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I n troducti  on . 

The modern motorcyc l e  i s  a n  effi c i ent  a nd i nexpens i ve mea ns of transport to 
thou sand s of peop l e  a nd the amount  by wh ich  ·i t pol l u tes the a tmosphere i s  
re l a ti v e l y  sma l l .  

As the pri ce of petrol goes up and a s  ra ti on i ng appears to be more and more 
l i ke l y  i n  the fu tur e ,  the use  of motorcyc l es wi l l  und oubt ly  i ncrea s e .  Th i s  
c a n  be s een i n  the d eve l op i ng cou ntr i es ,  where the average i nc ome i s  so l ow 
tha t on l y  very few peop l e  can ever hope to own a ca r .  Many fami l i es there­
fore use a motorcyc l e  as the i r  da i ly means of trans por t .  

Motorcyc l e  r i ders be l ong  t o  the ca tegory o f  un protected road users and i n  
case  of a n  acc i dent they are exposed to a severe r i s k  o f  i njury .  Al l poss i b l e  
means of prevent i ng i nj u ry mu s l  be u t i l i zed a nd i n  th i s  connect i on the cras h  
he l met i s  an i mporta n t  i tem . 

Trend s i n  a cc i dent stati s t i cs . 

I n  a number of i n terna ti ona l reports from the Uni ted Sta tes , Swi tzer l and , 
Eng l and and e l s ewher e ,  a n  i ncrease i n  the number of peop l e k i l l ed and i n ­
j ured i n  road acc i d ents i n  recent years can be noted . Th i s  trend i s  cons i dered 
to be due i n  part to a n  i ncreased number of heavy and powerfu l motorcyc l es 
dur i ng t h i s  per i od a nd i n  part to a s i mu l ta neou s  revoc a t i on of h e l met use l aws 
i n  certa i n  s ta tes i n  the U . S .  

As a term of reference for the trends regard i ng fata l i ti es and casua l ti es i n  
Swed e n ,  the number of i nsuranc e  years has been used . Owi ng to the h i gh costs 
i ncu rred by i njur i es , i nsura nc e prem i ums have become very h i gh .  The exper i ence 
of i nsurance c ompa n i es i n  Sweden i s  therefore that veh i c l e -owners nowadays 
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only  i nsure their  veh i c l es for the per i od dur i ng wh i ch they are used wh i ch i n  
Sweden i s  on ly  for a pa rt of the year . The number of severely i njured motor­
cyc l e  r i d ers has i ncreased over the past 1 0  year s ,  fi gure l .  The number of 
fata l i ti es has d ecreased s i nce 1 97 4 .  

Figure  l .  
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The number of motorcyc l e  and moped r i ders severely i njured 
per 1 00 000 i ns urance yea rs  i n  Sweden . 

Lega l as pec ts . 

I n  sweden there are three types of power dr i ven two-whee l ed veh i c l es :  moped s ,  
l i gh t  motorcyc l es and heavy motorcyc l es .  A moped has an i nterna l c ombusti on 
engi ne wi th a c a pac i ty of 50 cc a nd i s  des i g ned for a speed of 30 km/ h .  On ly  
wi th d i ff i cu l ty can i t  be mod i f i ed to  ach i eve h i gher speed s .  I f  the  capac i ty 
of the eng i ne d oes not exc eed 1 25 cc and the weight of the motorcyc l e  wi th­
ou t passenger d oes not exceed 75 kg , i t  i s  c l a ss i fi ed as a l i gh t  motorcyc l e .  
I f  the eng i ne ca pac i ty exceeds 1 25 cc i t  i s  regard�d a s  a heavy motorcyc l e .  

B oth heavy and l i ght motorcyc l es must be reg i s tered and dr i vers must have 
a l i cenc e .  The m i n i mum age l i mi t for a l i ght  motorcyc l e  i s  1 6  years and for 
a heavy motorcyc l e  18 years . Mopeds may be dr i ven wi thout a dr i v i ng l i cence 
from the age of 1 5 .  

He l mets . 

