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I NTRODUUTION · 

Th i s  i nvest igation of the degree of i njury , · the cl i n i ca l  progress and the 
l ong term consequences of accidents i nvol vi ng motorb i cycl es represents a 
val uabl e suppl ement and extens i on of the data obtai ned by anal ys i s  of 
traff i c  acci dents at the acci dent s i te by the Hannover .l\cci dent Research 
Uni t .  Al though i n  the med i ca l  documents the type of acci dent i s  mostl y 
i naccuratel y documented and soft ti ssue damage i s  not comprehen s i vel y 
descri bed t.he probl ematic  nature of i njury patterns can be estima ted by 
con s i deri ng the progress i n  typ i ca l  cases . 

MATER IAL AND METHODS 

The data i n  th i s  paper comes partly from records of 1 2 3 pati ents who were 
hospi tal i sed i n  the Traumatol ogy Department of the Hannover Med i ca l  School 
i n  1978 and 1 979 as a resul t of motorcycl e acci dents and partl y from the 
fi l es of the Hannover Acc ident Research U n i t .  In 59 cases add i t i onal 
i nforma t i on cou l d  be obtai ned from answers to spec i a l l y  desi gned 
questi onnai res . · 
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65 ( 52 . 8% )  casual t i es were admi tted primari l y  to our hospi tal , 58 ( 47 . 2% )  
were transferred from other hosp ital s .  109 ( 88 . 6% )  were mal e ,  1 4  ( 1 1 .4% )  
femal e .  106 were i njured as r i ders , mai nl y  men ( 99/93 . 4% ) . Only 7 femal e 
drivers were found , 6 of them u s i ng motorbi kes . One young l ady3met �li th an 
acci dent when she tried to handl e her boyfri end ' s  heavy 7 50 cm motorcycl e 
fo r the first time . 1 7  persons were i njured as p i l l ion-ri ders , wi th a high  
proporti on of warnen (7/41% ) .  The mean age of al l pati ents was l ow :  22 . 1  
( 14-69 ) years . 

Di stri bution of accident types i s  shown i n  Tabl e 2 .  
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Every i njury was rated accord i ng to the Abbrevi a ted I njury Scal e (A IS ) . 
The mean A IS  was cal cul ated for each body region and compai red wi th the 
resul ts of SUREN ( 7 ) ,  who had anal ysed 1 53 acci dents of motorbicycl es by 
record i ngs at the scene of acciden t .  The most stri k i ng d i fference showed 
up i n  frequency and severi ty of i njuri e s  to the l ower extremit i e s .  SUREN 
found 37% and A I Sm = 1 . 3  compa i red wi th nearly 50% of al l i njuries and 
A IS

m 
= 2 . 2  i n  th i s  study . On the other hand head i njuries were seen l ess· 

frequently but were nearly as severe (Tabl e 3 ) . 

These d i fferences a re eas i l y  expl ai ned by the fol l owing characteristics  of 
1 

our survey : 

1 .  Uninjured or  s l i ghtly i njured persons who do not need cl i n i cal 
treatment a re not recorded . 

2 .  Acci dental deaths and deaths on arri val a re not i ncl uded . 

3 .  Nearly  hal f  of the cases are transferred from other hosp i tal s ,  
predomi nantl y for further treatment of  severe l eg i njuries . 
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82 ( 7 0 . 1%)  of our pati ents had i njuries of the l ower extremi ties , of which  
33  ( 28 . 3% )  were combi ned with severe soft ti ssue damage .  L i gamental knee 
i n s tabi l i ty was found al one or i n  combi nat ion wi th other i njuries  i n  21 cases . 

31  pati ents (25 . 2% )  had head i njuri es , 16 of them only commotio with a s hort 
period of unconciousness . In 15  cases contus i o  cerebri or  bra i n  ti ssue 
damage cou l d  be proved by compu ter-tomography. 4 pati ents d ied of the i r  
severe bra i n  traumas .  

