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I NTRODUCTION 

Spi nal -cord 1 nJ uries  sustai ned by res idents of 1 8  se l ected counti es of 
northern Ca l i forn i a , U . S . A .  were exhaustive ly  revi ewed . Si xty-ei ght i nd i v i d­
ual s were i denti f i ed as  havi ng sustai ned sp ina l -cord i njuri es as  pedes trians 
and detai l s  of the i r  acci dents and i nj uries  are the subject of thi s report . 
The pedestrian  i s  parti cu l arly vu l nera b l e  to ser i ous or fatal inj ury when 
struck by a motor veh i c l e .  

MATERI ALS  AND METHODS 

I nforma ti on for th i s  report wa s abstrac ted from pat ient records by 
spec i a l l y  tra i ned med i ca l -record l i brari ans . Al l records i n  a l l hospita l s  i n  
the prespec i f i ed counties  were revi ewed , a s  were reports from coroners ' offi ces , 
records of the State of Cal i forni a ,  Depa rtmen t  of Hea l th ( Cri ppl ed Chi l dren ' s  
Serv i ce ) , Reha bi l i tat ion and I ndustri a l  Rel ations  (Workman ' s  Compensati on ) .  
I nformation  concern ing  the col l i s i ons wa s obtai ned from l oca l  pol i ce records 
a nd records of the Cal i forn i a  H iQhway Pa tro l . Deta i l s  of case ascerta i nmen t ,  
data a bs trac ti on and col l ection , and methods of qual i ty c ontrol have been report­
ed prev i o u s l y  ( Kraus , et al . , 1 975 see preced i ng paper ) .  

Defi n i ti ons 

A s p i na l -cord 1 nJ ury was defi ned as  an  acute trauma tic  l e s ion  of the 
s p i na l  cord , cauda equ i na ,  or nerve roots resul ti ng i n  motor or sensory defi c i t ,  
o r  both . The i njury mu s t  have occu rred i n  1 970 or 1 97 1  to a usual  resi dent of 
1 8  prespec i f i ed Northern Ca l i forn i a  counties i n  those years . The popu l at ion at  
r isk  of i njury wa s defi ned as  the usual  res i dents of  these Northern Ca l i fornia 
counties . 

The Abbrevi ated I njury Sca l e  (AI S )  was u sed to a s s i gn numeri ca l  val ues 
to each i njury as  defi ned by the I n ternati on� C l a s s i fi ca ti o n  of Di seases Ada pt­
ed ( I CDA ) .  Each pati en t ' s  hospi ta l  record a nd autopsy report wa s thorough ly  
rev i ewed to  i denti fy eac h  I CDA codabl e i n j ury .  Fol l owi ng recommendations  of 
Baker , et a l  . , ( 1 974 )  a n  Injury Sever i ty Score ( I SS )  was a l so ass i gned each 
pa t ien t .  Only one A I S  score wa s a s s i gned each body re� i on ( the hi ghest scored 
i njury for that regi on ) .  The ISS  score wa s obta i ned by add i ng the squared A IS  
score for the three h i ghest scored body regi ons . The body regi ons were head , 
nec k ,  ehes t ,  a bdomen ( i nc l udi n g  oel vi s ) , and extremi t ies . Ta bl e 1 summari es the 
A I S  scores and the i r  defi n i ti ons . 
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TABLE 1 .  ABBREVIATED INJURY SCALE CODE DESCR I PT IONS 

DESCR 1 PilON 
No I NJURY 
M I NOR 
MODERATE 
SEVERE (NOT L I FE­

THREATENING) 
SERI OUS (LI FE-THREATEN I N G ,  

SURV I VAL PROBABLE) 

