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Abstract 
Th i s  i s  a retrospec t i ve study of adul t pedestrians i nj ured by cars and 

treated at an orthopaedic department between January 1 9 75 and June 1 976 . 
Med i cal records and pol i ce reports were used to analyse the accidents and to 
corre l ate the i njuries  to the impact areas of the veh ic l e s .  

C l i n i cal fol l ow-up and i nterviews were made 1 - 3 years after the acc idents . 
Spec i a l  i nterest was focussed on such l on g  term effect of the i njuries  to 
the l ower extremity as the wa l k i ng  impa i rment caused by the impact of the bumper 
and t he car fron t .  

Introduct ion 
The aggre s s i veness of the car exteri our to various parts of the human body 

in car-pedestrian acc idents i s  an important traffi c  safety prob l em .  Attempts 
have been made to eva l uate the s i gn i f i cance of the bumper l evel , the bumper l ea d  
ang l e ,  the bonnet edge he ight ,  t he wrap a round d i stance and other c haracters of 
the car shape ( Ashton et  a l . 1 9 76 ) .  The c l i n ica l  studies  referred to i n  
t h i s  respect usua l l y  descr i be the short t ime effects of  these i njuries  as are 
g i ven by the A IS  numbers ( Gotzen et a l . 1 980 , Langwi eder et al . 1 980 , Stürtz 
1 981 ) .  The l ong  term effects rema i n  unknown but Gi ssane et  a l . ( 1 970 ) showed 
that 2 1 % of survi v i n g  pedestrian i n -patients suffered permanent d i sabi l i ty and 
Baker et a l . ( 1 9 74 ) stressed the i mportance to create rat i n g  systems to c l ass i fy 
the i njured patient  before and after adm i s s i on and to measure h i s  outcome i n  
al l types of  acc i dents .  

Fractures are often descri bed as the  resul ts of i mpacts to  the l ower 
extremi t i es caused by t he bumper .  The presence of soft t i ssue injuries  is sel dom 
reported even i f  t h i s  wi l l  i nfl uence the hea l i ng t i me and f i nal outcome of 
the fracture s .  Del ayed un ion of l ower l eg fractures i s  known to occur after 
h i g h  vel oc i ty impacts . 

Injuries  to the knee jo i nt were seen i n  on ly  1 . 5% i n  pati ents i nj ured i n  
car-pedestrian acc i dents as shown by We inre i c h  ( 1 979 ) .  However , i nt ra-art icu l ar  
fractures and extra-art icu l ar  fractures near the knee jo i nt  wh i c h  i nfl uence 
the jo int  function  or the ep i physeal pl ates of the c h i l d  may l ead  to secondary 
changes of the j o i n t .  Th i s  may al so be the resu l t  of l i gamen t i njuries  to 
the knee jo i nt .  L i gament injuries  are most often overl ooked during the f i rst  
period after the acc i dent but  may be  an important cause of  permanent i mpai rment 
of j o i n t  funct i on . The l ong  t ime effect of injur ies to the l ower extrem i ty 
have to be stud i ed before f i nal judgements can be made of the aggress i veness 
of the i mpact area of the car front . 

Scope 
T h i s  i s  a p i l ot study of car-pedestr ian acc i dent s .  The i ntent ion was to 

i nvesti gate the i njuries  in adu l ts treated as i n -pat ients at an orthopaed ic  
department .  Spec i a l  i nterest was focussed on  the l ong  term effect of 
the i njuries  to the l ower extrem it ies  and the i r  rel at ion to the bumper and 
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the bonnet edge . The study was made to prepare a more deta i l ed prospect ive 
study . Th i s  has been concl uded and a 2 - 3 years fol l ow-up i s  now i n  progress . 

