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Heavy protect i ve hel mets may cause i njur ies  to the cerv i ca l  s p i ne and fa t i gue 
of the neck mu sc l e s .  A theore t i ca l  ana l y s i s  wa s made on the reaction forces 
in  the cervica l  s p i ne caused in  ra p i d  head rnovements u s i ng hel mets w ith 
d i fferent we i ghts and ma ss d i stributi on s .  An e l ectromyogra ph i c  study wa s 
made on the fa t i gue of the neck musc l es i n  i ce-hockey p l ayers of d i fferent 
ages wea r i n g  hel mets in  sta t i c  l oad tests . 

Max i mum he lmet  we i ghts a re d i ff i c u l t to spec i fy .  The i nert i a  forces of heavy 
hel mets may reduce the i n j u ry tol erance s i gn i f i cantl y .  I n  i ce -hockey p l ayers 
up to ten years of age , i n  wh i c h  the ma s s  of the head i s  rel a t i ve l y  great 
compared to the body , the he l met ma s s  i s  recommended to be 0 . 65  kg or l ower . 
I n  other ca tegor ies  the hel met  ma s s  may be greater but  shou l d  be a s  sma l l  a s  
pos s i b l e  wi thout redu c i n g  the protec t i ve effec t .  The max i mum recommended 
ma s s  depends on the way and t i me the hel met  i s  u sed and the protect i ve 
requ i rements . 

I NTRODUCT I ON 

The use  of protect i ve hel mets  has become more importan t  during  the l a st  few 
decades a s  head protect i on becomes a neces s i ty for va r i ous  groups of peopl e .  
Hel mets have been used for a l ong t i me by mi ners , f i remen , bu i l ders , docke rs , 
sol d iers etc . S i nce 1 9 78 the use  of hel mets  has been compul sory for motor
cycl i sts and moped dri vers i n  Sweden . S i nce 1 963  the use  of hel mets a l so 
has  been compu l sory for i ce -hockey- and bandy-pl ayers during  competi t i ve 
matche s .  I n  addi t i on the wea r i n g  of protect i ve head gear has  been re
commended during  tra i n i n g .  Hel me ts are used i n  other sports such a s  downh i l l  
s k i i n g ,  ameri can footba l l ,  motor-car rac i n g , r i d i ng etc . Hel mets can be made 
to spec i f i c a t i on w ith the a dd i t ion  of suppl ementary prote c t i on devices  as for 
examp l e  the face protec t ion  on a wel d ing  hel met  or the l amp on a m iners he lme t .  
I n  Sweden the face protect ion i s  mandatory for i ce -hoc key pl ayers bel ow 1 8  
years of age .  
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The he l met  shou l d  protect aga i nst  penetra t i on and b l unt trauma s  d i rected 
a g a i n s t  the s k u l l and face . The protec t i ve effect i vene s s  aga inst  these type s 
of injuries  i s  most  obvious for motorcycl i sts and moped dri vers who are 
i n vol ved i n  traff i c  acc i dents ( 1 -5 ) . Stud ies  have shown that hel met l e s s  
dri v i n g  a l most  t r i p l e  the fatal head i njury r i sks  ( 6 ) .  For ice -hockey pl ayers 
the face protection has reduced the r i s k  of i njuries  to the eyes and teeth 
con s i dera b l y  ( 7 ) . 

Protect i on a g a i n s t  penetrat i n g  forces  depends on the toughness and hardnes s  
o f  the hel met  surface .  Protect i on a ga i nst  b l unt  i mpacts depends on  the 
c ompl i ance and  th i c kness of the padd i n g .  

Improved protecti vene ss may l ea d  t o  i nc reased ma ss o f  the he l met  ( 1 ) .  Th i s  
might  i ncrease the l oad on the cerv i c a l  s p i ne . Such a l oad i nc rease may 
accel erate the degenerat i ve process  of the cerv i ca l  s p i ne and may cause 
fat i gue of the neck mu sc les  ( 8 ) . A heavy h e l met might  a l so reduce the 
ab i l i ty to concentrate wh i l e  d r i v i n g  in traff i c  or performi n q  dangerous 
work ( 1 ) .  Some serious neck i nj u r i e s  i n  fatal motorcyc l e  acc i dents mi ght 
be cau sed by too heavy he l mets ( 9 ) . 

