
ABSTRACT 

THE RELEVANCE OF THE BIOMECHANICS OF IMPACT TO THE ASSESSMENT 
OF HEAD INJURED PATIENTS IN THE ACCIDENT & EMERGENCY DEPARTMENT 

D . W .  YATES , J . M .  HADF IELD , R . A .  L ITTLE 

North Western I n jury Research Centre , U n i vers i t y  of Manchester 
and Accident and Emergency Department , Hope Hospita l , Sal ford . 
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Assessment o f  the head i n jured patient i n  the Accident and Emergency ( A  
& E )  Department s t i l l  poses a s i gn i f icant prob lem . Gu idelines for  sku l l  
radiography after apparent l y  minor head i n juries rely hea v i l y  o n  the degree 
o f  sca l p  bru i s i n g  and swe l l i n g  present on examinat ion . T h i s  i n  turn may be  
i n f l uenced by delay in presentat ion of the patient . C lear l y  a neurological 
examination is  essen t i a l  but some biomechan ical f actors may also have 
potential  prognostic value i n  identi fy i n g  the sma l l  number o f  patients who 
are a t  risk from developing compl ications . 

This  paper presents the resu l t s  of a s tudy o f  every head i n jured 
patient attending the Sal ford A & E service over a twe l v e  month per iod . I n  
addition t o  the more usual data concerning c l i n ical status o n  arrival  and 
outcome , con sideration wa s given to the speed o f  impact and the objec t  with 
which the head c o l l i ded . The latter was then correlated w i th the sever i t y  
o f  i n 3ury sustained . Seve r i t y  h a s  been class i f ied by  t h e  state o f  
consciousness on arriva l , the period of p o s t  trauma t i c  amnes i a  ( PTA ) a n d  t h e  
presc�ce o f  � s ku l l  fracture . The site o f  impact was a l s o  recorded and  
correlated with the duration of PTA . 

" Sharp" head i n j u ries were more frequen t l y  associated w i t h  local damage 
to the scalp whereas " b lunt"  i n jury produced langer PTA . Post t rauma t i c  
amnesia w a s  more common l y  prolonged in t h o s e  p a t i e n t s  whose h e a d  i n jury was 
sustai ned without d irect damage to the sca l p . There was a positive 
association between speed o f  impact , duration o f  PTA and presence o f  sku l l  
fracture . 

These resu l ts support Gennarell i ' s  hypothe s i s  for cerebral concussion . 
The above ment ioned b i omechan i c a l  parameters have been used i n  the A & E 
department to redef i ne and safely restrict  the i nd i ca t ions for skull  
radi ography . 

INTRODUCT I ON 

There i s  i ncrea s i n g  i n terest in ref i n i n g  the indications f or 
rad iological examination and hospital admission o f  head i n jured patient s . 
Gu idel i nes current l y  available i n  the U . K .  ( 1 )  prepared by a g roup o f  
neurosurgeons help t o  rat i ona l i s e  the management of t h e  more serious l y  head 
i n jured patient but are less helpful to the young doctor who is a s sessing 
the apparen tly  minor i n jury . For example , they suggest rad i ography for  a l l  
head i n jured patients who have scalp bru i s i ng or swel l i ng . I f  applied t o 
a l l  patients attendi n g  Acc ident and Emergency ( A  & E )  department s  t h i s  wou l d  
result i n  a signi f i cant increase in t h e  sku l l  radiography rate a n d  hence i n  
the cost o f  patient treatment ( 2 ) .  The gu idelines do not clearly define the 
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characte r i s t ics o f  those patients who require more careful assessment 
because of a greater risk o f  comp l ications . 

Despite the increasing i n terest i n  the b iomechanics o f  head i n j ur ies  i n  
recent years m o s t  c l in i c i a n s  record l i t t l e , i f  any , e n v i ronment a l  
i n formation about the accident . l t  i s  assumed t h a t  a b iomechan i ca l  
assessment o f  in jury cannot be used a s  a guide to  managemen t  because 
recordab l e  i nf ormation would be i naccurate and coul d  not be c l a s s i f ied or 
ranked on a f in i t e  scal e . However , work i n  primat e  mode l s  ( 3 )  has  shown that 
the nature , severity and d irection o f  forces applied to  the h ead at 
di fferent sites are all important determinants o f  the way the head responds 
and i n f l uence the t ype of brain i n jury sustained . 

