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MEAS URES O F  S E VE RI TY O F  INJURY .  

J . P . D ul l ,  M. R. C .  Research Uni t ,  Bi rmi ngham Acci den t Hospi tal , 
B i rmi ngham ( E ng l and ) . 

Th i s  Conference a i ms to deve l op unders tandi ng of mech a n i s ms 
of  i nj u ry so  th at  i nj uri es can be p revented  or  mi ti gated i n  future .  
Laboratory e xperi ments and  even fi e l d s tudies wh i ch concentrate only on 
s peci fi c i nj uries may o verl ook the tota l i nj u ri n g effects of rea l  acci den ts . 
As a check on th i s ,  and as a means of asses s i ng the overa l l p rotecti on 
p rovi ded by new mechani cal -0r h i ghway engi neeri ng changes , nume ri ca l 
e s t i mates of severi ty of i nj ury a re req ui re d.  The s ame esti mates mi gh t be 
use d  i n  the assessment of the soci a l cos t  of acci dents and to compa re 
di ffere n t  regi mes of treatment.  

The mos t  p romi s i ng approa ch dates from the early work of 
DeHaven on ai rcraft acci dents . He had been the s o l e  s urvi vor  of a mi d-ai r 
crash i n  Worl d War 1 and h e  was i nterested to s tu dy why some sho u l d  d i e  
a n d  some es cape i nj u ry .  To provi de comparati ve asses sment o f  i nj u ri es i n  
s uch acci den ts DeHa ven and  the Corne l l  group deve l oped the fi rst p racti cal 
me thod for rank i ng seve ri ty 1 . The present Ab revi a te d  I nj ury Sca l e  ( A I S )  
i s  a refi nement o f  thi s  a n d  p rovi des a 5 poi n t  s ca l e  o f  i nju ry wi th 
further  poi n ts fo r fatal cases 2 . The orinal  bas i c  cri te rion was 11 th reat 
to l i fe" but compari s on wi th ran k i ngs by the o th e r  c l i ni ca l  measures -
tre atment time and i mpa i rmen t  - s howed them to be rough l y  compara b l e .  
As mi ght  b e  expecte d  the re i s  some re l ation al so  to ene rgy o f  i mpact i f  
on ly one body s i te i s  cons i de re d .  A s l i gh t  i mpact on a l e g  may gi ve a 
s p ra i n ,  more s e ve re an un di s p l aced fracture , more s e ve re an open fracture , 
more seve re mul ti p l e fra ctures . A s i mi l ar seq uen ce cou l d  be ci ted for 
head i nj uri es rangi ng from mi nor di zzi ness to s e ve re  i ntra- cran i a l  damage , 
b u t  the i mp l i cati on fo r th reat to l i fe and of seve re i mpai rment beg i ns at  
much l ower energ i es .  Another obvi ous vari ab l e  affecti ng the i nj uri ng effect 
of a gi ven amount of ene rgy i s  the s i ze of the a rea of i mpact.  Wi th a 
boxi ng g l o ve one needs to be an e xpe rt to cause much damage . Wi th a dagge r 
the s ame amount of energy can eas i ly k i l l .  

I n  practi ce many seve re i nj uri es i n  road traffi c acci dents a re 
mu l ti p l e .  A s ca l e  s uch as the AIS  i s  bes t s ui ted  to s i ng l e i nj u ri es . The 
Corne l l  team di d ,  howeve r ,  p rovi de wei ghti ng val ues for the i r  ranki n gs 
whi ch mi ght be added i n  mul ti pl e  i oj uri es . An i mp rovement on these has 
been devi sed by Baker et a l , 1 9 74 J.  Th i s  s i mp l y  s q ua res  the val ues ( 1 - 5 )  
o f  the AIS and for mul ti p l e  i nj uri es s ums these s q uares for u p  to 3 
i nj u ries of  di fferent body regi ons . The Bal ti more team showe d that th i s  
tota l , wh i ch they n ame the I nj u ry Severi ty Score ( I . S . S . ) gave a 
p romi s i ng rel ati on to morta l i ty i n  a seri es of  t raffi c acci dent cases . 

Our own i n te res t i n  re l at ing  seve ri ty of i nj ury to mortal i ty 
came from a di fferent  angl e .  We wi s hed to assess the s uccess of treatment 
of b urns pati ents and for thi s  we took pe rcentage s urface area of b urns 
as the i n dex  of seve ri ty and found that P ro b i t  analys i s  coul d be us�d to 
estab l i s h 50% 1 1 l e th a l  doses 11 of burn i ng for gi ven ages of patients . 
We have used th i s  me tho d  to mon i tor i mprovements i n  treatment both as a 
runni ng check by compari ng observe d mortal i ty wi th e xpected morta l i ty fo r 
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gi ve n ages and a re as of burn , and by reca l cul ating  the Prob i t  fi t from 
t ime to t ime 5.  

