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CLINICAL ASPECTS OF THE DISRUPTIVE EFFECTS OF 

ROAD ACCIDENTS ON THE HUMAN BODY 
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A great deal of detailed study has been made of the interaction of forces 
genera ted by accidenta l violence and the damaging effects of impact on 
motor vehicles and their occupants. One of the beneficial results has 
been the identification of shortcomings in the design and cons truction 
of motor cars and the protective devices in stalled in them. An under­
standing of the strength of materials is an obvio usly important part of 
the science of structural engin eering, and applica ti on of engineering 
methods to the human body has led to greally improved understanding 
of how best to design both implants and external appli ances. It has also 
enhanced respect for what can truly be referred to as the marvels of 
the human body. 

The clinician has much to thank his engineering colleagues for, but it 
is fair to say that even if he is largely lacking in mathematical ab ility 
and knowledge of engineerin g the accident surgeon has at his disposal 
a vast s tore of information about the body's ability to withstand vio­
lence and even more about the way in which vio lence damages it. Care­
fu l examination of the injured part by inspect ion, palpation, manipula­
tion and surgica l exp loration is particu larly useful when combin ed 
with knowledge of how the injury occurred . An accura te account of the 
nature, direction and amount of force applied can explain the anatomi­
cal damage so well tha t when a similar pattern of anatomica l damage 
is seen on another occasion the circumstances of injury can be correclly 
inferred. 

Alternatively, accurate knowl edge of how the force was applied may 
warn the accident surgeon of damage th at may be hidden within the 
depths of the body. As a n animal leaves its spoor, so can acci denta l vio­
lence declare its nature by the traces of its app li cation. 
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I i>i .J U HIO U S F O H CES 

In term s of accidental injury the body m ay be dam aged by impac t 
(whi ch includ es co mpress ion ), by Lwi s ling, or by di s traction. In the 
case of road accident s, impac t is much th e m os t fr equ ent primary force 
ca us ing injury, a lth ough the effect of im pact upon m ovable a nd de­
formabl e s tru c tures such as the foo t or the so ft parls of the limbs or 
Lrunk in clud e shea rin g, Lwi ·Lin g and di s tr ac tion. 

P A TTEI\~ S OF l l\ J UH Y 

Many of th e eff ec ts of roml accid ent s upon th e human bocl y have char­
acte ri s ti c patt ern s whi ch m ay in clude the associa ti on of an obviou s 
injury with a mu ch less obvious hut poss ibl y m ore severe one. Specific 
exa m ples a rc fr ac ture of th e sha ft of the femur whi ch di s trac ts a Li en­
li on from an accompany in g di sloca ti on of th e hip, and frac ture of the 
lower part of the legs m as king an injury of th e foo l. In each case th e 
swellings of the Lwo injurie arc continu ous a nd may n ot be recognized 
as having separate sources. 

The paltcrn s of injury vary acco rding to wh ether th e person is s tru ck 
by a ,·chicl c or is in side it , and if h e is in sid e it the pall c rn s va ry ac­
co rding to whether he is res train ed or free to m ove and whether or n ot 
the vehicle is defo rmed. J{nowing the circum stances m ay put th e ex­
am iner on hi s guard and ca use him to loo k with parti cular care to see 
whether or n ot certain likely injuries have in fact been inflicted . The 
more deta il that can be obta ined from witn esses, rescuers or th e vic tim s, 
the be tter equipped the examiner will be to avo id m al<ing mi stakes. 
Failure in di agnosis in cases of multipl e injuries oft en occurs becau se 
the injured person is exa min ed to find out \Yh a L hi s injuries a rc r a ther 
than to confirm or exclude those that could well be p resent. Pedes trian s 
arc u sually thrown up in the a ir and land on the bonn e t of the vehicle 
if they arc s truck low cl own , or are thrown forward s and to the ground 
to uffc r furth er injury if they a rc s tru ck higher up. Th e res ultin g 
injuries arc u ually m ainly, if not entirely, on one sid e of the body 
( Figure 1). 