The a i m  o f  t h i s  study has  been to attempt to correlate  the 
b iomechanical factors which are con s i dered to be important i n  exper imental 
head i n jury model s with the c l i n ica l observations o f  patients attending an  A 
and E department after head i n jury . l t  i s  suggested that such data might 
have poten t i a l  prognostic value i n  iden t i fying the sma l l  number o f  patients 
who are l ikely to  sustain skull fractures or be at r i s k  f rom the later 
development o f  intracra n i a l  comp l i cation s . 

METHOD 

A retros pect ive analysis  of every head in j ured patient attending the 
Sal ford Acc ident and Emergency service over a 12 mon t h  per i o d  was 
u ndertaken . The  a ge , c l i nical status on arrival and deta i l s  o f  management 
and outcome were noted . An y patient who had a h i story o f  a b l ow t o  the  
head , had sustained any form of scalp injury or had ev idence o f  a ltered 
consciousness after a relevant i n j ury was included i n  the survey . The 
' ' head' '  was def ined a s  extend ing from the eyebrows to the occiput . P a t ients 
w i t h  isol ated facial , nasal and eye i n j ur ies  were excluded . 

The  c l i n ical notes made in the Accident and Emergency Department and 
subsequent medical  and nursing records were exami ned . Deta i l s  o f  age , sex , 
delay i n  presentation , source o f  referral , place of incident and mode o f  
a r r i v a l  were noted . Relevant features of t h e  cl i n i c a l  assessment were 
recorded - viz Glasgow Coma Score on a r r i va l , occurrence o f  f i ts , c l in ical 
ev idence o f  basal skul l fracture , focal neurological sign s , t h e  occurrence 
o f  h eadache o r  vom i t i n g  and the duration of post t raumat i c  amnes ia . The 
interpretation o f  s ku l l  radi ograph s and i n i t i a l  management was noted and  the 
subsequent progress o f  a l l  patients checked . The Registrar Gener a l s  records 
o f  head i n jury related dea ths  in the Sal ford D i s trict were obtai ned to  
ensure the comp leteness of the  data on fata l i t ies . 

An assessment wa s made o f  the speed o f  any impact to the head , the s i t e  
o f  t h a t  impact a n d  t h e  o b j e c t  ( i f any ) with which the head c o l l i ded . T a b l e  l 
defines the various parameters used . T h i s  information wa s col l ected by  one 
o f  us  ( J . M . H . ) who was not invol ved in c l i n ical management . 

The resu lts  were analysed on the Pr ime 99 5 5  computer using the 
Statistical  Pac kage for the Soc i a l  Sciences ( 4 ) . 
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HIGH : -

MED IUM : -

LOW : -

SHARP : -

BLUNT /HARD : -

BLUNT / SOFT : -

RESULTS 

TABLE 1 
Guidelines for Classifying Biomechanical Data 

SPEED OF IMPACT : 

Col l i sion o f  two fast  mov in g  objects 
A s sau l t  by thrown or f a l l i n g  o b j ect 
Fal l > 2 metres 
Pedestrian hit by  car 
S t rike by go l f  club or hockey stick 

Fal l from standing pos i t ion 
Assault by human contact 
Running speed c o l l i s i o n  w i t h  stationary object 

Wa l k i n g / T r i p  speed col l i s i on with stationary o b j ect 
Fal l < l metre 

CONTACT AGENT 

Surface area < 5 cm sq e . g .  edge o f  furniture o r  g l a s s , 
c r icket bal l , hammer . 

Surface area > 5 cm s q  onto concrete , f l a t  glass , rough 
g round , " bone " . 

Surface area > 5 cm s q  onto grass , carpet , softbal l , 
" f lesh " . 

During the 1 2  rnon th period over 60 , 000 patients a ttended the two A and 
E department s  i n  Sal ford ( popu lation  290 , 000 ) and 5469 s a t i s f ied the 
cri teria for adm i s s ion to the survey . T a b l e  2 contrasts the est imated speed 
of impact with the lengt h o f  post - t raumat i c  amne s i a  ( PTA ) . 44% of t h e  
patients were cons idered t o  h a v e  sustained i n jury a t  l ow speeds and  o f  these 
only 1% were amn e s i c  for more than 5 min . I n  contras t , o f  the 9% who were 
involved in h igh s peed impact s ,  2 0% had a PTA of more than five minutes . 
There wa s a cons i sten t trend o f  langer PTA a t  h i gher speeds wh ich was h i g h l y  
s ig n i f icant ( p  < 0 . 00 1 ) . 

