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1 .  INTRODUCT I ON 

I n  the Fede ra l Repub l i c  of Ge rmany , highway t ra f f i c ,  among other 
t hings , i s  charact eri z ed by a vi gorous increase i n  t h e  nurnbers of 
powered two-whe e lers and t i ll 1 9 8 2  a growi n g  nurnber o f  fatal and 
i n j ury acc idents in this g roup o f  road users . For that reason , the 
Fede ra l H i ghway Res ea rch I n s t i t ute I BASt ) , a s  acc ident research 
cente r ,  has made the p rob l erns a s soc i ated with pass ive s a f ety f e a t ­
ures f o r  u s e r s  o f  powered two-whee lers a focal po int o f  i t s  pro­
g rar.is of research and set up a nurnber of r e s e a rc h  proj ect s . In t h e  
fol l�wing , o n l y  the r e s u l t s  o f  helmet s t u d i e s  are re-ported . The 
work was undertaken to answer e s pecial ly t h e  que s t i ons rai s ed i n  
res pect o f  the e f f ectiveness o f  helmets a s  p rotective devi c e s . The 
prob l em was approached by s t udying and plotting head i n j ur i e s  s u s ­
t a ined in rea l acc i dents b y  h e lmeted and unhelmeted motorcyc l i s t s  
and by s t udying the loads s us t ained by t h e  head by means of acc i ­
dent reconstruct ions . The o b j e c t ive o f  t h e  r e s earch was a l s o  to 
s t udy po s s i b i l i t i e s  of optirni z i n g  head protection by rneans o f  hel­
met improvements . 

2 .  S ITUAT I ON OF USERS OF POWERED TWO WHEELERS 
IN THE FEDERAL REPUBLIC OF GERMANY 

The s ituation o f  users o f  powered two-whe e l e rs i n  t he Federa l Re­
pub l i c  of Germany is d e s c r ibed in the fo l lowing with respect to 
the dev e lopment of numbers of two-wheelers in t h e  var ious power 
c la s s e s , the deve lopment of accidents and that of the rat8 of hel­
met weari n g .  

I n  1 9 8 3 ,  the number o f  reg i s tered powered two-wheelers w a s  2 , 9 6  
mi l l ions . About 3 0  p . c .  o f  t h e s e  were motorcy c l e s  and motor s coot­
ers . The deve lopment of the numbers of these vehi c l es is s hown i n  
f i g .  1 ( s ee app . ) . 

The stat i s t i c s  given s how a four-fold increase i n  the numbers o f  
vehicles i n  t h i s  category i n  the decade f rom 1 9 7 2  to 1 9 8 2 . The 
f i gure for 1 9 8 3  amounting to a total o f  8 8 4 , 0 0 0  vehicles , howev e r ,  
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indicate that the exponent i a l  t rend o f  development i s  leve l l in g  
o f f . 

The numbers of fatal powcred two-wh e e l e r  accidents for the years 
1 9 8 0  - 1 9 8 2  are s hown in f i g . 2 ( see app . ) .  The t rends with respe c t  
t o  l i ght-powered two-whe e lers ( moped/mokick , mo f a )  and moto rcyc les 
(motorcy c l e s  in various powe r c la s s e s  and scoot ers } vary . Whereas 

there is a downward trend in the deve lopment of fatal accidents in 
the l i ght motorcyc l e  c l as s ,  the tre nd is towards r i s ing numbers o f  
fata l it ie s  in t h e  h i ghe r power c la s s . The s e  absolute f i gures c an 
b e  a s s e s s ed against the background o f  the development o f  the ove r­
a l l  number o f  powered two-wheelers above . Howev e r , i f  the various 
types of powered two-wheelers are compa red , the variation of annu­
a l  mi l eage f i gures , which may be considerab l e , w i l l  a l s o  have to 
be taken i nto account . Cons idering the overa l l  number o f  powered 
two-wh e e lers , it i s  worth not i c i ng t hat 5 7  p . c .  of the riders 
k i l l ed are found among the group o f  motorcy c l i s t s  repres enting 
3 0  p . c .  o f  a l l  powered two-wheelers ( the t rend in 1 9 8 3  i n  the num-
ber o f  fata l i t i es in the motorcyc le c la s s  i s  downwa rd ( 7 . 2 . p . c . ) )  

I n  the Federal Republic o f  Germany ,  the compulsory helmet usage 
l aw was i n t roduced in 1 9 7 6  for moto rcyc l e s  and s cooters and the 
c la s s  of l i ght motorcy c l e s  ( 5 0  c c )  and in 1 9 7 8  e xt ended to moped s /  
mokicks ( to p  speed . 4 0 km/ h ,  5 0  c c )  a s  we l l .  Mofas ( top speed of 
2 5  km/ h ,  5 0  c c )  are s t i l l  the only vchicles not coming unde r  the 
compulsory he lmet usage law . The helmet usage rat es for the motor­
cyc l i s t s  and pass engers coming under the l aw and tho s e  excepted 
f rom i t  qre s hown i n  f i g . 3 ( s ee app . ) .  