M otorists 

The injuries typi cal of th e unres trained occupant of a m otor vehi cle 
arc too well kn own to warrant m ore than a m ention (Fig ure 2 ) but the 
injuries cau sed by means of res tra int deserve a ll ention. 
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Figure 2 . S it es o f .. ln)Ur!J in 

unrestrain ed cl . ve hicles rwers o f m o to r 

P. S. LONDON 

Fig ure 1. Si t es o f . . 
J!J m o to r v~ ilic les. . c es rran s s i ru e/; 
l ln) UTI/ in p ,cl I . 
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Injuries res l!lling from res traint. Gissane & Bull (1968) found that 
in 50 persons injured and 13 killed while wearing sea l bells th ere \Yas 
no case in which a correc tl y fitted and correclly adjusted bell of ap­
proved design h ad inflicted serious injury. Easlwood (1972) has re­
co rded rupture of the breast by the oblique band of a two-band re­
st rai ner , but th e price of effectual res traint is usually n ot more th a n 
a sli ghlly sore ches t or shoulder. On the other h and , there have been 
many in s tan ces of injury ca used by lap bells th a t have crossed th e belly 
ins tead of th e pelvis (F ried ma n et a l. 1969, Williams & Kirkpatri cl\ 
1971, Townc & Coe 1971). 

It h as been sugges ted tha t if the body is held firmly in place in a 
crash, the head and neck will he fl exed with increased violence and con­
sequently be more vuln erable than if the body could m ove forward s ::s 
well. It is cer ta inly th e case that th e chin can s trike th e stern um with 
sufficient force to fracture it and even to rupture the underlyin g hea rt , 
but this requires the much g rea ter violence of an aircraft c rash ( i\Iason 
1973 ). 

Injuries caused by deformation include decapitation a nd severa nce 
of limbs; in s tantly fatal crushin g; and trapp in g, u sually by th e lower 
limbs, e ith er by displacement of the dashboard or by displacement of 
th e floor and pedals. 

Invers ion (s upin a tion ) is the most frequent cause of injury in the 
foot, not because it is the m os t violent force to which the foot is sub­
j ec ted but because thi s is the movement m ost eas ily produced by 
ord inary variations of eve ryday forces. lL cau ses such injuries as tear­
ing of the la te ra l ligament of the ankle or avulsion of the base of the 
fifth m etatarsal bone, but some of the most interes ting, and severe, 
injuries can be regarded as being ca used by impact upon the inve rt ed 
fool. Figure 3 sh ows an injury of thi s type in which th e foot was broken 
by violent inversion that destructively accentuated the longitudinal 
arches. 

Among th e effects of such violence arc total dislocation of the ta l us; 
fracture of the n eck of the talu s with ::mterolatc ral displacement of th e 
body of the bone; tal oca lca neonavicul a r dislocation; and midtarsa l 
fracture-subluxation in . which the navicul a r swin gs with th e distal 
bones into add ucti on round th e head of the talu s, against which it is 
pressed with such force that , as the bony surfaces in contact are re­
duced in a rea, they give way so that th e two bones show mutual in­
dentation (Figure 4). The signs of late ral distraction are of ten obvious 
in these injuries. 

30' 
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Fig u re 3 a . 

Fiour c 3. This f oo l was trapp ed 

an d cru s h ed bu d ef o rm ation of 

th e fl oo r o f /Ir e dr iver's 

C0 /11/) Cl rflll e /1/ . 

Eversion of the fool is a less fr eq uent cau se of injury and us uall y 
leads to tarsometa tarsa l di s ruption. Both th e shape of the foo l a nd it s 
radi ological appea rance arc charac te ri s ti c (Figu re 5) but th e sign i fi­
cance of th ese sign s m ay nol be recognized. 

Occasiona lly the navi cular and a g rea te r or le e r part of th e fool 
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Figur e 3 b. 

a rc di splaced do r sad o r in a pl:mlar direc ti on frorn th e lalu s, bul th ese 
injuri es arc m o re likely to foll ow fa ll s lha n road acc id ent s. 

Th e ankle. The apparent paradox thal wh e reas th e rn os l frequ ent 
injury of lh c fo ol i s by irH"c rs ion th e mos t fr equ ent fra c ture of Lh c 
ankl e is th e r csull o f la te ra l ro ta ti on of th e talu s wilhin th e m orli cc is 
reso lved by lh c ph e nom enon of lo rqu c conve rs ion. In sp it e of it s an­
n lom ical co mpl exity lhc tal ocnl can conavicul ar j oinl can be r cga rd ccl as 
ha vin g a s lrai ghl ax is of m ovcm cnl lhal run s obliqu ely upward s and 
med iad. Thu s, wh en lh c foo l is inYc rl cd whil e lh e wcighl of th e body 
is on il, Lh e obliquity o f th e axis of moYc mcnl r esult s in an oulward 
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Figure 5. Def ormil!] and sw elling 
caused bu an evers ion injuru. 
a, external and 
b, radiolog ical appearance. 

