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Introduction : 

�hile advances have been made i n  charac te r i s ing the types of damage wh ich 
1,a 

occur to the brain i n  head injuries and changes of c l i nical prac t i c e  have 

fo l l owed this wor k ,  there i s  often l i ttle i nformation avai lable about how 

the injuries occurred . The lack of this information does not hinder c l i n i c a l  

management wh ich pursues the i n j uries found when patients arrive i n  casualty 

departments but often knowledge o f  accident c i rcumstances would give infor-

mat i on of value to the doctors respon s i b l e  for managing the patient and 

advis ing their rel ative s . The careful col l e c t ion of a l l  informat i on about 

the nature of an acc i dent and a pati ent ' s  con d i t ion from the accident 

onwards can be of great ass i s tance in accura tely assess ing the nature of h i s  

con d i t ion and wi l l  infl uence management and progno s i s .  

In add i t ion to improving c l i n i cal information and dec i s ion taking , c areful 

appraisal  of a c c i dents wi l l  y i e l d  informat i on about hazards wh ich can be 

mod ified and about the value of safety features such as design of veh i c l e s  

and protec t i ve i tems such a s  clothing and helmet s .  Many i deas i n  the design 

of safety equipment and safety measures have a r i s en emp i r i c a l ly and often 

introduce unforeseen hazards . Th i s  study of the value of motor cyc l i s ts ' 

protec tive helmets has been done i n  conjunc t i on w i th the Uni ted K ingdom ' s  

Department of Transport ( Transport and Road Research Laboratory - TRRL ) . 

The resul ts of the i r  reconstruction evaluation of helmets are to be presented 

at th i s  conferenc e .  Our stud i e s  of the injuries sustained i n  the same 

acc idents are presented to show the attempts b e i ng made to l ink theore t i c a l  

con s i derations w i th real c l i n i c a l , rad i o l og i c a l  and pathological observat i ons . 

The princ ipal a ims of the comb ined work are to evaluate the cri ter i a  currently 

used for the des ign of protec t i ve helmets for motorcy c l i sts and to attempt 

to rel ate the mechan i c a l  factors in acci dents to the i n j uries susta ined -

particularly to the bra i n .  
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Materials : 

Motorcyc l e  acc i dents invo lving serious inj uries or deaths are being studied 

in the Strathclyde Police region in the West of scotland . This i s  a l arge 

area containing roads in densely populated urban areas , modern motorways 

and rural roads . Because of the sensitive nature of the information 

contained in pol ice records and informa t i on , inc lud i ng c l inical and patho logical 

data , held by the prosecuting author i t i e s , permission has had to be obtained 

from the Crown Office ( Scotland ) to use privi leged information in accordance 

with instructions which preserve the legal si tuation . C l inical records are 

made avai lable by c l inician s  in hosp i ta l s  throughout the region on the basis 

that the information i s  l ikely to l ead to improvements in road safety . 

Methods : 

Ac c i dent Data is suppl ied by Strathclyde Police as soon as poss i b l e  after the 

event . Department of Transport Vehicle Inspectors locate and examine the 

veh i c les involved , and the l ocus of the accident . They prepare scale diagrams 

which show pos i t ions of vehicular col l i s ions , objects which the motorcyc l i sts 

have struck and where they came to res t .  Information about traj ectories i s  

often avai l ab l e . Cases are numbered e . g .  009 . Indivi dua l s  are 1 / 1  i f  driver 

or 1 / 2  i f  the p i l l ion passenger . 

Helmets and c l o thing are obtained ei ther from hospi t a l s  o r  e l sewhere , examined 

and photographed . Areas of damage and contact information is correlated w i th 

the sequence of events establi shed by the police and veh i c l e  inspec tors . The 

helmets are then pas sed to T . R . R . L .  for test rig studies which attempt to 

reproduce the main impact damage in new helmets of the same type s . Thi s work 

a l l ows calculation of the Head Injury Cri terion ( H! C  � score for the part icular 

helmet and acc i dent , and the HIC value can be consi dered in relation to the 

post accident condit ions of the ind ividua l s . Helmet marks are indi cated by the 

horizontal c lock face with 12 o ' c lock being straight ahead ; 9 o ' clock the left 

side . More deta i l  of pos i t ion i s  g i ven in the T . R . R . L. paper . 
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Cl inic al and Pathological Data includes information from any eye witnesses 

about an indiv idual ' s  condit ion at and after the acc ident . Information 

about the i r  s tatus during transport to hospi tal , inc l ud i ng any en reute 

treatment is a l s o  obtained from ambulance crews . Casua l ty records and 

in-patient records are scrutinised for deta i l s  o f  injuries observed by 

c l i n i c i ans or radiologists ( p l a i n  x-ray s ,  CT-scans and Nuc l ear Magnetic 

Resonance - NMR ) .  Results of examinations and investigations e . g .  b l ood 

volume and b l ood gas information are recorded . The data so obtained as s i s ts 

in the interpretat ion of primary and secondary types o f  brain damage . I f  

patients surv ive , the i r  neuro-radi o l ogical investigations may give information 

about the nature and location o f  any brain injuries or secondary effec ts . 

