nis gap but it was the presence of a lengthening of the isthmus which caused slipping. In one subject two
sooncdylolisthesis at the level of L4 on L5 and of L5 on 31 were demcnsirated,

Alterations in the disco-ligasentary system

Seldom met with, neglected at first, and later considered ss a contra-indication to flying they were dia-
tributed as follows: 8 cases of intraspongy hernja (0,51%); T cases of antero retro-marginal hemia (9.45%):
5 cases of free anterior corners (0.3v%). 0f the subjects examinad 4% presented anomalies which Hontagard and
Picanoles considar to be & centre-indication to acceptance.

§,1.3.2 Conment

This interesting study underlines the frequency with which snatomical veriations occur in a homogenious
population with no clinicel signs of spinsl disease, However, this survey, directed as it was especiaily to
the lumber spine, glves no appreciation of the goneral position especislly in regard to the thorscic spine
which may be injured by ejecticn or crash.

liot knuwing the remcte consequences of ejection, the decisions tcken have been too categorical. ‘the laportanuce
of the lumbo sacral hiage pathslogy at that time miy have justified these decisions as did simple dehiscences
of the posterior arch which resulted in decisions of unfitnese for ejection, however on the basis of wider experi-
ence legislation subsequently became more flexible and better adapted to reality.

Ejectionr, crashes and slight malformations

Chance has made it possible to observe the results of ejection or crash of pilots with slight congenital
malforuations. The pilots helonged to the first group, that is, of experienced flying personnel who were
slready converted to a jet aireraft and whose fitness had tc bo maintaiped, The fact tha* two of these pilots,
showing a dehiscance of the posterior arch of L5 and 81, ejectad without injury resulted in cancelling the
rogulstion of unfitness on the basis of “spina bifida’.

In this connection we think that this exprsssion should not be used to describe a simple dehiscence of the
pusterior arch of L5 or of 81, Wo ourseives would rather refer te che frequently cccurring condition as
“suhiscence of the posterior arch”. We think thet this gap of the posterior arch is not a wewkening factor.

In & frue spine bifida there is s congenital cleft of the vertebral column with meningal protiusion, The fact
(hat » quslified pilot suffering frca a spondylolithesis had no vertebral lesion after elec fon allows us to
think that we muat not be too categorical with rogards to fitness of a pilot with congenit . abnormality of the
lumbar spine, Physiopathogenicai studies heve furthemmore taught us that efection lesions are locslised to the
mid thoracie spine or to the lumbsr thoracic hinge 80 tnesn regions must be checked by radiological ezamination.




8.1.4 Our Position
8.1.4.1 Role of the routine radiclogica!l exarination

In the light of previous work and of the experience emerging from the variovs surveys in crashes, ejections
and parachute accidents, it eppesrs that radiclogical axamination has two roles,

First, the eliminetion of
serfous lesions incompatible with flyins, snd secondly, the compilation of a reference dossier of diagnostic
and medico legal interest. ’

Elimination of serious lesions incempatible v'th flying

in subjects exyosed to a strict clinical oxamination this eventunlity 1s rare. An unusual fining, however

snnongst cendidates for Ilying school, other sircrew or parachuting students has been that of 4 cascs of osteo-
arthritis (3 of which were tubercular) and 3 of rheumatismal pelvispondylites.

Among parachutist instructora,
a5 sequelse to epiphysitix, spondyloiithesis of L5 on S1 with spondrloptesis have been enccunter.d.

Esti s lishing a reference dossier

The rsdlological examinations carried out before admission meke up the reference dossies and provid: a radlo-
logicel inventory of the spine in aircrew before flying.

The medical inverpretaticn (not read by the candidate)
is detgiled and will note very carefully sll the morpholcgical varianta as well as the discrete congenital
abnormalities,

The comparison of this reference doasier with thit pede at the time of an examination. when an air accident
oceurs or on the occasion of clinicai changes ssers to us essentiai. It moy remove the douby in the face of
some small alteration and will eneble the all too freguent wrong interpretation to be corrected,

Paraonally in our experjence of injuries (crashes, parschuting, ejections w2 liave on & number of occssions
been ahle to eliminate the disgnosis of fracture., We note principslly 3 causes of mistaken disznosis of fraccure!
1. The anterior corner.

2. The retro-margina: herni-

3. The vertebra with a cuneifuim tendency.

The reference foldsr > » medico legal documeni which not cnly fzcflitates the study of an occupational dizeasa
but also is essential to the defence of interests, either nf the Stete or of the flying parsonnel.

In commercial avistion this radiologisal exmmination seems to us indispensible for investigation and for
aduisaion to the profesefon. Thus a1l progressive diseases aud those 1ikely to complication will be eliminated.

Some air stewardesses and atewards have complained of luxbo tkoracic pain due, according to some ol them, to,
flying.

™n fact, however, this is scmetimes & case of patjents with sequelse to Scheuermann's epiphysitis waho
have had to be grounded.
These radiographs for admission will make it possible to 1ist the findings and to assert which are fdue Lo
fiying, ’ :

8.1.4.2 Technique of the systematic examination

The whole of the spine is explored by antero posterior and by latercl views. Twd techuiques ave ubed, firatiyy
segrent by segment X-rays and secondly X-rays of the whole of tha spine.