P. S. LONDON 

B 

Figure !1. Mutual 
indentation o f la /u s and 
l he navicular bon e. 
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countcrthru s l of th e Lalu s on Lh e later a l m alleo lu s. This phenom enon 
has been clearl y described by Hicks (I 953 ) and is impli cit in cl ass ifi ca­
tions of fr acl ure-subluxations of the ankl e ( Ashurs t & Bromer 1922 , 
Hansen 1942 ) . 

I ~I P A C T 0 N r\ Y I E L D I N G S T n U C T U n E 

Th e head 

It is well known that a bl ow on the head is mu ch more likely to cau se 
comm oti o cerebri if th e h ead is free to m ove than if it is fix ed (Denn y­
Brown & Ru ssell 19-! 1, Holbourn 19-!3, Pudenz & Sheld on 19-l 6, Gudj ian 
& Li ssner 196 1) but it is perhaps less \Yell kn own Lhat a blow on the 
h ead can lead to se r ious injury of the n eck with n o m ore th an a fa inl 
graze or brui se a t th e place of impact (Figure 6 ). Th is is USlJ a ll y on th e 
face or forehead and is assoc iated with hyperex tension injury of th e 
n eck, which m ay have n o dem on strable bony component and is li abl e 
to be unrecogni ;~ed , parti cul a rly in an un conscious pa li cnl. IL is n eces­
sary to bear Lhi s p oss ibility in mind and to supplem ent carefu l radiolo­
gi cal examinat ion with a ca reful search for clini cal eviden ce of damage 
to the spinal cord and ner ve roo ts, \Yhi ch is m ore li kely to occur in pe r­
sons with cervica l spond ylos is. 

The converse acti on occurs when impact on th e rear of a motor car 
se ts th e body sudd enl y in forward moti on relative to th e h ea d, bul th ese 
injuri es arc usua ll y mo re pa inful than se ri ous. 

Figure 6. Th e fr on t a l 

gra: c r es ullin g fro m a 

{a/1 Cl ll d CICC0 /11/)CIIIie<f b!l 

an e:cl en s io n f~arlure of 

I h e n rc k. 
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The soft tissu es 

P. S. LONDON 

Figure 7. Bruising 

stamped ont o I he 
abdominal wall and 

accompanied bu rupture 
of I he spleen and 

haematoma of I he 
m esocolon. 

Closed injuries. A blow on the belly wall when it is relax ed can drive 
it back against the spine, where the crush ing effect can transect struc­
tures in the abdominal wall or within the abdominal cavity. In such 
cases there may be the tell-tale marks of bruising with the pattern of 
clothing (Figure 7) . These marks have also been found on th e neck as 
externai evidence of rupture of the trachea. In other parts of the body a 
forcible blow can crush muscles and vessels against bone, des troying 
both. The injury may appear to be no more than a large brui se but if it 
is palpated firmly it will be found that th e skin can be impressed until 
it comes up against bone (Figure 8) . 

Another result of impact on soft tissues occurs when a limb is run 
over by a rubber- tyred wheel. The crushing effec t of the wheel tears Lhe 
soft parts away from one another and may tear them from their attach­
ment to bone ; this disruption is aggravated by the fact that Lhe lyre 
grips the skin and tears it from its deep attachments (Figure 9). 

Open injuries. Pare was aware that alterations in posture after a 
penetrating injury could lead to the staggering of holes in different 
layers so that th ere was no longer direc t access to anything embedded 

Figure 8 a. Th e ext ernal appearan ce of a leg had been struck bu a motor vehicle. 
Figure 8 b. Rupture o f th e m edial ligam ent of th e luwe and lran seclio n of th e 

ext ensor muscles bu cru shing made it possible to indent I h e s kin I hrough I he 

haematoma until th e bare bon e of th e f emur and o f th e tibia co uld be clearlu fell . 
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Figure 9 a. As th e lyre reach es th e skin it drags it from the dee p fas cia ov er much 
of I he circumference of I he limb. 

