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INJURY PATTERNS IN TRAFFIC ACCIDENTS AND 

SUGGESTED PREVENTIVE MEASURES 
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The increas ing motorization of recent decades has resulted in increas­
ing numbers of road accidents. An attempt must be made to redu ce the 
numbers and effec ts of accidents. The task of traumatological research 
is not and cannot be the prevention of accidents, but rather to in­
vestigate, in collabora tion with technologists , the ques tion of how 
injuries in road traffic accidents can be prevented or reduced. It is 
car occupants, howeve r, who have received mos t attention in resea rch 
projects. These effort s received great support from the American 
N alional Traffic Safely Act of 1966. Since then there has been a 
revolution in what is ca lled lhe inner safety of vehicle cons truction, a 
development which is cer tainly not yel concluded. 

The firs t r esult of the American legislation that was obvious even to 
the layman was brought about by the ordinance concern ing safety 
locks in vehicle doors. While up to 1966 in Sweden about 35 per cen t of 
occupant fataliti es in vehicle accidents were the result of ejection, 
today in modern cars this is a rare occurrence. 

The car maker n eeds data on the tolerance of the human body in 
order lo improve his vehicles; he has to !mow how the different 
injuries arise and thus which parts of the vehicles are to be regarded 
as being particularly dangerous. Attempts have been m ade to ascertain 
the n ecessa ry facts by analysing tra ffi c accidents in detail and cor­
relating lhe victims' injuries with the damages to the vehicles. In ad­
clition, compreh ensive sta ti s tica l evaluations were made of the data 
arrived at by inves tiga ting traffic accidents. Through experiments 
ca rri ed out on cadavers, attempts were made to determine the 
tolera nces of certa in r egions of the body to dynamic loads, the main 
interes t being cen tred on the skeleton . By means of collision experi­
ments with living les t persons or hum an cadavers, allempts were made 
lo determine the course of movement and the tolerances of the human 
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body ; thi s was a ft er the realiza tion tha t the dumm y, however 
sophisti ca ted it m ay be, is only a poor subs titut e for the human body. 

T oday mu ch is known co ncerning th e skele ton 's tole rance to dyn ami c 
and s ta tic loads, whil e our kn owledge about the tolerances of th e so ft 
pa rts is limited. In an acc id ent situa ti on, ce rt a in injury pa tt erns may 
be expec ted, as will be bri efl y sho\Yn in th e foll owing. 

O CCU P AN T S OF PASSE~GE R VE HI C LE S 

Head-on collis ion 

Driver: As fa r as the second colli sion is concerned , i. e. the impac t 
of a driver no t protec ted by a res tra int sys tem , it is decisive wh ether 
the front part of the vehicl e is ra ised a t colli sion (1), is un chan ged in 
the vertical plane ( 2 ) , or is p ressed downwa rd ( 3) . In th e firs t case, 
the drive r is thro\Yn forwa rd and do\Ynward in r elation to the vehi cle; 
in the second case h e m oves forwa rd h orizontally in r ela tion to the 
vehicle; and in the third case h e is thrown forwa rd and upward. From 
this follow the differences to be expected . 

If the driver is thrown forward and downward, the h ead may s trike 
the s teering wheel, the chin fr equently s triking the s teerin g-wh eel hub. 
This can result in a trac tion in the cranio-cervical junction, since the 
trunk is thrown under the ins trum ent panel, especia lly if th e la tt e r is 
placed high, whereas the chin r emains caught on the stee ring wheel. 
Comp le te or incomp lete rin g fract ures of the base of th e skull o r 
h angm an 's fractures of the ax is can res ult. (Thi s al so occurs when the 
steering assembly is p ushed into the vehicle and s trikes the dri ve r's 
chin. ) 