RESULTS 

6 

9 

DESCRIPTION 
CR I T I CAL (SURV I VAL 

UNCERTAIN)  
MAX I MUM (CURRENTLY 

UNTREATABLE) 
ÜNKNOWN 

The popu l at i on a t  r i s k  was s l i ght ly  more than 5 . 8  mi l l i on persons 
( 2 9 . 1 % ) of the State ' s  popu l at ion accord i n g  to the 1 970 Uni ted States Cen s u s .  
From th i s  popu l at ion  61 9 patients wi th i nj u ri es t o  the s p i na l -cord were i denti ­
f i ed and met the c r i teri a of bei ng a usua l  res i dent of the 1 8  count i e s  and 
i njured in 1 970 or  1 971 . S i xty-ei ght of those 6 1 9  i nd i vi dua l s were i njured a s  
pedestri a n s  ( 1 1 %  o f  the tota l inj ured ) .  The sp ina l -cord i njury i nc i dence rate 
for pedestri ans  wa s 5 . 9  mi l l i on popu l at ion . Figure 1 g i ve s  age-sex spec i f i c  
i nc i dence rates . After the first  decade o f  l i fe ,  i n c i dence rates a re a bout 
three t i mes as h i gh  for mal es as for fema l e s .  Peak i n c i dence for mal es occurs 
after age 55 and for fema l es l es s  than 5 or more than 6 5  years of age.  

FIGURE 1 

AVERAGE ANNUAL AGE-SEX SPECIFIC INCIDENCE RATES OF 
SPINAL CORD INJURIES FOR PEDESTRIANS. 
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Thi s seri e s  of spi nal -cord- i njured pedestra i ns i nc l udes e i ght person s 
struck by a tra i n .  These cases a re excl uded from con s i derati on i n  the epi demi o­
l og ic  ana lyses wh i c h  fol l ow .  For purposes o f  ana lys i s  three genera l categori es 
were formed of pedestri an actions  preced i ng the col l i si on :  cros s i ng the road­
way at  an i n tersect i on or des i gnated ma rked crosswa l k ;  cros s i ng the roadway not 
at  an i ntersection or designa ted crosswa l k ;  and other act i v i ty in roadway such 
a s  wa l k i ng on s i de of roa d ,  work ing  on a veh i c l e i n  the roadway , getti n g  in or 
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out of a vehi c l e ,  etc . One-ha l f of pedestri ans  wi th a s p i na l -cord i nj ury were 
struck by a veh i c l e whi l e  cros s i n g  a roadway but not at an i n tersecti on or 
crosswa l k .  The dri ver of the stri k i ng  vehi c l e  fa i l ed to yi e l d  ri g ht-of-way for 
a l l 1 0  persons struck wh i l e  cro s s i n g  a roadway i n  an i ntersect ion  or crosswa l k . 
The rel ati on s h i p  of age wi th category o f  pedestrian action cou l d  not be eval uat­
ed s tati st ica l l y  because of the sma l l n umbers . Interest i ng ly ,  however , as  shown 
on Tabl e 2 ,  1 0  o f  1 6  i nj u red pedestri ans  1 4  yea rs of age or l es s  were struck 
whi l e  c ro s s i n g  a roadway at p l aces other than an  i ntersect i on or crosswa l k ,  
whi l e  on ly  2 o f  1 2  pedestri ans  65 years  o f  age and ol der were s truck cross i ng  
a roadway not  at  the  i ntersect ion . 

TABLE 2 .  

AGE 

! 14 
15-24 
25-44 
45-64 
65+ 

ALL ÄGES 

NUMBER OF SPINAL-CORD INJURED PEDESTRIANS BY AGE AND 

PEDESTRIA� ACTION 

PEDESTR IAN ACTION 1 
CROSSING AT CROSS 1 NG ofoT 0THER ACT I V ITY ! ALL 

fNTERSECTION AT fNTERSECTION IN ROADWAY 
----· -

1 ÄCT I V I T� 
2 10 
1 4 

7 
1 7 
6 2 

10 30 

4 
3 
5 
4 
4 

20 

1 16 1 
8 

12 
12 
12 
60 

Thi rty- s i x  o f  54 i nj ured pedestrians  were struck between 6 : 00 p . m .  and 
midni ght ( 22 persons )  or mi dni ght and 6 : 00 a . m .  ( 9  person s ) .  For s i x ,  the ti me 
of i nj ury wa s not recorded on the pol i ce report . Thi rty-s i x  of 60 pedestri ans 
were s truck on Fri days ( 1 0 ) , Saturdays ( 1 5 ) ,  or Sundays ( 1 1 ) .  Pedestrians were 
l east l i ke l y  to be s truck by a motor vehi c l e  on Mondays or Tuesdays ( 4  cases 
each day ) .  There wa s no assoc i ation  between category o f  pedestri an action and 
day of occurrence of the i nj ury .  