W i th r espect to t ho s e  s ub j ect to the law ,  he lmet wearing went up 
during t he p eriod o f  t ra n s i t ional p rov i s ions ( 1 9 7 9  - 1 9 8 0 )  and 
s t ay ed around 95 p . c .  s ince this p e riod ended , both for riders and 
pas s engers . In contrast to that , the he lmet usage rate in the mof a  
c l a s s  was found t o  have remained j us t  a l it t l e  above 2 0  p . c .  

3 .  ACC I D ENT RESEARCH WITH RESPECT TO POWERED TWO-WHEELERS 

T h e  research pro j ects mentioned at the beginning of this r eport , 
s et up by BASt i n  order to opt imi z e  the protective e f f ec t s  of hel­
mets , which is t he topic of concern to us here , were carried out 
by means of three accident analyses and one laboratory s t udy : 

- I n-depth i nv e s t i gation ( OTTE/ Hanover Medical Univ e rs i ty 

- Ef f ectiveness of pas s ive saf ety f eatures ( an a ly s i s  of two-
whee l e r  accident s ) S C HUELER/ H e id e lberg I n s t i tute of Fore n s i c  
Med i c i n e  

- Advant ages and drawbacks o f  pas s ive p rotect ion dev i c es ( an a ly­
s i s  o f  two-whee l e r  accident s )  B E I E R/Mun i ch I n s t i tute o f  fo­
rensic Med i c i ne 

- Protective helmets f o r  us e r s  o f  powered two-whee l ers ( laborato­
ry s t ud i e s ) JES S L / Batt e l l e  I ns t i t ut e ,  Frankfort 

Some of the research methods applied are summar i z ed i n  the f o l low­
ing table (Table 1 ) .  
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AC C I DENT ANALYSES LABORATORY S T UD I ES 

OTTE/HANOVER SCHUELER/HE I DELBERG BE ! En/MU N I CH J E S S L/FRANKFORT 

- I N-DEPTH STUDY - DATA COLLEC T I ON - DATA COLLECT I ON - I MPACT S T UD I ES 
OF A C C I DENTS BASED O N  POL I C E  BASED O N  POL I C E  ( DUMMY TESTS W I TH/ 
D I RECTLY AFTER ACC I D ENT RECORDS ACC I D ENT RECORDS W J THOUT HELMET ) 
THEY HAD AND QUES T I ON -
OCCURRED N A I R E S  

- A S S E S SMENT AND - ASSESSMENT AND - ASSESSMENT AND - W I ND TUNNEL MEASURE-
D E S C R  I P T !  ON OF DESCR I PT I ON OF DES C R I PT I O N  OF MENTS TO DETERM I N E 
DAMAGE TO DAMAGE TO DAMAGE TO T H E  EFFECTS O F  W I ND 
HELMETS HELMETS HELMETS FORCES O N  HELMETS 

- RAT I NG OF - RAT I N G  OF - RAT I N G  OF - W I ND TUNNEL MEASURE-
I NJUR I ES (.l\l S )  I NJ U R I E S (M/\ ! S )  I NJUR I ES i\CCORD- MENTS TO DETERM I N E  

I NG TO A I S  SOUND LEVELS I N  
HELMETS 

- RECONSTRUCT I O N  - RECONSTRUCT I ON - RECONSTRUCT I O N - MEASUREMENTS O F  T H E  
O F  ACC I D ENTS O F  ACC I D ENTS OF ACC I D EN T S  V I SUAL F I ELD 

- DOCUMENTAT I ON - Q U ES T I O N I NG THOSE - DET E R M I NAT I ON OF 
O F  ACC I DENT I NVOLVED I N  THE USAGE RATES W I TH 
CONSEQUENCES ACC I D ENTS RESPECT TO PRO-

TECT I V E  CLOTH I NG 

- QUEST ! ON I N G  
THOSE I NVOLVED 
I N  THE A C C I DENTS 

TABLE 1: RESEARCH METHODS 

The s t ud i e s  conducted by OTTE are based on 2 2 4  powered two-wh e e l e r  
accidents ( 1 9 7 3  - 1 9 8 1 ) i nvolving 2 7 2  us ers ( 1 4 1 o f  them he lmeted ) ,  
analysed in t he greater Hanover a rea . 

