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INTRODUCTION 

Powered fl ight became a practicable propos ition in the early part of this 
century, and a.s fJ ying increased in amount , so did the a cc ident rate . During 
the First WorJ d Wa r it rea.ched such a peak; wi th the loss of large numbers of 
men a.nd machines , that a specia.l orga.nisation was set up to deal with the 
problem. From this early beginning in the United Kingdom a fully independent 
investigatine authority grew up, which enjoys the backing of parliament, 
whilst working under t.r.e Interna ti ona.l Civ:lJ Aviation Organisation• s rules ; 
which it helped to inaugera te ( 1  ) . 

In the 1 95o i s  C oroners in t.he United Kingdom began to take a greater interest 
in aircraft a.c cidents, f'ollowing the first full soale forens i c  s tudy of an air 
crash (2) . Later the loss of two Come ts in the mid 1 950' s gave the necessary 
impetus , world wide, for the formation of Departments of Aviation Pathology, 
the first of which was set u p  a. t  the Institute of Patho1ogy in Royal Air 
Force Halton. Cooperation betwe en civilian and military experts in the 
United Kingdom is now so g0od, tha.t both are regarded as essential for a sat­
isfactory investigation. 

This paper presents a d P s cri ption of' the way in whioh aircraft a ccidents are 
inves tigated in the �Jni t ed Kingdom , and by reference to an analysis of a 
series of accidents , ill u strates the rationale behind eaoh step taken. 

METHOD 

Because ac cidents an compl i c a  ted and no one can be an omnibus expert, a 
team approach is used . The. mP.mbers and disciplines involved vacy according 
to the circum s tances , bu t usually the following people form the nucleus of' an 
inve s tigating team: 

1 .  An Inspector of Accidents Operational : Usually a former senior airline 
pilot, who is stil l current on some types of aircraf't . Ha considers the 
flying as pe cts of thP inve s tigation. 

2. An Ins pector of Aocidents Engineering : An aeronautical engineer with 
spec ial training in crash analysis . 

4 .  

A Fore ns ic Pathologis t. who will direct the whole of the medical 
inves tigation. 

A Forens i c  Odcntoloc;i s t :  He is res ponsibl e for dental identification 
and may evalua t.e hP-ad inj u rie s .  
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5 .  A medical technic ian t o  assist the latter two tea.m members a nd  arrange 
for the collection, packaging and transmi s s ion of any specimens . 

Thus a wide range of profes sions is covered . The pilot is the team leader, 
wi th the emphas is res tirit, firmly on the word team. Because only a small 
nwnber of peopl e  are invol ved we tend to know one another very well and 
acquire s ome knowledge of each others s pe ciality, thus we can work together 
with grea t e r  eas e and confidence. 

When a fata.L a c c ident occurs to a British registe red aircra:ft, the Accidents 
Investigation Branch of the Department of Trade are informed. They may then 
reques t the assistance of an RA}' Pathological team. In the United Kingdom, 
Coroners and Procurators Fis cal have been advised by the Horne Office that we 
are available , but the final de cision as to who s hould perform the task rests 
with them. 

The ac:tual pattern of working depends upon the indiv idual and the circum­
s tance s .  I prefer; i n  ideal circumstances ; t o  see the body in-s itu, but this 
is rarely pract icabl e ,  for obvious reasons. If not, then I like to see the 
wreckage and t.hen do the autopsy, others work the other way around. The 
choice is en tirely one of pers onal preference. Further inspection of the 
wreckage may be made a t any t.ime. 

A full autopsy must be done and if prac ticable s pe c imens taken for histo­
logical and toxicological examinations. The medical findings are then con­
s idered in the light of: 

1 .  The circums tances of the accident e . g. Where were they going? What were 
the weather conditions e tc .  

2. The pers anal and medical history of the pil o t ,  including his flying 
experienc e .  

3.  An examination o f  t r. e  wreckage and equipment. 

When this has been done a re port is prepared and submitted to the appropriate 
authority, paying special a t tention to : 

1 .  Was there a medical cause for the ac cident? 

2 .  Were thare any fentures of the airc raft and its e quipment which rendered 
them hazardous? 