Pathol ogical Data about verified injuries to the body , l i mbs , spine and head 

are obtained from post mortem records . Th i s  data i s  usua l ly concordant with 

the evi dence obtained from c l othing examination but gives the data about 

sever i ty and extent of i n j uries wh ich form the essence of a study of 

tolerance of d i fferent body t i ssues and organs to types o f  physical violenc e .  

Neuropatho logical data inc l udes informa t i on about the spine and spinal cord 

but for this particular study , the head i s  examined for external evidence 

of i mpacts . These may be brui ses , abrasions or l acerations to exposed parts 

or to parts covered by the h e lmet . These external injuries along w i th brui s e s  

of the deep aspect of the scalp are considered a long with helmet damage t o  

attempt t o  ga i n ,  as accurately a s  poss i bl e ,  evi dence o f  the d irection of the 

maj or impac t forces sustained . 

Neuropathological evaluation o f  the brain i s  done partly a t  the time of the 

post mortem examination and , more comprehensive l y  after the brain has been 

fixed in formalin for three weeks . The fixed brain i s  photographed external ly 
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i f  there are l e s ions and the cerebral hemispheres are then cut i n  a standard 

manner into 1 cm thick coronal s l ices . At this stage , l es ions observed by 

the naked eye are drawn on prepared l ine d i agrams and , i f  appropriate , 

photographed .  Microscopic examination foll ows using Standard staining 

techniques to evaluate the natur e ,  location and sever i ty of primary and 

secondary damage ih the cerebrum , brain stem and c e rebe l l um .  Add i tional 

information obtained from m i croscopy i s  added to the l ine diagrams started 

at the naked eye examinat i on of the brain s l ices . 

Such data as can be s tored and processed by computer i s  l ogged on computer 

pro formae for further study . 

Abbreviated I n j ury Sca l ing ( A . I . S . ) was done on a l l  i nj uries for entering 

data on computerised studies using the revi sed version o f  the booklet of 

the Ameri can Association of Automotive Engineers . 

Results : 

The re sul ts of the inves t igations in one acc ident where both the driver and 

p i l l i on passenger survived and in s ix acc i deats in which there were fatal i t ies 

w i l l  be given individual ly to show the essen t i a l  data whi c h  has been obta i n e d .  

T h i s  c a n  b e  considered with the T . R . R . L .  paper on helmet testing . 

Case 009 1 / 1  - driver , mal e ,  2 5  years . Impacts ( i ) struck central steel 

crash barrier w i th off-side , in the 1 o ' c l ock pos i t ion , lost control and 

then ( i i )  fell  onto road , cur l ing into a b a l l  and r o l l ing along . Speed at 

first and second impacts est imated 40 mph . Injuries - j o i n t  aches but 

walked away and was vi rtual l y  unharmed . Protective c lothing - ful l  l eather 

sui t .  Helmet - ful l  face - few road contac t scrapes at rear in 6-7 o ' c l ock 

pos i tions , 
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Case 009 ( cont ' d ) 1/2 - p i l l i on passenger , ma l e ,  24 years . Impacts 

( i ) struck central steel crash barrier. ( as 1 / 1 , above ) ( i i ) fell  onto road , 

landing on back . Speed o f  first and second impac ts estimated 40 mph . 

Inj uries : 4 cm diameter bru i s ing over back of head w i th centre to: right o f  

m i d l i ne ; l i near occ i p i ta l  fracture ( AIS 2 ) , unconscious for 1 6  hours ( A I S  2 ) ;  

posterior fossa extradural haematoma ( AIS 4 ) , surg i c a l ly removed , and dorsal 

cerebel l ar subarachnoid haemorrhage . Neurorad i ol ogy did not reveal any bra in 

lesions . D i scharged home after 10 days and after two months was irritable 

and had poor concentra t i on . Protective c l o thing - ful l  l e ather sui t .  Helmet -

ful l  face - outer she l l  forced inwards over a 6 cm d i ameter area w i th its 

centre at the 5 o ' c lock pos i t i o n .  The helmet damage c orresponded with the 

pos i t i on of the sku l l  fracture . 