The fi ndi ng by the Bal ti mo re team that I . S . S .  al s o  s howed 
a s i mi l ar re l ati on to morta l i ty and a s i mi l arly marked age effect s ugges ted 
th at P rob i t  analys i s  mi gh t aga i n  be app l i cab l e .  We therefo re re- analysed 
the i nj uri es and outcome of the 1 33 3  road  acci dent pati ents comi n g  to our 
hos p i tal  i n  one year 6 . These s ame case$ had been previ ous ly s tudied i n  
te rms of the di s ab i l i ti es from thei r i nj uri es . After group i ng the cases by 
age , gqod P rob i t  fi ts were obtai ned for morta l i ty aga i n s t  I . S . S .  The 1 5-44 
years gro up showed an ' L D 50 ' of I . S . S .  33o 7 ,  the 45-64 years gro up an 
' L D 50 ' of I . S . S .  29 . 4  and the 65+ years group I . S . S .  20 . 2 .  ( Tab le  1 ) .  

Mean age Cases Deaths P rob i t  reg res s i on 

1 5  - 44 y rs .  25 y rs .  72 1 1 7  y = 1 .  748 + • 0820 X 

45 - 64 y rs .  54 y rs .  207 1 7  y = 1 .  558 + , 1 1 73 X 

65+ yrs . 73 y rs .  1 1 0  29 y = 2 .  031  + , 1 469 X 

y = P rob i t ,  X = I . S . S . )  

Tab l e  1 .  P rob i t  fi t of Mortal i ty and I . S . S .  i n  di ffe rent age groups . 

By cons tructi ng eq ual  mo rta l i ty contours fo r comb i nati ons 
of I . S . S .  and age , a g ri d of expected morta l i ty for di fferent  I . S . S .  at 
di ffe rent ages was, obtai ned ( Ta b l e  2 ) . I n  our seri es there we re too few 
chi l dren fo r analys i s  s o  the tab l e  i s  defi c ient  at  the younger ages . S uch 
evi dence as we h ave s ugges ts th at mortal i ty fo r ch i l dren fol l ows that of 
the yo ung adul ts . l t  s houl d be unde rs too d that the val ues i n  th i s  gri d 
a re p rovi s i ona l  s i nce they are b ased only on a s i ng l e  l i mi ted  series but 
a further  ana lys i s  can readi l y  be made as  further data be comes avai l ab l e .  
l t  i s  i mportant that a l l cases both s urvi vi ng and fatal b e  i n cl uded 
o therwi se  b i as wi l l  be i ntro duced. 

When we compared I . S . S .  val ues of fata l cases wi th peri o d  of 
s urvi va l  we foun d ,  as mi ght be expe cted ,  th at those wi th h i gher va l ues 
ten de d  to di e sooner. There was , howeve r ,  a wi de s catte r ;  s ome wi th seve re 
i nj u ri es we re kept a l i ve by i n tens i ve care for severa l days : o thers wi th 
qui te s l i gh t  i nj uri es di ed  l ater from comp l i cati ons s uch as p u l monary 
embo l i s m o r  ehest i nfecti on . There was a h i ghe r proporti on of o l der  pati ents 
i n  th i s  group - a mai n  age - re l ated  di fference i s  thi s l i ab i l i ty to deve l o p  
l ate comp l i cati ons . When I . S . S .  val ues we re compare d  wi th hos p i ta l trea tment 
times , there was a l s o  a l arge s catte r ,  b ut mean va l ues of treatment ti mes 
for gi ven I . S . S .  ranges we re s i gni fi cantly di ffe rent ( Tab l e  3 ) . Because of 
the s catter the treatment ti me of i n di vi dua l s  cannot be forecast  from the 
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1 .  0 l . O 1 . 0  1 . 0 1 .  0 1 . 0  1 .  0 

. 9  . 9 1 . 0  1 .  0 1 . 0 l . O 1 . 0 

0 7 . 8  . 9  1 . 0  1 . 0 1 . 0  1 . 0 

. 6  • 7 . 8  . 9  1 . 0  1 . 0  1 .  0 

. 4  . 5  . 6  . 8  . 9  1 . 0 1 . 0  

. 3 . 3 . 5 . 6  . 8  . 9 1 . 0  

. 2  . 2 . 2 . 4  . 7 . 8  . 9  

• 1 . 1 . 1 • 2 . 3 . 5  . 8  

0 0 0 . 1 • 1 . 3  . 5  

0 0 0 0 0 • 1 . 3  

0 0 0 0 0 0 . 1 

0 0 0 0 0 0 0 

1 5  .(. 25 2 5  < 35 35 < 45 45 < 55 55 < 65 65 < 75 75 < 85 yrs . 

Age 

Tab l e  2 .  Approxi mate p robabi l i ty of mortal i ty for di ffe rent comb i nations 
of I.s.s. and age . 
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r . s . s .  but  i t  can neverthe les s  be used for gro ups of cases to esti mate t 
fo r i ns tance , cos ts of hos p i ta l  s tay o r  for compa ri son between re g i mes of 
cl i ni ca l  management .  