TRAUMA ASSESSMENT 

For the traumatol ogy surgeon the A IS  { STATES , 6 )  can only serve as a rough 
pattern to grade the severity of ti ssue damage . Cons idering age , consti tuti o n ,  
accessory d i seases and socia l  envi ronment the probl ems ari s i ng from 
acci dental i njury can be estimated accordi ng to the fol l owi ng a spects : 

1 .  Threat to l i fe 

2 .  Long term treatment,  compl i cation s ,  permanent damage 

A good correl ation between threat-to-l i fe grades and the Injury Severi ty 
Score ( I SS) has been proved regarding the age of the i nj ured person ( BAKER , 1 ) .  
lt  has been shown that mortal i ty sharply ri ses at  Iss::::--- 20 . 

Taking  i nto consideration the i njuries of 25 pati ents wi th 1 ss:;:::i.20 the out
stand ing  s i gn if icance of crani o-cerebral trauma was shown . 
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1 1  severe b ra i n  i njuries  were observed , 4 being fatal . Another case of death 
was caused by severe haemorrhage due to pel v i s  artery l aceration . Ama z i ngl y ,  
ehest trauma i s  not a s  common among i nj ured motorcycl i s ts a s  i t  i s  among 
accident vi ctims . ( See al so SUREN , 7 ) .  We found 2 cases , o ne patient d i ed 
of sept i c  pneumon i a .  Mul t i p l e  fractures of l ong bones wi thout addi tional 
i njuri e s  caused I SS 20 in 2 cases only,  in 2 cases add i t i onal traumati c 
amputat ion had been observed,  one more wi th extended 3rd degree burns and 
another one wi th parapl egi a .  

Lonf term treatment - Compl i ca tions - Permanent damage:  Probl ems of a 
dif erent kind show up with injuries representing no threa t-to-l i fe but 
l eadi ng to protracted therapy , numerous compl i cations and permanent 
impa i rment .  The frequency of such probl ems i s  demonstrated by eva l uation 
the reason for transfer of 58 pati ents who were sent to our traumatol ogy 
centre for further treatment (Tabl e 5 ) .  

The ma i n  cause for transfer  were i njuries of the l ower extrem i ty ,  pre
domi nantly when aggravated by severe soft ti ssue damage and i nfection . 
Nearl y hal f of the cases refer to i njuries  of the l ower l eg .  

To find out which  i njury pattern causes l ong term probl ems , our surv iv ing  
1 17  pati ents were spl i t  i n to 3 groups : 

I Injury pattern wi thout l ower extrem i ty i nvol vement 

I I  Injury pattern i ncluding  l ower extrem i tjes , however wi thout 
severe soft t i s sue damage (cl osed and 1 open fracture s ,  
knee i n s tabi l i ty )  

I I I :  I n�ol veme9t o f  the l ower extremit ies and severe soft ti ssue damage 
(2 and 3 open fractures , cl osed fractures with severe contu s i on ,  
vascul ar  compl i cations )  
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The average number o f  operations and the average per iod of hospi tal i zat ion 
were determi ned for the 3 di fferent gro ups . 
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lt  i s  cl ear that as a resul t  o f  i njury to l ower extrem i t i es the average 
peri od of hos p i ta l i zation  i s  essenti a l l y  protracted and the average number.· 
of operati ons and stay i n  hos p i ta l  are doubl ed when there i s  an add i ti onal 
soft ti ssue i nj ury . 

Thi s  and the h i g h  average number of operations· i n  g roup  I I I  may be expl a i ned 
by t�k i ng i nto consideration the extent of compl i cations : Ta ble 7 :  
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There i s  a s pec i a l  suspecti bi l i ty of the l ower l eg to i nfection after s k i n  
and musc l e contu s i on because o f  the w.eak soft ti s sue cov·er  and the cri t ica l  
l o n g i tud i nal  b l ood suppl y o f  the t i bi a .  I t  i s  obvi ous  that l o ng hos p i ta l i 
zation and numerous operati ons i n  group I I I  are ma i n l y  the resul t of bone 
i nfecti ons . Th i s  condi t i on needs f i rm stabi l i zation of the fractured bone 
and mul t i p l e i nterventi ons to eure the soft ti ssue defects . 

lt has to be menti oned that i n  case of survi val of severe bra i n  1 nJ uries  
there i s  the need for l ang term hosp.i ta l i zation and rehahi l i tation too . 
We saw 5 cases wi th 12-25 weeks i n  hosp i tal , · average 22 . 4  week s .  
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Long term consequences : 7 out of 1 17 pati ents have to cope wi th amputations . 
One attempt at replantation of a ri ght upper arm had fa i l ed .  6 l egs had to 
be amputated , 4 of them because of bl ood supply probl ems due to vessel 
l aceration s .  2 l egs were primari l y  subtotal l y  amputated . 

