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The two-whee l  vehicle takes an important place in todays world of 
traffic , due to the fact that it is used by young and old,  and 
a l so in view of its h igh value for recreation purpo se s .  The mo
tor ized two-wheeler serves e specially the young a s  an entry into 
the world of motorized traff ic . 

Users of two-whee lers represent a proportion of 3 2 . 5 % of a l l  
traffic acc ident victims i n  the German Federal Republic ( 1 ) . 60% 
of them are users of motorized two-wheeler s . This fact urgently 
c a l l s  for mea sures in the accident prophylaxis . 

The term ' motorized two-wheel vehicle ' refers mainly to the group 
of motorcyc les . In the German Federal Repub l ic , however ,  this 
group inc ludes mofas ( motor-ass isted b icyc l e s )  ( 2 1 %  of inj ured 
users of motorized two-wheeler s )  as wel l  a s  mop.eds /mokicks ( 8 %  
o f  injured users of motorized two-wheelers ) , and motorcycle s ,  in
cluding light-powered motorcycles and motor scooters ( 7 1 %  of in
j ured motorized two-wheelers ) . When summ�r iz ing this group , the 
dif ference s between the individual  types mu st a lways be taken in
to cons ideration . 

The great risk faced by riders of two-wheelers in traff ic acc i
dents is ma inly due to two fact s :  
1 .  the instabil ity o f  the two-wheel vehicle , in comparison 

with the four-wheel construct ion of the motorcar , 

2 .  the absence of the protecting pas senger compartment and the 
s afety be lt a s  we l l  a s  other devices for pas s ive protection . 

For this reason , acc idents with two-wheelers are , a s  a rule , in 
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most cases connected with personal damage . While almost 50% o f  
the o f f  icially recorded acc idents with cars result i n  material 
damage only , the ma j or ity ( 9 8 % )  of acc idents with motorized two
wheeler s ,  and 9 9 %  of bicycle acc idents involve personal damage ( 1 ) .  

2 .  OBJECTIVE 

Numerous national ( among others JESSL ( 2 ) ; BEIER ( 3 ) ; SCHULER ( 4 )  
a s  wel l  as international studies ( HURT ( 5 ) ; HIGHT ( 6 ) ; WALZ ( 7 ) ; 
CHINN ( 8 ) ; WALF I SCH ( 9 ) ) regarding the inj ury s ituation of the 
two-wheeler user do already exist . Beyond injury de scr ipt ion , in
jury mechani sms , and the protective effect of helmets and leather 
c lothes in these s tudies as wel l  as already rea l i z ed effective 
modif ication s ,  there are no .def inite recommendations to improve 
the s ituation . SPORNER ( 1 0 )  recommended the opt imation of the 
f ly-off angle for the injured two-wheeler use r ,  and the use of an 
a irbag ( 1 1 ) . Recommendations l ike safety belts for motorcyc l i s t s  
( SCHIMMELPFENNIG - 1 2 )  and safety cages ( 1 3 )  are not very rea l i s 
tic and can only b e  valued with reservat ion , i n  v iew of the acc i
dent and inj ury k inematic . 

The authors , howeve r , are of the opinion that solut ions for an 
improvement of the acc ident prophy laxis  for the two-wheeler user 
can be derived from present-day cognitions about the acc ident and 
injury s i tuation as wel l  as the collision and acc ident mechan is.n:IS . 

It is the objective of this survey to point out these possibilities . The a d
vantage of any steps taken in this d irect ion has to be measured 
against the f requency and severity of any incured injuries and 
the ir reduction . In order to realize this ob j ective , an exact 
compilation of the in juries received , d ivided into type , severity 
and location i s  neces sary . This compilation has to correlate 
exactly with the reconstructed acc ident and col l i s ion s i tuation , 
the cause for wh ich will have to be evaluated some later t ime . 
The methods used in the s tudy ' Investigat ions at the Place of 
Acc ident ' ( 1 4 )  appear to be useful prerequ i s ites for a detailed 
acc ident analysis . 