3. Is there a les son to be l earnt from the accident? 

ACCIDENT ANALYSIS 

A thorough examination was made of 48 fatal aircraft accidents , involving a 
wide variety of aircraft types , all of which had been investigated by the 
Department of Aviation Pathology at RAF Halton {Table 1 ) . The injuries 
susta ined by 51 bodily regions we re scored separately, us ing the scheme 
shown in Tabl e 2 .  A special study was then made of those victims who had 
suffered only mild injuries . Forty-s ix viotims were exoluded from the 
analysis because of' inad cquate information. This was la.rgely for reas ons 
beyond our control, such as non-reoovery of bodies , or extensive post-mortem 
injury, unrelatAd tc the impact, oonaequent on prolonged immersion in water, 
or other agents. The resul. ts of this analysia are presented in tabular form. 
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Total numbe r  of accidents 

Total number of victims 

Total nUll!ber of survivors 

Adequate data for analysis 

48 

21 7 

1 4  

1 71 

�-1��D_E�TAI.......,L�S_....OF.._TH........,E_SER---.-I-E_S 

Bodily part Overall 

No inJury 0 0 

Mild .inj ury 1 0-50 

Moderate injury 2 51 -1 02 
Severe in,] ury 3 1 03-1 53 

Fatal injury 4 1 54-2C»+. 

TABLN 2 METHOD OF INJURY SCORING. Injuries to each of 51 

diffe rent bodily regions or orgarus were thus scored. 
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SC OR� KILLED SURVIVED NUMBER 

0 - 1 0  1 1 3  1 4  
1 1  - 20 5 5 
21 - 30 1 0  1 0  
31 - 40 8 8 
41 - 50 8 8 
51 - 60 7 7 
61 - 70 9 9 
71 - 80 1 1  1 1  
81 - 90 1 1  1 1  
91 - 1 00 6 6 

1 01 - 1 1 0  5 5 
1 1 1  - 1 20 4 4 
1 21 - 1 30 1 1 
1 31 - 140 
1 41 - 1 50 2 2 
1 51 - 1 60 1 1 
1 60 + 69 69 

TOTALS 1 58 1 3  1 71 

TABLE � INJURY SCORES OF ALL V ICTIMS 

VICTIM NUMB.r;R SCORE 

3 4 
1 1  2 
40 4 
48 1 
49 0 
50 3 
7L. 0 
75 5 
76 0 
72 2 
92 3 
93 5 

TOTAL 1 2  Victima 29 

TABLE 4 INJURY SC ORES IN SURVIVORS 

Average s core for survivors 2 .41 6 
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VICTIM No. CAUSE 01" DEATH SCORE C OMMENT 

42 Asphyxia/i ndneration 8 
47 D rowni ne/ "oncus s i0n 1 1  

7 Drowning 1 3  
1 82 Drowninf 14  
14  Asphyxia 1 5  
91 Head In.jury 1 6  

Bystander 

71 Drowning/ c.-1ncuss i on 20 
1 81 Ruptured Heart. 22 
1 80 Drcwning 22 
1 77 ? Judi cia] hanging/Ruptured 

heart 23 
73 Drowninr 23 

1 ?9 Drowning 24 
78 Head and Neck Injury 27 Poor cockpit design 

1 56 C 1/2 Dj s] ocation 27 
4 He ad Injur,v 29 

26 Head Injury 29 
55 Asphyxia/Head Injury 31 
72 Drowninr/Head Injury 35 
68 Asphyxia 35 
62 Haemorrhage/Rup iured Heart 35 
60 Head Injury 35 
87 Head Inj ury 36 

Due to Whiplash 

1 �  Multiple Tnjuries 37 
37 Head Injury 38 
1 6  Haemorrhage 42 
20 Head Inju ry 42 

� 55 Head Inj u ry 42 
1 60 Mul tipl e Injuries 44 
1„3 Haemorrhaee/Ruptured Aorta 44 
23 As phyxia 48 Lived 2� hours 
39 MultJ pln lnjuries 49 
44 Haemorrhage/Ruptured Aorta 49 

TABLE 5 CAUSE OF DEATH IN j2 VICTIMS SUSTAINING MILD OVERALL INJURY LEVELS 

R1! s t  ra : nt Failure 
Survivable Accidents 
Possibly survivable 
Survivors 
Range of :Jccres 
Ave rare 

1 2  Victims 
1 0  

1 
1 

1 3  - 96 
40.09 

'l'AHLi'� 6 RESTRAINT FAILURE 
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CAUSATlVE: 

CONTRIBUTARY: 

COINCIDENTAL : 

P.robably one pilot. Very bad psychiatric history and 
severe coronary artery disease with extens ive myocardial 
fibros i s .  