AIMS OF THE STUDY 

The purpose of  th i s  study was to 
theoret i ca l l y anal yse the forces in the cervical  s p i ne du r i ng sta t i c  
and dynamic  l oading  for i n d i v i dua l s wea r i n g  hel mets o f  d i fferent masses 
and ma s s  d i stri b u t i on s  
i n ve s t i ga te the fat i gue o f  the neck musc l e s  dur i ng stat i c  l oad ing  
for i nd i v i dua l s of  di fferent ages 
anal yse the effect of wearing  hel mets of d i fferent ma sses on 
neck mu sc l e  fa t i gue dur i n g  sta t i c  l oa d i ng . 

THEORETICAL STUDY 

The forces i n  the cerv i ca l  s p i ne and nec k mus c l e s  depend on the ma ss of the 
head and he l met  and the d i s tr i bu t i on of the ma s s .  For a stat i c  l oad the 
forces a re proportional  to the ma ss i tsel f .  For a dynamic  l oa d  the force s 
depend on the moment of i nerti a  of the head and hel me t .  The pos i t i on of the 
head may a l ter s i gn i f i cantly  dur inq  a col l i s i on and th i s  may cause a v i ol ent 
di stors i on of the cervi ca l  s p i ne for examp l e  as seen in a ''wh i p  l a sh ' ' movement . 

A s i mpl i f i e d  theore t i ca l  ana l ys i s  wi l l  i l l ustrate the i nfl uence of the ma s s  
d i stribut i on o f  the he l met o n  the react i on forces o f  the cervica l  sp i ne during 
a d i stor s i on ( F i g .  1 ) .  
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Fi gure 1 .  S i mpl i f i e d  model for a na l y s i s  of the react ion forces 
i n  the cerv ica l  s p i ne du r i n g  a d i s tors i o n .  

The rota t i on i s  determi ned by 
( 1 )  T = 1 . u.; ,  where 

I = the moment of i nert i a  of the ma ss 
a point 0 in  the cervica l  sp i ne 
the angu l ar accel e ra t i on 

T = the torque . 

wh i c h  rotates around 

The torque and the react ion forces a re thus proport i onal  to the moment  of 
i nert i a  of the hea d  and the he l met . The head can be approx i ma ted to a sphere 
and the he l met  to ha l f  a sphere both wi th the rad i u s  R .  The d i stance between 
the center of gra v i ty of the hel met and the head i s  supposed to be 0 . 25 R .  
Th i s  g i ves the moment  o f  i nert i a  o f  the he l met  equal t o  2/3 · mR3 , where m i s  
the mass of the he l met . The moment of i nert i a  of the head i s  2/5 · MR2 , where M 
i s  the ma ss of the hea d .  

In  ben d i ng forwa rd , backward or to the s i de w i th the cen tre of rota t i on at a 
d i stance d from the base of the sku l l the moment of i nert i a  of the he l met  

( 2 )  1 ht = I + m ( d+R ) 2 , c g  where I -::::::. 0 . 6 mR2 
c g  i s  the moment of i nert i a  of 

the hel met  about i ts center of g ra v i ty .  

The moment of i nerti a  of the head for the same centre of rota t i on i s  
2 2 2 ( 3 )  I hd = 5 MR + M ( d+R ) 

I f  the re l at i ve mas s  of the hel met i s  equa l  to p ( m=p · M )  and d=O ( centre 
of rota t i on i n  the upper part of the cerv i c a l  s p i ne )  or d=R ( centre of 
rota t i on i n  the l ower part of the cerv i c a l  s p i n e )  ( 3 )  wi l l  g i ve 
I ht = 1 . 57 · p · I hd ; ( d=O ) or I ht = 1 . 29 · p · I hd ; ( d= R )  

Thus i f  the ma s s  o f  the hel met i s  25  per cent of the head ma s s  ( p=0 . 2 5 )  
the moment of i nert i a  i s  i ncrea sed by 30-40  per cent with a he l me t .  
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During  rota t i on i n  the transverse pl ane and w ith  the rel a t i ve ma s s  of he l met 
equal to p the moment of i nert ia  of the head and he l met  i s  
( 4 )  I tot 

= � MR2 + j .  p . MR2 
= 

6 �
5

1 0  p . MR2 

1 0p -The rel a t i ve i nc rease of the moment of i nert i a  i n  t h i s  case i s  �6� - 1 . 66p . 