SPEED OF 
IMPACT 

*** {LOW \MEDIUM 
*** HIGH 

TABLE 2 
Relationship between Duration of Post -Traumatic Amnesia 

and Speed of Impact 
n = 4826 

POST -TRAUMATIC AMNESIA 
Totals Nil Transient < 5 

2 024 1 9 1 9  ( 9 5 )  5 9  ( 3 )  3 1  
2 3 1 1  1850 ( 80 )  207 ( 9 )  1 3 5  

4 9 1  289 ( 59 )  46 ( 9 )  58  

Figures i n
2

brackets = row % 
*** Chi p < 0 . 00 1  

2 1 9  

min 

( 2 )  
( 6 )  
( 1 2 )  

> 5 min 

1 5  ( l )  
1 1 9  ( 5 )  

98 ( 20 ) 



Table 3 cont rasts the duration of PTA with  the contact agent . Patients 
who had been struck by sharp object s had sign i f ican t l y  ( p  < 0 . 00 1 ) less 
post- traumat i c  amne s i a . O n l y  3% were amnesic , i n  contrast to 1 5% o f  those 
who impacted aga i n s t  blunt / so f t  objects and 20% o f  those i�volved i n  
b lu n t / hard contact . There w a s  no s i gnif icant d i f ference between t hose 
impacting against blunt hard and blunt soft surfaces . 

TABLE 3 
The Relationship between Duration of Post-Traumatic Amnesia 

and Contact Agent 
n = 4806 

CONTACT POST-TRAUMATIC AMNESIA 
AGENT Total Nil Transient < 5 min > 5 �BLUNT /SOFT 144 1 2 2  ( 8 5 )  9 ( 6 )  4 ( 3 )  9 �;* � BLUNT / HARD 3 5 56 2 8 54 ( 80 )  290 ( 8 )  202 ( 6 )  2 1 0  

SHARP 1 106 1070 ( 9 7 )  10 ( l ) 1 5  ( l )  1 1  

Figures i n2 brackets = row % *** Chi p < 0 . 00 1  
NS Not sign i f icant 

min 

( 6 )  
( 6 )  
( l )  

When the dura t i on o f  PTA was correlated with the s ite o f  the impact 
( Ta b l e  4 )  n o  d i f ference wa s found between the parieta l , temporal and 
occipital areas . However f rontal impact s  were a ssociated with a 
s i g n i ficantly shorter duration o f  PTA than impacts e l sewhere . 9 . 5% o f  
patients i n  whom there wa s no ev idence o f  impact had a P T A  o v e r  5 minutes . 
T h i s  contrasts with 4 . 9% for those in whom there was skull  contact ( p  < 
0 . 00 1 ) . 