Segment by segment X-rays ]
If an incidence of L5 is ussd, the teking of 8 or 7 nega.ives per day in a radiology depsrtsient shovid phusoni
no problens, ’

X-rays of the vhole spine

This method which 1s not yet currently used seems none the less interesting.

the entire vertebral column is explored and its balance is determined. Uros, Bloch and Walter (of Strasborg)
have recently described a technique enabling an examination of the whole spine including the lower part of the

8kull and whole of the pelvis to be made irn & physioloyical position. The subjact stands, tho Sintanca Trom
source to film being 3 matres,

Un Ltwn negecivew 39 ¢x x 80

In order to obtain a negative of perfect quality, those suthers advizad the use of & 6 acnuiion generszor
{kenotron = high tension rectifier - transiator); a tube with s focus of 2 x 2 mm with pessibility of ubtaining
110 XV st 50C ~ 600 mAs; 2 second exposure; a stand with & mchiic grid and a sultabls corrsciiag filrralis,

Sollmaun has perfeeted a dovice comprining a rotating ccopsnsating shutter mounted on a porspex diss, ki

devico compensates for the different densities of the budy scyments, the radisticn being filterod for a varying
time. We have no expertenco of this technique.
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The second method uses ordtn(ry aqIpneAt whSoh osn tc?n a. necst ve bf:ﬁ5 % 60 om. Tt is necessary with this,
to uze 2 30 x §0' cn ossatts, . -

A series of screens compansate for ‘the dittereucaa in opnclt; ‘of the carvicsi-dorsc-lumbar sexmen.s; a grid
of 110 lines to the inch, ratio 10, for a £ilm focis dxstarce of 160 o} 8 holdar for the casettas so that they
may be plxced on o vertical atand,

A
e R m——— AT o

A8 with the preceding technique,. dovelopment is isds ewsiar by the use of & folding developing frame which
does not give rise to any spscial difficulty when used with & developing mechine. This method seems afnplar as
it involves less cost, and the negatives thius obtained sre furthermove identical to those of the Strasbourg
authors’ methods. .

Locsliasd negatives eventnally define more precisely the morphoiogiral abnormelities which can be detected
on thcse 30 x 90 cm negatives, Fersonally #e are ot the opinion that this mothod 1s sufficient to compile the
reference folders.

8.1.4.3 The problem of gonade dose

It hat been said that the practice of routine radiography dangerously incresses the gonade dose given to the
flying personnel. The importance of this problem, common to all routine examinations, must neithor be exaggerated
nor quer-eatimuted. In fuct measures effacted on a model varied from 25-125 mrads for each antero posterior or
1ateral negative (Lindell and Lowry-Dawszon)., These smell doses do not appear to constitute any serious hazard
as the advintages of the use of routine X-rays are greater than the risk eventually taken.

8.1.5 Conduct in Relation toc Minor Congenital Impairment

It is of course the cose that acquired dissasss (inflammatory or tumours) or serious congenital ones (adventi-
tious hemi-vertabra, kyphoses, e¢ssential or acquired scoliogis) are to be considersd as a reason for rejection,
The intention is not to fail the well motivated subjects yet at the same time to maintain & normai margin of
safety. The attitude sdopted towards congenital anomaliss differs mccording to the veriebrai eioments affected:
disco-somatic anomalies, anomalies nf the posterior arch and morpholegical variants,

8.1.5.1 Dieco-somatic anomalies

Disco~somatic anomalies mostly give rise to spine deformities and to posture inbalance end are thus incompati-
ble with flyins. Only 2 comson anomslies will be considered; first, the congenital fusion and vertebral plateaux
notches,

The isolated congenital block or fusion, in principle entails neither a modirication of the h2ight of the
spine nor &y abnormal deviation excépt when the fusion concerns u large nunber of vertebrae, The commonest are
the fusion of C2 ~ C3 and the secrallisation of Lb ol 81, Since cervical lesjons are exceedingly rare in aviation
medicine, the fusion of €2 on C3 must not be considered a cause of rejection if it occurs in isolation. Ths sme
applies to the sacralisation of L5, or the lumbarisation of 81 if they are clinically quiescent.

¥e are of the opinion that this snomaly as regards the profassion of physical training instructor, must H2
& cause for rejection espocislly if & military or test parachutist's career is envisaged.

Notchee of the vertebral plateaux (Schmorl’s notches) result from abisormal discal expensions, In genersl,
these notches when muitiple or associated with marked alteorations of the plateaus, are a resson for rejection.
On the other hand an isolated and medium grade Schmori natch must not nhe conaidered a cause for rejecticn.

An anterior retro-marginal hernia. even 1solated, however, sscems to us a cause for rejectica from the task
nf flying a high performance aircraft or from parachuting since this alteration msxes tho vertebral body wnre
fragile. Morsover, ii must he remembered that this anterior retro~marginal hernia is frequently ussocisted
with other alterations oY the epine and in particular with the sequelae to epiphysitis,

8.1,5.2 Posterior grch armaiies - -

Pusterier qrch'inomqliee robult from disorders of the neural canal developmenk. Thers nay also be various
menigo-meduliary malformatica, hut siterations of a minor type and without any clinlcal manifestations are very
frequent (10% uverage). -

Fusion failure of the secondary ossificution centres with the various articularly processes has nc hearing
on fitness., It is enough to b3 awars of them in order to establiah a differential diagnocis (possibls confusion
with & fracture). It is to e remembered that injury to ihese vertebral elements f{n isolation s unusual.

The posterior srch dehiscence is without doubi the commonest congenitsl malformation. Most often found in
{solation, it is especially found at the lumbo sacrel hinge and is ususliy asymptomatic. It does not slter the
strength of the spine and is not a cause for rejection. Tho vathogenic study of spinal fractures in aviation
medicine as well as a precise knowledge of the effects of ejeciion, crashes and parachutiug on the spines of
many subjects with this anomaly confirm this opinion,
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Do§150a1k; of the 1s~hnua or on the othor hand spcndy‘olysis iz o cause tor rejection, Ihis falrly common
-anowaly (853%) 43 montiy ollnterax. In ssueral it a¥fcets on. the laat lumbar vartobrae (LS in rost: caser).
Although tha guy. #{11d- with differentiated tlsuuaa offers eertuin resiutunce and &lso since this mondy1olysis

is not sitisted 1na- region lidble to flylig infuriss, it must-call for rejasction for its progression Lowards
spondylcptos!& is too frequent to be neglected.