Case Summary : The driver had no inj ury o f  consequenc e ,  having managed to 

rol l a l ong the road . His protect ive c l othing and helmet protected him 

adequately . The p i l l ion r i der probably fol lowed a s i m i l ar sequence to the 

driver after they became detached from the motorcyc le . Both landed back 

down but the p i l l ion r iders impact was heavi er on the back of his helmet 

causing it to buckle inwards in the area in which the sku l l  was fractured . 

Al though unconscious for 1 6  hours , he recovere d .  The helmet provided part ial 

protec t ion . 

Case 0 1 3  1 / 1  - driver , m a l e  3 0  years . Impacts : s truck central steel crash 

barrier on motorway w i th off-s i de ,  in the 1 o ' c l ock pos i t ion , lost control 

and fell off landing c lose to barr i er after rotat ing to l and on his left side . 

Speeds at first and second impacts estima ted between 60 and 70 mph . Injuries -

dis location of one sma l l  joint in hand and fracture of the proximal phal anx of 

one small toe . No head inj ury : not unconsc ious . Protect ive c lothing - not 

us ed . Helmet - ful l face - unmarked . 
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Case 013 ( cont ' d )  1/2 - p i l l ion rider , fema l e , 25 years . Impacts as 1 / 1  

( above ) but was thrown further from the central reservation and was trapped 

by head and upper body beneath the engine and gear box of a car travel l ing 

in the same d irec tion .  Speeds of vehi c l e s , est imated , 60-70 mph .  Injuries 

crushed head ( AI S  6)  with comminuted base of skull and facial bone fracture s .  

Brain damage severe w i th exposure and partial loss of brain t i ssue at accident 

site . Transec tion of right main bronchus ( AI S  5 ) ; compression fractures of 

3rd and 4th thorac i c  vertebral bodies ( AI S  3 ) ; fracture o f  right humerus ( AI S  2 ) ; 

fracture of right radius and ulna ( AI S  2 ) . Protective clothing - not used . 

Helmet - ful l  face - became detached after strik ing ground . Thought to have 

been wrongly f i tting . He lmet thrown across to opposite carri ageway and struck 

by tyre of another vehi c l e . Road contact scrapes and indentation in 8 o ' c l ock 

position ( as drive r )  splits running vert i c a l ly a t  back , from margin upwards , 

at 6 o ' c l ock . 

Case Summary :  The driver and rider probably came off the bike at the same 

time as it bounced off the central barrier and fe l l  over onto its near side . 

The p i l l i on passenger was thrown further from the fal l ing motorbike and fe l l  

into the path o f  a vehi c l e  moving i n  the same d i rec tion . Both driver and 

passenger had evidence of their helmets s triking the road a t  the 8 o ' c l ock 

position .  The p i l l i on passenger ' s  damage i n  that pos i t i on was more severe , 

with indentation as we l l  as scrap ing . The driver survived with trivial 

inj uries but the passenger died from severe injuries caused by becoming trapped 

beneath the second veh i c l e . The driver ' s  helmet protected h i s  head adequately . 

Case 016 1/1 ( driver only acc ident ) Mal e ,  25 year s .  Impac ts : struck a road 

s ign in 10 o ' c l ock pos i t i on , became detached from b i ke then h i t  road surface 

three times w i th helmet ' s  2 o ' c lock pos i t i on . Speed a t  f irst impac t estimated 

70 mph . Injuries - head : d i ffuse petechial haemorrha�es in cerebral whi te 

matter ( AIS 4 ) : b i l ateral temporal l obe contus ions : tonsi l l ar herniation . 
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Case 016 1 / 1  ( c ont ' d )  Ruptured left subclavian artery ( AIS 4 ) ; contusions 

of left luni; renal cort ical haemorrhages ( AIS 2 ) ;  compound fracture of left 

radius and ulna ( AIS 3 ) . He died after a prolonged operation to control 

severe haemorrhage from h i s  ruptured artery . 

Case Summary He had a high speed right frontal impact with a road s ign and 

then a series of left frontal road contac ts . He died from haemorrhage . 

He had b i lateral , symmetrical contusions and small white matter haemorrhages .  

Case 025 1 / 1  - Driver , male , 22 years . Impacts : ( i )  collis ion · with a 

fallen motorcyc le straight ahead then after a trajectory of over 100 fee t ,  

landed on back, striking helmet in 7 o ' clock pos ition.  Speeds at impac ts , 

estimated over 50 mph . Injuries : fracture of right pubic ramus ( AIS 2 ) ; 

fractures of right femur - subtrochanteric and supracondylar ( AIS 3 ) ; fracture 

of right tib i a .  No head injury . Protective clothing : not used . Helmet -

ful l face - road scrapes from first contact with road at 6 o ' c lock pos i t ion 

and scrapes at left s i de - 9 o ' clock pos i tion from slid ing along road . 