TABLE 4 
The Relationship between the Duration of Post-Traumatic Amnesia 

and the Site of the Impact 

SITE 

1 .  FRONTAL 
2 .  PAR IETAL 
3 .  OCCIP ITAL 
4 .  TEMPORAL 
5 .  TOTAL WITH 

I MPACT ( l -4 ) 
6 .  NO EV IDENCE 

OF IMPACT 

Nil 

2077 
8 8 3  
8 8 5  
4 1 9  

4264 

2 78 

C h i2 

POST- TRAUMATIC AMNESIA 
Transient < 5 min > 5 min 

146 8 5  100 
55 44 64 
98 7 3  7 0  
3 5  3 2  3 6  

3 34 2 34 2 70 

41 32 37 

tests : 1 : 2  p < 0 . 0 5  
1 : 3  p < 0 . 00 1  
1 : 4 p · < 0 . 00 1  
5 : 6  p < 0 . 00 1  
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An exam i nation o f  the incidence of bony i n jury a t  v a rious scalp contact 
s i tes showed that vau l t  f racture was more common in the temporal region 
( 5 . 3% )  and less so in the par ietal  ( 4 . 5% ) , occ i p i t a l  ( 3 . 4% )  and f rontal 
regions ( l . 3% ) . Table 5 compares the incidence o f  sku l l  fracture at 
di fferent speeds o f  impact . 1 1 . 3% o f  fast impacts were associated w i th 
sku l l  fracture compared with 0 . 16% o f  slow impacts . The  notes of the four 
patients identi f ied i n  Table 5 who sustained vault fractures i n  l ow impact 
speed accidents were further examined . Three were young c h i l dren and the 
fourth an intoxicated youth . The determi nation o f  impact speed in t hese 
cases may be unre l iable a s  the c l i n i c a l  notes indicated that the i n juries 
were not consi stent with the h i s tory . The p o s i t i ve correlat i on between 
speed and incidence of fracture wa s maintained a t  each sca l p  contact s i te . 

SPEED OF 
IMPACT 

LOW 
MEDIUM 
HIGH 

TABLE 5 
The Incidence of Skull Fracture at Different Speeds of Impact 

n = 5 3 3 6  

N O  FRACTURE 

2 38 6  
2 384 

460 

Chi2 = p < 0 . 00 1  
*These cases a r e  described i n  t h e  text 

FRACTURE (%) 
PRESENT 

4 ( 0 . 1 6 ) *  
50 ( 2 . 10 )  
52 ( 1 1 . 3 )  

D I SCUSSI ON 

Most head inj ured patients seen in the A & E department do not appear 
to have sustained serious bra i n  in jury . They wi l l  usua l l y  presen t with 
minor

5 
degrees of cerebral concuss ion corresponding to Gennarel l i ' s  grading 

I - I I I . Wh i l s t  not producing l i fe threatening para l y t i c  coma o r  prolonged 
trauma t i c  uncon sciousness , the resul t i n g  con fusion and amn e s i a  may be 
c l i n i ca l l y  and socia l l y  s i g n i f icant . Numerically it accounts for much of 
the morbidity  associated with trauma t i c  brain in jury i n  the general 
populat ion . 

The duration of post- traumat i c  amnesia is  gener a l l y  consi dered to ge 
the best s i ngle yardstick for the assessment of severity o f  a head i n jury . 
Presence o f  a sku l l  f racture has a l so been used to indicate sever ity . Wh i l s t  
not i t s e l f  a cause of neurol 9gical deterioration it  does a l er t  t h e  c l i nician 
to the risk of compl ications . 

B iomechanical data may be addi tional sources o f  i n forma t ion . A 
mecha n i s t i c  approach to the study j f head injury has  been developed i n  
animal mod e l s  by Gennare l l i  et  al  . T h e i r  experients show t h a t  most 
c l i n ical forms of observed brain i n jury can be reproduced by accel erati ng 
the head ( i rrespective of whether the head has received a di rect blow ) . I n  
contras t , extradural haematomata comp l icating vault fracture a r e  always 
produced by  d i rect scalp contact f orces and are not inf luenced by inertial 
forces . 
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I n  our study PTA over 5 rninutes was rnuch rnore cornrnon i n  patients 
sustaining in jury at h i gh speed ( Table 2 ) . Sku l l  fracture was a l s o  rnore 
cornmon a t  h igh impact speeds ( Table 5 ) . I n  contra s t , patients who sustained 
sharp frontal impacts had shorter periods o f  amn e s i a  ( Tables 3 and 4 ) . More 
patients had a PTA over 5 min  when sub jected to impu l s i v e  loading f orces 
wi thout sca l p  contact than when the scalp was di rectly in jured ( Ta b l e  4 ) . 

These c l i n ical f indi ngs are based on a rather imprecj�� - retrospec t i v e  
anal y s i s  of  c a s e  notes yet t h e y  do appear to  support t h e  laboratory resu l t s  
o f  Gennarel l i . A prospective study l i nking careful a n a l y s i s  o f  l oading 
forces w i t h  observed patterns  o f  head injury i s  pl anned . 

T h e  cöl lection of  more prec i se biomechanical data 
department shou l d  be encouraged a s  i t  cou l d  provide more 
factors for the c l i n ician to use i n  the i n i t i a l  a ssessment 

i n  the A & E 
disc r imina t i n g  

o f  t h e  head 
i n jured patient . 
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