If the drive r is thrown forwa rd h ori zontall y in the vehi cle, the 
anteri or ches t wall strikes the s tee rin g wheel. Thi s situ a ti on is parti c­
ul a rly dangerous when, as is oft en the case in old er ve hi cles, the 
s teering wheel spokes brea k off or bend. If thi s h appen s th e tra um a is 
transmillecl to a rela ti vely small portion of the ant er ior ches t wall , 
which is deep ly imp ressed into the inte rio r of the thorax , ca using 
sever e intra thoracic and int ra-abdominal injuri es . Condition s a rc 
ra ther different today, h owever , since many m odern s teerin g wheels 
do n ot usually deform in such a way as to con s titute a da nger to the 
drive r on impact, and in ce rta in vehi cle models they arc so con s tructed 
as to absorb en ergy as they come to li e aga in s t th e whole of the anteri or 
chest wall. 
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Cadaver experiments have s hown that in a collision at 50 l;m / h , wh en the 
a nterior chest wall stril;es th e st eering wheel it ca n b e subjected for about 20 m sec 

to a fo rce o f approximately 2000 l<p. (Coermann et al. 1972 ) . If the impact is against 

a small part of the st eerin g wheel in th e region of th e lower half o f the anterior 
chest w a ll , th en th e so-ca ll ed shoveling effect (Voigt 1968 ) can ca use not on ly 

ruptures o f the live r and so metimes heart damage hut also an aortic rupture at th e 

class ica l s it e ( i.e. just below the insertion of th e Jig. arteriosum Botalli o r just 
below the exit o f th e a. subc]a ,·ia sin. ) ; in such cases, th e lower p a rt of the 

ant eri or chest wall is impressed from in fron t and b elo w, causing the intra-aortic 
so ft parts to be "shoveled" cranially into the arcus aortae. This ca uses a cranially 

direct ed displacemen t of th e arcu s aortae, its defl ec tion an d thu s an o\·erstretching 
in the a rea o f th e in serti o n o f the Jig. arterios um Bota lli. Furthermore, the com ­

pression of th e intra thoracic organ s leads to a raised intraaortic pressure which, 
together with the deform a ti o n of the aorta , seem s to lead to rupture. Aortic ruptures 

have been caused experimentally in cadavers by a blow to th e lower part of the 

anterior chest wa ll , a nd it ha s been sho wn th a t the aorta t o lera tes an intra-aortic 
pressure of a bout 1200 mm J-Ig und er dynami c conditions (Voigt et_ al. 1973 ) . If the 

pleura medi as tinale is not injured in conjunction with the aortic rupture, the 
p atient can survive the aortic rupture lo ng enough to mal; e su rgery p ossi bl e. If no 

such s teps are tal;en , th e wa ll o f th e resultant p seudoaneury sm of the aorta m ay 
l a t er rupture into the lef t pleura and occas ionally even in to the oeso phagu s. 

If the front part of the vehicle is pressed downward in the collision, 
the driver's forehead may strike th e windshi eld or, even more 
dangerous, the upper frame of the windshield. If the forehead strikes 
the upper fram e of the windshield , ring fractures of the base of the 
skull ( traction ) or fractures of the dens axis may occur, caused by 
backward disloca tion of the dens (shea ring effect). If, in this situation, 
an angular acceleration of the head occurs, i.e. rotation about a trans­
verse axis, there is a danger of rupture of sagitt al bridging veins (vv. 
cerebri sup .) or of gliding contusions in the brain. The rupture of all or 
num erous bridging veins indicates the simultaneous presence of micro­
scopically delectable bleed ings in the brain stern (Voigt & Saldeen 
1068). Such patien ts immedia tely become deeply unconscious , dying 
later, or else th ey di e at once. There is no evidence of any subdural 
bleeding worth mentioning. The rupture of on ly one or some few 
sagittal bridging veins leads to subdural hemaloma. Gliding contusions 
are characterized by parasagillal subcortical and subarachnoidal bleed­
ings in th e region of the caudal part of the gyrus frontali s sup. or 
sometimes of the central gyri and later lead to deep-sealed local 
necroses ( Voigt & Lowenhielm I 97 3 ). Experimental inves tigations have 
shown that ruptures of bridging veins a re to be expec ted in conjunction 
with angular acceleralions of more than 4000- 5000 rad /sec2 (Lowen­
hielm I 975): In head-on collisions the driver may sustain a posterior 
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fracture-luxati on of th e acetabulum or fractures of the femur and 
patella as a result of the impact on the ins trument panel or- what is 
even more dangerou s- aga in st the fire wall (dashboard injury) 
(Breton & Blondeau 1927 ). 

