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In co-ol)rtr:ition \! ith thc hlcdical S e n  ice of the Sncdish K o j a l  Air 
E’orcc, an  in\  c.stigSution ha\  bccn tnadc  into the condition o f  the  spin(, 
in aviators \vho ha\  I >  rcscucd thctnsclves 1.13’ catapult  c.,jcction. ‘I’hc 
in\ cstigation \\ :i\ ins1 igatctl hy reports f r o m  \ arious so~ irccs  tha t  m rn  
s LI c c vs s fu 1 c j c c t ion s not in f rcq u e n t 1 y cau sctl bac k in j uric\ ( K o y ;I I 
Smcdish Air Force.: Report 1!)52, hlontagartl &: Picaiiiolvs 1936, Fahrc 
114.59). I n  \oiiic Air Forcc. circlcs thc  stresses to which thc, spinel is 
cx1)oscd ha\ c h w n  consid(~rctl 40 grcat tha t  sl)ccial cxaniinations ha \  (1 
hvcn callctl for. Thus, so~iic countries a rc  rrportcd to subject their jct  
1) i lo t s to a 1) rcs t,l cc t ion rocvi t g w  og ra ph i c c x a 111 in  at  i o 11 of  t h c s~ ) i 11 a I 
co lumn.  Ai)plicunts M ith rocnt~c.nogral)hic changes consitlcrt,d to ha\ (’ 
c 1 in ica I s i gn i f  i c a n  c c a re rcxj t’c t c t l  . 

a1 A 1 I.: I{ I A I. 

A l l  ,5.> 1)iIots \vho during thv period from 1 9 3 7  through lM0 I i a \  ( t  

madc their c~acape  hy catapult  ejection were* includc~l  in thc in\  cbsti- 
gation. This consistcd in cliciting the  su1)ic.ct.s’ history with rcgarti 
to clarlicr hack trouble arid prescnt symptoins, thoracolumhar rotbnt- 
genogrnl)hy, including a toniogrnphic examination, follo\vctl hy 
physical check-up, in c:isvs n hcrc this al)pcared nioti\atcd carrivtl 
out  a t  thc Orthopattl ic Dcpartrnent. 

Thc  tcchnical prohlcins conncctcd ith typc of aircraft, ejcction 
h e a t  or ejection mcch:inisin will hc prcscntcd wparatcly. i N:ichciiison 
R: 1,aurcll). 

The ag:t distribution o f  thc pilots is shown i n  ‘I’ahie 1. Of thc  total 
nuinhrr of 55, 52 1)clong to thc, :rgc group  hctwccbn ‘L(1 :ind 35 years.  
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TABLE 1 
Age distribution of (,jcrt(>d pi lv t s .  

Aye Numbrr of pilots 

20-25 3 8 
26-30 8 
31-35 6 
36-40 2 
41-45 1 

\’ I.: H ‘I’ E H H A L 1’ IZ A C 1 U H E  S 

Fractures were demonstrated in 14 of the subjects included in this 
series, in one case dating from before the accident in question. In  all 
cases the injuries involved the vertebral bodies in the form of a more 
or  less severe compression. In 5 cases the injuries affected only one 
vertebra. Table 2 shows the levels involved in these cases, which on the 
whole agree with those encountered in other types of accidents. 

TABLE 2 
Lrvr l  of sinylc i)?rfrbral fractur(,s. 

T h  5 
Th 6 
Th 12 
I, 2 
I, 2 

Eight patients sho~vetl multiple fractures, whose distribution appears 
from Table 3. 

T.4HLE 3 
I,c,oc,ls of rnirlt iplc urrtrbrcil f r ( x f u r ( ~ s .  

‘I’h 1 1 ,  T h  12 
Th 3, T h  4, Th 5, Th 12, L1, Lz, LJ 
Th 2, Th 3, L1 
‘L’h 6,  Th 9, I,:$ 
‘I’h 5, Th 6, l‘h 7 
Th 8 ,  Th 10 
Th 4, T h  5, T h  6, Th 8 
Th 5, Th 6, T h  7 

The fracture incidence and their distribution over the various levels 
is illustrated by the Table 4. 
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Level  of injured 
v e r t e b r a e  

(Pig. 4, Fig. 

S p o n d ~ l ~ r l i x t  hcxis ............................ 3 eahcx 
( i n  al l  cases involt  
\'ci,tct)ral o z  te(ich(ri 1 cahcx 

Sch rnorl's n oclul  e x  . . . . . . . . 1 cases  

O l d  vcrtehral  f rac ture  .. I case 

I)  i ?r k dege ii c I' a t i oil  1 case 
klaemangi~ima _..... ........................... 1 case  

5) .  