8.1,5.3 The morphological variants

The morphological varixnts are the laast important congenital malformgtion., Taeir existence docs not caryy

any limitatlion to fitness but on the other.hani thuy pose problems of differential disgnosis (sce sbove). They
congist of cuneiform vertebrae and vertebral corners.

8.2 Surveillance

1, In cases of f{ractures with intwct posterial wall, most pilots and perachutists have regeined normal
sctivity 3-8 months afier the injury, fThey have followed a treatment based on progressive vertebral gymnsstics
under medical supsrviaicn. Surgical trestment (graft) is nut practiced for this category ot Yractures. The
ciinical examination must be concentrated nn the state of the lateral spinal musculature,

Flying personnel and paractutists very quickly learn the value ol vertepral gvmnastics but unfortunately in
some situations, sparaticnsl needs or a lack of co-operstion by the patient explain the possible xppearance of
8 secondary post-travmstic syndroms dominated by a persistent pain,

2 In the case of fractuccs {nvolving the pusterior wall, definite rejention has beea the rule for tie para-
‘chutist and parachuzist instructor ziike, After a year clear of syaptoms certain jet pllots have been re-
categorised and authorised to fly. Indeed, one Zighter pilot had bacome an excellent navigaior on transport
sireraft., Another ~ a Mirase III pilot is now a transport pilet, but thesc are sxceptions which have needed
numotous medical exauinations and they must not let ons forget the seriousness of these {ractures with injuries
to the poaterior wall, An Injury of this type involves & definite untitness to piloting a high pertomsance aire

craft and to piloting a helicopter. Ths domgradiug to light planes may be authorised but each particular case
has to be consfdersd on ito om merit,

The pilot, Yowever, must bs warned of the fragility of his spins which has shom a fracture with injury to
tho posterjor wel. xid of the meriousness of a subsequent fracture. Up till now only the downgrading to transport
aireraft pilot has becn decided upon. It is & fect that the occurrence of fracture et the time of & crash in s
heavy sirveraft is exceptionsl., 1t shsuld be ncted, however, that some pilots have been downgradsd as s result
of posterior wall fractures sustained in road accidents,
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PART II: THE AFFECTIONS OF POSTUSE IN AVIATION MERICINE

1. INTRODUCTION

Thic chapter will derl only with backache of helicopter pllots and the cervical injury of pilcts of milttary

Jst sircraft, If the pathogenisis of the former appears to he clarified, the smme cannot be said of ‘the Iw:iler
whare many doubts still persist.

These two conditions constitute true occupational ailments of aviators in that they are caused by flying.

Arae thers othor occupational diseases? The vertobral syndrome of parachutists considerad esriisr comes into
this cavegory, being due to a profesafon in which microtrsumae are frequent. Does the same aroly to lunbar dis-
corfort offarred Ly Sransport aircraft pilots'and by cabir staff which some have considerad as = separate
conustion? This is a case of common aches and pains caused Ly the presence of an arthrosis which would lave

been manifest even 1f the subject had not been aircrow so we shall not consider this type of discomfort in the
framework of this study devoted to the pathology ol posture,

2. VERTEBRAL PAIN IN HELICOPTEP PILOTS
2.3 Introduction

Vercobral pain of helicopter pilots has heen kuown for many years., “In 1938, the pilot Maurice Clausse
reported unpleasant vibrution causing the whole aircratt o shake which, ufter an hour's flight caused thia
pilot to hasten back to the hangar in order to look after his sches and pains.’ This sentence quoted by Vice

Adpiral Joubelin is still true. Since helicopters came into general use in the Air Force in 1950, doctors have
deacastrated the relationship hetwsen vertebral pain and helicnpter piloting.

We muat quote the clinical work of Missenard and Ternseu (1857), of Fabre and Graber (1959), of Montagard,

Sais and Guiol (1861), of £liosberg (1567), Haatk (1955) and Wiesner (196G) in regard to pathogenisis and also
the memsurements of vibration on heavy helicopters by Feris and Auffret £1968).

2.2 Clinical Studies

2.2.1 Fregiency

The fraquency of occurrence varies according to the sauthors; 60% (Mt;ntugard et sl.); 30% (Missenard and
Uraber),

Sliosbersg noted 87.5% but this high value can be explained because the investigutions concerned only
pilots working in an operational area,

2.2.2 Predisposing Usnditions

Pain occurs only after shout 300 flying hours on an uverage,

The frequency of the flight plays a great part,
thus Sliosberg found that lusbar pain occurs after flying for § hours s oay and from 40-50 houre s month,

¥ost authors stross the pradisposition which results from pre-existing spinal lesions (arthrosis, sequelse
to Kcheuermenn's epiphysitis for instant<). These pllots experience symptoms earlier (50-100 flying hours) but

on the other hand s streng lateral vertebral musculature can increase the resistance to vibration and delay tho
appearance of the discemfort,

Thus in & supine position, being en holidey, a change of aireyaft, and {n particular, being s passanger on
an aircraft bring about a reduction in or dissppcarance of the pain,

2.2.3 The Clinical Symptomatology

The clinjcal synptoratology 1s essentially low back pain but {t is possible to note some cases of cervical
or of saoracic pain.