3 .  METHOD OF ANALYSIS 

3 . 1  Acc ident investigat ion 

S ince 1 9 7 3 ,  an interdisc ipl inary med ica l / techn ical team at the 
Medical Univers ity of Hannover is engaged in acc ident inve stiga
t ion s . This research pro j ect is carried out as a j o int act ion by 
the Inst itute for Vehicle Techniques of the Technical Univers ity 
Berlin and the German Federal H ighway Department . The team in
vest igate s and records traff ic acc idents with personal damage in 
the town and rural destricts of Hannover ( OTTE - 1 3 ) . The team , 
consisting of doctors and engineer s  approach the s ite of an acci
dent in spec ially equipped veh ic le s . Data collect ion of the acc i 
dent s ,  i . e .  f inal pos itions of vehicles and any impact points , 
a s  wel l  a s  the f inal pos it ion of the injured i s  started immedi
ately . True-to-scale drawings of the accident scene , including 
any secured traces can be produced with the help of stereo photo-
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graphy , for each individual case . Thi s  makes an exact reconstruc
t ion of an acc i dent pos s ible , the k inetic process as wel l  as the 
inj ury mechani sms . All injuries are recorded , divided into type , 
severity and exact location , and f inally evaluated in accordance 
with the AIS scale (American Assoc iat ion of Automotive Medic ine , 
1 9 80 ( 1 5 ) ) .  A correlation of the e stab l i shed damage s ,  the k inetic 
proce s ses , and the diagnosed injurie s  on a phys ical , b io-mechan
ical and k inetic b a s i s  is made pos s ible by this medical/ technical 
cooperation . 

3 . 2  DESCRIPTION OF THE EXAMINED COLLECTIVE 

The study collective con s i s ted of 4 3 6  involved motor i zed two
wheeler s , with 5 4 3  r i der s .  4 1 0  b icyc l e s , with 4 1 5  riders were 
also at our d isposal for the evaluation . In these acc idents ,  a l l  
col l i s ion partners were cons idered ( table 1 ) , but the motorcar 
was involved most frequently . 

c o l l i s i o n  partner 

v e h i c l e  t y p e  two-
c a r  t r u c k  

wheeler 

pedes-

trian 
object multiple 

% % % % % % 

M o f a  7 2 , 9  1 4, 1 - - 1 1 ,8 1 , 2  

M o p e d / M o k i c k  74,6 1 2,7 1 ,8 1 , 8  5,5 3,6 

K l e i n k r aftrad 60,0 20,0 3 , 3  - 3,3 1 3,4 

L e i c h t k r a ft r a d  59,5 1 4,9 2, 1 4,3 1 4,9 4,3 

motorcycle 50,9 7, 1 7,5 5,7 1 9 ,4 9,4 

motor-s c o o t e r  85,7 1 4, 3  - - - -

m o t o r l z e d  t w o-
60,3 1 1 ,0 4,4 3,4 1 4 , 2  6,7 

w h e e l e r s  t o t a l  

b i c y c l e  7 7 , 3  1 1 , 7 4,4 1 ,5 3 , 9  1 , 2 

table 1 :  Col l i s ion partner of two-wheeler riders 
in the analyzed acc idents 

total 

n 

85 

55 

30 

47 

2 1 2  

7 

4 3 6  

4 1 0  

F o r  motori zed two-wheelers , i n  comparison t o  b icycles , a distinct
ly h igher proportion of coll i s ions with obj ects  l ike leading 
plank s , trees and such l ike could be observed . 

More than 50% o f  all two-wheeler r ider s , motorized a s  wel l  as non
motor ized , rece ived s l ight injuries of severity degree MAIS 1 / 2 
( table 2 )  • 
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v e h i c l e  t y p e  
u n i n-