The i nvest i gation o f  S CHUELER i s  based on a spect rum o f  1 3 0 road 
acc i dents ( 1 9 8 0 )  i nvo lving 1 4 2 users of powe red two-wh e e l e rs ( 8 3  
o f  t hem he lmeted ) , wfuich occ urred i n  the He i d elberg Area . 

The s t ud i es performed by BEIER are based on a tot a l  of 3 0 9  u s e rs 
of powered two-wheelers ( 2 5 7  o f  t hem h e lmeted ) i nvo lved i n  2 4 7  ac­
c idents . The s t udy area i n c l udes the c i ty of Mun i c h  and the ad­
m i n i s t rative coun t i e s  ( " Landkre i s e " )  surround ing i t .  

3 . 1 . 1  Iden t i f i c ation o f  ma i n  contact areas on h e lmets 

In order that t he p rotective e f f ects of h e lmets may be improved i t  
was necess ary to know where h e lmets a r e  a f f e c t ed i n  real acc ident s .  
For t hat reason , relevant contact areas were s t ud i ed . T h e  contact 
areas of helmets dete rm ined by OTTE and SCHUELE R , based on t h e i r  
accident studies , a r e  shown in f i g . 4 and 5 ( se e  app . ) .  

The s ubdi v i s ions o f  h e lmets r e s u l t i n g  f rom the two s t ud i e s  are not 
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t h e  s ame . For that reason , a d i rect compari son o f  the r e l evant con­
t act a reas is not pos s i b l e .  Howev e r ,  t he s t ud i es reveal that con­
ta�t areas are s e ldom found at t he top of the s he l l . The det a i l ed 
s ubd iv i s i on carried out by SCHUELER enab led the d etermination o f  
areas s urround ing the ears and t he area at t h e  base of the h e lmet . 
The f ront area o f  the h e lmet turned out to be af f ected l e s s  often 
than had been assumed . 

The e f fect o f  the u s e  o f  protective helmets on i n j ury s everity i s  
s hown i n  the s t udy performed by OTT E ( f i g .  6 )  ( s ee app . ) .  

No head i n j uries accord i n g  to AIS-0 were ident i f i ed on 5 7  p . c .  o f  
r i d e rs who had been h e lmeted but o n  3 2  p . c .  only o f  unhelmeted 
users At the same t ime , the percentage of i n j ur i e s  in the AIS c la s ­
s e s  1 - 3 indicate a n  unf avorabl e  t rend i n  t h e  c a s e  of unhe lmeted 
r i ders . A comparative rating of the other AIS c la s s es is problem­
ati cal owing to the sma l l  number of re levant cases ( A I S  4 = 7 
cas e s , A I S  5 = 7 cases , A I S  6 = 9 cases ) and i s  therefore refrain­
ed f rom here . 

The findings o f  SCHUELER , shown in f i g .  7 ( see app . ) ,  indicate 
that the head i n j uries rated according to MAIS had been dec i s ive 
for t h e  overa l l  i n j ury severity in the case o f  1 8  p . c .  of h e lmet ed 
riders . I n  the case of unhe lmeted users o f  powered two-whee lers , 
head i n j uries were dec i s i ve for the relevant MAIS c l as s i f i cation 
in 47 p . c .  of t h e s e  cases . The d i s proport ionate high percentage o f  
unhe lmeted users in the MAIS c la s s e s  greater than 2 a l s o  were ma in­
ly s ustained by unh e lmeted users o f  powered two-whe e l e r s . However , 
i n  t h i s  c a s e  too , the sma l l  number o f  cases in the MAIS c la s s  � 3 
needs to be tak en into account . 

Table 2 s hows t he f r equency o f  spec i f i c  head i n j ur i es and the fre­
quency o f  f ractures / d i s locat ions o f  the cervical vertebrae and the 
a t l anto-occipital j oi nt based on the 2 6 4  c a s e s  o f  seriously in­
j ur ed ( A I S :;:::: 2 )  motorcyc l i s t s  and fata l i t i e s  ( 2 0 0  helmeted , 6 4  un­
he lmeted ) s t ud i ed by B E I E R .  