Cra s h  he lrnets used i n  Sweden are i mported a nd are of comparati vely un i form de­
s i gn . Two types are predorn i na n t :  open face he l mets ( OF )  and fu l l  face h e l mets 
( FF ) , tab l e  1 .  The h e l mets cons i st of a she l l ,  a shoc k absorbi ng l i ner , a 
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comfort padd i ng ,  a c h i n  s tra p ,  and a s  opti ona l equ i pment a peak or a v i zor .  
The des i gn i s  determi ned to a l arge extent by the nat iona l  s tand a rd S I S  
8824 1 1 .  

Modern h e l met she l l s  are mad e of a p l a s ti c ma ter i a l  that may be e i ther of 
two k i nd s :  a thermosetti ng p l a st i c or a f i bre g l a s s  re i nforced polyester . 
Thermosett i ng p l a s t i cs i nc l ude ABS and po l ycarbona te .  The ad vantages of poly­
carbona te are tha t i t  d i s p l ays g ood res i s tance to i mpac t and i s  compara t i ve l y  
cheap . ü i s advantages are that i t  i s  e l a st i c and under certa i n  cond i ti ons 
may b ecome bri tt l e .  

Hel mets of f i bre g l as s  re i nforced polyester are manufactured by a d i fferent 
tech n i que w i th a l arger propor t i on of manu a l  work and c onsequently more ex­
pen s i ve than mou l d ed he lmet s he l l s .  I f  the f i bre- g l a s s  rei nforced he lmet i s  
su bjec ted to a n  impact i t  ma i n ly  d eforms i n  a p l a st i c way . He l mets of a l l  
three ty pes that have been exposed to ex terna l v i o l ence i n  a n  acc i dent may 
have l os t  the i r  protect ive  effec t .  

The s h oc k -absorb i ng l i ner cons i sts of expanded polystyren e .  I n  order t o  protect 
the head of the wearer duri ng an acc i dent ,  the he l met i s  d e s i gned to undergo 
deforma t i on and ther eby prov i d e  a certa i n  s topp i ng d i s ta n ce for the head 
dur i ng an i mpac t .  T he  protect i ve effect i s  ach i eved i n  that b oth the he lmet 
she l l and the  l i ner can be deformed . 

Mater i a l  a nd methods . 

I n  the present s tudy , a cc i d ents oc curri ng dur i ng the per i od November 1 1 ,  1 975  -

- September 20 , 1 978 among rnotorcyc l e r i ders i ns ured wi th Fo l ksam have been 
i nvest i gated . üur i ng the i nvesti gati on per i od ,  25% of a l l  motorcyc l es and 
22% of a l l  mopeds i n  Sweden were i nsured wi th Fol ksam .  Th i s  c orrespond s to 
approx . 7 500 i nsurance years for motorcyc l es and approx . 75 000 i nsurance 
years for moped s .  

S i nc e  the wear i ng of crash  h e l mets by motorcyc l i s ts was made compu l s ory,  
Fo l k sam has  pa id  i ndemn i ty for dama ged he l mets . He lmets redeemed i n  th i s  way 
by Fo l ksam have been exami ned at the Department of Traffi c  Safety ,  Cha l mers 
Uni vers i ty of Techno ·l ogy , Gothenburg , where i t  has  been pos s i b l e  to compare 
he lmet d amage w i th t h r  Assoc i ated hrad i njury ,  ta b l e  I I .  

Tab 1 e I .  Types of he  l mets u s ed by the r i  d ers of the d i fferent types of 
veh i c l es .  

Moped r i ders 

OF-h e l mets 1 2  

L i  g_b_t___f!!__o_t_o_i:_cy_c_l_e _ _r_i_d_�-� 
OF- he lmets 1 3  
FF- h e l me ts 1 7  

l 00�:: 

43 '" ' 
57 ,,; 

Heavy motorcyc l e  r i d ers 

O F- he lmets 8 
FF-hel mets 29 

J_y_p��f v�h i c l e  unknown 

FF- h e l mets 4 

22% 
78% 

Pol i ce reports a nd i nsuranc e d ocuments were stud i ed for 83 non-fata l acc i dents 
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a nd the r i ders were i n tervi ewed over the tel ephone . 9 1  h e l mets from these 
acc i d en ts were avai l ab l e for exami nati on . I n  1 3  fata l acc i d en ts the autopsy 
reports and hos p i ta l  records were a l s o  s tud i ed .  From these acc i d ents the 
he lmets were not ava i lab l e .  

Tab l e  I I .  Extent  of the i nvest i gati on . 