injury severity grade M A I S  

M A I S  M A I S  M A I S  u n-

jured 1 / 2 3 / 4  5 / 6  known 
total 

% % % % % n 

Mofa 4 , 4  5 2,2 3 2 , 2  1 0,0 1 ,  1 90 

M o p ed / M o k i c k  8 , 6  5 5 , 7  2 5 , 7  8 , 6  1 , 4 7 0  

K l e i n k r a f t r a d  5 , 3  6 3 ,  1 1 8 , 4  1 3 , 2  - 3 8  

L e i c ht k r a f t r a d  6 , 2  6 2 , 5  2 5 ,0 4 , 7  1 , 6  6 4  

motorcycle 6 , 6  5 3 , 5  2 7, 3  1 1 ,4 1 ,  1 2 7 1  

motor-scooter 1 0 , 0  80,0 - 1 0 ,0 - 1 0  

motori z e d  two-
6 , 5  55,8 2 6 , 5  1 0, 1 1 ,  1 5 4 3  

w h e e l e r s  t o t a l  

b i c y c l e  2 , 7  6 0 , 2  2 3 , 9  1 1 , 3  1 , 9  4 1 5  

p e r c e n t a g e  of f a t a l  
1 ,  7 1 7 , 9  7 4 , 4  6 , 0  1 1 7 -

l n v o l v e d  p er s o n s  

tab l e  2 :  D i stribution of inj ury sever ity degrees ( MAI S )  
in the analyzed acc idents 

4 .  DETAILED INJURY S ITUATION 

4 . 1  Motorized two-whee ler r iders 

The 508 injured users of motorized two-wheele r s , documented in 
thi s  study , received a total of 3. , 8 3 8  individual inj ur ie s , in 
mos t  cases to the lower extremities ( 8 1  . 2 % of the users - table 3 ) . 
Soft-part injuries represent with 7 5 . 7 % the main proportion of 
the se . The t ibia i s  e spec ially exposed to fractures ( 1 8 . 6 % ) , wh ile 
the qu ite frequent knee injuries ( 4 9 . 7 % )  are , a s  a rule , soft
part type s . The same great injury r i sk l ik e  to thigh and t ibia 
a l so applies to the ankle-joint and foot region , where 2 3 %  or 
1 6 . 2 % respectively received injurie s .  Only one f ifth to one 
quarter of the persons involved suffered injuries to the body 
trunk ( thorax inc l . shoulder , abdomen and pelvi s ) . Here , damages 
to the organs occurred in approximately 7 % , to the ves se l s  up to 
approximately 2 % . The head i s  another body reg ion very much ex
posed to injuries ( 4 8 . 4 % of the inj ured persons - 7 3 %  of tho se 
without helmet , and 4 2 %  of helmet wearers ) .  Injuries are a l so 
f requent to the upper extremities ( 56 . 2 % of the injured) . 

4 . 2  CYCLISTS 

The 403 injured cyc l ists suffered an inj ury total of 3 , 5 3 5 ;  7 4 %  
o f  them rece ived leg in jurie s . The head , howeve r , i s  with 7 6 . 1 %  
of a l l  injured the most frequently traumatized body region , with 
many soft-part injuries ( 70 . 6 % of a l l  injured peopl e ) , and with 
skul l-brain trauma ( 4 8 . 7 % ) . In compar i son with motorized two-
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wheeler users , cyc l i s t s  rece ive injuries more often to the e lbows 
( 24 . 3 % ) , to the hands ( 3 6 . 4 % ,  and s l ightly more injuries to the 
ank l e- j o int /foot region ( 2 5 . 8 %  and 1 7 . 6 % respectively) 

table 3 :  

� soft part fractur organ vessel 

� 
,f � -"i 48,4\\\ 39,6% 14,4% 29,8% head 

22,9 � 8,7\\\ 5,7% 3,3% 0,4\\\ 0,4% neck 
1,8 � 

19,0\\\ 12,5% 9,0\\\ shoulder , ·. � · ··, 
. 3.8/ � \ 19,0\\\ 12,3% 8,5\\\ 6,3% 1,7% thorax 