' Sk u l l  f racture s ,  repres enting a proportion of 4 - 7 p . c .  among the 
s e riously and fatally i n j ured he lmeted motorcyc l i s t s  a r e  cons ider­
ably l e s s  f r equent than among unhe lmeted motorcyc l i s t s  ( p roportion 
of about 3 0  p . c . ) .  Even as suming a g reater degree of uncert a i n ly 
a s s o c i at ed w i t h  the findings for unhe lmeted motorcyc l i s t s  owing to 
t he srna l l  nurnbe r  of cas e s , it s t i l l  stands to reason to as sume 
that unhe lmeted rnotorcyc li s t s  are l i ke l y  to sustain s k u l l  f rac­
tures four t imes as f requently as serious ly i n j ured motorcy c l i s t s  
who had been he lmeted . F ractures and d i s l ocations o f  t h e

. 
c e rv i c a l  

ve rtebrae and o f  t h e  a t l anto-occ ipital j o int a r e  rare with h e lmet­
ed motorcyc l i st s  ( about 1 - 3 p . c . ) . I n  the case of unhe lmeted mo­
torcyc l i s t s  s uch i n j uries were susta ined i n  9 - 1 0  p . c .  of the 
cas e s . Table 2 s hows that brain t rauma ( S HT ) of between the f i r st 
and t h i rd degree was found on a total of 38 p . c .  of unhe lmeted 
riders s t ud ied . The d e c i s i v e  finding that the helrnet i s  a ma j o r  
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W I T H  W I T HOUT 

HELMET HEU1ET 

TOTAL NUMBER OF CASES 200 64 

FRACTURES/D I S LOCAT I ONS 

VAULT OF THE S KULL 4 % 31 % 

FAC I AL S KULL 7 % 29 % 

BAS E O F  THE S KULL 6 % 28 % 
ATLANTO-OCC . -J O I NT 1 % 9 % 

C ERV I CAL VERT EBRAE 3 % 10 % 

CRAN I A L-BRA I N  TRAUMA 

DEGREE 1 A I S  2 2 8  % 18 % 

DEGREES 2-3 A I S  3-6 10 % 35 % 

TABLE 2 - F R EQUENCY O F  SPEC I F I C  HEAD AND CERV I CA L  S P I N E  

I NJ UR I ES ( B E I ER )  

abatrnent factor with respect to the r i s k  o f  sustaining severe in­
j ur i e s  is conf irrned by t he t rend f rorn s e r ious brain t raurnas to 
l i ghter one s . The rno re s e rious bra in i n j u r i e s  we re found on unhe l ­
rneted rnotorcy c l i s t s  in 3 5  p . c .  and o n  h e lrneted riders in 1 0  p . c .  
of the cas e s  s tudied . 

Laboratory results can be grouped into : 

- the results o f  rneas urernents o f  the forces a s soc iat ed with a spe­
c i f i c  irnpact s ituation ( head against rigi d plate ) , 

- the re sults o f  rneasurernents of the forces and sounds a f f  ect ing 
a helrneted head at various rid in� speeds . 

With r espect to irnpact tes ts , two r e s u l t s  are of irnportan c e . The 
e f fect of the rnovernent of the who l e  rnass of the body of a rnotor­
c y c l i s t  in an irnpact against a rnore o r  l e s s  r i g id obst a c l e  ( i n the 
case of the accident s , for instanc e ,  against the A-post of a pa s­
senger c a r )  i s  c le a r ly shown in f i q .  8 .  I f , in the case o f  the 5 % 
fernal e  durnrny , peak dece lerat ion values o f  1 2 0 0  m / s 2  are rneasur ed , 
thes e values r i s e  to rno re t han 2 1 0 0 rn/ s 2  in the case o f  t h e  9 5  % 
male durnrny . This energy potent i a l  ha s to be considered in the de­
s i gn o f  the ene rgy absorbing padding o f  he lmet s .  Howev e r ,  thus f a r, 
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thP. reduct ion of t h i s  pot ent i a l  has not been ent i re ly success f u l . 

The sma l l e r , but s t i l l  rema i n i n� d i fference between the he lmeted 
and unhelmeted 5 % female and the 5 0  % or 9 5  % male dummy conf i rms 
t h i s  fact . 

The ef fect o f  s peed dece leration values , avera ged about three 
m i l l i - s econds , i s  s hown in f i g .  9 ( s ee app . ) .  

The pro t e c t i ve e f f ect of the helmets looked into i s  demon s t rated 
by the compa r i sons w i t h  the unhelmeted dummy . The only except ion 
is the he lmet who s e  s he l l  had been broken up in the cras h .  