Front-sea t passenge r. Unrestrained front-seat passengers generally 
strike their heads against the windshield or- when the front of the 
vehicle is pressed downwards on colli sion- aga inst its upper fram e. 
Ring fractures of the base of the skull, ruptures of bridgin g veins, and 
gliding contu sions of the brain may result, and also fractures of the 
den s axis caused by backward dislocation of the den s. Fractures of the 
dens axis m ay also occur, however, when th e front of th e vehicle is 
raised on collision and the upper portion of the anterior ches t wall or 
the lower portion of the neck s trikes the in s trument panel, the h ea d 
continuing forward . The dens frac ture in this case is th e result of 
a shearing effec t due to forward dislocation of the dens (Ski:ild ) . 
Occasionally the upper jaw s trikes the in strument panel, sometimes 
giving ri se to Le Fort fractures. As far as the windshield is concern ed, 
it has been sh own that the impact of the head aga ins t toughened glass 
is more dangerous than that against la mina ted glass (Mackay et al. 
1970 ). 

The impact of the ches t against the instrument panel may lead to a 
sagittal compression of the thorax, possibly resultin g in a di sloca tion of 
the heart caudally to the left and con seq uent overstretching and rupture 
of the aorta ascendens or to a rupture of the trun cus brachiocephali cus. 
Aortic ruptures a t the class ical site are also possible, p a rti cularly when 
the lower part of the trunk is thrown under th e instrument panel a nd 
the trauma directed towa rd the lower region of the anterior chest wal l 
(Voigt 1968 ) . 

Jus t as is the case with drivers, the impact of the knee joint against 
the instrument panel or fire wall leads to so-called dashboard injuries . 
If the passenger was sitting with his legs crossed when th e accident 
occurred (or if it was an oblique head-on collision ), th e out side of the 
knee joint may s trike the in strum ent panel, ca using the thigh to he 
pressed diagonally aga in st the a nteri or pelvic wall, with resu ltant im­
pression fracl ures, producing a butt erfl y-shaped fragmen t of the 
anterior pelvic wall o r ve rti cal fractures of th e hip bone behind the 
acetabulum, generally accompanied by frac tures of th e femur (das h­
board injury T ype 2) (Voigt 1965 ) . 

Driver a nd passe nger ca n he protected in cases of head-on collision by res train t 
sys tem s. The cho ice today is b etween belt s a nd the a ir b ag. Threc-poin l belt s at·c 
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supe ri or to the othe r types of belt. With diagonal belts there is a lways the danger 
of s liding und er, particularly when the occupant is thrown out of th e , ·chicle or 
under the instrument panel. The chin may remain caught by the belt , which can 
eye n lead to decapitation (Sa ldccn 1967, Voigt 1968 ) . The u se of lap belts a lone 
offers no protection agai n st the impact o f th e head agai nst the in strum ent p ane l, 
possibly with hangman's fracture of th e cervica l spine as a result (Schneider et a l. 
1965 ) . When th e three-po.int belt s a re u sed, nee!< injuri es or ruptures of th e para­
sag ittal bridgin!( , ·eins occas ioned by a ngular acceleration of th e head arc n ot 
likely, as experi ence has shown in Sweden (Skii ld ). Stretchability of the belts is a 
prerequisite for their affo rding proper protectio n. Cadaver experimen ts by Schmidt 
& 1\a lli eris (1974 ) haye show n th a t belts which stre tch on ly up to 6 or 18 per ce nt 
ca n cause se,·c rc thoracic injuries. The belts normally in use in Sweden s tretch 
abo ut 25- 35 per cent , and experimen t s ha,·c show n th a t under st a ti c loads up to 
65 per cent s tretc h ing can be obt ai ned. This means that the driver protected by a 
belt ca n m o,·c a ,·cry long way fo rward in a h ead-o n co lli s ion a nd strike the 
s teering wheel. This is especially likely when unrestrai ned back-sea l pa ssengers arc 
throw n agai nst the front-seat occupants, thu s ca usi ng the belts to be doubly 
stra ined . In many vehi cles, in creased a tt enti o n sho uld be g iven to thi s fact when 
new m ode ls o f steer ing a re designed. Air bags a rc co n side rably m ore ex pens ive th a n 
belts a nd offer no protection when th e vehicle suffer s from further co lli s ion effects 
( roll oyer) after th e primary impac t , a nd a lso one must expect th e head to be 
retroflccted a ft er the impac t with th e a ir bag. Ruptures o f th e parasag ittal 
bridging ycins and injuri es to th e cerY ica l co lumn are to be expected, as cadaYcr 