Number of non-fa ta l acc i d en ts i nves t i gated 
Number of fa ta l acci dents i nvesti ga ted 

Tota l number of acc i d ents 

Number of he lmets exami ned ( from non - fa ta l acc i dents ) 
Number of d r i vers 
Number of passengers 
Number of i njured dr i vers 
Number of i nj ured passenger s 
Number of r i ders wi th head i njur i es 
Number of non- i njured ri ders 

Fata l i ti es occurr i ng_ j_�J!�- the_�bs erv ati on per i od .  

83 
1 3  

96 

9 1  
82 

9 
74  

8 
40 

9 

üur i ng the observat i on per i od 87 persons rece i ved fata l 1 nJ ur i es as a resu l t  
of motorcyc l e  acc i d ents i n  Sweden . Fourteen of them were Fo l k s am pol i cy­
hol ders . Type of acc i d ent and l e ad i ng cause of death for these are shown i n  
tab 1 e I I I .  

Tab 1 e I I I .  Fata l i ti es i n  motorcyc l e  acci dents i nsured wi th Fol ksam,  1 3  
d r i vers and 1 passenger . 

Type of acc i d ent Number Causes of death 

S i ng l e-veh i c l e  acc ident  6 He ad i njury ( 3 ) ,  s p l een i nj ury ( l ) ,  i n-
j ury to l arynx { l ) ,  ruptu red aorta ( l )  

Col l i s i on wi th car 2 He ad i njury ( 2 )  

- " - _ , . _  1 orry 4 Heart i njury ( l ) ,  head i nj ury ( l ) ,  rup-
tured aorta ( l ) ,  i n terna l b 1 eed i ng ( 1 ) 

_ 1 1 _  _ 1 1 _ cyc l e  Rupture i n  the l i ver ( l )  
_ 1 1 _  _ 1 1  _ tra i n  Trauma t i c  amputa t i on of one l eg ( 1 ) .  

The au topsy reports show that i n  s i x  of  these fourteen fa ta l i ti es the l ead i n g  
cause o f  d eath wa s a head i nj ury . These i nj ur ies  were the resu l t  of v i o l en t  
b l ows to the crown of the head caus i ng mu l ti pl e  fractures and brai n l acera t i ons .  
Al l deceased persons wore crash he lmets but  these h e l mets have not  been 
ava i l a b l e  for exam i na t i o n .  However , from the pol i ce reports and other i n­
surance documents i t  appears that i n  t h i s type of  very v i o l en t ,  h i g h  s peed 
acc i d en ts even the best he l mets can offer but m i n i ma l  protect i on and cannot 
prevent the fata l ou tcome . 
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Acc i dent  types . 

The mos t frequent type of acc i d en t  for a l l  types of two-wheel ers was a col l i ­
si on wi th another vehi c l e  and i n  the maj ori ty of cases the o ther veh i cl e  was 
a motor car . S i ng l e-veh i c l e  acc i d ents were , h oweve r ,  a l so frequent wi th th i s  
type of i nherently unstab l e  vehi c l e .  l t  i s  i nterest i ng to not i ce that i n  three 
acci dents there wa s a c o l l i s i on w i th a n  a n i ma l , tab l e  I V .  The annu a l  number of 
pol i ce repor ted road acc i dents w i th a n i ma l s  i nv o l ved i s  i ncreas i ng i n  Sweden 
and reached i n  1 97 7  a tota l of 480 acc i den ts . 

Tab l e  I V .  Types of acc i d ents for the 9 1  exami ned h e l me ts 

Acc i dent s i tuat i on 

Motorcyc 1 es . 

S i ng l e-vehi c l e  acci dent 
Col l i s i on w i th car 

- I I  - - II - motorcyc l e  
- II - - II - moped /cyc l e  
- II - - II - buss  
- I I  - - II - trac tor 
- I I  - - II - a n i ma l  

Moped s .  

S i ng l e-vehi c l e  acc i d ent 
Co l l i s i on wi th car 

- 11 - -11 - moped 

Type of acc i dent  unknown 

Acc i d ent s e�uenc�. 