Bl ood a l cohol  l evel s  were reported for 3 1  of 5 0  fata l l y  i nj u red 
pedestr i a n s .  The l evel  was 0 .  1 0% by we i ght* or h i g her for 1 7  ( 5 4 . 8% )  of those 
31  i nj ured pedestri a n s .  The range i n  b l ood a l cohol l evel s was 0 .  1 0  to 0 . 33% by 
wei ght .  F i fteen of these 1 7  cases were 25 years o l d or o l de r ,  and a l l  1 7  were 
fatal l y  i nj ured between 6 : 00 p . m .  and 6 : 00 a . m.  Category of pedestrian  action 
preced i n g  a fatal pedes tri an  i nj ury was not rel ated to b l ood a l cohol l evel . 

The s i zes (wheel bases ) of the stri k i ng veh i c l es were grouped i nto three 
c l asses : �h eel base u� to 1 1 � i nches ; wheel base 1 1 2  or more i nches ( i ntermed iate 
and fu l l - s 1 ze automob i l es ,  p 1 ck-up trucks , and vans ) ;  and l arge veh i c l es such as  
trucks , buses , etc .  Wheel base was deri ved from the  descri pti on i n  the pol i ce 
report . For examp l e ,  accord i ng to the Journal of Automo t i ve Industr i e s ,  the 
wheel ba�e of a 1 968 Ford Fa i rl ane i s  1 1 6  i nc hes . F i fty-two of the 60 i nj ured 
pedestr1 ans  were struck by an automobi l e .  Two cases i nvol ved a tractor-tra i l er 
and for 6 o�hers the d�sc �i pt i on ?f the stri k i ng  vehi c l e  was not recorded (un­
known for h 1 t -and -run 1 nc 1 dents ) i n  the po l i ce report . 

*Al cohol l evel  o f  l egal  i ntoxi cati on . 
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Thi rty-e i ght of 52 pedestri ans  struck by an automobi l e  or p i ck-up 
truck were dead at the scene or dead-on-arrival  ( D . O . A . ) a t  the hos p i ta l  
�sual l y  wi th in  1 5  mi nutes of injury ) .  There were ei ght i n-hospi ta l  deaths and 
s i x  surv i vors : these were combi ned i n  compar i ng l ength of  surv i va l  with s i ze 
of vehi c l e .  Ta bl e 3 shows no assoc iat ion between l ength of survival  and s i ze 
of s tr i k i ng vehi c l e .  

TABLE 3 .  NUMBER OF SPINAL-CORD INJURED PEDESTRIANS BY LEl'IGTH OF 
SURVIVAL AND S I ZE OF STR I K i l lG VEHICLE 

LENGTH OF SURV I VAL 

15 M I NUTES 
1 1 S ! ZE OF STR I KI NG LESS THAN 

VEH I CLE 15 M I N UTES OR LONGER TOTAL 1 --
la < 112 I NCH  WHEELBASE 11 12 i 

� 112 I NCH WHEELBASE 2 7  13b 40 : 

38 14 52 1 
ALL S I ZES 

' -< ( 1 ) + n .  s .  

a ! N-HOS P I TAL DEATH, 
b

! NCLUDES 7 I N-HOSP I TAL DEATHS , 

On ly  1 0  o f  68 i nj ured pedestri ans  surv i ved . Figure 2 shows the 
l ocati on and number of the A IS-scored i nj u ries of the survi vors . F igure 3 shows 
the number and l ocation of the potent i a l l y  fata l i n j ur ies  ( A rS � 4 ) susta i ned by 
the surv i vors . There was no ISS score greater than 50 for any of the surv i vors ; 
however, 45% of the pati ents who d i ed a l so had I SS scores of l es s  than 50. 
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© 

Figure 2. The number of AIS injuries by 
anatomic location for the 1 0  
surviving pedestrians. 

Figure 3. The oomber of potentially fatal 
injuries (AIS 2: 4 l by anatomic 
location for the 10 survlVlng 
pedestrians. 