experim en t s h a ,·c shown. 

The res traint sys tems offer protection, in oblique head-on colli sions, 
again ·L the head s triking the sid e pillars of th e wind shi eld , a n impact 
which quite of ten leads to extremely serious skull injuri es. 

Side collisions 

If, in a side co lli sion, the region of th e templ e is s tru ck, thi s can 
res ull in a ring fracture of the base of th e skull due to torsion effect 
(Voigt & Skold 1974 ) . In oth er cases the blow from the side can ca use 
impress ion fractures and /o r tran sverse fra ctures of the base of the 
skull and intracranial injuries. 

The trunk is in particular danger. Here it mu st be noted that in side 
colli s ions th e trauma is mainly direct ed a t unrestrained ca r occup an ts 
from ahead and from the side towards th e th orax and only seldom 
directly from the sid e, sin ce as a resull o f th e original movement 
(d irect ion of travel ) the occupant is thrown forwards and to the side 
and s trikes the in side of th e door. Apart from rib fractures, ruptures 
of the spleen and li ve r as well as lung injuries are frequent. Especially 
when the tra uma comes from the left , aortic ruptures at Lhe classical 
sit e may occur. Characteristic here a re column frac tures of the first 
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two ribs (Voigt 1968 ) . The surroundin g injuries to the so ft pa rt s 
s ugges t tha t the ant eri or ches t wall h as been di spl aced to the right, 
probably ca usin g the a rcus ao rt ae to be p ull ed to the right as well. 

Displacement of the h ea rt m ay lead to ru p tures of the perica rdium 
and heart inj u ries , primarily in the region of the a tri a l se ptum. 

The tra um a affecting the occupant s silting on the collis ion sid e a nd 
direc ted towa rd s the pelvic region occasionally leads to Du ve rn ey's 
fr ac ture, and more oft en to fractures of the pelvic rin g. The mos t 
se rious form is the centra l fr ac ture-lux a ti on of th e ace tabulum . The 
ramu s s uperi or of the pubis is the wea kes t reg ion of the pelvis . A 
tra um a from the s ide can lead to a fl a tt ening-out of the hip bone a nd 
result in a frac ture either jus t in front of the emin enti a il eopect in ea 
or close r to the sym phys is. Pelvic ring fractures usually a re mullipl e, 
due to the ana tomical form of the pelvis. As the pe lvic ring proper is 
pentagon-shaped on the outs ide, the fl a tt enin g-out of one hi p bone 
reduces the a ngle be tween the sacrum and the os ileum , o r a ll ern a­
tively the angle of th e sym phys is. The res ult is thu s ve rtical fractures 
in the region of the apexes of the angles. T h is is th e explan a tion of the 
well-kn own verti cal fra ctures of the m assa !a t. of the sacrum and a lso 
of the parasym physia l frac tures . The sym physis it self is oft en protected 
from injury by the s t rong presym phys ia l aponeurosis (Voigt 1965) . 