For "jet"-he l mets , coveri ng the neck and ears , " i ntegra l " -hel mets , a l so 
covering  the l ower part of the face , and i ce - hoc key hel mets w ith  face 
protec t i on , the i nc rease of the moment of i nertia  w i l l  be even g reater a s  
the hel met  i s  wi der i n  i t s  l ower part . 

I n  Tab l e  1 the ma ss and moment of i nert i a  of some standard i ce-hockey- and 
motorcyc l e  he l mets a re shown ( 1 0 ) .  The moment  of i nertia  i s  ca l cu l ated for 
a rota t i on i n  the transverse pl ane . The ma s s  of the head i s  3 . 5  kg , corre
spondi ng to 50 kg body we i gh t .  

Table 1 .  Mass and moment of inertia for rotation i n  the transverse 
plane for some i ce-hockey and motorcycle helmets 

Type Mass Moment of inertia ( x 1 03 ) 

Helmet Helmet He 1 met Head+Helmet He l met 

He ad 
( k g · m2 ) ( kg ·m2 ) 

Head+Helmet 
( k g ) (n ( � )  

!��=�<2���� 
CCM without face 

protection . 4 3  1 2  4 25 20 

wi th face 
protec t i on . 75 2 1  7 30 30 

JOFA without face 
protec t i on .42  1 2  4 25 20 

wi th face 
protec t i on .67  1 9  7 30 30 

�Q�Qt:t:.lt:.l� 
"Jet" . 90 26 1 0  33 43 

" Integra l "  1 .  30 37  1 6  39 70 

MUSCULAR FAT I GUE STUDY 

In the study of muscul a r  fat i gue onl y i ce-hockey hel mets were use d .  Myo
e l ectr ic  s i gna l s were recorded from the mus c l e s  of the neck and  shoul der 
du r i ng sta t i c  l oa d .  I n  four cases the test person wa s stand i n g  w i th the 
body bent forwa rd , i n  1 3  cases the i nd i v i dual  wa s s i tt i n g  wi th the body bent 
forward and i n  1 6  5a ses the person wa s l y i ng prone . I n  a l l  cases the face 
was d i rected 30-45 down from a vert i ca l  pl ane . Mea surements were made 
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·w ithout he lmets  and wi th he l mets wi th and wi thout face protec t i ons a s  wel l  a s  
extra masses symmetr i ca l l y  f ixed outs i de the hel mets . The l oad va r i ed between 
zero ( no he l me t )  and 1 . 94 kg ( he l met wi th a face protecti on and 1 . 1  kg extra 
mas s ) .  A m i n i rnum pause of ten mi nutes wa s made between the tests in each case .  
The subjec t i ve fea l i n g  of  unstea d i ness  and fa t i gue were noted . Records were 
made from two mu s c l e s  at the same s i me .  B i pol ar s k i n  el ec trode s were p l a ced 
on the cerv ica l  part of the trape z i u s  musc l e  on the r i ght s i de ( mu sc l e  1 )  and 
on the supra scapu l a r  pa rt of the tra pe z i u s  on the same s i de ( mu s c l e  2 ) .  I n  
three cases i n tramuscu l ar el ectrodes were used i n  the semi s p i na l i s  cap i t i s  
mu s c l e  o n  the r i ght  s i de between the spi nous proce ss and the sku l l ( musc l e  3 )  
and a b i po l a r  s k i n  e l ectrode a t  the same l e vel on the contra l atera l  s i de 
(musc l e  4 ) .  

The ana l y s i s  of the muscu l a r  fat i gue wa s made w i th a compu ter on l i ne ( 1 1 ) .  
The change of the power spectrum of the myoe l ectr ic  s i gna l s  during  exerc i se 
determi nes a mu scu l a r  fa t i gue i ndex . Th i s  i ndex depends on the stat i c  l oad 
and the anaerob i c  metabol i sm of the musc l e .  The mu scu l a r  fa t i gue i ndex has 
shown to corre l a te wel l  with the subject i ve fat i gue sen sat ion and d i scomfort 
( 1 1  ) . 