One m j  ddle aged male with extensive coronary artery 
disease may have collapsed over the co-pilot ' s  controls. 

Fatty liver 7 

Sarcoidos is 3 

Emphysema 3 

Exte n s i v e  coronary Artery disease 3 

PuJ m0nary Fibrosis 2 
MyocardiaJ Fibrosis 1 
Myocarditis 1 
Duodenal Ul cer 1 

Heal ed 'Pub e rculos i s  1 

PuJ mona r:; Oedema 1 

Borderl ine Vision 1 
Pulmor.ary Fat Embolism - 1 4  

T.ABLE 7 �STABLISllliD DJ SEASE PROCESSES FOUND IN 31 PEOPLE, 15 OF WHOM 
WERE PILOTS; SOME HAD MORE THAN 1 DIAGNOSIS. Fat embolism 

included for r' -:-mpl ntion as an illustration of the value of 
his tology. 

CAUSA'J'IVI<.; : 

COINCIDENTAL : 

1 .  Blood alcohol )1 3 mgm% 
2 .  Bl (•Od barbiturate l evel 26  msm% - probably the 

cause of accident 

1 • Twc.• pilots in the same aircraft had slightly 
raisl?.d blood alcohol levels 

TABLE 8 RELEVANT TOXICOLOGY RESULTS WITH REGARD TO ACCIDENT CAUSATION 
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DISCUSSION 

Aircraft accident investigation has devel oped apace with aviation, indeed 
thc.!'e is e vj d encP. t.o sugge s t  that the gap between res earch and development , 
rests wj th the manufac turers ( 3 ) .  There are fewer crashes in the air than 
there are on the roads and d e s pite the high workload in inves tigating them, 
a comprehens ive enquiry i ntn the causes and effects is a more practicable 
propos i t i0n in eve ry  cas e . Thi s randoir. sample of fatal crashes represents 
the type of workload regula rly s e e n  at RAF Hal ton. 

The scori.ng m e t hod us ud i::; s imple and was chosen in preference to mcre com­
p re her.sive sy s tems ; s u c r: as t he AI S ;  because they do not cater for the 
often massive injuries s e e n  in this field. I t  may be necessary to give an 
answer qufrkly , and wl,en dP-aling wi th large numbers of casual ties , a s imple 
sys tem has c 0ns iderabl e appeaJ. . 

A number of int eres t inf f'ea tures emerge frcm a study of the data produced in 
this analysis . Perhaps t h1.' mos t important from a flight safety point of view, 
is the fac t  tha t therc wou l d  s eem t o  be greater value in looking more closely 
at those a c c id e nts , or victims > where thf: injury score is l ess than 50. 
Scores above t h .i. s  usua11y i ncli � a te a des truetive impact, of'ten at h i gh speed 
and a hißher incid enr.e of sev�re mul tipl e i nj uries may be recorded, thus the 
chancP.s o f r1Hne<lia.l ac ti•'n by des i gnflrs is 1 imi ted. 

Those who surv.iv•�d suffäred l i t tl e or no inj ury , like those in an earlier 
se ries (4 ) ,  e v e n  when v i c L .im s  in the same aircra.fi who died, were s everely 
injured . I t  is d iffi..0ult. t o  see why this s hould be s o ,  es pecially when they 
are compa:--ed with the injurHd v i c tims in wholly survivable accidents (5 ,6).  