Method and material  
A retrospective study was made of adu l t  pedestrians i njured by cars  and 

treated at  the Department of Orthopaed ic  Surgery I I ,  Sahl gren Hosp i ta l , Göteborg , 
between January 1 975 and June 1 976 . Informat i on i n  medical  records , i nterviews 
wi th patients and wi tnesses and pol ice reports were used to analyse the 
acc i dents and to corre late the i njuries  to the impact area of the veh i c l e s .  
Med ical  exami nations and interviews were made l - 3 years after the acc i dents . 

The popu l at ion of Göteborg i s  450 . 00 0 .  The ma in  part of the acc i dents 
occurred in the central part of the c i ty where many o l d  peop l e  l i ve . The speed 
l imit  was 50 km/h i n  a l l  acc i dents whi c h  coul d be anal ysed . The impact ve l oc i ty 
was estimated from the brea king  di stance , the throw-off d i stance of the body 
after the impact and statements of the wi tnesses .  2 Some of the resul ts were analysed sta t i stical l y .  The ')(. - test wi th 
Yates correction for smal l samp les  was used.  

Resul ts 

�g�-�QQ _���-Qi�!ri���iQQ ( F i g .  1 )  
Th i rty-four acc i dents with 34 i njured pedestrians were i nvest i gated . 

E i ghteen were women , 1 6  were men .  F i fty per cent of the pat ients were 65  years 
o l d  or more . 
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F i g .  1 - Age and sex d i str i bution . 

Ii��-�!_b2�ei!�l ( F i g .  2 )  
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F i fty per cent stayed at  hospi tal more than 2 months .  Four patients d ied  
at the hospi tal . Three due to  serious  i njuries  to  d i fferent body parts . 
One i n  a ma l i gnant d i sease . 
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F i g .  2 - T ime at hosp i ta l . 

Injury d i stri bution and severi ty ( Tabl e l )  
The injuries  were mul t i p l e  i n  mos t  cases . In  ha l f  of the cases the acc i dent 

caused two or more fractures .  A lmost 90% su sta i ned i njur ies  to the l ower 
extremi t i e s . In  7 cases ( 2 1 % )  both l egs were injured . Al l head i njuries  were 
noted .  Mi nor injuries  ( A I S = l )  were omi tt�d i n  the other body regions . 

Tab le  1 - Injuries  in  the d ifferent body regions 

Body region Number of pati ents with Per cent i njured A IS-range 
i njuries  in  th is  body reg ion i n  th i s  reg i on 

Head 20 59 l - 5  
Trunc i nc l . pe l v i s  1 3  38 2 - 4 
Upper extremi t i e s  1 4  4 1  2 - 3  
Lower extremit ies  30 88 2 - 3  

Injur i es rel ated to the shape of the car front 
In 33 ac i dents the injuries  were caused by a d i rect b l ow of the veh i c l e .  

One pedestrian sustained a patel l a  fracture as a resul t of the fa l l  on 
the ground after the col l i s i on .  I n  another case the v i ct im  was overrun by 
the car after the col l i s i on wh i c h  resul ted in several severe i njur ies . In  28 
cases the impact sequence coul d be reconstructed . In 23 of these the impact 
was caused by the m idd l e  of the car front and in 5 by the front corner . 

In  the frontal impacts , the bumper l evel and the bumper l ead angl e were 
used a s  test parameters for injur ies i n  the d ifferent body reg ions . Thus , 
i njuries  caused by bumpers be l ow 40 cm l evel were compared to i nj ur ies caused 
by b umpers at or above 40 cm l evel . In the same way i njur ies  were compared for 
bumper l ead  angles  below 70° and equa l to or above 70° . The bumper l evel i s  
def i ned a s  the " stat i c  bumper l eve l "  i . e .  the di stance between the ground to 
the midpoint of the bumper width i f  the car i s  not bra k i n g .  
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Lower l eg i njuries  
Tib ia  and  f ibu l a d i aphyseal fractures were seen i n  1 4  acc i dents ( 4 1 % ) . 

Twe l ve of these were commi nuted and d i sl ocated and 4 were open . 