Case 025 1/2 - P i l l i on passenger , female , 16 year s .  Impac ts : as for 1 / 1  

above . Inj uries : contusions of right temporal and occ i p i tal regions of scalp ; 

hinge fracture o f  base of skull ( AIS 4 ) ; petechial haemorrhages in brain stem 

( AIS 5 ) ; petechial haemorrhages symmetrically in temporal cortex , unci and 

thalami ( AIS 4 ) . Contusions of both l ungs ( AIS 4 ) ; sub-endocardial haemorrhages 

( AIS 4 ) ; fractured left Bth and 9th ribs ( AIS 3 ) . She died at the acci dent 

having become uncx:nscicus immediately . 

Case Summary :  The driver and p i l l ion passenger were thrown into a long 

trajectory landing on their backs . The passenger ' s  helmet had more severe 

posterior damage suggesting landing from a higher trajec tory . The driver had 

pelvic and lower l imb fractures but was protected from head damage by his 

helme t .  The p i l l ion passenger ' s  helmet did not prevent severe skull fracturing 
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Case 29 1 / 1  ( dr i ver only accident) Male , 28 year s .  Impacts : ( i )  c o l l i s i on 

with car which was i n  h i s  7 o ' clock pos i t i on ; ( i i )  after becoming detached 

from the fall ing motorcycle he struck h i s  head on a fencing post w i th the 

rear of his helmet in the 6 . 30 pos i t i o n .  Speeds a t  impac t estimated at 

30-40 mph .  Injuries : There were no external scalp injur i es and there was 

no skull fracture . There were sma l l  contusions to the upper surfaces of both 

hemispheres . The right 6th and 7th ribs were fractured ( AI S  2 ) ; both lungs 

had tears ( AIS 3 )  and there was also almost complete separation of both upper 

lung lobes from the lower l obes ( AI S  5 ) . There was a fracture of the 

3rd thoracic vertebral body ( AI S  2 )  and a l s o  of the 6th and 7th thorac i c  

vertebrae with spinal cord compression ( AIS 5 ) . There were lacerations 

of the l i ver and spl een ( AIS 3 )  and renal bruises ( AI S  3 ) . He died at the 

acci dent s i te wi thout recovering cons c i ousnes s . Protec t i ve c lothing - not 

worn . Helmet - fu l l  face - concentric rings at rear of helmet at 6 . 30 o ' c l ock 

pos i t i on where the fencing post was struc k .  

Case Summary :  He crossed i n  front o f  a car which struck him from beh ind on 

the l e ft s ide . He was thrown from the f a l l ing motorcycl e  and struck a fence 

post w i th the back of h i s  helme t ,  s l ightly to the left of the m i d l ine . He 

sustained cerebral damage but also had severe thora c i c , abdom inal and spinal 

injuries . His helmet may have protected against skull damage and more severe 

brain damage . 

Case 30 1 / 1  - Driver , mal e ,  24 years . Impacts ( i )  h i t  by car coming from 

behind and to l e ft - 7 o ' c lock pos i tion ( i i )  h i t  road surface with left rear 

of helmet ( i i i )  h i t  fence-post in 1 o ' c lock posi tion . Speeds at impac ts : 

est imated speed at c o l l i s i on of veh i c l es - 50 mph . Injur ies : Bru i s ing to 

right s i de of forehead ( AI S  l ) ; comminuted fractures of orbital p l ates and 

ethmoids wi th fractures of base of s ku l l  ( AI S  4 ) . 
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Case 30 1 / 1 ( c ont ' d )  Subarachnoid haemorrhage over entire convex aspect 

of cerebrum ( AI S  3 ) ; contusions of both frontal and temporal lobes ( AIS 3 ) ; 

petechial haemorrhages in left occi p i ta l  lobe ( AI S  4 )  and in pons ( AIS 5 ) . 

Lacerations of frontal lobes ( AIS 5 ) ; l acerations of left optic nerve and 

both o l factory tracts ( AI S  2) . Fractures of left 4th to Sth ribs ( AI S  2 ) , 

pul monary contusi ons ( AI S  4 ) .  He died at the acc i dent s i te without regaining 

consciousnes s .  

Protective cloth i ng - not worn . Helmet - ful l face - fractured above face 

aperture in 1 2 . 30 and 10 o ' c l ock pos i t i ons and fractures at lower rear margin 

at 5 o ' c lock . 