R ear-end collision 

In rea r-end colli sions, th e grea tes t dange r for the front-sea t oc­
cupa nt s is th a t the bac k res ts of these sea ls may be bent bac kwa rds. 
If thi s happen s, the occ upa nt is thrown bac kwa rd s and the head strikes 
stru ctures a t the back of the vehicle, or m ay even s trike the o the r 
vehicle through the rea r wind ow. The r esull s m ay be im p ress ion 
fractures of the skull and in j u r ies to the ce rv ical ve rt ebrae. If th e back­
res t is not bent backwards, wh iplash injuries of the neck m ay occ ur, 
particul a rl y if the upper edge of th e bac k res t is a t n eck leve l. Such 
inju r ies, however, are seld om fata l. Head res ts offe r p ro tection aga in s t 
this type of injury, as long as they r each up to eye level a nd cannot be 
bent backward s by the im pact of the head . Three-point bells offe r no 
protecti on in rea r-en d colli sions. 

Injuries to unprotected road users 

\Vh en pedes tri ans, cyclis ts and moped rid ers a re struck by a motor 
vehicle and thu s subj ected to a high ra te of accelera tion , deform a tions 
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result a t the point wh ere th e vehicle hit s th e body, furth er deform a tion s 
a re ca used by violent m ovem ent s of th e parts of th e body not submitt ed 
to the direct traum a, a nd finally defo rm a ti on s are caused hy the 
secondary impact with the road surface. Thi s leads to multipl e injuries 
where it is of ten difficult or impossibl e to say in which phase of the 
compli ca ted p r ocess th e diffe rent injuries arose. 

First of all, at th e moment of impact of the motor vehicle th ere occur 
fractures of the lower legs, which are to be regarded as fl ex ion fr actures 
pu re and simple. Wh en th e thigh or buttock s strike the rad ia tor sur­
round of a passenger ca r, thi s can cause ve ry considerable decoll ement s, 
to which littl e a tt en tion has been paid clinically up to now. What occurs 
is a lacera tion of th e subcut aneous fatty ti ssue, resulting in large 
holl ows with blood a nd lacera ted subcut aneou s ti ssue. The danger of a 
fat emboli sm as a result of such injuri es is obviou s. Inj ecti ons in­
advertently given in such decollements can lead to infec ti on . After 
absorp tion of the blood, th e decollements result in seromas. 

If th e back side of one of the legs of a pedestrian is not ca ught by th e 
front part of the vehicle it may be thrown violently backwa rd s, with 
a pelvic luxalion as the result. The reason for thi s is th a t th e thigh that 
is thrown back draws th e ipsil a teral hip bone with it, which result s in a 
ro ta ti on of the hip bone about a tran sverse axis through the sac rum 
(Voigt 1965). If the sy mphys is is not torn apa rt by thi s, th en \h e 
surround of th e contra lat eral foramen oblura \orium m ay be deformed 
a nd fractured. The deformati on of the ve rt eb ra l column and th orax 
brought about by the violent m ovement of th e trunk m ay lead to 
multipl e fractures. Acco rdin g to the speed of impact and the design of 
the f ront part of th e vehicle, the head of th e pedestrian or cycli s t may 
s trike eithe r the motor hood, th e windshield or it s s id e pillars, or the 
front of the yehicl e roof. Impression fractures of th e skull are possible, 
as a rc fractures of th e cervica l vertebral co lumn . 

Conce rning th e origin of injuries to pedestrians struck by vehi cles, 
in ves tiga ti ons a rc currently bein g carri ed out in va rious resea rch 
centres. So far, littl e is known about how th e des ign of the front parts 
of vehi cles influences the inju ry pattern of pedestrians and cycli s ts hit 
by them. 

As far as the injuries resulting from high-speed motor cycle accident s 
arc concerned, it can on ly be emph as ized th a t the injuri es of riders and 
passengers wh o have been thrown off are severe an d multiple. The only 
protection that can be offe red is th e abo lition of the m otor cycle. 



482 GERHARD E. VOIGT 

SUM ~I A R Y 

A short survey is given of the main patterns of injuries sustained in 
traffic accidents. The following injuries are accounted for: ruptures of 
the parasagittal bridging veins and gliding contusions of the brain, axis 
fractures, and aortic and pelvic injuries. 
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