Socia l  and occupati onal consequences for al l pati�nts are shown i n  Table  8 .  

: Tab_� Soc i a l  and Occupational Consequences (n=58,  l tll ) 

1 

1 Group 1 I I  1 I I  
1 

n 1 9  25 1 4  

! Average time of 
; absence from work months 3 . 2  8 . 6  1 0 . 8  
: o r  school 
1 ! 1 Average degree of per 9 . 5  1 2 . 4  2 7  . 1  1 permanent d i sabi l i ty cent 

1 

1 
l Permanent 
; unempl oyment n - 1 2 
' 

j Inferior 
, pos i ti o n  n 1 - 2 

1 
1 l Retr a i n i ng 1 n - 1 2 

1 
J Time lass i n  

educa t i  on n 1 4 5 

Worse exami nation 
n 1 1 scores 

-

Total n 2 7 1 2  

I�  i s  cl ear that l ong term consequences are most serious i n  group I I I .  Only 
2 out of 14 pat i ents d id  not suffer any d i sadvantage . The rel at i vely  l ong 
average time of absence from work or school i n  group I I  may be expl a i ned 
by the l ong rehabi l i tation for knee-j o i nt l i gament repa i rs and reconstru�tions. 

Apart from the socia l  d i sgrace 57% of group I I I  pati ents have to deal with 
permanent pa i n ,  compared wi th 36% i n  group I I  and 10% i n  group I .  

The i njuries descri bed and thei r consequences ra i se the question of 
effective protective measure s .  
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PROTECT IVE  MEASURES 

As a resu l t of the answers to 59 questionna i res the fol l owi ng frequency of 
the weari ng of hel mets and l eather c l oth i ng was establ i s hed : Tabl e 9 .  

1 j Tahl e 9 Frequency o f  Wea r i nc f'ell"lct and Lr>a t•:er c l nt�i n'l: 
------------� 

''.otor- 1 1 1 '10DP.d "'otorcyc l 0 
1 f) i cy :: l e  1-- 1 - 1 1 '1 ' � :) 1 l � ?S 1 

1 
1 1 � 1 

! ''elmet 1 1 
2 ( l 2 . 5't )  ;i ( �� .' l'!'. l ?5 ( 92 .  5�  ) 1 1- 1 

1 Leather-
6 ( 1 8 . 8°,)  14 { 5 1 . fl� : 1 ! jacket 1 

l-

! l 1 i Lea ther- l ( 3 .  1 o; )  4 ( 1 4  . 8 "'. )  1 ! trousers 

f- : 
1 4 1 1 4 .  �· ) ! 
; Lea ther-
, ovcral 1 
1 

Near ly  al l motorcycl i sts used hel mets , but far l es s  motorbi ke-ri ders . Leather 
cl othing  for protection  of l o\'1er extrem i ty was worn by 30% of the motor-
cycl i s ts and on ly  3 . 1% of moped-ri ders . 

The protecti ve effects of the weari ng of helmet are demonstrated i n  Tabl e 10 : 
r----- ----------·------

·--·-- ---,--- --- �------------, ---------; 
: i 'ifJ cranio� . 1 Co1Tn1Cl l. i 'l  'ont•i s i o  1,' romrires s i r. 

1 .:�r�i'rril 1 n � 1iry 1 1 1 1 ---l ;�-=r - �- - --_-----l-- ----+---· 

i w i t·· J 2') • o ·• 'l•' I / 4 1 1 1 . 5 '.· r1elr·et 1 · ''· · ""  ' ' 
1 1 
1 ---r-----t-----f-------1 

\lit�nut :s 1p . • . , 1 , lf„ ß � )  1 4 . 2• 1  s I Z" . ON \  heimet ' ��+·-�-----+------;--------! 