2.2.3.1 Lumbar or lov back pain

fambar or low back pain is most frequent end may xive rise to .ittle discomfort or to muscle spasm situation
in the low lumbar or sacral regions. This discomfort dissppears afier the flight. In the more severe condition

this dizcomfort gives way tou pain which becomes more ¢ntense towards the end of the day, persisting in fact )

throughout the evening hut disappearing after a night'« rest. The pain which fs made worse by coughing, or by

defsecation {mpairs flexion and can he localised efther throughout the entire ivngth of the spine or else only
at the level of the lumbar thoracic or lumbo sacra: hinges. It is furthermore not uncommon to find irradiation
into the sciatic nerve,

The clinical examinaiiun of the erect subject shows from in front, s ponture which is sometimes nermal, some-
tizes tomards o away from the side of tie pain. Seen from a side view, the patient aay less frequently exhibit
an inversion of cor a reducticn of the lumbar lordosis. Antero posterfor movements are limitaed and Lasegue’s
sign is sometimes positive. Zonnatt’s sign (pain on adduction of tho thigh) may give rise to scme diacomfort
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whick May also exist with-presaure on Vallaix's pointe (tender joints on the course of certain narves in
nsuralgis ~ translator). ‘The neurological examination 1s pearly alweys normsl in regard to moter control,
tonicity and reflex regponsss.

£,2.3.2 Cervical pain

Ths cervical pain arises both low and medially. Linked to & hyper-ostension of the head, it can in come
cases irradiete the upper limb and give rize to a clussical syupicmatolegy of cervico brachisl neuralgie.
Oceasionally found in isolation the cervical pain is more usually found in essosiation with low back pain.

2.2.3.3 Thoracic pain

Thoracic pain acises in the mid regions and its character !» ‘hat of dull ache rather than true pain,
Exvension movements of the trunk combined with backward movement of the airms causes this pain to disappeet.

2.3 Radiolegicsl Studies

Radiographs in 30% of helicopier pilots examined at tha Doeminique-Larrey hospital and taken before truavic...
contirm the integrity of the spine. On the other hand in 8U% of cesgs there exists a scolioeis attitude without
rotation of tha vortebral bodios. 1This antalgic sttitude generally centred on L1 or L2 is not accompanied by
changes of vertebral morphology. Radiodynamic -3 s (nlatez *i"~n in 1ateral fiexion) do not ceveal any gap or
sslective pinching of the interve~‘:oral spaces. Udiarve . . - 5 h as these leed us to think that we are not
sealing wit. & frenk disc lesion.

1t is possible {n 10% of cases to note the presence of signs of low lumbar arthresis (sntsrior msrginal
osteophythosis of L4 ~ L5 and pinching of the intervertebral spaces) and also tho presence of truumatic sequelae
(anterior cuneiform compression). 1In a helicopter pilot compleining of lumbar pain with sciatic irradiastion
after prolonged flights, we have by means of standsrd plates and tomograms, been able to ohserve a most urnaual
radiological condition: osteophytosis ~ marginal posterior and inferior - of L5. Radiculography using methiodal
shows up an opaque bulging of the posterior column at the inter-space of L5 - S1 (probable discal hernia).
Although it was not possiole to he certain of the specificity of this unusual arthrosis it should be noted that
it was in fsct aggravated by helicopter flights and by travelling in a motor car.

For 6 months we have been studying the appearance of the spine in subjects seated in the z2um: position as for
piloting. We have had constructed, a mock-up of an Alouette II which wes teken to the X-ray roor- at the Dominique-
Larrey hospital. Antero posterior and lateral radiography will enabie one to icok for variations ‘n spinal
posture produced by piloting., This will be effected by 30 x 80 cm plates, Different types of seat and different
positions will be employed and in parallel a questionnaire involving 100 pilots will be initisted.

2.4 Physio Pathogenresis

The vertebral pain of helicopter pilots is not specific since it i{s found in motor car drivers as well as in
the drivers of agricultural trastors but they are none the less most sovere in flying personnel. ‘fhe pilots
bad seated position and vibrations explain the appearsnce of this disccmfort,

2.4.1 Bad Posture due to Piloting Conditions

The limbs are constantly in use. Both feet operate the rudder bar, the right arm the cyclic pitch wherses
the left amm operstes the collective pitch and at the same time regulates the throttle control, Tanis use of the
collective pitch control causes the body to lean to the left and furthermore in order to sce the pilot may nave
to lean forward, Thus his body is continually in a stote of asyrmetry and Sliosberg puts forward 3 causes of
the discomfort (Fig.41). There i{s first the asymmetric attitude prevention rolaxation of the spinal musculatire;
secondly, the persistence of this sttitude during the task of piloting and thirdly constant tension of the sp.aal
accersory muscles due tc the forward leening position adonted by the pitot. Sliosiderg furthermore sttributes
this pain to muscles being in constant tensjon (which may be itself accompunied by petn) and a mechanical
vertobral cause,

Keegan has shown that & ssatad position brings on an fncroese in pressure at the unterior part of the inter-
vertebral disc, The force exerted by the vibrations wili therafore incroase tne oxisting higher pressure and
press back the nuclous pulposus towsrds the !igsmentery sheath sad the narve roots, Lesning forwerd will worsen
this discomfort. In the phases nf f}ight corresponding to take-off and ianding this position is combined witn
a Iateral flexjon tn reach the iow stop on the eyoclic pitoh contrel, In those phaszs of flight marked low
trequenny vibrations are eften oncountered,

Wisanor doacribea 0 comfort mnglan, aeoording to which oach sowment makos a specific angle with the segment
of the sdjecant limh,  This angln corrospomis witl the rolaxstion pesftion of the antagoniat muscle groups.
According to thuae comfosi anglon an doftped Ly Risenar, tho ptlot's positisn in very ponr on the Sikorsky 558
and o the Rabl, aomashisd bobtoy on the Alowetts, and oxeellent on the supor Frelon (Fig.41),

7497 Vikrations
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Sikorsky S 58 Bell G47

Alouette II

i

Position of Swearingen Comfort angles quoted by Wisner

Fig.41 These diagraus show the poor posture on the 5 38 and the Beil seats sad the batter position on
the Aloyette compared tu the data of Swearingen and the “vomfort angles”
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Head 4 C
Cervical spine
Thorax and arms
Lumbar spine :' Back rest
Pelvis and thighs
Buttock muscles
! [y | . } Floor
! == Spring = BShock absorber