\ ,/ � ' 
q, 6,7 � 56,2\\\ 50,6\\\ 17,1% 0,2% arm total 

�- � 12,9\\\ 

_ .... -- � ·--., ___ 

10,1\\\ 4,2% 0,2% upper arm 
-<: 14,5\\\ :J 4,0 � 13,4% 1,7% elbow 

.s -- � 21,9\\\ 14,5% 8,8% forearm ''-·- � ---

r 
1 1,8\\\ 9,9% 1,7% wrlat 

� 30,2\\\ 27,3% 5,2% hand 
7,6 � 1 3,6% 8,3\\\ 1 , 1\\\ 0,7% 

.-- • ••. . „_ 

6,6% abdomen 

"' 13� 1 \1\  1 1,0\\\ 3,3% 0,6% 0,2% pelvla 

ai 81,2\\\ 75,7% 32,2% 0,2% leg total "' :;l � ---... 33,5\\\ 25,6% 12,9% 0,2% thlgh 2 
� 49,7\\\ 48,1% 3,1% knee 

� 18,6% 

� 45,7\\\ 35,7% lower leg 

� 23,0\\\ 20,3\\\ 4,2% ankle-Jolnt 
4,6 :· � 

16,2\\\ 14,9% 3,5% foot @ �  � 
base ( 100\\\): � base ( 1 00%): motorlzed two-wheel-rldera 
all lnJurlea � all peraona 

Frequency of injuries ( n= 3 8 3 8 )  to the different 
body regions of motorized two-wheeler r ider s  

� 
,f�-"i 

76,1% 

� __ „ 19,0\\\ 

� \ :' 1 8  6\1\ � �� . 

�- �� � '·" � 58,6\\\ 
. � 1 2,5\\\ -<: 

___ .. ·· � ·-„ ... _ 

:J .2 2,6 � 24,3% 

----- � --- 16,9\\\ 
3,0 � 8,2\\\ 

� � 36,4\\\ 
5,5 � � 13,3\\\ 

� � 13,5\\\ 
� � "' 7,8 � 74,0\\\ "' � � 28,9\\\ n; 1 1 ,6 � 2 � 38,6\\\ 

� � 
44,6 \\\ 

� 25,8\\\ 
� � 17,6\\\ 
� 

base ( 100\\\): � base ( 100\\\): � all lnjurlea � all peraona 

soft part 
70,6% 

3,6% 

1 1 ,6\\\ 

1 0 , 1 %  

5 6 , 1 %  

9,2% 

23,4% 

14,9% 

8,0% 

35,7% 

9,2% 

1 1 , 1 %  

69,2% 

23,6% 

38,3% 

37,6% 

23,9% 

15,2% 

fractur organ vessel 

16,8% 48,7% 0,5% head 

2,4% 0,2% 0,2% neck 

9,9\\\ shoulder 

10,6% 4 , 1 %  1 , 2 %  thorax 

1 1 , 1 %  arm total 

5 , 1 %  upper arm 

1,7% elbow 

3,4% forearm 

0,5% wrlst 

2,2% hand 

1 , 7 %  3,6% 0,2% abdomen 

4 , 1 %  0,7% pelvls 

28,9% leg total 

7 , 5 %  thlgh 

0,7% knee 

20,2% lower leg 

3,6% ankle-Jolnt 

3 , 1 %  foot 

cycllsta 

tab l e  4 :  Frequency of injuries ( n = 3 5 3 5 )  to the different 
body regions of cyc l ists  ( n= 4 03 ) 

2 2 5  
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the e lbows , to the wr ists and hands . The legs ( ventra l ) , i nc l . 
the foot region and e spec ially the knee s , often rece ive soft
part i n j urie s . 
They suffer , howeve r ,  fewer inj uries the cervical ve rtebra ( 5 , 5 % ) , 
to the forearms , the wr ists , thighs and knee s .  They also rece ive 
evidently fewer intra-abdominal injuries ( 3 , 6 % ,  compared with 
6 , 6 % of the motorcyc l i s ts ) , and fewer frac tures to forearm and 
hand region , but more frac tures to the thorax anihead . 

Each individual inj ury was analy zed , according to its  exact lo
cati on . The mos t  frequently injured body regions for two-wheeler 
r iders ( motori zed an non-motor i zed)  are illustrated in the p ic to
grams ( hatching s )  in diagrams 5 and 6 .  