Case 30 1 / 2  P i l l ion passenger , mal e ,  2 1  years . Impac ts , a s  1 / 1  above 

but thought to have been struck by car and fal len onto car before fall ing onto 

road surface and cros s i ng grass verge to h i t  fencing posts . Speed - est imated 

at col l i s i on , 50 mph .  I n j uri e s : Face and forehead bru i ses w i th b i l ateral 

periorb i tal bruis ing ; l acerations to right side of face . Sku l l  fractures -

extensive comminuted fractures of both orb i ta l  pl ates , sphenoi d ,  base of sku l l  

and frontal bones ( AI S  4 ) . Separation o f  pons from medu l l a  ( AIS 6 ) . Left 

fronte-parietal subarachnoid haemorrhage ( AI S  3 ) . D i srupted right opt i c  nerve 

and both optic tracts ( AI S  2 ) . Contusions of right l ung ( AI S  3 ) . D i s l ocat ion 

of head of right humerus w i th rupture of de l toid musc l e  ( AIS 2 ) . Fracture of 

left tibia and fibula ( AI S  2 ) . He died at the acc ident s i t e  without regaining 

consc iousness . 

C l othing - not used . Helmet - ful l  face - contact marks with car ( paint ) at 

3 o ' c lock and 8 o ' c lock ; road surface scrapes at 9 o ' c lock . 

Case Summary :  Both r i der and passenger skidded across a road surface and 

struck fencing posts with their faces . The rider showed more anterior damage 

to h i s  helme t .  Their helmets d i d  not give protection from the frontal impac ts . 

- � -



Case 046 ( Drive r  only acc i dent ) Mal e ,  45 years . Impac ts : H i t  a car at 

his 9 o ' c l ock pos i t ion and was thrown up and over the c ar ,  striking i ts roof 

as he was spinn ing . He then h i t  the road with the back of h i s  helmet at 

5 . 30 pos i t i on . Speed a t  impact - est imated 20-25 mph . Injuries : Bru i s i ng 

of scalp at back of head . No skull fracture . Petec h i a l  haemorrhages in both 

hemispheres ( AI S  4 ) and i n  brain stem ( AI S  5 ) . Smal l ,  b i lateral subdural 

haematomas ( AI S  4 ) ; brain swe l l ing ( AI S  3 ) ,  subarachnoid haemorrhage ( AIS 3 ) . 

There were mul t i p l e  rib fractures b i l a terally ( AIS 4 ) . Laceration of left 

subclavian artery . Haemothoraces . Fracture o f  8th thorac i c  vertebral 

body ( AIS 2 ) . Fractures of l eft c l av i c le , left scapula and left humerus ( AIS 2 ) . 

He died after 2 hours without regaining cons c i ousness . 

Protective clothing - not used . Helmet - ful l face - scrape from car roof 

at 9 o ' clock ; road scrapes at 5-5 . 30 .  

Case Summary : He struck a c ar ,  was thrown over i t s  roof to land on road . 

He sustained cerebral i nj uries but had more severe thorac i c  injuries . H i s  

helmet may have protected against skull fractures . 

Comparison between Head and Helmet Damage 

In those cases where there was substantial damage to the helmet whi c h ,  in some , 

had led to deformity of the she l l s  e . g .  cases 009 ( 1 / 2 ) , 025 ( 1 / 2 ) , 030 ( 1 / 1 , 1 / 2 )  

and 046 there were corresponding contusions of the scalp with or wi thout fracturing 

of the skull in the same area . This finding i n  four of the seven fata l i t i e s  and 

the single survivor who had had a s igni ficant head inj ury i s  an important 

correlation . It indic ates that , as these foci of damage to helmets and heads 

match the acc ident reconstruction information ,  the approach to testing helmets 

of s imi lar manufacture as described by T . R . R . L .  is val i d .  

In one case - 029 - where there was evidence o f  a heavy impac t on the helme t ,  

no corresponding head wound was found a t  post mortem. 
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Where driver and p i l l i on passenger were involved i n  an acc i dent e . g  cases 

009 ( 1 / 1 , 1 / 2 ) , 013 ( 1 / 1 , 1 /2 ) , 025 ( l / 1 ; 1 / 2 ) , 030 ( 1 / 1 , 1 / 2 )  �ere was 

consistency i n  the pairs with respec t to traj ec tori es , impact d i rections and 

evidence of damage to helmets . Apart from case 0 1 3 ,  where there were comp l i c ating 

factors ( 1 / 2  was run over by another vehi c l e) and case 030 where both d i e d ,  the 

damage to the helmet of the more injured or fatal partner was more severe but 

in a comparable locat ion . E v i dence about the impacts suggested e i ther fortuitous 

factors or augmented impact forces from h igher traj ectories or greater speed 

of detachment from a motorcy c l e  out of control . 