Dr i vers 

1 6  
38 

4 
2 
l 
2 
3 

66 

5 
6 
l 

1 2  

4 

Passengers 

4 
3 
1 

9 

Tota l 

20 
4 1  

5 
2 
1 
2 
4 

75 

I n  order to descr i be the accident sequ enc e ,  i . e .  the r i s k of i nj ury tha t 
r i ders are exposed to the fol l owi ng c l as s i f i c at i on has been used : 

l .  Impac t a g a i n s t  a f i xed or movab l e  obj ect where the r i der c omes to rest 
a t  the s i te of the i mpact ( 2 1  cases ) . 

2 .  Impac t a ga i nst  the ground or road s urface a t  s ome d i stance from the s i te 
of i mpac t or l os s  of control ( 67 cases ) .  

3 . One case where af ter c o l l i s i on w i th a bus the r i der fe l l  und er i t  and one 
of the rear whee l s  ran over h i s h e l met ( 1  case ) . 

4 .  Acc i d e n t  sequence unknown ( 2  c as es ) .  
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Tab l e  V .  A I S  rati ng  of a l l  i nj u r i es to 9 1  

1 .  Impact aga i ns t  an object ( 2 1  cases ) 

Body region  AIS  ra ti ng 
1 2 3 

----·-·- - �----- --·-· - ··--··--·· · ·  .... ·------- ·--

He ad r J 6 2 
Nec k 1 
Face 4 1 2 
Teeth 1 
Upper extr . 4 3 
Lower extr . 8 4 1 
Chest l 2 
Pel v i s  2 
Back 2 2 
Genera l l 
Ear 

27 1 7  1 1  

2 .  I mpact a g a i n s t  the ground or road surface 

He ad l � 1 2  
Neck 9 
Face 3 
Teeth 
Upper extr . 1 0  ·1 4 
Lower extr . 1 4  8 4 
Ches t 
Bac k 3 
Genera l  6 
Ear 

57 34 6 

3 .  Rear whee l over the h e l met ( 1  case )  

H i p 

4 . Type o f a c c i den t u n k n O\'m ( 2 ca s es ) 

Speed . 

surv i v i n g  two-whee l er r iders . 

Number of 
4 5 i njur i es 

1 5  
3 
7 
1 
7 

1 3  
3 
2 
4 
1 
l 

57 

( 6 7  cases ) 

25 
9 
3 

24 
26 

4 
6 

97 

The speed a t  the t i me of tl le  accident was est i mated by the d r i ver of the 
two-whee l er .  l t  was unknown i n  twel ve cases , four of these had s u stai ned 
head i nj u r i es ( AI S  l = l ,  A I S  2 = 2 and AIS  5 = 1 ) .  I n  four cases i t  i s  not 
known whether a head i nj ury had occurred or not .  
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Of the twe l ve moped r i ders , e l even were travel l i ng a t  a speed be l ow 30 km/h 
and one had 40 km/h ( A I S = 2 ,  A I S2 = 2 ) . 

I n  s i xtyseven motorcyc l e  acc i d ents on ly  f i ve r i d ers s u s ta i ned severe head 
i nj ur i es A !S  3- 5 ,  four of these were trave l l i ng at a s peed above 40 km/h and 
one cou l d  not remember h i s  s peed due  to a c oncu s s i on .  

The A IS-rati ngs  for the head i nj u r i es i n  ac c i d ents at v ar i ous  s peed i nterva l s  
are shown i n  f i gure 2 .  

25 

20 

1 5  

1 0  

5 

Number of 
cases 

0 - 1 0  1 1 - ?0 

2?. 

1 0  

AIS 1 11 
AIS 2 • 
AIS 3 � 
AIS 4 � 

1 5  No head D i njury 

Fi gure 2 .  D i s tr i but i on of speed a nd A I S  rati ng for the head i nj ur i es i n  
79 c a s e s .  In  1 2  cases the speed was unknown . 

Age . 

66% of the moped r i d ers were on ly age 1 5  and h ad had the i r  moped s for l ess 
than s i x  month s .  63% of the motorcyc l e  r i ders were under age 20 and had had 
a dri vers l i cence for l ess than four years , ta b l e  V I .  Th i s shows that the 
mater i a l  i s  dom i na ted by young and i nexper i enced r i ders . 
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Tab l e  V I . D i s tr i b u t i ons of age of dri vers and l ength of t ime they 
h ave had the i r  dr i v i ng l i censes or owned the i r  moped s .  