In view of the very great injury frequency , the se body regions 
require spec i a l  protec tion . These cognitions result from the 
summing-up of all individual injurie s ,  divided into soft-part in
juries and frac ture s .  

4 . 3  BODY REGIO�S WITH HIGH INJURY FREQUENCY 

4 . 3 . 1  Motori zed two-wheeler users ( diagram 5 )  

Soft-par t i n j uries are very frequent for shoulders , the lateral 
reg ion of thorax , abdomen and pelvi s ,  dorsal to forearms , incl . 
Frac tures are predominant in the shöulder regiön , the upper arms 
( proximal ) , the forearms ( dista l ) ,  incl . hands and wr ists . The 
thorax fractures are frequent in the front-rib region . The occur 
also to the whole of the pelvis a s . we l l  as the thigh ( centre 
third) and the whole of the tibia . 

Injuries  to the head are ma inly soft-part defects to the front 
an s i de of the fac ial skul l .  Here mos t  fractures are also found 
( s .  JESSL - 1 6 ) . 

4 . 3 . 2  Cyclists  ( diagram 6 )  

Soft-part injuries to the cyc l i s t  are e specially found in the 
reg ion of the facial skull  a s  we l l  a s  the back of the head . 
To the latter , however , exclus ive ly in an almöst c ircular reg ion 
above the regio occipital i s .  Further outs tanding inj ury points 
are the e lbows , the surface of the forearms and the hands , a l so 
in the region of knees , the ankle-j oint and foot . Frac ture s 
are fourid in the whole of _ the skul l , but more frequently in the 
facial skull , in the whole of the front-rib region , the pelvi s , 
e spec ially the hunchbone . Further to the thigh ( in the proximal 
and distal third)  as wel l  as the whole of the tibia . Fractures 
to ' the arms may of ten occur in the centre third of the upper 
arms as well as the distal third of the forearms , and in the 
reg ion of _ the wr ists . 
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diagram 5 :  

d ia$lram 6 :  

motor ized two-whe e l - r i de r s  
body regions wi th  h igh  risks of injuries 

soft part b o n y  
injur ies i njur ies 

c y c l i s t s 
body  reg ions with h igh  r isks of in juries 

soft part bony 
in jur ies in jur ies 

1 \  ' I  
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It is remarkable that cyc l ists suffer an increased in j ury f re 
quency t o  the left side of the body , where soft-part injuries 
( to the lateral thorax and lumbar region ) are s l ightly more f re
quent . 

4 . 4  CONSTRUCTION OF PROTECTIVE DEVICES 

Protective devices can be designed for exposed body regions a s  
a n  ob j ective measure for the injury reduction . The se devices must 
have power-dispersing as wel l  a s  shock-absorbing effect s . When 
inserted in leather c lothing , they will be an a sset for increased 
protection . Real i stic model s  are already on the market in Sweden 
( 1 7 ) and Germany ( 1 8 ) . 

5 .  QUANTITATIVE DETERMINATION OF INJURY CAUSES AND 
EVALUATI ON OF OBJECTIVE MEASURES 

The injuries are basically traced to four different cause s . These 
are parts of 

cars 
trucks and commerc ial vehicles 
acc ident s ite 
own two-wheel vehicles 

motor ized two-wheel 
r iders 

3 2 . 6 %  
7 . 7 % 

4 7 . 6 % 
1 2 . 1 %  

5 . 1 MEASURES TO BE TAKEN ON CARS 

cyc l ists 

50 . 2 % 
3 . 4 %  

4 2 . 6 % 
3 . 8 % 

Mea sures on the car for the purpose of injury reduct ion must have 
prior ity , in view of the fact that 2 5 %  of all injuries to the 
motor i zed , and even 50% of the injuries to the non-motor ized two
wheeler user are infl icted by car parts . Injuries by the car 
front , including the bumper and e dge o f  the bonnet front ( dia
gram 7 )  are e spec ially frequent . These reg ions together cause 
1 3 . 7 % of all in juries to the motorized , and 20 . 1 %  to the non-mo
torized two-wheeler user . The car front and espec iaily the bum
per and main front edge c ause injuries mainly to the tibia and 
the knee . The pushing forces are transferred directly to these 
regions by the hard and r igid tin structure s . Shock and energy
absorbing elements f itted to thes e  vehicle regions appear to be 
most sens ible for the injury prophylax i s .  These are broad and 
thick rubber coverings for the bumper , in foot-rest level for 
motorized two-wheelers , if pos s ible . 