Figure 9 b. As the wheel passes over the limb all th e conn ectiv e tissue plan es are 
tom open, leaving spaces that accommodate large quantities of blood if th e skin 

do es n ot split open. 

in the wound (Figure 10) (Keynes 1951 ) . This should be borne in mind 
when exploring penetrating wounds. 

STABILITY OF FRACTURES AND 

D I A G N 0 S T I C :\1 A N I P U L A T I 0 N 

The concept of stability and instability of fractures is well established 
but it should be r ecognized that a fract ure may be s table either in 
deformity or after deformity has been corrected. 

When a fracture is to be manipulated, what the manipulator shou ld 
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a b 

Figure 10. a. A I th e m om ent of injury th e t rack of pen etration is s traig ht , but an 
all eralion of posture can shi{llhe layers of th e in j ured pa rt ( b) . 

try to find out is n ot the bes t positi on th a t can be achieved but the bes t 
po ition th a t can be m aint ain ed by simple m ean s. 

Diagnos ti c m anipul a ti on will enabl e th e surgeon to decide wheth er 
or n ol the fracture will be s tabl e in an accep tabl e positi on without re­
course lo trac ti on or to int e rn al fi xation. The fir st s tep is to try to pull 
th e fragment s into line and, h av in g done so, to push them together to 
find out how eas ily they slip and ove rlnp once more. Fracture 11 a 
\\"Ould res ist hort cning, whereas fract ure 11h would not. Tracti on 
al one is not a lways en ough, especia lly wh en the fracture is transverse 
and has become overl apped without los in g its perios teal hin ge. In such 
n case, the co rrec t act ion is to· bend the fra cture and then to m ove th e 
di s la l fragment until it comes edg to edge with the prox im al fragm ent , 
\\"ith whi ch it is th en a li gned (I• igure 12 ). A furth er di agnos tic m ani­
pulation will enable Lhe surgeon to decide wh eth er or n olthc end Lo end 
cont ac t is adeq ua te. The frag ment s a re pu shed fi rmly together and 
rocked to sec how eas il y thi s m ovement can be brought about both 
back\\"ard s and forwa rd s and from side to side (Figure 13 ). 

Diagnos tic inanipul a li on \\"ill oft en enable the m anipulat or to decide 
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F igu re 11 a. T he fracture has a hin ge of soft tissu e th at m ak es i t poss ible to hold if 

accurat el y in place by using 3-po in t fixation , as s how n bu aii. 
Figure 11 b . T he h inge has been brok en and th e fr acture will be s tab le onlu wh en 
d isplaced en ough /o light en /h e m ore d is tant soft /iss ues or l o enaage po int x in /h e 

m arrow cav ilu a / !J . 

a b 

c d 
Figu re 12 a, b . Tract ion alon e will n o/ brin(J end lo en d /Ir e fr ag m ents o f a /rans11ersc 

fraclu re with a hinge. 
Fig ure 12 c, d. Th e fracture has fir s / t o be ben/ l o s lacke n lir e lrin rJe. 
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ai aii 

+ 

b c 
Figure 13. Acco rdiii!J to th e areas in co11t uct , transverse fra ctures ca11 b e recog 11ized 

bu f eel as bein g cas il!J rock ed in on e direction (a}, bo th direct ion s (b) o r n eith er 

d ircctio 11 (c). 

wh ether o r nol opera tion i n eeded and , if il is no t, " ·he ther an accep t­
able deg ree of co rrection ca n be achieved . \Vh en it is combin ed with 
whal x-ray s how and whal operatin g on a fracture reveal s, di agnos ti c 
manipulati on beco me in creas in gly informati ve and reliabl e as a guid e 
to treatm ent. ll al o helps th e ex perienced manipulat or to cul down th e 
am ount of dia •'nos ti e radi og raphy needed to guide him . 

s llt llt An v 

Knowl edge of the p all erns of injury from road accident s helps to re­
du ·e the r isk of di agno ti c error through overs ight. 
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Understanding the patterns of disruption of the body gives surgeons 
a better understanding of the nature of the injury and of the behaviour 
of the injured tissues. This is of particular value in the diagnostic 
manipulation of fractures to decide whether they need internal fixation 
or whether ex ternal splint age will keep them in an accep table pos ition. 
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