Figu re 4 shows the number and l oca t i on of the A I S -scored 1 nJ ur ies  for 
the 58 fatal cases , and Figu re 5 i ndi cates the number and l ocation of the fatal 
i nj uries  ( A I S  6 )  su stai ned by the pedestri ans . One patient survi ved who had an 
A I S  score of 6 i n  the cerv i ca l  sp i ne .  
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Figure 4. The number of AIS scored in­
jures by anatomic location br 
the 58 fatally injured pedestrians. 

Figure 5. Anatomie locatlon of A 1 S 
grade 6 (fatal l injuries for all 
pedestrians. 

Figure 6 l ocates a l l t he A I S-coded i nj ur ies  for a l l 68 pedestri ans i n  
the seri e s .  Con s i deri n g  the total n umber o f  I COA-coded i nj uries  sustai ned by 
t he pedestri an , the a ve rage number of i nj ur ies  was 3 . 1  for survi vors and 7 . 8  
for the fata l i ti es .  These numbers a re con s i dera b l y  h i g he r  than the n umber of 
A I S  i nj ur ies , s i nce  the A I S  system scores on ly  the most  severe i nj ury i n  each 
reg i o n  and i gnores the rema i n i n g  i nj u ri e s . The pedestrian  common ly  had several 
i nj uries  i n  each reg i o n . 

There were 3 5  i n d i v i dua l s  w ith  cerv i cal -cord i njuri es , 21 wi th 
thoraci c-cord i nj uri es , and 7 wi th l umbar-sp i ne  i nj u r i e s .  Three pa ti ents 
had i nj u ries  at  two l eve l s of t he spi na l  cord . Figures 7 ,  8 ,  and � show the 
number and l ocati on of t he A IS-scored i nj ur ies  accord i ng to t he reg i on of t he 
sp ina l  cord . The number of i nj u ries  was h i ghest i n  the cerv i ca l  s p i n e .  

The t ime from i nj ury to death wa s determi ned for 2 3  pa t i ents who d i ed 
from i nj uries  not i n he rentl y  fa tal ( no i nj u ry had an A I S  of  6 ) .  Three of these 
i nd i v i dua l s  d i ed i n  l es s  than f i ve min utes , and seven d i ed hours or days a fter 
be i ng struc k .  Thi rteen peopl e d i ed between f i ve mi nutes and one hour a fter 
i nj ury , a per i od duri n g  wh i c h  appropri ate emergency med i ca l  care m ight  affect 
the outcome . Figure 1 0  s hows t he anatomi c reg i on for the i nj u ries  w ith  an AIS  
of 4 or 5 for i nd i v i dua l s wi thout i n herent ly  fa ta l i nj uri es or t hose who d i ed 
between fi ve mi nutes and  one hour a fter i nj u ry . 
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Figure 6. The number of AIS scored in­
juries by onotomic locotion for 
oll 68 pedestrions. 

Figure 7. The number of AIS scored in­juries by onotomic locotion for 35 pedestrions with cervica 1 
spinal cord injuries. 
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Figure 8. The number of AIS scored in­
juries by onotomic locotion for 
21 pedestrions with thorocic 
spinal cord injuries. 

Figure 9. The number of AIS  scored in­
juries by onotomic locotion for 
7 pedestrions with lumbor spinal 
cord injury. 
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Figure 10. Anatomie location of potentiolly fatal 
pedestrion injuries( AIS code 4-5, 
excluding 6) on 13 potients dying 
between 5 min ond 1 hr. 