Types of Brain Damage The types o f  brai n  damage found i n  this sma l l  series 

ref lects very short survival or immediate deaths . Some o f  the l es i ons o f  the 

injured brain take time to develop so that a brain w i th a n i l  surv ival time 

often shows , as in cases 016 , 02 5 ,  029 and 046 , only a few small haemorrhages 

di ffusely throughout cortex , whi te matter , brain stem and cerebel lum w i th the 

more c ons tant locations be ing i n  the upper brain stem . These immed iate vascular 

lesions may g i ve no i nformation about theore t i ca l , d i rec t i onal consequences of 

head i njury . 

There are, i nevitab l y , complex patterns of inj ury forces which inc lude l i near 

an� �otational components w i th variable time components i n  d i fferent acc idents . 

Ir. : h i s  sma l l  series the main helmet impacts w i th s o l i d  objects or road surfaces 

occurred as follows - s i x  to rear , three to front and two to the s i de .  Three 

surv ived wi thout head inj ury sequelae and one survived after a sixteen hour 

period of unconsciousness to return to good health . Of the seven fata l i t i es 

( 04 6 )  l i ved for two hours showing small haemorrhages di ffusely in the cerebrum 

and brain stem and · hav ing developed sma l l  b i l ateraY subdural haematomas . The 

latter and the number and s i ze of h i s ·  sma l l  haemorrhages was in keeping with 

survival w i th cont i nued c irculation for the short period describe d . Case 01 6 

survived for seven hours during most o f  which time he was undergo ing surgery 
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for major b l ood vessel damage . This period a l l owed the development of 

bi lateral temporal contusions and sma l l  haemorrhages throughout the cerebral 

whi te matter .  

The other types of bra i n  damage which are currently considered a s  primary 

e . g .  di ffuse axonai injury or secondary e . g .  hypoxic and i schaemic damage can 

only be found in evidence after several days surviva l . None of the cases under 

d i scus s i on in thi s paper survived langer than the two ( 02 5  and 046 ) described 

above . All of the other fatal i t ies occurred at the accident s i tes . 

Comparison between Injury Data, Direction of Principal forces and 
Head Injury Criteria ( HIC) Calculations from Helmet Drop Tests 

The HIC values obtained at T . R . R . L .  by reconstruction drop testing of ident ical 

helmets purchased new for this purpose have been presented . The values 

obtai ned where good rep l i cat ion of the helmet damage occurred were : -
Case No . H I C  S ku l l  

Fracture 
009 1 / 1  not done - survived without head inj ury 

009 1 / 2  8 , 862 I I  with m i l d  head inj ury + 

013 1 / 1  not done II wi thout head inj ury 

013 1 / 2  not sati sfactory - d i ed but accident complex + 

016 1 / 1  1 2 , 775 - d i e d  a f ter seven hours 

025 1 / 1  not done - survived wi thout head inj ury 

025 1 / 2  7 , 351 - died at accident + 

029 1 / 1  8 , 325 I I  I I  I I  

030 1 / 1  not done " " I I  + 

030 1/2 2 7 , 294 I I  I I  I I  + 

046 1 / 1  7 , 584 - died after 2 hours 

D i rec t i or 
o f  Impac · 
Rear 

R 

Side 

s 

Front 

R 

R 

R 

Front 

F 

R 

The highest HIC values were 1 2 , 775 and 27 , 29 4 ,  in the two acci dents with frontal 

impac ts . The former had an estimated speed of around 70 mph when he struck a 

road s i gn ;  the l atter ' s  estimated speed was around 50 mph when he struck a 

concrete fence p os t .  
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The s ide impact case was not sati sfac torily evaluated . 

The rear impact cases vary in the ir HIC figures ; case 009 ( 1 / 2 )  - 8 , 862 , 

025 ( 1 /2 ) - 7 , 351 , 029 - 8 , 325 and 046 - 7 , 584 . 

Case No 

009 ( 1 /2 ) 

025 ( 1 / 2 )  

029 

046 

H I C  

8 , 862 

7 , 351 

8 , 352 

7 , 584 

survived with m i l d  head inj ury 

d i ed at acc ident 
I I  " 

d ied er 2 hours 

Other Injuries in relation to HIC 

The other maj or injur i es have been described above . 