F i y .  1 .  
Small compression fracture in a 21-year-old 
pilot. Very slight pain for a few days. 
Ccimpletc recovery. 

Onc of thcsc patients combined changes indicative of Scheuer- 
niann’s disease with a spondylolisthesis involving L 5. One of the 
patients with Schmorl’s nodules \howecl multiple fractures of T h  6, 
T h  9 and L 3. I n  none of the cases could any indication be found that 
the disordtirs dating from hcforc the accident had been aggravated by 
the stress of the ejection. Neither had these pilots experienced any 
discomfort during thcir earlier training or service, which had made 
large dcrnands on their physical stamina. All of them were able to 
return to active service immediately following their escape from the 
wrecked aircraft. 

F 0 L L 0 JV - u P E X  A h i  I N A T  1 0  N 

A l l  Ililots included in the above series were in the course of thc 
year 1961 given a check-up to determine their effectiveness and physical 
fitness for their work as jct pilots. As one of the most recently injured 
pilots owing to a simultaneously incurred femoral fracture has not 
yet returned to active service, he has been omitted from this report. 

The period of follow-up is set down in Tahle 5. 



F i g .  2. 
Tom o gr a 1, h y 1) f a 2 3 - y e  a r - ( I 1 d 
pi lot .  l 'h 8 and  l h  10 arc 
compressed. T h e  deformation 
o f  l h  10 was  merely in  the  
centre of t h r  vc.rtchral Iiody 
and  was  only see11 hy tomo- 
graphy. 

- r .w .E  5 
F o  11 o w - i i  1) y r r  iotl 

I'criocl of follow-up 

3-4 ?;ears ...................................................... 8 
2 - 3  years ...................................................... 11 
1G2 years ...................................................... 20 
less t han  one y e a r  ........... .... 15 

A l l  flyers, including thosc with vcrtcbral fractures, had rcturnctl 
to active wrvice as jet  pilots. In one case the period of disahility la\ttltf 
one year, d u e  to hack pains in the thoracic region. This  patient n'a\ 
found to ha\(.  an extrcrncly strong comprcssion o f  l'h 6 and ;t 1)ro- 
nounccd gihhus. He is now on active scrvicc again. For the othcr 11 
patient\ the period of di\ability rangctl from 0 days to 1 iiionths, o r  2 
months on an average. 12'ith the cxcc.l)tion of thc on(' C;I\C rc])ortcd 
a h \  c, othcr injurics incurrcd \imultancou\ly ('l 'ahlc 6 )  do not ap1)car 
to h a w  influenced the 1)crioti of rc'covcry 1'rom thv f racturc\ of thc 
vcrtchrac,. 
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Fig.  3. 
Roentgenogram of multiple fractures involving 
T h  10, L 1, L 2 and  L 3 in a 21-year-old pilot. 
‘Three months  after in jury  flying je t  again 
without any symptoms from the  hack. 

P i g .  6. 
22-qear-old pilot ejected nrith 20 g. 
Itocntgenogram taken af te r  t he  
rescue showed spondylolisthe7i.s of 
I, 5 with marked ventral  displace- 
ment of the vcrtebral bod3. No 
complaints of hack ache either 
hcfore or after the ejection. 



F f g .  5. 
lo rnogram o f  the  spine from a 22- 
year-old jct  pilot. l 'h 8 and  'I'h 9 
werc intcrpwt ctl :IS vertcthral 1 ) h t c . o -  

chondritis Scheucrmarins disease. 
The picture W : I ~  taken 2 t l a ~ s  after 
ejection with 20 g. No symptoms. 

'I'AB1.E 6 
~Siiiiiilt(iIif,(JiIsf~i f o u n d  injurips .  

Distorsio ptrdis ..... 4 
Luxatio humerosca 1 
Frac tnra  femoris ....._ 1 
Fractura sacri ..._... .. 1 
Fractiira sterni ............................................. 1 

Tests carried out hy the Koyal Swcdish Air Force have shomn that thc 
pilots with back injurics aftcr their rccorcry and following a training 
program, could tolerate forces of u p  to 7 8.  While none o f  thoac 
recovered from h : k  in jurics have had to cscapc from a wrcckcd 
aircraft a sccond time, onc of thc pilots was found to h a w  an old 
vertebral fracturc in\ol\ ing 'rh 7 .  Like thv othcrs, he had during the 
cjcction hccn exposed to approximatcly 20 g without ill effects on his 
hack. 'There is reason to helicvc that  the hcaled fractures 'LI ill SUCCCSS- 

fully withstand the high forccs to which thcy may kw c x p o s ~ i  in casc 
of  a second cjcctiorr. 
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Defects in the forin of spondylolisthesis, Schcucrniann’s disease 
and Schinorl’s nodules had neither before nor after the accident caused 
any pain or  other incapacitating symptoms. 