As far a s  the injury frequency for motor ized a s  well a s  non-motor
ized two-wheeler u sers i s  concerne d ,  the centre third of the 
front bannet and the front windscreen are of importance . These 
regions of the car are c learly the most dangerous for cyclists , 
with 1 9 . 8 %  of all injurie s ,  and thus partly the c ause o f  a great 
number of head injurie s .  The lateral door frames as wel l  as the 
fender structures in back and front cause injuries to motori z ed 
two-wheeler users rernarkably often . Serious injuries of severity 
degree AIS > 2 are often caused by the burnper , the edge of the 
front bannet , the windscreen and A-posts . 
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1 0  
i;ycllats 

(n= 1809, 50,2%) 

1 5  
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i n j u r i e s  c a u s e d  b y  c a r s  

d iagram 7 :  Car parts caus ing injuries to r iders of 
two-wheel vehic les ( 1 00% = all injurie s )  
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Recommended measures are : 
- rounded broad-leveled vehicle edges , for the d ispers ion and re

duction of transmitting forces to the body 

- energy absorbtion regions provided by shock-absorbing devices 
l ike plastic foam . These are e specially suitable for the centre 
front bonnet region . Bes ides injuries to the upper and lower 
extremities ,  injuries in the region of thorax and shoulder are 
caused here . Espec ially injuries to the head region of cyc l ists 
and users of mofa/mokick . 

The windscreen region i s  often respons ible for head injurie s ,  
mainly to cyc l ists , in an impact with the glass compound . Here 
an improvement can only be expected by f itt ing a laminated safety 
glass windscreen , with more e la stic qual ity than that of the 
s ingle-plate safety glas s . The lateral A-posts  as wel l  as the 
upper roof edge should be smooth and shock absorb ing . The connec
t ion between front bonnet and windscreen has to be broad panelled 
and without edgy structures ( dropped windscreen wipers ,  drawn-up 
front bonnet) . Lateral injur ious vehicle regions are the roof 
edge , door structures ,  inc luding upper A ,  B ,  C and ( if installed )  
D-posts as wel l  as the upper fender edge s in back and front . 
These too should be shaped rounded and yielding , in order to re
duce the impact of the upper body by energy ab sorbtion and dis
pers ion . The installat ion o f  special impact absorbers to these 
regions appears to be fea s ibl e .  

5 . 2  MEASURES ON TRUCKS 

7 . 7 % of all injuries to the users of motor iz ed two-wheelers , but 
only 3 . 4 %  of injuries to cyc l ists are caused by parts of commer
c ial vehicles ( diagram 8 )  . The front area of the truck most fre
quently influences the occurring injuries . 

5 
[%) 

Q; a. E ::1 .0 
0,2 

� \ Rjir' 
41 slde structure � ü c 
� 41 41 
„ u „ 'O c 

'i 

��clists 
(n= 1 2 1 ,  3,4%) 

.AIS 1/2 

�AIS �3 

'O 41 ü 41 ö 
Q. c ::1 

� 
::1 
ü � „ 
:V 
� 

0,2 

i n j ur ies  caused by trucks 

5 
[%) 