Fig.42 Diagrsm of human body ccnsidered as a system of suspeaded masses (ufter Haack)
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- 2.4.2.4 Very low frequency vibrations

Vexy low frequency vibrations-diae to atmospheric turbulence, appaar in low level 2light, mnd when tl¥ing
¢throtigh oloud, ‘They sre mede up-of the respoiise to sercdynemic effects and to sotions by the pilot mediated
tirough his servo controls (Seris und Auffret). These vibretions sre in the rescnant frequency renge of the
human body and of the seéat,

2.4.2.2 Vibrations of mechanicai origin

Vibrations of mechanical origin are of higher frequency and come from the main rotor sad the tail rotod;
from the engine, and from the transmission, In the descriptions of Heack and Dackmenn the human body can bo
represented as » system of suspended masses in which the muscle masses and the intervertebral interstitial
tissues piay the part of springs and of shock sbsorberas (Fig.42). The shock absorber paravertebral :uscles
limit tha skeletnl movements, and the hard work which this entails thus btringe un contracture and then pain.
With fatigue ths efficiency of these shock abmorbers is reduced and may even disappear in which case the vibra-
tions may act directly on the entirs vertebra and disc.

The system of suspended masses which the human body represents, rescnates at particular frogquencies '(4-6 Rz).
it is & fact that given equal level of stim:lus, the further the frequency is from the body's own fresguency,
the leas unpleasant it aspears to the pilot ao that the resultant discomfort is less.

2.4.3 Measurement of Vibrations (CEV Bretigny)}

Seris and Auffret who atudied the problem of the shock absorbing or amplification of vibretions by the super
Frelon 32ats have found that most seats employed in aviation, have a frequency response within the rescnant
fraquency of the humsn body. The vibrations nf the sai:craft sre therefore transmitted to rhe rilot with an
amplification of the mcst harmful freguencies,

On the Y axis of the helicopter the following have besn recorded in low lovel fiight at a frequency of
4 Hz: 0.05 g at floor level, 0.8 g at the level of the seat cushion and 0.16 g at head level, In this case the
sest/pilot combination correaponds to an smplification of x3. Between the xeat and the pelvis there have bec .
recorded an amplification hetwees the frequencies of 2 - 11.5 Hz; a damping (ratio 2) for the 20 Hz band; a
damping (ratio 4) for the 40 Hz band and o damping (ratio 13) for the 130 Rz band,

The ssme phenomens are repeated along the btody, Thus, accordirg to Dackmann, the extent of dsmping between
the pelvic and the shoulder is 1.25 to 15 Hz; 2.5 at 20 Hz and 6.5 at 40 Hz.

The harmful nature of the low frequency vibration (in particular bstween 4 - 7 Hz) must be stressed, particu-
larly since these are poorly demped by the seat. To damp them out is difficult, and indeed jt i{s impossible tc
lower the natural frequency of the seat to any markad extent without considerably increasing its mass, One
possibls solutfon might be to mount the seat¢ on & hydropneumatic suspension.

Each sert has 1is om particular frequency spectrum, thus Alouette II has two peaks &t 6 and at 18 Hz;
Gikorsky 58 has two peaks at 3.7 and at 15 Hz whilst the super Prelon is mostly above 20 Hz, These vibration
measurements explain (Pig.43) why the supor Frelon enjoys & botter reputaticn than other helicopters amonget
flying personnel. Furthermore because of the backmard tilt of the seat, the pilots position is more comfortable

than in other eircraft, whilst thanks to & well positioned collective pitch control, the pilot does not have to
lemr forwards and to the left.

3. TRE CERVICAL COLUNMN OF MILITARY PILOTS OF JET AIRCRAFT

3.1 Generalities

The position of the pilot seated on an ejection seat is obviousiy far removoed from the position of comfort
as defined bty certain authors, in porticular Wissner. Certair recuirements such as ejection, “isibility of the
racdar tiube and downward visibilicy ~ shead and to the side, compel the pilot to edopt set attitudes,

These positions a‘e in themselves certainiy not sufficient to cause osteo-srticuletory concitions hut they
act a8 an aggravating factor in regari to the effects of acceleration and vibration,

The most frequently encounterad acccleratiuns are in the seat to head direction when the weight supported
by the cervical column is equal to the macs of the head multiplied by the load factor. One must of course bear
in mind the welght of equipment which the aubject may he wesring: s pressure helust Yor sxample, weighs 4 ks.

Vibrations are particularly marked {n certain phases of flight (taxi-ing, take-off, iow level flicht, turbu-
lence and landing) in which thv pilot is in a poor position, leaning forward and in a set posture.

3.2 Studies

3.2.1 J.Sais (1938)

J,8a18 (1938) who is a doctor in vhe French Alr Force, drew attention to the effect of ths considerable
gtatodynamic nork tu shjch the cervical spine is subjected.
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Before beginning training on the ejection seat riy, the spines of 60 piluts of s Pightex Squsdron, wers

systematically X-rayed. Sels found 40% of abnormalitizs at the lavel of the carvizal spine and so b cunaulted
168 tiles at the Centre Principal U'Expertise Medicale du persornel i.igant {n Parie.

Frontal and latarsl views of the spine, tckan in s standing position, wers in & number of subjects added to
by & dynamic examsination in which latoral views were talken in hyperflexion snd in hyperextension.