As part of the follow-up examination, the personnel included in this 
series were questioncd about low back or sciatic pains experienced 
either before or after the ejection. Nine in all reported to have suffered 
from short bouts of low hack pain or  sciatica. 

Five pilots reported low back pain before the ejection. Four of 
them had experienced thc same kind of symptoms again aftcr the 
accident. In their opinion the catapult ejection had not aggravated 
their earlier symptoms in any way, nor had the frequency of the 
discomfort incrcased. I t  appears, therefore, as though low back pain 
and sciatica need not he a reason for rejecting a pilot suffcring from 
either o f  these conditions from active jet service. 

Four of the 13 pilots who had incurrcd fractures reported symptoms 
suggestive of low back pain. On the whole, their discomfort has taken 
thc form of pain brought on by physical exertions other than the type 
requircd for their performance as pilots. As a rule, the back symptoms 
have manifested thenisclvcs in conncction with sports or other more 
or less civil activities. 

S l J  M X1 A 1i Y 

During the period from 1957 through 1960, 55 pilots of the Swedish 
Koyal Air Force have rescued themselves by catapult ejection. 

The entire group has formed the subject of an  orthopaedic evaluation, 
which included roentgenologic and tomographic examination. 

Thirteen of the subjects, or  27 per cent, were found to have in- 
curred vertebral factures. The injuries invariably consisted of com- 
pression fracturcs of the vertebral bodies. In  5 cases the damage 
involved only one vertebra, whereas 8 cases showcd multiple injuries. 

Both with regard to the frequency of the injuries and in  the distri- 
bution of the levels involved, the middle par t  of the thoracic spine 
dominates. The injuries have in no case caused neurologic disorders. 
A l l  injurcd jet pilots were able to return to activc scrvicc after a 
convalescence of 2 months on an  average. 

Secondary findings disclosed hy the roentgenologic examination 
were spondylolistheses, defects indicative of Scheuerniann’s disease, 
Schmorl’s nodules, one case of haemangioma, degeneration of a single 
disk, and an  old vrrtcbrnl fracture which had hraled. In none of these 



e : i w s  d o v 4  thc  c.jcction appear  to have rc,\ultctl in \yml)toni\ of‘ i n j u r i c ~  
\vhich might I ) c  conncctcd with t h t  abo\t defects. 

Fivc pilots had occasionally cxpcricnccd low hack 1)ain prior to  
the  catapult  cjcction. In  nonc of t h c v  cases wvc’rch thc syiiiI)toin\ aggra- 
1 ated aftvr the cjcction. 

Thc injuries incurred as R rc\ult  of thc catapult  cjcction ha\ c t)ccri 
of a mild charactcr.  I t  w o u l d  \ccni, therefore, tha t  the tc*vhnicul 
wlut ion of thc cjcction c1scal)c n i u s t  hc rcgardcd :a\ accc.pt:ihlc, 
consickring the wriousncss of thc  si tuation in which t h r  pilot tinti\ 
him\c’lf on  hcing forccd to a1);indon his aircraft .  

Z I’ b A 51 \ I  E N F A b S 1’ h G 

\Vtihrcntl tlts Zc*itrauincs v o n  1957 his l!)tiO hahcn 55 Pilotcn tlcr 
kiinigl. sch\\iCdi\chm I,uft\ taftc sich niittcl\ Katai)ultau\stos4un#i~~t~)~~Ling 
g c r tt e t . 

Dic ganze Gruplw m urdc t i iwr orthopcdischcn Auswcrtung, dic auch 
cinc r ~ ) ~ i t g ~ ~ n o l o g i s c l i ~ ~  u n d  toinogr:i~~hischc Untcrsuchung niit ein- 
\chlo\s, untvrzogcn. 

1)rcizc.hn dcr  Untcrsuchtcn, odcr 27 %, hattckn \\‘irhc~ll)riichc vr- 
1 i t t en . 1) ic I’ I’ r I c t zu n g c w  kw s t a n ti c n i ni in c, r in  KO m p r c\ \  ion sh r iic h c n 
drr \Virtwlktirl)c~r. In ?5 Fallcn \\ar n u r  ciii \Virkwl I.)esch8digt, m3hrc.ntl 
8 Fiillc viclfaclie Vcrletzungcn zcigtcn. 

Sowohl hinsichtlich dcr Hiiufigkcit tier \‘c\rlctzungcn nl \  uuch d c r c n  
HbhenL ertcilung h c r r ~ c h t  dic inittlcrc Hrustwirbelsiiulc I or. I m  kcincin 
Pallc habcn dic Ycrletzungcm ncurologischc Sttirungcn x vrursacht. hllc 
\ c>rlctztcn 1)iiscnflugzeugfiihrt~r warcn ini Stande nach cincr €<ckon- 
valszcnz-zcit \ o n  durchschnitt l ich zwvi Monatcn ziim aktiLcn I)icIn\t 
z u r iic I<. 