Eight peopl� ) n  this group of victim s ,  who sustained only mild overall in­
jury wnre drowned , 5 of whom had an associated head injury, which may have 
rendered them e i ther uncons cious or incapable of reacting qufokly and cor­
rectly to an eme rgency s i tuation. Irregularities in the usage of adequate 
safety equipmen t we re obsorved in 4 of thPse cas es .  One acc ident was parti­
cularly inte res tine because 3 people diP.d, whil s t  the remainder we re almost 
tota.1.ly uninj ured , in a l.ov1 vel ocity ditcl1ing accident, thus highlighting 
t:.he poten tial dangers of' thi s s i tua.tion. 

�'i•re peopl8 died of as phyxia, one of whom was trap ped in her burning house 
by the wreckage of a crashed aero plane . Characteristically they all sus­
tained a grea ter de greP. of inj u ry ,  than did the previous group, their average 
injury s c ore be ing 27.1._ as opposed to 20.25.  This suggests a higher impact 
.speed., with greater deforma t i on of the wreckage , producing incapacitating 
injuries . 

Similarly death due to either head injury or bleeding is associated with 
higher average inj ury s c o c- c .1 ( 31 .55 and 38. 5 ) .  Again cons iderable destruct­
ion of the ai rframe and � l te i s  s e en. 

In mos t acc id1mts the princ· l pl e  acddent forces are along the longitudinal 
planP. in the i'ore - a.f't . J .i .:-e c t ion (4 ,7,8) , their characteristics depending 
u po n :  
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1 • The veloci ty of the aircra.ft 2. The angle of st rike 
.3. The nature of the s u �face s t ruck 
4.  The s tructural charac teris tics o f  the a ircraft 
5. The s i t e  a t w!: i � h  thP- force:> are measured. 

High ve1 oci ty impacts .:. �e :'\bv iously as s o c iated wi th wides pread des truction 
of the aircraf't and i ts contents ,  thus at a virtually ins tantaneous veloc ity 
change from 400 kts IAS to O, only fra.gments of each may be found . Although 
it. :is difficult in mnny crashes , to pe t an accurate idea of the vel ocity 
change at irnpa c t ,  e s t i.ma t i .::ms have bt.� en made in some instances , from which 
it s eems that the range ,)f �0-1 50 kts is the most interest ing. 

As the angle of strike i nc reas es , so does the magnitude of the l ongitudinal 
accel era tion, until such '.. ime as the airfra.me begins to crus h ,  when energy 
is absorberi in s truc tural (ieformati on. OnEJ c onsequence of a high ane,le of 
s trike i s  cartwhP-elin g ;  a c 0mparatively unusual oc currence , which i s  charac­
terised by a considP.rab:� : os s of fo!'Ward s peed. Indeed, up t o  45% of t he 
tra.nslational v e l oc i ty prudt.<ced i s  e l ther l o s t  as friction or converted into 
rota!;i onal energy. Thu s ,  in this s :i.tua.tion, there is considerable clanger of 
' e .i ec t. io n '  and a high der,ree of' st ruc tural deformation. 

A.i. rframe c o n� ' i gurat.i.0n and 5 t rongth; as measured by the ability to absorb 
ew�rgy ; are ext remely important in the c o ntext of crash behaviour. Because 
of the need to w.i ths ta.nd �ui te la.rge p.ressure differential s ,  the hul ls of 
pressurise·i a i rcraft neen to be much stronger than those of non-pres surised 
aircraft. Jt'orees ca pabl:. of tt?aring the cabin apart, may be produced \vhen 
engine na cellP.s a re placP.d on wings which are mounted high up on the fuselage . 
If the la tter a re fix:ed low d own , with engines or fuel pods protruding from 
the lower surface s ,  then these may dig into the ground, causing slewing and 
tearlng of tht: fusel age . Th\ls as well as the prima.ry accel era.tions , further 
pea.ks may be produced . WherH the wings are placed further aft a long nose 
cone is pro,luc1 d ,  whi c h  c a r !  fold ove r in a crash crus hing the occupant.s . 