� \ Rjir' 
� side structure � ::1 ü � „ 

3,0 

c 41 41 
u „ 'O c 
'i 

AIS 1/2 

AIS �3 

'O ::1 41 ü ü ;! G> Ui ö 
Q. :V c � ::1 

(n=307, 7,7%) 

i n jur ies  caused b y  trucks 

diagram 8 :  Truck parts caus ing injuries to riders of 
two-wheel vehicles ( 1 00% = all injurie s )  
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The r ider o f  a two-wheeler collides a s  a rule with the front of a 
truck , a s  a result of an impact of his  whol e  body with the com
plete front area o f  the cornrnerc ial vehic le . Multiple injuries to 
h i s  body are th e consequence . There are several reasons for the 
overroll ing of the cyc l i s t .  One of them i s  the unfavourable ma s s  
relation and the rather rigid front area o f  the truck . Another i s  
the differing and very diverging he ight relation between the two
wheeler and the truck bumper .  During the col l i s ion of the two
wheeler with the front o f  a truck , the deformation of the truck 
results in the reduction of the transfered energy . The same ap
plies to the impact of a two-wheeler with the s ide of a truck , 
which often has the most serious consequence s .  Additional injury 
risks are the edgy frame mernbers of the vehicle body ( garbage 
vehic les , agricultural vehi c le s ) . Due to the relatively unpro
tected region between front and rear axle , the s ide of the truck 
is another risk for injuries by overrol l ing . Real i stic measures 
for the truck could be as follows : 
- underdrive protect ion for front , s ide and rear 
- shock ab sorbtion for front areas ( f itt ing of impact absorbtions) 
- rounded , broad leveled vehicle edge s , for dispersion and re-

duction of the trans fered impact force to the body 
- bumper f itted with broad and thick rubber cover , for the rider 

of a motor ized two-whee ler preferably at foot-rest level 
- e l imination of edgy external parts . 

5 . 3  MEASURES FOR ACC IDENT SITE 

Some parts of the acc ident s ite are a maj or cause for injuries to 
the two-wheeler user . A strikingly frequent cause is the tarmac , 
which i s  respons ible for 3 2 . 5 % of all injuries to the cyc l i st ,  
and for 3 4 . 2 % to the motorized two-wheeler user ( diagram 9 ) . 
The s e  are mainly minor injuries of sever ity degree AIS 1 / 2 .  Im
pacts with masts , posts or trees are very dangerous , and quite 
often cause serious injurie s . Impacts with leading plank s ,  with 
only 2 . 1 %  of often minor injurie s ,  are of subordinate importance 
to the total pattern of inj ury cau ses for motori zed two-wheeler 
u sers ( s .  OTTE - 1 9 ;  DOMHAN - 20) . 

Saf ety precautions for the environment are fea s ible only to some 
extent , l ike cover ing o f  posts , l eading planks or such l ike 
( SCHULER - 2 1 ) . The protection against injuries caused by the 
s ite of accident should in our opinion be f ixed directly to the 
rider of a two-wheeler ( analog diagrams 5 and 6 ,  chapter 4 . 2 ) . 
Thi s  demand i s  supported by the f act that the main proportion of 
injuries result from rol l ing or g l iding-down movements of the 
body on the tarmac ( 7 2 . 7 % of motorcycl ists , and 8 9 . 4 %  of bi
cyc l ists ) . A s  a rul e , the se as ' s l ight ' c lassified soft-part 
injuries can e ffect ively be prevented by c lothe s and helmet . 
This refers e spec ially to the cyc l i s t ,  for whom a head protection 
would provide a great measure of pass ive safety . 

5 . 4  MEASURES FOR THE OWN TWO-WHEELER 

I n j uries caused by the own two-wheeler are of importance apparently 
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only for riders of rnotorized two-wheelers ( diagrarn 1 0 )  ( 1 2 . 1 %  of 
all in jurie s )  . 
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Diagrarn 9 :  Injury-caus ing parts on road surface for riders 
of two-wheel vehicles ( 1 00% = all injuries)  
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The handlebar causing 5 . 3 % of all injuries i s  regarded as particu
larly dangerous ,  for the cycl i st as wel l  as the user of a motor
i ze d  two-wheeler � These injuries occur in mos t  cases during the 
detaching phase , in which the two-wheeler user performs a forward 
movement . For the motorcyclist , these injuries occur to the fore
arms , by support on the handlebar ( fractures to forearms , wrist s , 
and the centre of the hand s )  . Further in the region of the thigh 
( fracture s ) , and to the knees ( soft-part type s ) , also by d irect 
impact of the legs with the handlebar . Al so recogn ized as in
j ur ious for the motor ized two-wheeler user are parts of the pro
tec tive covering s , often attached to the handlebar , e specially 
when splic ing synthet ic mater ial s are used . These injuries could 
be e l iminated or reduce d  by bol stering the handlebar , or by 
f itting shock absorbtion s . Protruding edged and rigid parts on the 
two-wheeler should be e l iminated ,  in order to provide pas s ive 
acc ident protection for the two-wheeler user . 