Resu l ts 

Th i rty-three tests were made with  1 2  i nd i v i dua l s between the ages of 9 and 40 
(Tab l e  2 ) .  I n  a l l  cases s i gn i fi cant  fa t i gue wa s noted i n  a t  l e a s t  one of the 
muscl es . I n  25 cases s i gn i f i cant  fa t i gue wa s recorded i n  both muscl es . 
S i g n i f i cant  fa t i gue was noted i n  a l l  subjects except one . The muscu l a r  fat i gue 
i ndex wa s greater for the younger persons except in the cases where the 
heav i est h e l mets were worn . No corre l a t i on wa s found between the muscu lar  
fat i gue i ndex and  the el a psed t i me before subjec t i ve fa t i gue and  unstea d i ne s s  
was noted . 

The cervica l  part of the trape z i u s  musc l e  (musc l e  1 )  showed an i nc reased 
mus c u l a r  fa t i gue i ndex for an i nc reased l oad except for the exper i ments i n  
wh i ch h i g h  l oads were appl i e d .  The supra scapu l a r  part o f  the trapez ius  
mu sc l e  ( muscl e 2 )  showed a re l a t i ve constant i ndex . The sem i sp i na l i s  capi t i s  
mu s c l e  showed sma l l  i ndexes w ith a m i nor i nc rement for i nc reased l oa d .  The 
te st subjects i n  these cases were 35 and 40 years ol d and re l a t i ve ly  wel l 
tra ined . The i ntramuscu l a r  el ectrode caused d i scomfort i n  one of these cases . 
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Tab l e  2 .  Muscul a r  fatigue index , time to subjective fatigue sensation 
and tremor for di fferent helmet masses and age s .  

Test Age Helmet mass Muscul ar fa ti gue index El apsed time to 
subject Muscl e  Musc l e  2 Subjec t i ve Tremor 

fatigue 
Sensation 

(years ) ( kg ) (min - l )  ( m i n  - l ) (m in )  ( mi n )  

0 . 0 0  0 . 028 0 .  1 1 0  1 . 25 1 .  25 
A 9 

0 . 78 0 . 030 0 . 048 1 .  50 2 . 00 

0 . 00 0 . 095 0 . 2 1 0  2 . 00 2 . 50 
B 9 

0 . 78 0 . 068 0 . 039 2 . 25 2 . 25 

0 . 0 0  0 . 007 0 . 080 7 . 50 4 . 00 
c 1 1  

0 . 78 0 . 069 0 .  078 7 . 0 0  5 . 00 

0 . 00 0. 002 0 . 0 2 1  7 . 50 4 .  00 
D 1 1  

0 . 78 0 . 005 0 .  1 00 7 . 50 4 . 00 

0 . 0 0  0 . 000 0 . 0 1 0  3 . 75 5 . 00 
0 . 78 0 .  1 0 0  0 . 27 7  3 . 50 8 . 0 0  

E 1 3  0 . 00 0 . 000 0 . 3 1 0  0 . 75 4 . 2 5  
0 . 78 0 . 085 0 .  1 20 0 . 5 0  3 . 0 0  
1 .  38 0 . 230 0 . 1 6 0  1 .  5 0  2 . 75 
1 .  94 0 . 02 0  0 . 055 2 . 00 2 . 50 

0 . 00 0 . 0 1 7  0 . 052 4 . 00 6 . 00 
F 1 3  

0 . 78 0 . 008 0 .  1 1 0  4 . 00 6 . 00 

0 . 0 0  0 . 00 2  0 . 200 1 .  00 5 . 00 

G 1 3  0 . 78 0 . 005 0 . 0 1 6  1 . 25 4 . 50 
1 .  38 0 . 048 0 . 030 0 . 75 4 . 75 
1 .  94 0 . 050 0 . 052 0 . 75 2 . 2 5  