When an a i r1�ra.ft hits a gru•rnd-mounted obstruction, any deceleraticn s o  pro­
duced i s  dependent u 1Jon t.h•-· ra ·" i o  of the s trength of the airc raft and the 
o b j e c t .  If the lattP- r  b n· aks , then the rate of deceleration produced de­
creases a:; the mass o� th·� ai rcraft inc reas e s ,  because the braking force is 
cons tant. If' i t; de •�� no t break , then the ou tcome depends upon the s trength 
of the part of' the a i r c raf't s t ru c k  and the mass of the aircraft. 

Thus far the discuss ion has largely been restricted to longitudinal acceler­
ation/decelerations , but v � rtical forces must not be forgotten, for they may , 
and indeed do, have u profound e t'f'ec t  upon the outc ome of a crash. Their 
magni tude varies consid e rably, de pending upon the aircraft ' s  motion. Thus 
when an aircraft s trikes the ground , such as in an unflared crash landing, 
the impac � pitches the fusP.lage up, foroing it to rotate about a lateral axis , 
unt.il i ts path is paral lel to the slope of the ground. Using high s peed 
cinematography, i t  has be<�n shown that the nose ' s  t raj ectory ohanees more 
rapi.dly than the remainde r. 1'herofore vertical accelera tions are grea tes t a t 
the impac t poin't, de c reasing as thEi distance from it increases. NACA have 
s hown that up to a d i s tance of 1 55 inohes from the impaot a linear relation­
ship exis ts , the reaft.er th0 rate of decrease increas e s ,  particularly at the 
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tail . One other effect of the angle of strike can b e  seen here, for as the 
angle inoreases s o  does the amount of vertical acoeleration. This only holds 
for impaots up to 350 though, after which there is a s i gnificant decrease, 
and at about 750 vertical acoelerations are zero. At this point, the result­
ant of the forces , vertical and parallel to the inclined surface, approximate 
the airoraft ' s  traj eotory. Thus there is no component which is te nding to 
raise the plane. 

It can be seen from the above , that there are many potential s ources of inj­
ury in an aircraft crash. These may b e  s ummarised thus : 

1 .  Being crushed within a collapsing frame 
2. The absence or failure of res traint 
3 .  Entrapment within the wreckage 
4. Injuries associated with escape 
5 .  Being struck by loose obj ects 
6. Explosive decompression 

The crushing of victims within a collaps ing airframe is typically a feature 
of high velocity impacts . Characteristically the injuries are seve re, rang­
ing from total fragmentation to extensive soft tissue and skeletal damage. A 
high proportion of limb amputations is seen and the whole body looks as 
though it has been crushed. Peri enal splitting, with or without herniation 
of viscera and wide fracture dislocations of the sacro-iliac j oints is 
synonymous with vertical deceleration. 

Entrapment within the wreckage is a rather different problem, with potentia.Dy 
equally serious sequelae being res ponsible for many deaths in otherwise sur­
vivable situations. The victims aro trapped either because the exists are 
j ammed due to distortion, or la. ck of maintenance, or they sustain injuries 
which render them immobil e .  In two acc idents , not analysed in this study, 
which were inves tigated by this departroent, these features were well docu­
mented. Both were accompanied by fire , which was the immediate cause of 
death of many of those who were killed. In the first case the seats concer­
tined and a bar at the bottom of the seat caused fractures of the tibiae and 
fibulae in many of the victims , thus they were unable to g e t  to the emergency 
exits; many of which were unused. In the second incident 5 people died out 
of a total of 1 27. They were all trapped by fire near an inoperable exit. 
Thirty-eight people sustained minor inj uries as a result of falls during egI'eiS. 

Injuries associated with restraint systems have been the subject of consider­
able debate , s ome of which has been as ill-informed as it was ill-advised. 
Antagonis ts frequently attribute injuries to the safety belt without any aok­
nowledgement of the fact that without them the extent and s e verity of damage 
would have been greatly increased. Res traint systems may be adequate or in­
adequate. Snyder reports an author who sugge s ts that we have 40G people s it­
ting in 20G passenger aircraft riding on 9G seats . Res traint ma.y fail at the 
foll owing s ites : 

1 .  The belt itaelf 
2. Its attachments 
3 .  The seat mounting 
4. A o ombination of the above 

Failure occurs either because the forces involved are excessive, the materials 
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and design are defective or the tolerance limits are inadequate . Failure to  
wear a aafety belt cannot rightly be concluded to be an  example of failure, 
but the effects are the same ; though at lower impacts.  The chances of being 
thrown clear of the wreckage is greater here and with it goes a s ix-times in­
crease in the possibility of dying (9).  If there is a malfunction of the har­
ness ,  then a distinct pattern of injuries may be produced (1 0)  in which in­
juries of the head , thorax and abdominal Viscera predominate. This was 
certainly the case in this series . 