Ta ta 1 � 1 1 F 1. 5 1 
1 II '---�-------'-------'------4-------' 

Hel met weari ng  does not onl y reduce the percentage of bra i n  i njur ies  but 
a l so hel ps to d imi n i s h  the severi ty from h igh  grade to l ow grade i njur ies . 

Tabl e 1 1  demonstrates the pro tective effect of l ea ther cl othi ng , note the 
reduced frequency of severe soft ti ssue damage . 
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1 1 : Ta b l e  1 1  Protec t i v e  "ual 1 ty of t.eather r J o th i n �  ILow•r e x t rer.ii '.yl 

1 1 . 1 Group 1 l T l  I I I  1 1 d ' ' 1 1 Lea ther trousers 1 1 5 (55 . 6":: ) 3 ( 33 . 3�) 1 ( 1 1 . n  
o r  overa 1 1  worn 

1 

l •io 1 ea ther 14 ( 28 .  5'!' ) 22 (44 . 8� )  1 3  ( 26 . 5 ) 1 c l o t h i ng 1·1orn 

D I SCUSSlON AND CONCLUS IONS 

:, . 

The statements about the protective qual i ty of wearing helmets and l eather 
cl othi ngs made i n  thi s  paper shou l d  be Jegarded with caution because of the 
l ow number of cases . Neverthel ess , they correspond wi th the resul ts of 
other· authors . SUREN ( 7 )  and WERNER ( 9 )  found a d i st inct decrease i n  the 
sever·i ty of i rjuries among hel met wearers , mai nl y  i n  obtuse ·angl e and wide 
contact col ti s i ons . REICH (� ) d i s sected 188 fata l l y  i nj ured moped-ri ders 
and found that about hal f  of them woul d · have„surv i ved had theY been wearing 
hel mets . These findings and the l ow number of moped-ri ders who wear hel mets 
shoul d resu l t  i n  a l aw bei ng passed mak i ng the weari ng of helmets obl i gatory 
for al l motorbicycl e-ri ders . Thi s  wou l d  probably reduc� the probl em of bra i n  
trauma . · · 

The. h igh  i nc idence of l eg .  i nj u ri es among motorbicycl e-ri ders has al ready 
been descri bed by many bther authors (FELDKAMP. , 3 ;  SUREN , 7 ) .  Th i s  paper 
demonstrates that i njur'i es of the l ower extremity · are no t only common , but 
a l so cause .major probl eins i n  med i cal , socia l  and personal fiel d s .  The . 
decrease i n  the severity of i nj ury by wearing l eather c loth i ng has a l so 
been föund by SUREN ( 7 ) • and FELDKAMP ( 3 ) , but there i s  a need for experi 
mental stud i e s  i n  thi s fiel d .  lt  i s  necessary to publ i s h  the s i gn if i cant 
advantages of l eather cl othi ng , even more so because the l ow frequency . 
of u s i ng shows l ac k  of knowl edge concerning the probl ems of l eg i njuri e s .  
Progress can be expected by the devel opment o f  l ess enpen s i ve safety 
cl othi ngs s i mi l ar to that used i n  motorcycl e raci�g . 

Motor b i cycl e manufactures shou l d  be encouraged to produce veh i c l es that 
offer effecti ve protection for thei r  r i ders , s i mi l ar to the two wheel ed 
sa fety veh i c l es of BARTCll ( 2 ) , TANEDA (8 )  and WESTCOTT ( 10 ) . Emphas i s  
shoul d al so be g i ven to produc i ng motor-vehi c les  des i gned to reduce the 
severi ty of i nj uries sustained by motorbicycl e-ri ders i nvol ved i n  a 
col l i s i o n .  

· 

The previous  i nformation and stati sti c s , as  presented from the surgeon ' s  
poi nt of view, s how .c l early the probl ems assoc i a_ted with motor-bi cyc l e  
acc i dent s .  l t  i s  the task of the phys i c i ans and techn ic ians to work towards 
a sol ution . 
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