Skull Fracture 

+ 

+ 

The highest AIS score for each indiv idual and the i r  H I C  scores are : -

009 1 / 1  

009 1 / 2  

01 3 1 / 1  

01 3 1 / 2  

016 

02 5 1 / 1  

025 1/2 

029 

030 1 / 1  

030 1 / 2  

046 

These f igures 

and very high 

the body . 

AIS 
Head 

4 2 

6 5 

5 

4 

5 

4 

5 

5 

5 5 

5 

5 

6 

4 

H I C  

8 , 862 

1 2 , 775 

7 , 351 

8 , 352 

2 7 , 294 

7 , 584 

show no obvious correlation but the two with the frontal impac ts 

HIC values had a range of very severe injuries to other parts of 

In direct relat ionship to this paper ' s  purposes , the body and l imb injuries 

genera lly reinforced the ideas of how the individua l ' s  injuries occurred and 

thereby strengthen the evi dence about the mechanisms in their head inj ur i es . 
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Discussion 

The eleven individuals in this sma l l  series of seven acc idents died e i ther 

at the acc i dent ( 6 ) , survived for two or seven hours ( 2 )  or surv{ved 

indefinitely ( 3 ) . One of these 3 survivors had a m i l d  head injury wh i l e  the 

other two had no s igns of head inj ury . The acc ident information ta l l ied with 

the observed damage to c l o thing and helmets s o  that i t  was poss i b l e  to state 

the d irections and number of impacts . Estimates of speeds were accepted as 

notionally correct in a l l  cases as there was usual l y  rel iable information 

about the speed of other traffic or about the road condi t i ons . These seven 

accidents are from the early part of a continuing s tudy in which a further 

eighty accidents have now been revi ewed in depth and in which relevant 

c l i nical and pathological data have been c o l l e�ted . The seven accidents 

referred to in this paper represent the first from the series where reconstruction 

drop tests have been done by T . R . R . L .  

The correlation between the reconstructed sequence of events in the accidents 

and the ana lysis of c l o thing and helmet damage is good , indicating that the 

data on direction o f  impac ts i s  sound . The helmet drop reconstruc tion inform-

ation from T . R . R . L .  shou l d  give good information about the magn i tude of the 

force which caused the helmet damage and shoul d correlate w i th the veloc i ty 

of impact from the accident information . This has been shown to be approx imately 

true as the most severely injured were the fastest moving and the most abruptly 

arrested . In the remainder of the group whose helmets were tested , the maj ority 

had rear helmet impac ts and less viol ent accident s .  I t  has not been poss i b l e  to 

relate the pos it ions of brain damage to the direction or magnitude of impac t 
possibly because of the generally very short or ins ignifi cant post accident 

surv ival . In those two fatal cases in wh i c h  there was survival for two or seven 

hours , les ions had developed which would not have been present in individuals 

who died instantly or w i thin minutes of the ir acc idents . The continuation of 
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c i rculat ion for a t  least a few hours is essential to the development of the 

vascular les i ons whi c h  are supposedly. caused by the posit ive and negative , 

post impac t ,  pressure waves which cross the inter ior of the sku l l  and may 

create areas of damage - contracoup - on the other side of the ·brain from 

the impact s i te . l t  i s  possible to score contusi onal damage by reading the 

depth and ex tent of les ions in di fferent cerebral regions . Such a scheme 

gives sever i ty values for contusional damage provided suffi c ient t ime has 

elapsed , after the inj ury , to a l l ow the contus i ors to reach the i r  maxi mum 

size . I n  this s tudy there i s  no evidence to al low evaluation of pressure 

wave theories , there having been only one pati ent who survived seven hours 

and who.f4�d roughly symme trical temporal lobe contusions after a left fronta l ,  

high speed impac t .  This area of interest w i l l  b e  evaluated further as the 

accumulated cases ( a  further 80 ) are compl e tely studied with helmet drop tests 

to provide verifi cation of the vectored forces generated in the acc i dents . 

While i t  may not be who l l y  acceptab l e , theore tical ly , contusional damage has 

genera l l y  been consi dered to follow impac ts with l i near accelerat ion or 

deceleration properties . Rotational and angular accelerations have been 

associ ated w i th the l es ions which have come to be known as d i ffuse axonal 

inj ury . This term , introduced by one of us , has sup�lanted other terms such 

as axonal shearing and d i ffuse damage to white matter . Axons are damaged 

in some types of head trauma and the damage may be d i ffuse - which can be 

d i splayed only w i th special i sed microscop ical techniques - or focal with 

areas o f  damage often being v i s i b l e  to the naked eye after brain cutting. 