Ank l e  jo int  injuries  
Ank l e  jo i nt injuries  were noted i n  6 patients ( 1 8% ) . Four of these were 

fracture s .  In one of them the fracture was comb ined with  a l ower l eg fracture 
on the same s i de .  

Leg i njuries , bumper l evel and impact ve l oc i ty 
An attempt was made to corre l a te the type of leg  injuries  to the bumper 

l evel and the impact vel oc i ty .  Some typ ical  injuries were noted ( Fi g .  3 ) .  
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F i g .  3 - Typical  i njur ies  rel ated to the static bumper l evel ( b )  and 
the impact vel oc i ty ( v ) . 

Knee condy lar  fractures or knee l i gament injuries  were observed if  
the bumper i mpacted near the knee l evel at l ower speeds ( <30 km/h ) . The same 
type but more serious i njuries  were seen at h i gher vel oc i t i e s  w i t h  t h i s  bumper 
l e vel . Above 30 km/h very comminuted l ower l eg  fractu res a l so occurred . Bumper 
l eve l s  be l ow 40 cm caused l ow t i b i a  shaft fractures or ank le  j o i nt  i njuries . 

The t i b i a  fractures were l ocated 0 - 1 3  cm below the sta t i c  bumper l evel . 
Severe (A IS  > 2 )  knee i njuries  were not observed with  the bumper l evel below 
40 cm . 
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Head i nju ri  es 
Head i njur ies  i ncl ud i ng minor 1 nJ ur ies  were noted i n  20 cases ( 59%)  

a l l  i n  frontal col l i s i ons .  These i njur ies  resul ted from a b l ow on the bannet , 
the upper part of the wings , the w indscreen or the windscreen frame . 
The bumper l evel and the bumper l ead  angl e d i d  not i nfl uence the i n c i dence 
of head i njur ies  in these case s .  The windscreen frame gave the most  severe 
head i njuri e s .  The fa l l  on the ground after the impact a l so caused head 
injuries  but those were l e ss ser i ous . 

I njuries  to the trunc and the upper extremit ies  
I njuries  to  the  trunc were noted i n  1 3  cases ( 38% ) and to  the upper 

extremit ies  in 14 ( 4 1 % ) .  The bannet and the upper part of the w ing  caused 
the major part of t hese i njuries . The bumper l evel and the bumper l ead ang l e  
d i d  not infl uence the i njuries i n  th i s  regi ons .  Pel v i c  i njuries  were noted 
i n  7 cases . The bannet edge was an important cause of i njuries  to the pel v i c  
region . The fa l l  o n  the ground after the c a r  impact a l so caused h i p  and 
pe l vic  i njuries  a s  wel l as i njur ies  to the upper extremi t i e s .  

I njuries  t o  the l ower extrem it ies  
Fractures or l i gament i njuries  to  the l ower extrem it ies  were noted i n  

3 0  accidents ( 88% ) .  I n  2 9  of  these the i njuries were caused by  the car  impact 
and in 28 acc i dents i njuries  were noted at or be l ow the knee l e vel . The bumper 
was the most i mportant cause of these i njuri e s .  The bannet edge caused 
i njuries  to the th igh  and h i p .  Fractures of the femur d i aphys i s  or the h i p  
were noted i n  four acc i dents . I n  some acc idents the bannet edge may have 
caused i njur ies  to the knee j o i n t .  

Knee i njur ies  
Th i rteen pedestrians ( 38% )  susta i ned knee i njuries . Seven of  these ( 21 % )  

were i ntra -articu l ar  fracture s .  I f  any of these were comb i ned with l i gament 
i njuries  was not noted i n  the med ical  records . I n  a l l  7 cases the l a teral jo i nt  
compartment was i n jured and 5 of these were fractures of  the t i b ia l  condy l e .  

I n  6 pat i ents ( 1 8% )  i so l a ted knee l i gament i njuries  were noted i nc l ud i ng 
avu l s i on fractures of the l i gament attachments . 