Survivors trying to escape from wrecked aircraft may sus tain musculo-skeletal 
injuries due to falls from heights . Many escape chutes and emergency exits 
are not fireproof and exits become blocked as the fuselage distorts . Ejection 
s eats and capsules pose their own peculiar problems , largely out of the s cope 
of this paper. When unaffected by buffeting frac ture of T1 1 -L1 are seen in 
escapees using seats , whereas those using capsules suffer damage in the upper 
thoracic re�ion (1 1 ) . Above 470 kts IAS flailing may be seen with fractures 
at C4-5 ( 1 2 ) , whiis t entanglement with parachute lines can produce torsional 
skin damage and fractures . 

Arzything which beoomes detached during flight may strike occupants or seats , 
whioh may be detached, außD1enting the forces involved . Skull fractures and 
penetrating soft tissue damage are frequently seen in this situation. 

Sudden changes of pressure are mos tly well tolerated, there are very few 
cases of death resulting from this alone. The principle hazards are hypoxia 
and turbulence. Perhap� �he classical lesion is a ruptured ear drum without 
skull frac ture. 

Initially the assessment of injuries in fatal accidents is largely conoerned 
with establishing the cause of death, so that the various legal requirements 
oan be fulfilled. In many instances the phrase 'multiple injuries ' is used. 
Whils t this is s oientifically valueless , i t does have the ad van tage of being 
a convenient device for hiding the true picture from bereaved relatives . A 
catalogue of horrifying injuries will not help them in any way. It may though, 
be difficult to decide which of a nwnber of potentially l ethal injuries 
actually killed the individual . It is therefore of considerable advantage to 
know what fo rce is needed to produce a particular les ion, how quickly it 
kills and whether or not it is treatable. 

Attempts to answer questions such as these may be facilitated by considering 
patterns of injury thus : 

SIMILARITIES 

Same accident 
Different aocidents 

DISSIMILARITIES 

a) The same accident, (i .e .  the odd man out) 
b) Different accidents 

The value of injury patterns in the interpretation of a sequence of events 
can be seen if two diss imilar accidents are considered; both investigated by 
the Department (Table 9). In the first instance this was a manifestly surviv­
able aocident, yet many people died. The other was obviously not survivable,  
and only a few bodies were found. as the accident ocourred over the sea. 
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INJURED REGION 

Lower Limb 
Face 
Spinal 
Lap Bel t Injury 
Survivable 

NUMBERS 
A 

45/64 1 8/64 22/64 8/64. 
YES 

INJURED 
B 

1 2/1 2 1 2/1 2 1 :!./1 2 1 0/1 2 
NO 

TABLE 9 COMPARISOI\ OF TWO DISSIMILAR ACCIDENTS. 

Thus in B i t would seem tha t eve ryone knew tha t. there was an emergency, be­
cause the lap belts were fas t e ned during a µhase of flight, whi.ch would not 
at that time have warranted i t. In the second accident, failure to s u rvive 
occurred because the s eats collapsed , breaking the tibiae and I'.ibulae of the 
victims . That is there was a t i e-down failure ; pure seat failure being as s o ­
ciated with femoral injuries , rather than damage to the lower leg. 

From a s tudy of injuries sustained by all the victims in this s eries , it 
would seem that the high incidence of injuries to the head, thora.x and abdo­
men has a s imple basic mechanism. ldos t  l ight aircraft and all passenger sea ·„ :· 
are only equipped wi th a lap bel t ;  though pilots in the UK must now wea!' a 
lap and diagonal bel t. The reforE� 'i n  the p redominant fore-aft impac1, 1  becau s <� 
belts are loosely fastened, the v ictim moves forward , taking up any slar.:k i.r. 
the belt,  they then rotate over it,  h i t t ing their heads and possibly the 
thorax agains t tbe sea t in front ( or instrument pa.nel ) ,  wi th hyperex.tens ion 
of the spinal column. 