6 .  CONCLUSIONS 

The analys i s  of the deta iled injury pattern for 508 users of 
moto r i z ed two-wheeler s ,  and 403 cyc l ists , with a total of 3 , 500 
injurie s ,  f rom invest igations at the s ite of acc idents , estab
l i shed the regions exposed to h igh in jury frequency . With regard 
to the causes responsible for these injuries the pract ic ab i l ity 
of sen s ible safety measures is i l lustrated . It became evident 
that constructive measures to veh icles ( car , truck and two-wheeler 
also)  would contribute to a s ignif icant reduction of injuri�s . 
I n  the construction of regions of pas s ive security , the c r iter ia 
absorbt ion and widely spaced power d i spers ion should always be 
cons idered in combination . The power d i spers ion is often de
c i s ive for the in jury occurrence . 

For the car , regions of increased in j ury r isks were defined 
wh ich require construct ive measures . These are 
- bumper 
- edge of front bonnet 
- windscreen including A-post and roof edge s 
- lateral upper door and roof-edge region . 

Modi f ications for the truck should inc lude the following part s : 
- bumper ,  inc luding compatible two-whee l er level 
- front area 
- lateral body geometry 
- drive-under prevention for s ide and rear . 

Measures for the two-wheeler are : 
- handlebar construction 
- e l imination of sharp-edged extens ion parts 
- integrat ion of energy-absorbtion regions� 

For the user of the motor ized two-wheeler , additional con
structive modif ications are neces sary to improve the take-off 
angle during c ol l i s ions . A lateral protec t ion should be in
stalled to prevent injuries to the lower extremit ie s .  

The improvement of sel fprotection by the use of a crash helmet 
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and protective clothing must be regarded as the mo st important 
measure in the accident prophylaxi s . By opt imiz ing the protective 
devices ,  directly attached to the body , measures for the col l i
sion partner , the own two-wheeler and the environment or the 
accident s ite would become more effect ive . The author s  are of the 
opinion that the protect ive c lothing in its present de s ign , and 
already avai labl e  in the market , does not g ive adequate protec
t ion . The leather clothing protects the motorized two-wheeler 
user only against soft-part injuries ( OTTE - 2 2 )  . A prevention of 
f ractures has yet to be achieved by the f itting of spec ial shock 
absorbers . Protectives should,  therefore , be attached to very 
exposed body region s . The absorbing qua l ities of the se protective s 
will prevent the push ing forces to exceed the maximum b io-mechan
ical tolerance , and thus achieve an injury reduction . 

Cognitions from the above detailed injury analysis created a basis 
for the modif ication o r  development of the protective cloth ing , 
which have already been included in a special research and de
velopment proj ect for a complete safety cornbination . The pro
tective value of todays c ra sh helmets ( in accordance with ECE 
norm ( 2 3 ) ) can be regarded as absolutely satisfactory . I ntegral 
helmets shou l d ,  however , be used exclus ively with modif ications 
to the forehead and chin region . Users of all types of two
wheelers ( from mofa to motorcycl e )  are urgently in need of thi s  
protection . 

The very high injury f requency to the head of cyc l i sts urgently 
calls for an effec t ive head protect ion . The survey demonstrates 
the f act that a half-shel l  helmet doe s  not adequately provide 
this protection . It i s  evident that an optimal head protection 
for cyc l i sts is requ ired , also des igned as a type of integral 
helmet , but of a l ighter weight , and maybe modified in des ign . 
Beyond thi s , cyc l i sts should wear protec tive c lothing , not 
nece s sarily of leather , but in modern styl e ,  made of material of 
tensile strength , and f itted with protect ive bolsters .  
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