\ I i c h dc r r on tg cn o 1 og i w  h en  Un tc r \uc l i  u n g w :I r c ~ i  
S pon tl y 1 o 1 i 4 t h e se, Ycb r an dc run gc- 11 tf ic a u  f Sc h (’ti e r 111 a n  n s Er l i  ra ii k u n g 
hinwicscn, K i i o r ~ ~ c l k n i j t c h ~ ~ ~ i ,  Hainangiom ( cin Fall ) , Dcgciicration 
c i n c r cL inze I n cn Z R i \c h c m  w ir c’ I \ c h c i b c u n (1 c i n (1 a 1 tc , gchc. i 1 tc  \V ir h v I - 
f r:i k t u r.  

In krincni tlcr F i i l l ( ~  schcint (lie Au4stossung Sgmptoinv otlcr Vcrlct- 
zungcn zur  Polgc glchaht zii habcn, dic mit  dcn olwn crwiihntcw 
1)efc~ktcn i t1  .Zu\mimenhang gchracht wc\rtlcn kimncn. 

Fiinf Pilotcn hattcin gclcgcntlich Kr~uzscl imcrzcn vor dcr Kata1)ult- 
ausstos\ung. In keinc,m tier Fiillcl \vurtlcw dic Sy~npto~nc  nach dcr Ai i+  

slossurig 1 (~rsc.hIc.ch t(.rt. 

K chcn 1) c f u n (1 c :in I 
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Die infolgc von Katapultausstossungcn entstandcnen Vcrlctzungcn 
waren von leichtcrcr Art. 13s scheint dahcr, bcsondcrs wenn man den 
Ernst dr r  Situation in Retrachtung zicht, in der sich dcr Pilot hcfindct, 
wcnn cr gczwungcn ist sein Flugzeug zu verlasscn, (lass die technischc 
Liisung dcs En tkommcns (lurch Ausstossung 31s annchnil-)ar angeschcn 
WP rd en k an n . 

I1 I.: s (1 b1 E 

Durant la pirriode qui s’est 6coulirc entrc 1957 et 1960, 55 pilotes 
des forces de I’Aviation Royalc suCdoise ont utilisir I’ejcction par 
catapulte pour sauver leur vie. 

Leur groupe a form6 le sujet d’une estiniation orthopkdique corn- 
prenant un exanien radiographique et toinographique. 

Trcizc des sujcts, soit 27 %, avaient des fractures vcrtkhrales. Les 
lksions consistaient invariablcmcnt en fractures de  compression des 
corps vertebraux. Dans 5 cas, le dommagc ne portait que sur  une 
seule vcrtkhrc, alors que d a m  8 cas, il y w a i t  des Iirsions multiples. 

Tant en ce yui concerne la frkqucnce dc ccs ICsions quc  leur clistri- 
hution d a m  les niveaux de la colonne vcrtkhralc, c’est la partie centralc 
dcs vertkbres dorsalcs qui est le plus souvent atteinte. Lcs lCsions n’ont 
dans aucuii cas causi. dcs troubles neurologiques. Tous les pilotes 
souffrants ont  irti. en niesure de reprendre du service actif aprks une 
convalescence de deux niois en nioycnnc. 

Parrni Ics trouvaillcs secondaires dkvoil6es par l’examen radio- 
graphique, on a constate dcs spondylolisthkses, dcs dkfectuositks 
indiquant la rnaladie de Scheuermann, des nodules de Schrnorl, un 
hkinangiomc, unc dkgknirration d’un seul disquc et unc anciennc 
fracture vertehrale gukric. 

Dans aucun de ces cas, l’kjcction parait avoir provoqui: des 
symptaines ou dcs lirsions qui puissent stre inis en rapport avec Ics 
cas prkcitts. 

Cinq pilotcs avaicnt occasionnelleriient resscnti dcs Iomhalalgies 
avant I’Cjection par catapulte. Dans aucun de ces cas, Ics syrnptarnes sc 
sont trouvCcs aggrads  aprks l’ejection. 

Les lesions dues A I’Pjcction par catapultc ont eu un  caractkrc 
hirnin. C’cst pourquoi, il selnhle que la solution technique du sauve- 
tagc par kjection puissc &re consid6ree comme acceptahlc s i  l’on 
ticnt coniptc dc la gravitb dc la situation dans laquelle Ic pilote se 
trouvc lorsqu’il est force d’ahandonncr son avion. 
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