In 228 young pilots (average age 25.4 yaars) Sais found 111 nomal (48%); 121 showing pathclow (0%%); 115
cases ~f altered lordosis and 6 cases of arthrosis affecting €z ~ C3 (1 case); C8 - C8 (3 cases); and C6 ~ 7
(! cr.ee).

irregulsrities in curvature ware detected by a measuremsnt technique described by Arlet et sl. (Fig.44) were
distributed as follows: 32 ceses of attenuated C/F lordocis; 59 cases of siraightening of the spine ~ either
complete or affecting xt least 4 vertebrse; 17 cases of revarsal of the normal curvature,

Thece irregularities were aometimes associated with vertebral displacement or with limitation of extension,

Such a percentage of abnormalities in young jet aircraft pilots with no history or injury, urged 8als ic
establish a correlation betwaen the observed irregulsrities and the work of the cervicsl spine,

2.2.2 R.P.Delohaye and B.Edouard

P. P, Delahaye and P.Edousrd, in an unpublished study, unalysed 120 radiographs nf fighter pilots (1989-1963).
They found over 80% irregulari’.2s of curvature amongst subjects agad from 20-30 years shersas a tontrol grow

of 120 subjects of the ramo age, who had not been exposed to the hazards of f!ying, showed ancmalies of curvature
in only 5%.

3.2.3 R.J.Haburger and J.G.Puister {1960)

R.J.Hamburger and J.G.Puister (1060), further to the report of J,Gels, carried out an extensive statcdynsmic
exeaination of cervicel spinal lesions in fighter pilots (Netional Centre far Aviation Medicine - Soestarberg,
Natharlends). They examined 100 jet sircraft pilots of svarage age 27.3 years (Group A); 100 pilots of con-
ventional ajrcraft (average age 26.1 ysars - Group B), and 100 student pilcts 02 average age 20.7 yesrs {Grouvp C).

All these subjacts wevre %aslthy and with nc history of vertebral injury. Radiographs were taken in a normal
atiitude (AP and lsteral) and in maximel hyperextsnsion (lateral) and maximal hyperflexion (latersl). Hamburger

end Puister looked for signs of arthrosis and abnormmlities in curvature. %They measured the mobility of the
cervical colum by & technique outlined in Figure 45,

3.2.3.1 Results

Research on Arthrosis

Grou. A (jet) Group B (conventional) Group C (pupils)

One established arthrosis st 12% slight signs of arthrocis One established arthrosis at
Cc8 ~C7 G -C1
16% slight signs .f arthrosis 14% siight siyns of arthrosis |

These percentages are not statistically significant.

Anomaites of Curvature Claased ay
R (Rectitvde) L (Lordosis) K (Ryphosis)

Group A | Group B | Group C | Totu!
R 42 35 28 123
L 51 55 83 171
X 7 10 9 26
Total
exapinations 160 100 100 300

‘the differences are nct significant.




3.2.3.2 Mobility of the-cerdieni colimn

The Dutch suthors carried out a atudy of the t,om mobility of the cervical spine ly s statistical method in
which they cozpared hypereztension, hyperflexion and the total mobility in each of the groups A, -B snd €. Thoy
concluded that group C (studert ptlots) had a grester mobility eapaciall? in hypevextension, than groups A and 8.
They 2dind taat group B (conventional alror.2t) showed leas hyperaxtension hu% on the othar hand greater flsxion
without impaiment of total mobility, Hemdurger sad Puister thereforo invelidate-the results.of Bals but it
shoild be noted that in the Duteh atudy the age of tha ocntrnl populstion was relatively lower than that of the
pilots. Murtheiwors, airceaft mre flying et nighoes apeads and with higher accelsrations, Finally, it should
be noted that ‘in the mafority of onses which we have seen, it seems to us difficult ‘o meke s distinction between
sli:ht and marked signs of arthrosias,

3.2.4 Larasson (1961)

Lama.on (19613, in & well documented atudy, otressed the frequent localisation of osteopathic lesions in
the cervical ant Junbar ssgments of the spine,

3.2.5 Volek Josef (1962)

Volek Joaef (1982), found over 10% more arthrosis in w group of pilots than in a& normal powpulation of the
same age. He suggnsted that microtraumae by acceleraticns and by prolonged vibrations might he responsible,

3,3 Obsorved Facts

In the practice of sviation medicine we have observed a certsin number ¢ Zacts which, it seeus to us, ahould
be borne in mind as srguments in favour of an occupaticeal disesse, Cervical pain is fajrly common, especially
in prolouged flight with lox tltitude, where the lavel of vibration is very high. It is prohebly linked to the
tixed posture of the pilot and tc the need £o control *he aircraft snd to read the instrunente,

After ejection wherc the radiological exsmination has established that the spine was undamaged severel pilets
rione the less report sick with occasionally most peraistent cervical pain which is gosetimes ascompanied by con-
tracture of the vertebral muscles and of the trapzius. There is no neural irradiation of the lype usually met
with in » cervicu-brachiglis neuralgis, 1Is 1t poasible that accelerations, and especially repeated accslerations
in the + Gz axis, may give rime to a change in the discn particularly in the cervical regicn® That this may
be s0 is suggested by the fact that cervical pain is sometimes sxperienced &6 & result of marked sccelerations
and in the abaence of any arthrosis.

Jean Deb, This subject experienced his first cervical and lumbar pain at the age of 32 during an 1.3robatic
sortie on a Fouga.

These ecute pains diminished in a few days only to re-appear chronically. The spinal posture and movcaent
reveslad n0 abnormslity and radiography of the cervicel column revealed an anterior-msrginal osteorhytosis with
signe of arthrosis tc the right - C3 ~C4, and left C5-~-C8, The lumbar spine was noxmal op X-ray. The cbserva-
tions of a doctor-pilot have shown that sccelerations may give rise to s cervicc-brachial neuraigia ss a result
of arthrosis of very -apid onset (unpudlished work). Lateral, antero-posterior, and obligue radiography in
piiots of less than 30 years of sge revealed an arthrosis whose high locaticn (C2-(3, C3~C4, C4~C5) has been
oftan held in France to indicate the traumatic origin cf the erthrosis (L.Roche). In a1l those specialist
examinations in which our advice has been sought we have borne in mind this topographical argument to link
arthrosis with air experience.