The value of a medical examination of the v i c t ims of aircraft accid e n ts goes 
beyond the problem of the injuries and their causation, providing a unique 
opportunity to study the pathology of trauma, arres ted disease and youth. I t  
also enables us to  monitor the prccesses of medical selection and surveillance 
of aircrew. This has been reviewed elsewhere (1 2 ) ,  here only a brief summary 
of the principles will be given. If we consider only aircrew and the part 
which a disease proces s , found at autopsy, may ha.ve had in the causati on or 
accidents it can be seen that it may be e ither causative , contributariJ or 
coincidental. To cause an accident th� dis order mus t be either immediately 
fatal or inoapacitating. For i t  to contribute to the caus e ,  i t  s hou1d impair 
the pilots ability to fly the aircraft at. all times . To ful:f'il all tht: re­
quirements stated above a ful l autopsy and histological study must be under­
taken, since disease may be macroscopically or microscopically detectable. 
Table 7 summarises the find ings in this s r � ries . From thi.s a nd  other surveys 
it  can be seen that the private flyer is the greatest health risk, s ince he is not selected and his medical s urveillance is l 8 s s  s tringent. The problem 
wi th commercial pilots is that  they are ge t t ing old e r ,  bu t they are selected , 
so their problems tend to be centred around asymptomatic diseases.  Military 
flyers are us ual ly young , fit,  hi ghly s el ':? c ted and w-ry carefully monitorei 
ind: v iduals . 

Study.i.ng the histology of' t rauma has be.en a 1) t.t.lF.- d lsapp0inting ( 1 ; ) . N�ver­
theless it can be extremely valua ble i nd i c a t i n g  th�· time of death and sequenc-• 
of' events , particularly when fat, liver ancl bone ma. " l"•'W emboli ari:; sought 
for and found . 
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Toxicol ogical studies can be of' incalcul�ble valuo. The f'i.nd irir, ot' carbon 

monoxide may indicate an in„fl ight fire or b�ater failure , or sugge s t.  post­
cras h survival . Alcohol tends to be a great e r  problem in countx·ies other 
than the UK (1 4 ) .  Nevertheles s in one case ( Table 8) alcohol was clearly in­
d ica ted a.s an accident cause . D rugs ma.y be in th� body for a va riety of rea­
s ons . Though pilo ts shuulc:: no: fly whil s t rc•ce iving medicati on, tbe ro. may be 
circums tances in whioh this is permissiblP.. In one ar.oident ; not r�v iewed 
her.e ; a back calculation on pres crir tions . drugs held a.nd the toxic0..:.oi.Y r11-
sul ts , indic a ted tha.t a man, who h.nd undisc1 osed epilepsy , couJ.d have had an 
a t tack which caused the acc ident. The evide nce suggested that he had no t 
taken his tabl e ts , conseque n tly he suffered an epileptic a t tack and th�re wa5 
no othE! r l ogical cause for t.he ac c ident. 

C ONCLUSICoN 

'l'he in.vestigation of fatal aiI·craft acd deui.s is an exac ting sc ience , whicr. 
d emands as siduous a f: tention to minute deta i ] , by e v e ry member of the team. 
From the resul t.s given ili t.his scries i t can be s ee n  tha t. there is still 
greater need for improved pas s e nger and a i rcrew prote ct ion. Seats a nC. har­
nes ses are in many cases .i nade qua te . Because of' the higher impact s peeds a 
lai: and diagonal bel t may be inadequa te. 'rlrn l a p  bel t. provided for pa.sseng­
ers i s  inadequate and the narrow s paces between seats means that mos t  adul ts 
cannot a d e pt the prescribed safety pos i t i o n .  Only by carrying out a full ir.­

ve s ti.ga t:ion; as outlined ; can all the ques U ons be answe red, and more im­
porta ntly can s ens ible , reasoned rec ommenda ti rins fo r the improvement of 
flight safety be made. 
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