SUMMARY -DISCUSS ION 

Al though Baker , et a l . ,  ( 1 964 )  and Bu l l  ( 1 97 5 )  found correl ations  
between age and l ength of  survi val , our seri es d i d  not s how any rel a t i on s h i p  
between I S S  score and surviva l  for such a smal l n umber o f  i n d i v i d ua l s  was a l so 
d i ffi cul t to ascerta i n .  Baker suggests an ISS  score of 50 a s  pi votal a bove 
whi c h  survi va l becomes doubtfu l . I n  our series  a l l  survi vors had I SS scores 
be l ow 50,  but 45% of  those pati ents who succumbed a l so had ISS scores bel ow 50 
and many of  those were young .  Our asses sment of the AIS for use with spi na l ­
cord - i nj ured pati ents s uggests that some modi fi cations  are needed . Injuries  to 
the sp ina l  cord be l ow C 4  shou ld  be c l a s s i fi ed a s  3 or 4 depend i n g  on the sever­
i ty of  damage , rather than the 5 now recommende d .  Cl i n i ca l  experi ence with  
pa ti ents wi th sp ina l -cord i nj ur i es i n d i cates that those bel ow C 4  are  usua l l y  not 
fata l . A pedes tr ian  who susta i n s  a sp ina l -cord - i nj ury i s  certa i n l y  not exempt 
from other i nj uri e s .  Survi v i n g  patients a veraged 3 . 1  i nj uri es , and there was 
an avera ge of 7 . 8  i nj ur ies  to those who d i ed .  The d i stributi on of i nj ur ies  was 
s urpr i s i ng l y  even , wi th head , nec k ,  trun k ,  and extremi t i es a l l recei v i n g  a bout 
an equa l share .  Fatal i njur ies  occurred predomi nantly i n  the nec k ,  whi ch 
probab ly  refl ects our sel ection on ly  of i nd i vi dua l s  with  a spina l -cord i njury .  
Severance 9 f  the s p i na l -cord a t  the base of  t h e  s ku l l  was ttte. �ost frequent 
fata l i nj u ry i n  the cerv i c a l  a �ea , whereas pati ents wi th thorac ic  spi nal -cord 
i nj ur i e s  q u i te frequentl y had ruptures of the heart and aorta . The crushed 
ehest and l un g s  a l so accounted for some deaths . 
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Con s i deri ng what mi ght be done to reduce the number of pedestri ans  
dyi ng from col l i s i ons  w ith  a motor vehi c l e ,  efforts shou l d  be  made to separate 
pedestrians  from veh i cu l a r  traff ic  or at l east  make them more v i s i bl e ,  espec i a l ­
l y  at n i ght .  Al cohol a l so p l ayed a s i gni ficant rol e  i n  pedestri an fata l i ti e s .  
Over ha l f  o f  the fata l l y  i nj ured pedestri ans were i ntoxi cated a t  the t ime of 
i nj ury. Impa i red mental  acu i ty from exces s i ve i ngestion of a l cohol doubtl ess ly  
caused some of the  pedestri ans  to fa i l  to recogn i ze the approach  of  the  motor 
veh i c l e ,  thus contri but i n g  to the col l i s i on .  I sol ati on from vehi cu l ar traffi c 
i s  the only practi ca l  method of protecti ng i ntoxi cated i nd i v i dual s .  Fi fty-four 
per cent of the pedestri ans  wi th s p i n a l -cord i nj ury d i ed i mmedi ately or soon 
thereafter ( < 5 mi nutes ) ,  and thus wou l d  be unsa l vagea bl e .  The s i ze of the 
vehi cl e strffi ng the pedestri an d id  not seem i mportant,  even the sma l l est 
veh i cl e was capab l e of i n fl i ct i n g  fatal i nj u r i e s .  Once i nj ured , the pedestri an 
needs rapid and expert med ica l  care to prevent further i nj ury and death . Of the 
23 who d i ed of potenti a l l y  nonfatal i njuri e s , only three d i ed so soon after the 
acci dent that emergency med i ca l  care was i mpracti cal . Thi rteen pati ents ( 56% ) 
d i ed w ith i n the fi rst hour,  wh i c h  i s  i n  the cri t ica l  t ime i n  whi ch resusci tati ve 
measures mi ght reduce morta l i ty.  The i n sti tution of h i gh-qual i ty emergency 
med ica l  serv i ces s hou l d  p l ay a s i gn i fi cant rol e i n  reduci ng fatal veh i c u l a r 
pedestri an col l i si ons . I nteresti n g l y ,  ehest and a bdomina l  i nj uri es were the 
major cause of death i n  these potenti a l l y  sal vageab l e pati ents . Head and neck 
i nj uri es consti tuted on l y  23 per cent of these i nj u ri e s .  Con s i deri ng the method 
of pat i en t  sel ecti on , i t  i s  s urpri s i n g  that head and nec k i nj ur i es were not 
more common , however. I n  any case most i nj uries  i n  thi s a rea were consi dered 
l ethal , so

.
these pati ents a re not potenti a l l y  sal vageab l e .  
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