The pattern o f  focal damage - corpus c a l l osum , dorsal brain stem and 

degenera tion of long , defined tracts of axons has been largely known s i nce 

the end o f  last century . There i s  no information about the mechanisms of 

generation of such damage in the human brain but it is obv i ously v i tall y 
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important that mechanisms be establ ished so that rational protec t i ve measures 

may be taken in a l l  c i rcumstances in wh ich head injuries occur , not least in 

the road acc i dent area . 

As careful studies continue , notions of the generation of types of· cerebral 

trauma al ter as incongruities ari se and more comprehensively rational ideas 

supervene . This study is provid ing a framework for a reapprai sal of head 

injury mechanisms and the mechanisms of injuries to other parts of the body . 

Tol erance of t i s s ues to damage from physica l  forces i s  also being evaluated . 

The theore tical concepts embodied in Head I n j ury Cri teria ( HIC ) have been 

accepted for some years because no a l ternative measurement or quan t i tation 

satisfies the need of s c ientific workers in the engineering and protec tion 

fie lds . The HIC calculation is currently considered to be assoc iated w i th 

an unfavourable outc ome i f  over 1 , 000 to 2 , 000 . I n  this sma l l  study a 

survivor w i th minor , temporary brain dysfunction fol lowing an acc i dent 

generating an HIC of almest 9 , 000 ( 009 - 1 / 2 ) suggests that there is more 

var i ab i l i ty in the prognost i c  value of H I C  than had been thought . Th i s  is 

an area i n  which future studies w i l l  probably shed l ight . Further studies 

of the survivors of r i der-p i l l i on acc i dents in the acc idents described in 

thi s  paper should g i ve interes t i ng findings because the directional components 

of these paired i nj uries are s i m i l a r .  I n  the m ,  the magnitude of helmet and 

head traurna - as descri bed above - has been less than in the more inj ured 

partner . Such information should g i ve bracketing information about the l im i ts 

of fatal or serious nervous system traurna but i t  i s  not at present ava i lable 

because of the t ime cons traints involved i n  estab l i shing the methodology and 

the dec i s ion to examine first the helmets of individua l s  w i th defi n i te 

neuro-trauma or who had d i e d  and on whom neuropatho logical studies were complete . 
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SU1!Ml17 and Conc luaiona 

In seven accidents e l even individua l s  were involved . The c i rcumstances of 

the accidents have been assessed i n  deta i l  as have i tems of c l othing and 

protective he lmets from the inj ured . These s tudies have al lowed a c l ear 

apprec iation to be a�hieved , in most cases , of the d i rections of impac ts 

and c orre lation w i th information about speeds involved at c ol l i s ions and 

impacts . 

This i nformation has been consi dered a l ong w i th the TRRL studi es o f  motorcyc l e  

helmet damage reconstructed for indiv idual cases b y  t e s t  drops o f  new helmets 

of s i m i lar manufacture . From those studies HIC values were c a lculated for 

the fatal cases where neuropathology had been done . The helmets of survivors 

or l e ss inj ured partners of ri der-p i l l ion pas senger acc i dents have yet to be 

stud i e d  by drop testing and i t  is an t i c i pated that valuab l e  informat i on about 

H I C  val ues w i l l  derive from them . The HIC values of the indiv idua l s  studied 

so far have been very high and we l l  above the l evel at which death was l i kely 

to occur . One inde f i n i te survi vor , who had a m i l d  head injury , had an HIC 

of a lmost 9 , 000 suggest ing that the HIC values of ind i v i duals require to be 

considered w i th the unique c i rcumstances of each acc iden t .  

The types o f  body , l imb , spine and crani o-cerebral trauma i n  each fatal case 

has been cons idered i n  deta i l  but as a l l  bar two of the fatal i t i es were very 

immed iate after the acc i dents , there was insuff i c i en t  evidence of inj ury to 

a l l ow patterns of damage to be corre lated w i th i nc i dent forc e s .  

In most cases there was good evidence that the he lmets protected against much 

more severe cran i a l  damage but this only benefi tted three survivors out o f  

the e l even . I t  i s  no consolation to opine that the he lmets had been protective 

when the subj ects had d ied e i ther from cerebral trauma or from a combination 

of neurotrauma and other serious injuriea to the body and l imbs . 
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Thi s  preliminary study has vali dated the concepts on whi c h  i t  was based . I t  

gives an optimistic view o f  the extension o f  studies o f  more cases , particularly 

those who survived long enough to develop the microscopical features o f  d i ffuse 

axonal inj ury and patterns of secondary brain damage . 

I t  i s  ant i c i pated that the information achieved by direct observations of such 

accidents wi l l  al l ow H I C  to be evaluated in this context and al low improvements 

in the design o f  safety equipment to be made rationa l ly . 
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