0 . 00 0 . 023 0. 1 30 3 . 00 5 . 0 0  
H 1 6  

1 .  94 0 . 078 0 . 040 1 . 50 2 . 75 

1 .  38 0 . 036 0 . 052 4 . 00 1 0 . 00 

1 9  0 . 0 0  0 . 0 1 4  0 . 044 1 .  50 5 . 0 0  
0 . 78 0 . 024 0 . 030 1 .  50 5 . 00 
1 .  94 0 . 027 0 . 044 1 .  50 4 . 50 

J 2 0  1 .  38 0 . 055 0 . 000 2 . 00 6 . 00 

0 . 78 0 . 009* 0 . 0 1 5** 1 3 .  75 1 5 .00 
K 35 

1 . 38 0 . 0 1 1 *  0 . 02 1 ** 6 . 75 1 1  . 0 0  

1 .  38 0 . 0 1 5  0 . 0 1 9  3 . 50 9 . 25 
1 .  38 0 . 0 1 0* 0 . 000** 0 . 7 5  5 . 00 l 40 0 . 00 0 . 028* 0 . 000** 2 . 00 5 . 00 
1 .  94 0 . 02 1 *  0 . 007** 2 . 50 5 . 00 

* = Musc l e  3 

** = Muscle 4 
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COMMENTS 

The strenqth of the t i ssue of the cerv i c a l  s p i ne and i ts mu s c l e s  i s  probab l y  
ada pted to and  determi ned by the ma s s  of the head i tse l f .  The extra ma s s  of 
a helmet might  be suff ic ient to su rpa s s  the tol erance l i m i t  of the ti ssue 
wh ich  may resu l t  in i nju ry . Degenera t i ve changes of the cerv i c a l  s p i ne i s  
common . Th i s  i s  noted i n  70-80 per cent of peop l e  over 5 0  years of a ge ( 1 2 )  
even wi thout the previ ous use of hel met s .  The cervical  s p i ne has a s i gn i f i ca n t  
range of mot ion ( 1 3 ) .  An  i nc reased l oad on  the cerv i ca l  s p i ne thus seems to 
be unacceptab l e .  I t  shoul d be i mportant  to avoid  wear i n g  hea vy he l mets i n  
extreme defl ecti on s  of the cervi c a l  s p i n e  for l ong peri ods of t i me a s  wel l  a s  
during  rap i d  head movement s .  Th i s  m i ght  be even more important for young 
i n d i v i dua l s .  

The motorcyc l e  he l mets were about twi ce a s  heavy a s  the i ce -hoc key he l mets i n  
th i s  study .  The ma ss of the head i s  about 7 per cent of the body ma s s  ( 8 ) . 
I n  young ch i l dren the re l a ti ve ma s s  of the head i s  somewhat g reater . The ma s s  
o f  the he l met  i ncrea ses the sta t i c  l oa d  o n  the cerv i c a l  s p i n e  by 1 2-37 per cent 
( Tab l e  1 ) .  The dynamic  l oa d  i ncrement is  greater beca use of the moment of 
i nert i a  of the he l met.  Exten s i on ,  f lex ion  and ben d i n g  i nc rease the dynami c 
l oad by 30-40  per cent i f  the ma s s  of the hel r.iet  i s  2 5  per cent of the mas s  of 
the hea d .  Rota t i on in the tra n s verse pl ane i nc rea sed the l oad by 20-70 per 
cent.  Presuma b l y  the r i s k  of i njur ies  to the cerv i c a l  s p i ne and the neck 
mu scl es dur i ng ra p i d  movements of the head as in col l i s i ons and fal l s  wi l l  
i nc rea se wi th the same amoun t .  

The muscu l ar fa ti gue study was made u s i ng va rying  techn i ques o n  i nd i v i dua l s 
of d i fferent a ge s .  The youngest ones tried  a l l mean to change the body pos i 
t i on to avo id  fa t i gue and were not a b l e  to ma i nta i n  a f i xed pos i t i on of the 
body dur i n g  the who l e  test sequence . Th i s  mi ght i nfl uence the va r i a t i on of 
the resu l t s .  Subjecti ve fat i gue was noted after one mi nute i n  three test 
pe rsons where no hel mets were worn . Thu s sta t i c  l oad seems to be of great 
i mportance for the de ve l opment of mu scu l ar fa t i gue when the head i s  bent 
forward from an erect pos i ti on .  I n  some tests a reduced musc u l a r  fat i gue 
i ndex wa s recorded for the greate st  l oa d s .  Th i s  resu l t  m i ght be due to 
rec ru i tment  of nei ghbour i n g  mu sc l e s .  