Age o f  motorcyc l i s ts (66 ca_s_es_.)'-_ 
·-------·----------

Years 1 6- 1 7  1 7 - 1 8  1 9-20 2 1 -25  26-30 3 1 - 40 4 1 -50 

Numbers 6 22 1 4  1 8  

Age of dr i v i ng l i cence _ui_�. -��s_e_sj ___________ 

Years 

Numbers 

Age of moped 

Years 

Numbers 

. 5 2 3 4 5 6 

7 1 6  8 8 8 8 2 
ri  d er:_s_ (_l_2 __ �_a_s_�s_) ____ __ _ __ „ 

1 5  1 6  1 7  5 3  

8 2 

Moped owner_s_t:!_i_p_J__l__2 cases) _ _____ _ 

7 

2 

3 

8 

Owned moped day month 2 months 6 months 

Numbers 5 

The age of 4 motorcyc l i s ts were unknown . 

Di scuss i on .  

2 

9 1 0  1 2  28 

2 2 

year 3 years 20 years 

2 

I n  40 of the he lmets exami ned the she l l or l i ner was deformed by a d i rect i m­
pac t .  l t  seems probab l e  tha t these cases wou l d  have res u l ted i n  more ser i ou s  
head i njur ies  i f  a cra s h  he lmet had not been war n .  I n  44 he lmets there was 
some k i nd of abrasi on damage to the shel l s  a nd then the correspond i ng i nj u ry 
to a n  unprotec ted head i s  more d i ffi cu l t  to judge .  Head i nj u r i e s  and/or 
a deformed l i ner were found i n  2 1  of these cases a nd i t  seems l i ke ly  that 
the head i nj uri es wou l d  have been more seri ous i f  a h e l met had not been war n .  
Consequent l y  i t  c a n  b e  consi dered that at  l east  6 1  persons ( approx . 65% ) 
wou l d  probably  have su sta i ned more severe i nj u r i e s  i f  they had not been 
wear i ng  a crash  helmet .  
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50 4 7  

40 

30 

20 1 / 
! t3 

U1 1�11ow11 4 cases 

10 
3 

0 2 3 4 5 AIS rating 

Fi gure 3 .  A I S  ra t i ng for the head i nj ur i es i n  the non-fa ta l cases . 

F i gure 3 shows that 40 persons suffered head i nJ u r i es and that on ly  fi ve of 
them were of a seri ous na ture , i . e .  AIS 3- 5 .  In  a motorcyc l e  accident a crash 
h e l met i s  therefore a s sumed to prov i d e  protec t i o n .  Of the other s ,  2 2  were 
i njured ,  A I S  2 -5  i n  the face or nec k ,  fi gure 4 .  I n  these cases the crash 
he l mets have probab ly  protected the wearers from head i njury s i nce a l l the 
he lmets i n  these cases d i s p l ayed some form of d amage . 

Number of 
cases 

50 

40 

30 

cU 

l ü  

5 1  

> ll  

n 

FF OF 
Head i nj u n � �  

Unknown 4 cases 

5 1  

J6 

FF OF 
Fac i a l  i njuries  

51 

36 

FF OF 
Neck i njuri es 

Fi gure 4 .  D i s tr i bu t i o n  of head , face a nd neck 1 nJ ur i es between the two 
types of h e l mets ( FF� fu l l  face and OF = open face hel mets ) .  

Fu l l  face h e l mets seem to prov i d e  s omewhat better protecti on aga i nst head 
i njur ies  a nd fac i a l  i nj uri es than open face he lmets . 

Oi fferent he lmet mater i a l s .  

On corre l a t i ng head i nj u r i es w i th d i fferent he lmet she l l mater i a l s  i t  wou l d  
appear that f i bre g l ass  re inforced polyester prov i d es s omewhat better protec­
t i o n  aga inst  such  i nj ur i es ,  fi gure 5 .  
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Fi gure 5 .  

Numb�r of 
cases 

!JO -

40 

30 

2ll 

1 0  

1111 

1 9  
: , l i) l 

r,· 

F i bre g l d S S  Polycarbonate 

2 :� 

1 2  

ABS 

A I S  1 � 
A I S  2 • 
AIS :J � 
A I S  4 � 
A I S  5 

�o .head D i nJury 

�lumber � 
of OF- OF 
he l mets 

Numot:r � 
of FF- FF 
helmets 

She l l mater i a l  

401 of wearers of F i bre g l ass rei nforced h e l met she l l s  had s ome 
k i nd of head i nj ury the correspond i ng f i gures for the other she l l 
rna t er i a l s  were 5 3·: for po lycarbonate and 55% for ABS .  