3.4 Current Studies

‘There being some contradictions in the investigetions reporied above, it is difficult at this time to give a
definite opiniun and it seems in fact necessary tc continue the investigatisn over a period of years. As what
is normality beccmes more clear, e radiodynamic investigation of the normal movement of the spine should be
initiated. Many rheumstologists and radiologists stress the frequency of occurrence of arthrosis in the voung
sduit sged 20 years. X-rays of the corvical segment raken on entry for aircrew could be compared with those
taxen 5 years sand 10 years lster,

G.Gueffier, in a report on work carried out in the Radiology department of the Dominique-Larrey hospital
with the help of the Flight Test Centre at Bretigny has drswn up a proforma on which wili de the following
infcrmation:

Subjecis age; alrcrew position, i.e. pilot, navigator ete; rumber of flying hours (conventional alreraft,
jet aircraft, helicopters); type of curve in lateral view (straight., lordosis, kyphosis); inaex of lordosis
(Arlet) (Pig.44); the extent of hyperextension and h, parilexion in millimstres (on the dynamic plates -
Figure 457; the presence or absence of arthrosis; the type of arthrosis (ostcophytosis, uncarthrosis);
vertebyral displacesents (anterior or posterior); pinching of discs (anterior, postcrior or generai): the
level of this pinching; the ides of a “break’ in the cervical curve, its level and how it appears (flexion,
extension or neutral lsteral position).

The proformae concern aircrew chosen at random as well as e contrcl population not subjected to the hazard
of injury snt & group of patients who have been infured (skull or cervical column). Some subjects have been
exsained by radfocinematography so as to verify the movement of the cervicel column. The ure of an imsge in-
tensifying screen obaerved by television haC enabled shots to be taken at twenty-four frames per second.
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The results of this {nvestigation on 100 subjects of whom 100 are aircrew, are being analysed. ‘They wil! ha
followed up and particular attention will be paid to the chang.’ in cervical dynamics arising from ths weariiy
of & folmet, Ye have chosen ti zake use of the method shown in Figure 46 rather than other methods (Figures 47
nad 48) which do not lend themselves so rosdily to a rapid statistical eveluation of angular displacements.

\
\
i
.-‘
Hyperextension i mm ‘ Hyperflexion in mr
///¢\ ——
< ! Ty
|
\ v
\

\

|

i

mm \
\

Fig.46  Mesmsurements made on our dynamic radiograms
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Fig.47 Measurement of angular dieplacement of each Fig.48 Measurement of angular displacement of each
vertebra with respect to the lower adjacent one vertebre with respect to the lower sdjacent one
4




PART III: ACQUIRED VERTEBRAL CONDITIONS AND FLYING PERSONNEL

Two acquired conditions of the vertebral column are fairly frequently encountered in flying personuel. These
are: arthrosis - a dogencrative condition, and rheumatoidal pelvi-spondylitis - an inflammatory condition.
These diseascs are of equal interest by reason of the problems which they give rise to in avistion.

i. INTERVERTEBRAL ARTHROSIS

Tre arthroses are the chronic joint conditlons whose lesions consist of destructive changes in certilages
and in joint ligements sssociated with proliferative lesions.

1.1 Pathological Anatomy muhes the Distinction Between:

1.1,1 4 Menisco-Somatic Arthrosis cr Disc Arthrosis

A degenerative artnrcsis of the nucleus pulposus of the disc leads to the forces supported by the sgine being
badly distributed. This results in a sproading out of the nucleus which pushes back the fibrous ring, the
anterfor projection o¢ which irritates the intra-ligamentary cellular tissue and thereby predisposing to osteo-
genesis ¢~ the form of osteophytes,

1.1.2 Inter-Apophyseal Arthrosis

This brings together cartilaginous lesions (the initia) phenomenon) underlying bony lesions, and hyperphasic
s novial reactions,

1.2 Pathogenesis

Arthrosis results from an articular ageing which is more or less precoclous according to the individual., It
is accepted generelly that micro-traumae predispose to this condition (porters and lahourers). Ouc aspect in
particilar, however, which seems to be of interest in linking this condition with aviation is the role played
hv acceleration,

Claude Ouf: This fighter pilot aged 26 has <.hibited in the past 5 years, but move especially in the past
8 months, appreciably pemmunent lumbo thoracic pain which {8 aggravated by carrying a weight, by Zorward flexionm,
and by accelerations of more than 2 in the + Gz axis. The vertebral discomfort results in a reauction of
the lumbar lordosis, a ccatraction of the paravertebral muscle masses and in a marked limitation of the flexion
and extensicn of the trunk.

The radiologicai appearance of the cervical spine is normal but in the thoracic segrent there {s a scoliosis
with arthrosis of T8, 79 and T10, characterised by anterior osteophytic localised changes. The part plsyed by i
even low intensity accelerations is so obvious fn giving rise to pain, that this pilot with 4,400 hours of !
flying, is arprehensive about resuming his flying duties since he feels that these can only make his condition
worse, Is it not possible that repeated accelerations may give rise to disc lesions?

1.2 Arthrosis in Subjects Over Forty Years ¢f Age

At the Dominique-Larrey Hospital in Verswzilles and at the (PEMPN in Paris, cases of lumbelgia have been noted
in subjects usually over 40 yeesrs of age and suffering from arthrosis (transport pilots and other aircrew).
his 15 a question of clinical and radiological manifestatione cf arthrosis with no particular characteristics
to distinguish them from the arthrosis of non-aircrew, %o can therefore not rofer to this categery into which
commercial pilots may fall, as being mn occupational disease. The subjects usually show & tendency to over-
weight and these mircrew, in spite of travelling great distances lead a sedentary life with little physical
exertion. Furthermore, poor dictary habjts such as meals witich are tno plentiful, rich and often not well
balanced seem to us to be fairiy common.