I . S . S .  Mean hosEi ta l  
( days). 

s tay ( ! s . e . m.} 

0 - 4 2 . 7  ( 2" 0 . 24 )  

5 - 9 7 . 3  ( 2"  0 . 58)  

10  - 1 4  30 . l ( 2" 3 .  1 8) 
1 5  - 24 45 . 7  ( 2" 5 .  96 ) 

25 - 34 5 4 . 5  ( 2"  9 .  5 3 )  

35 - 50 1 54 . 5  ( ! 7 5 .  49 ) 

Tab l e  3 .  I nEatient  h osEi ta l trea tment time i n  
relation to I .S.S. 

The fi ndi ngs wi th di sabi l i ty are s i mi l ar .  We ranked 
pe rmanen t  di sabi l i ty on a 5 poi n t  s cale  from the mos t  seve re , whi ch 
i n cl ude d severe b ra i n  damage , to mi nor di s abi l i ty s uch as s l i gh t  l os s  o f  
l i nb  fun cti o n .  Agai n there was a wi de s catter of di sabi l i ti es wi th i n  s cores , 
but  the re was a s i gni fi can t di ffe rence of mean s cores for the di fferent 
degrees of di s ab i l i ty and a l l the di s ab l ed categories h ad s i gn i fi cantly 
h i gher  mean I . S . S .  val ues th an those wi tho u t  di s ab i l i ty ( Tab l e  4 ) . 

Di s abi  l i ty Mean I . S . S .  {2° s . e . m.} 

-Ve ry seve re 32 . 4  ( 2"  4 . 70 )  

Severe 1 8. 5 ( 2"  l .  6 1  ) 

Moderate 1 2 . 7 ( 2"  0 . 6 2 )  

s l i gh t  l 0.  l ( 2" 0.  6 1 ) 

Ni l 5 . 8 ( 2' o .  1 2 )  

Tab l e  4 .  Mean r . s . s .  for di ffe ren t degrees 
or disa6ility .  
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The analys i s  confi rms that the I . S . S .  rati n gs p roposed by 
Baker e t  a l  3 corres pond we l l  to mo rtal i ty fo r gi ven ages . The good Probi t 
fi t of thi s  re l ations h i p  s ugges ts that the re i s  a 11 norma l 11 di s tri b uti on of 
s us cepti b i l i ty to i nj ury wi th i n age g ro ups . Thi s  i s  c l ose ly  para l l e l  to our 
earl i e r  fi ndi ngs i n  b urns pati ents . Th i s  s trong  11 age effect11 i mp l i es th at 
when I . S . S .  i s  used  as a gui de to s afe r veh i cl e des i gn there wi l l  be 
di ffe re n t  effects on rno rta l i ty depe ndi n g  on the age di s tri b uti on of the 
popul ati o n  e xpos e d .  No cons i s tent  age effect  was foun d i n  the ana lys i s  
o f  t reatment ti mes nor of di s ab i l i ti es .  

Though I . S . S .  gi ves q ui te good re l a ti onsh i ps to these 
vari ous c l i n i ca l  meas ures of seve ri ty there may be room fo r i mp rovement .  
One pos s i b i l i ty i s  that furthe r  s ubdi vi s i on mi gh t be p rovi ded among the 
s e vere i nj uries  a t  p resent cl as s i fi ed  as A I S  5 .  The p resent AIS  6 and 
above co nce rn fatal cases and s o  p re-judge the rno rta l i ty o u tcome . A 
ma xi mum at  5 ,  h oweve r ,  gi ves the di ffi c u l ty that a certa i n ly fa�a l  i njury 
i n  one a rea - s ay decapi tati on - wi l l  on ly y i e l d an I . S . S .  of 5 = 2 5 .  
Th i s  s co re can readi ly b e  e xceeded by s ay 3 rnode2a te i nj uri es i n  3 
di ffe rent body regi ons gi vi ng  an I . S . S .  o f  3 x 3 = 2 7  - and th i s  may we l l  
not  be fata l .  An e xtens i on of the s ca l e  mi gh t a l s o  a ccomrnodate the p resent 
di ffi cu l ty of mu l ti p l e  i nj u ri es wi th i n one body reg i on - at  p resent only 
the mos t  seve re one can be taken i n to a ccoun t .  

Another  poss i b l e  i mp rovement i s  to  i n crease the wei gh ti ng  
va l ues rno re s teep l y .  The wei gh ti ng  by sq uares of the I . S . S .  i s  a l read1 
s teeper than the wei gh ti n gs p revi o us ly p roposed  by the Corne l l  Group • 

Another sys tem p roposed  by Ryan and  Garrett 7 s ugges ts many rno re 
categori es o f  s e ve ri ty ,  pa rti cu l arly among the l es s  seve re i nj uries wi th 
a b i n a ry sys tem o f  wei gh ti n g .  We di d n o t  fi n d  thi s  p refe rab l e  to I . S . S .  
i n  re l a ti on to mo rta l i ty and our i mp res s i on i s  th at i mp rovements shoul d 
best  be s ough t by e xtendi n g  the 11 A I S 11 to p rovi de h i gher  va l ues for the 
mos t s e ve re i nj u ri es . Th i s  wou l d  then gene rate more appropri ate I . S . S .  
va l ues after s q ua ri ng .  
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