The mechan i sm of the l eg i njur ies  caused by the car impact were studied 
i n  2 7  frontal col l i s i o n s .  The knee i nj uries ( fractures and l i gament injuri e s )  
re lated to the static  bumper l evel s  a nd  the bumper l ead  a ng l e s  a re i l l u strated 
i n  Tab le  2 .  

Tab le  2 - Knee i njuries  ( fractures and l i gament i njuries ) ,  static bumper l evel 
and bumper l ead angl e .  

Knee injury Stat ic  bumper l e ve l Bumper l ead angl e 
A IS  > 2 <40 cm >40 cm <700 >70° 

Yes 1 1  2 4 

No 6 9 1 3  

p 0 .  1 4  >0 . 4  
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Hea l i n g  t i me of l eg  i njuries  
The hea l i n g  t i me in  1 2  cases tha t  surv i ved w i th t ib ia  s haft fractures were 

determined .  The var i at ion was 4 - 34 months . Hal f  of the fractures were hea l e d  
w i t h i n  8 months . I n  three o f  these the i mpact vel oc i ty was bel ow 3 0  km/ h .  
Fractures o f  the upper , m iddl e and l ower th i rd o f  the t i b i a  shaft had 
approximately the same hea l i n g  t i me .  There was no d i fference between the hea l i n g  
t ime o f  t i b i a  shaft fractures caused by bumpers above o r  bel ow 4 0  cm l evel . 

The hea l i ng  t i me of t he knee and ank l e  jo i nt  injur ies  were 2 - 7 months . 

Wa l k ing  impa i rment 
Four patients who d ied  wi thi n one year from the acci dent were excl uded 

as wel l  a s  3 pa ti ents w i th i njur ies  on ly  to the upper extremi t i e s .  Twenty-two 
pat i ents w ith  l eg  i njuries  were re-exami ned l - 3 years after the acc ident 
when the fractures were hea l e d .  Of these 1 7  had l eg i njur ies  caused by i mpacts 
of the car front .  The wa l k i ng impa i rmert of these pa t i ents  were est imated i n  
rel at ion  to the i r  wal k i ng capa c i ty before the acciden t .  The fol l owi n g  comp l a i n ts 
were noted : 
A L i m i ted wa l k ing  range 
B L i mi ted sta i rcase c l i mb ing  
c L i mp at  wa 1 k i n g  
D Use of wa l k i ng  a i d  ( stick  or crutche s )  
E Feel i n g  of i nstab i l i ty .  

The pat i ents were d i v i ded i n  two c l asses , those who comp l a ined of 
0 - 2 i mpa i rments ( I )  and those who comp l a i ned of 3 or more ( I I ) .  The i nfl uence 
of the bumper level and the i mpact vel oc i ty on the wa l k i n g  i mpa i r�ent i s  
i l l ustrated i n  Tab le  3 .  

Tab l e  3 - Wa l k ing  impai rmen t ,  bumper l e vel  and impact vel oc i ty 

Impai rment Bumper 1 eve1 Impact ve l oc i ty 
C l ass <40 cm >40 cm <30 km/h >30 km/h 

I ( 8 )  4 4 5 3 

I I  ( 9 )  1 8 3 6 

p 0 . 2  > 0 . 5  

F i fteen patients had no compl a i nts from the knee j o i n t s .  Seven patients 
had wa 1 k ing impa i rment caused by a knee i njury .  In  6 of these the i nj ur ies  .were 
cau sed by bumpers at or above 40 cm l evel . 
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D i scuss ion 
The pati ents i n  t h i s  s tudy represent a sma l l  number of one category of 