The f i bre g l d s s  r e i nforced polyester she l l s  seemed to be somewha t  better than 
the she l l s  of tl iermos etti ng p l a s ti c mater i a l s .  Th i s  c ou l d  probably be  attr i bu­
ted to the fact that they deform i n  a more p l a s t i c  way wh i ch may resu l t  i n  a 
l ower v e l oc i ty change for the head t lla n  i n  he lmets wi th more e l ast i c s he l l 
ma ter i a l s .  However , th i s  i s  the case on ly  i f  both the shel l s  a nd the l i ners 
are permanenCly d eforrned a nd thus prov ide  a suff i c i en t  s toppi ng d i stance for 
t h e  heads . I f 011 l y  the s h e 1 1  s a nd not the 1 i ners were damaged i t wa s not  
poss i b l e  to f i nd a ny d i U �1 · ence  i n  head i njur ies  between wearers wi th h e l mets 
v1h i ch had d i fferent she l  1 rna ter i a l s ,  f i gure 6 .  

Among the h e l mets c onnected wi th head i nj ury there were 24 ( 60% ) wh i ch d i d  
not d i s p l ay a ny k i nd of d eforma t i on of the l i ne r .  Th i s  m ight  be because the 
he lmets are too s t i ff or because rota t i on a l  accel eration l owered the to l erance 
to l i near a c c e l erat i on ,  as i nd j ca ted by O�naya ( 1 9 7 1 ) ,  tab l e  V I I .  
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T,1b l e  V I I .  '1c.1d 1 11; , 1 )  A I S  corre l d tcd tu ddmage to the s h e l l  or 
tlte l i ner . 

Oamage to 
the shel  l 

Hol e  or Ud( • 

Abras iu1 1  

Non 

Un�nuw1. 3 .  

Dcformed 
i l llcr' 
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In  he lmets where the l i ner had not been d amaged no d i fference cou l d  be seen 
between the percentage of head i nj ur i es i n  the th ree groups w i th d i fferent 
she l l mater i a l s ,  fi gure 6 .  
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Fi gure 6 .  27 ' 1 of wearers of fi bre g l a ss rei nforced h e l met she l l s  had some ki nd 
of head i nj ury the corres pond i ng f i gures for the other mater i a l s  
were 29% and 27i .  
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Pos s i �_l_c:_ _i !.l�f�'..-�ements .Ei..5!�i�_s!�-�J_�ne!:_s. .  
S i nce some cases d i s p l ay head i nj u r i es wi thout deforma t i on of the h e l met  l i ner 
i ts protecti ve effect has cbv i ou s l y  not been opti mal . Further i mprovements to 
the des i gn of crash he 1 mets rni ght 1 ead to a decreased severi ty of head i n­
jur i  e s ,  wh i c h  wou ld  resu l t  i n  l ess s er i ous  l a te effects . I n  the fata l c a ses , 
the poss i b i l i t i e s of red uc t i on of the i nj u ry sever i ty are sma l l  s i nce these 
often concern acc i d ents at very h i gh s peed w i th extens i ve damage to the head 
and nec k .  

Conc l u s i ons . 

1. Motorcy c l e  and moped r i d el 's  who have been i nvo l ved i n  ac c i d ents are often 
young and i nexper i enced peop l e .  Str i cter exam i na t i on of r i d i ng s k i l l s and 
pos s i b l y  a red u c t i on of the very h i gh s peed s w i th heavy motorcyc l e s  c ou l d  
conc e i v a b l y  have an effect .  

2 .  F u l l face he l mets prov ide  protecti on aga inst  head and fac i a l i nj ur i es .  One 
d i sadvantage i s  the i r  we i gh t .  W i th regard to d i fferent he lmet mater i a l s ,  
none o f  those ava i l ab l e  appears to be  opt i ma l . A red uc t i on i n  he lmet 
we i gh t  a nd further i mprovement of the shock-ab sorb i ng ab i l i ty are there­
fore c on s i d ered to be of pr i nc i pal  i n terest i n  the future devel opment 
of crash  he lmets . 
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