The poten t i a l  protect ive e f f ect o f  h e lmets can b e  o f  f u l l  ben e f i t  
t o  riders o n l y  i f  h e lme t s  d o  not get lost i n  accident s .  L o s s  o f  
h e lmets i n  any phase o f  a n  acc i dent can be caused b y  techn i ca l  de­
f ects ( e . g .  breakage of the s t ra p  o r  buck le , breakage of s t ra p  an­
cho rag e , etc . )  or wrong r i d e r  usage ( ch i n  strap not or improperly 
secur ed , etc . ) .  There i s  a remarkably high number o f  cases in 
which the he lmet was lost owing to the above-me n t i oned defects and 
faults of usage . 

The stud i e s  performed by OTTE revea l ed that 1 3 . 5  p . c .  of he lmeted 
motorc y c l i s t s  had lost t he i r  h e lmets in the crash . The m a j o r ity 
( ::;::.. 1 0  p . c . ) came off after the primary head impact . 

The stud i e s  o f  SCHUELER are based on a sample o f  motorcy c l i st s , 
i n c l ud i n g  8 2  he lme t ed r iders . Thi rteen o f  them ( 1 6  p . c . ) had lost 
t h e i r  h e lmet in the c ras h .  I n  two c a s e s  the h e lmets had been at 
least part i a l ly e f f ective as r i s k  abatement factors . 

I n  the s�udy p e r formed by BEI E R ,  1 9  motorcy c l i s t s  ( 7 . 4  p . c . )  out 
of 2 5 7  h elmeted r i d e rs lost the i r  h e lmets during the traj ectory 
phase i n  the c ra s h . During the remaining pha s e s  of the cra s h , the 
r i s k  abat ement e f fect o f  these h e lmets thus was lost . Cases in 
whi c h  h e lmets came of f as a result of head impacts are counted 
among the g roup of h e lmeted r i d e rs bec ause helmets at l ea s t  had 
af forded p a rt i a l  p ro tect ive e f f ec t s  in such c a s e s . 

The l a rg e  numbe r  o f  he lmet s lost rema i n  a f act wo rthy o f  att ent ion, 
even taking i nto account the d i f ferent points of v i ew o f  the a u­
thors named . T h i s  fact needs to be cons idered in the d e s ign of 
helmet locking on fastening sy stems but should a l so be con s idered 
as a reason f o r  p lann ing and launc h i ng educat ion campa igns demon­
s t r at i n g  d e s irable mode s of behavi o r  w i t h  re spect to the usage of 
helme t s . 

Attempts at iden t i fy ing the contact areas on h e lmets by means o f  
head impact studies rev e a l ed t hat t h e  a reas surround ing t h e  ears 
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and the area at the base o f  helmets need to be paid g reater at ten­
tion to than has been done in the past . F rom the des i gn po i nt of 
v i ew ,  the energy absorpt ion capac i ty of these a reas ( by o pt i m i z ing 
the padd ing )  and the s t i ffness o f  the s h e l l  on both s ides ( by im­
prov i ng the des ign of the shel l )  could s t i l l  be improved . I n  these 
attempts at opt i m i z a t ion , i t  needs to be con s idered that the an­
cho r i ng points o f  the v i zor and the f a s t en ing o r  securing devi c e s  
o f  the chin s t r a p  d o  n o t  turn into break -away po ints w i t h  the con­
sequence of s h e l l  break-up in crashes . 

D e s p i t e  the wearing of h e lmet s , head i n j ur i e s  w i l l  s t i l l  occur i n  
future . Neverthe l e s s , t h e  energy absorpt ion capac i t y  o f  t h e  pad­
d i ng needs to be improved , for it is known that the capacity o f  
energy abso rpt ion , i n  spec i f i c  cases , can be exhaus t ed by the max­
i m um de formations ( e last i c  and plast i c )  sustai ned . The rema i n i ng 
impact energy then w i l l  f u l l y  af f ect the head o f  the acc ident v i c ­
t im and s t i l l  c a n  cause s e r ious i n j uri e s . A s  a consequence , e f forts 
s hould be concentrated on des i g n i ng padd i ngs a f fording a w i d e r  
range o f  energy abso rpt ion , and improv i ng t h e  p rotect ive e f f e c t s  o f  
helmets a t  h i gher impact veloc i t i e s  w i t hout s imultaneous ly a ltering 
t he i r  p rotective ef fect s at low s peeds . The large number of lost 
helmets further call for improvement s in the f i e lds o f  s a fe f a s ten­
i n g  or buck l ing and adj ustment fac i l i t i es in respect of the c h i n  
strap s . Apart f rom the mechan i c a l  st rength o f  t h e s e  dev i ces , the 
f it of helmet s (e . g . , by appropr i a t e  adj ustment s )  c a l l s  for atten­
t ion . 
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