2. RHEUMATOIDAL PELVI-SPONDYLITIS

This is the commonest of the chronic inflammatory rheumatisms which affects flying personnel.

2.1 Clinical Findings

The clinical symptomatolcgy may be neglected for a long time - partioularly in helicopter pilots who too .
rendily associate vortebral disccmfort with posture in the courae of piloting and with vikration. The locaticn
of low back and buttock discomfort, its sppearance early in the day, and the importance of stiffening should
however bring to mind rhecunctoidal pelvi-spondylitis

2.2 Radiology i

The leafons are at the level of the sacro iliac and dorso lumbar hinge. The zacro fliac intervertebral
spates ure vider, snd the articular surfaces are blurred and eroded. contrasting with the increased density in ;
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the neighbouring regions of i1j.m and sscrum. Localised radiography teveals the oxistence of syndesmophytes
most frequently at the level of T12 - L.

The EER (erythrocyie sedimentation rate) is a simple examination which i{s sufficiently precise to indicate
the progress of the disease

2.3 Seairch for Other Locations

It ia in addition, necossary to seek the special loci of rheumatoidal pelvi-spondylitis which play a part
in the prognosis and discussions on fitness,

2.3.1 Respiratory Systen Localisotion

Localiaation in the respiratory system with a restrictive type vent!latoryllnsufficiency which is linked to
an injury of the vertebrsl costal artfenlation, is well demonstrated by pulmonary function tests.

2.3.2 Cardiar lLocalisation

This may be a valvular cardiopathy, usually wsortic insufficiency, or more frequently it may be s question of
Ece anomalies ic the shape nf AV conduction difficulties. bundle branch bleck, disorders of raychm or of
repolarization,

2.3.3 Ocular Localisation

Ocular localisation consist moasly of iritis (10% of cases) which usually run an acute course and whici may
leave scme synechiae,

2.4 Line of Conduct

With correct treatment this chromic djsease is normaily for some time compatible with morve or less normal
aeronautic sctivity, ‘The treatment comsists of regular vertebral snd reaspiratory exercise therapy waich is
essential ¢o meintein pelvi-vertebral suppleness and adequate ventiiatory function, Acetyl salicylic acid and
its derivatives %aken daily can relieve the pain and increase mohility therehy enavling exerclse therapy tc he
umployed. Crenotherapy and physiotherapy are useful adjuncts,

1t is only in the course of exacerbations that one employs phenyl butkzore or indomethacine which are not
without hazard. Some of the synthetic anti-malariel drugs which are esas in use today than they were, call for
special ophthalmological supervision,

The decisjon ragarding fitaess must take account of the fact that this is a chronic disease which has for
some time been arrested by non-dangerous trestment and therefore was often compatible with more or less normal
seronantical sctivity. Nevertheless, the discovery of w rheumatoidal pelvi-spondylitis during selection
examination must result in & definite rofection of the candidate,

On the other hand, should the condivion acise in the course of an individual' s carenr, the disposal hag to
take account of a number of other factors such as tiie course of the condition which varies from subject to
subject and whuse exacerbations xre more objectively quancitiod by tha {ncresse in erythrocite sedimentation
rate (ESR); the extent of functional impaimment produced by atf ffening of the spine; the existence of curdiac
valvular lesions and ECG-anomglies or the existence of ventilatory insufficiency; the necessity to meke use of
major inflammatory medication (phenyl hutazone or indomethacine) which may give rige ro digestive complications
in particular, and lastly the individual’s specialty has to he borne in mind,

A cerdiac locus, ophthalmolcgicel sequelse reducing visusl acuity, an irreversible reduction ~f vitdl capacity
by more than 15%, Irequent exacerbations, a marked rigity of the vertebral coluan ail lead to rejection for
certain jobs. The discovery of this condition in ths pilot o a h.jh performance aircraft leads to his rajectinn
from that specialty und eventually to his re-categorisstion. In other ceses fitnass i3 normsily maintained =8
long as the individusl is not affected by the possible complications.

CONCLUSION

The pilot and the parachutists spines are subjecied vo tv; types nf sggression,

1. Aggrescions n? relatively small Intensity whose sffects ave sdditive and which bhelong to the type of phenomena
observed in the fatigue of metals,

2. Unususl asgressions (crash or ejection) of high intensity which bring {nta play the mechanical resistenc. ..
the spine and possibly give rise to fractures,

Because of their frequency, the!r variety, thoir symptomatology anu their evolution, traumetic zonditions .«
the spine met in aviation madicine deserve a dotajled study., In crash landings and ejections, as in parachuting
accidents, the fractures are fresiently at the level of T10 — L2, These clinical and radinlogizal findings sro
definite, The study of sequelee i necessary iccause of the pein suffered by che injured snbjects, Atrophy of
the 1atersl vertehral muscle masses rapresents a fundamental clinical ?{nding and justifies exercise therapy,
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Radlogr aphy of the entire spine is necessary at the sclection examination end in the case of injury. The
problems set by the supervision of subfects with a spinal fracture are more difficult.

The affections of posture are true occupational diseascs of aviators. The pain of helicopter pllots and the
cervical pain of the pilots of milfiary jet sircraft have been partirularly studfed by an examination of the
clinical findings, radiolcgy and the physiopathological mechanisn. The problem of vertebral patin In helicopter
pilots has now been solved hy a search for the correct pilot position and by a reduction in the harmful vibra-
ttons, espaclally those between 4-7 Hz,

The cervical pain of piiots in military jet mirvcraft often appears in certain flight configurations, and in
particular, a repetition of accelerations in the Gz positive axis may give rise to alteration in the vertebrsal
dises.,

The studies now being carried out will help to dotemmine the frequency of this pain. The acquired discases

(arthrosis and rheunntoidal pelvi-spondylitis) are frequently encountered, and the disposal policy throughout
the evolution of the cordition is influenced by a number of factors which are listed.
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