i njured pedestrians  i n  car-pedestrian acc i dents i n  an urban area : Those who 
were treated at an orthopaed ic  department .  The n umber of cases corresponds 
to an i nc i dence of 1 0/ 1 00 000 per year w ith  t hese types of i nj ur i e s .  Ch i l dren 
were not i nc l uded .  The age d i str i but ion  ( F i g .  l )  i nd i cate a h i gh percentage 
of e l derly peopl e .  Ha l f  of the pat i ents were 65 years o l d  or more , ha l f  had 
mu l t i p l e  fractures and a l most 90% susta i ned i nj uries to the l ower extremi t ies . 
Th i s  exp l a ins  the l ang  t ime at hosp i ta l , 50% of the patients stayed at  l east  
two months . Th i s  i s  more than two t ime s  the  hosp i ta l  time as reported by 
We i nre i c h  ( 1 979 ) i n  a cl in ica l  study i nc l ud i ng c h i l dren . 

��g_ iQJ�ri��-r�l�!�9_!Q_!Q�-�����_Qf _!Q�-��r_frQQ! 
The bumper and the bannet edge cause i njuries  by d i rect impact forces 

wh i c h  are rel a ted to the impact ve l oc i ty .  These forces are probably the ma i n  
cause of impa i red fracture heal i n g .  The wal k i ng impa i rmen t  a t  fol l ow-up was not 
we l l  corre l a ted to the impact ve l oc i ty ( Tabl e 3 ) .  Knee i njur ies  are eas i ly 
cau sed by impacts of t he bumper even at  l ow speeds because of the ground 
reacti on force dur ing  the stance phase of wa l k i n g  and the i nertia of the l ower 
leg  and foot duri ng the l eg acce l erat i on after impact ( Bunketorp e t  a l . 1 981 ) .  
The bannet edge probably al so caused knee i nj ur ies  i n  some cases when the body 
was " wrapped around" the bannet . Two pat i ents sustai ned fractures of the 
l a teral condyl e of the femur above the bumper l evel . The car fronts  i n  these 
acc idents both had promi nent bannet edge s .  

Knee i njur ies  seemed to be corre l ated w i th the bumper l e vel  ( Ta b l e  2 ) . 
Severe knee i njur ies  ( A I S  = 3 )  were not seen i n  acc i dents with  a s tat ic  bumper 
l evel  be l ow 40 cm. S i x  of 7 pat i ents w ith  wa l k i ng  impa i rment  caused by knee 
i njuries  were i njured by cars w i th the bumper l evel s  equal to or above 40 cm. 
The l ess  wa l k i n g  impa i rment  in those pat i en ts wh ich  were i njured by bumpers 
bel ow 40 cm l evel  cou l d not be exp l a i ned by l ower impact vel oc i t ies  as no  
serious wa l k i n g  impa i rment was seen at  impact vel oc i ties above 30  km/h w ith  
bumper l e vel s be l ow 40 cm. 

Head i njur ies  were not noticed more frequently wi th bumper l evel s bel ow 
40 cm. 

A fol l ow-up t ime of 1 - 3 years is too s hort to eva l uate the f i na l  outcome 
of the l eg injur i e s .  As many as 1 4  of 1 7  had any k i nd of impa i red wa l k i ng 
ab i l i ty .  The major i ty of these woul d probab ly  not improve w ith  t ime . 

Conc l u s i ons  
Even if  the materia l  i s  sma l l  and  the fol l ow-up t ime is  short t he fol l owing  

conc l u s i ons  coul d be  made : 
O l d  pedestrians  a re more severe l y  hurt than younger i n  car-pedestrian 

acc i dents .  
The ma i n  cause of  the l ong t ime at  hospi tal are the l eg i njur i e s .  
Knee i njur ies  are caused by the bumper a s  wel l  a s  the bannet edge . 
Wa l k i n g  impa i rment  seems to be corre l a ted to stat i c  bumper l e vel s above 

40 cm.  
The l ang term effect of l eg i njuries  i n  car-pedestrian acc i dents is  not 

wel l  correl ated to the primary i njury seve r i ty or t he impact speed . Further 
i nvest i ga ti ons  of t he l ong t ime effect  of  l e g  i njuries  a re needed . 
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