An i ncreased mu scu l ar fat i gue i ndex wa s noted for the cerv i c a l  part of the 
trape z i u s  musc l e  ( musc le  1 )  i n  seven of ten tests between 0 and 1 . 34 kg  
hel met ma s s .  

A l i near regre s s i on model was ca l cu l a ted defi ned by the equa t i on 
( 5 )  j] = 0 . 048 + 0 . 029 . ( hel met ma s s  ( kg ) )  - 0 . 00 2 1  . ( a ge (years ) ) ,  
the norma l i zed standard dev i a t i on be ing  27  per cen t .  

The t i me passed before muscu l a r fat i gue i s  noted i s  g i ven by the 
" t i me to fa t i gue"  val ue ( 1 4 ) : 
( 6 )  Tf = ß -2/3 

Equa t i on ( 5 )  determines  the Tf-va l ues for d i fferent ages and hel met ma ss 
( F i g .  2 ) .  Th i s  i n d i cates tha t the " t ime to fa ti gue " i s  theoret i ca l l y  e i g ht 
mi nutes for a 1 5-years ol d person i f  the hel met ma ss is 1 kg . 
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The curves are defined by the equation 

Tf =p -j = ( 0 .048+0 . 029 ·"1-0 . 0 02 1 ' a ) -Z/3 

m. he l met mass ( kg)  

a = age (years ) 
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Fi gure 2 .  Theoretica l l y  pred icted t i me to fati gue a s  a funct ion of hel met  
ma s s  for d i fferent ages  ( accord i n g  to  the  f i tt i n g  curve ) . 

A 0 . 65  kg max i mum he l met we i g h t  ( i n c l u d i ng the face protec t i on )  i s  prescribed 
today for i ce-hockey- and bandy-pl ayers . Maxi mum we i ght recommendations a l so 
ex i st for r i d i n g  hel mets but not for other types of hel mets . Motorcyc l e  
he l mets have a great ma s s .  The ma s s  of the padd i n g  of the motorcycl e  hel mets 
does not contri bute very muc h  to the total mass . I ts den s i ty i s  50 kg/m3 ( 1 ) .  
Howe ve r ,  th i s  padd i n g  does i ncrease the d i stance between the head and the 
protecti ve shel l .  The ma ss of the shel l 0 . 6-0 . 9  kg ( 1 )  cannot be negl ected , 
e spec i a l l y  i n  dynamic  l oad ing  because of the great moment of i nertia  of the 
she 1 1  . 

The theore t i c a l  anal ys i s  i n  th i s study does not i n d i cate a max i mum tolerabl e 
he l met ma s s .  The mu scu l a r  fa t i gue study g i ves some i nd i cati ons that a 1 kg 
he l met  m ight  be too hea vy for a 1 5-years ol d person . However a more exte n s i ve 
study has  to be made to assess  the tol erance l i mi t of the cerv i c a l  s p i ne . 
Cons i der inq  the moment of i ne rt i a  a nd the fact that the mass of the head i tsel f 
m i gh t  caus� fat i gue i n  certa i n  pos i t i on s , i t  seems necessary that the hel met 
ma ss shou l d  be as sma l l as pos s i b l e ,  pro v i ded that the protecti ve effect can 
be guarantee d .  
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. SUMMARY AND CONCLUS I ONS 

A heavy he l met and the add i t i onal  ma ss of extra protec t i on devi ces on hel mets  
resu l t s  in  an i nc reased l oa d  on the cervi c a l  s p i n e .  However,  cons i deri ng the 
overa l l  protect i ve effect of h e l mets , t h i s  s hou l d  not l ea d  to a reduced use of 
hel mets .  Hel mets shou l d be  desi gned i n  such  a way that the  d i sadvantages of 
the extra ma s s  i s  m i n i m i ze d .  Pro l onged sta t i c  l oa d  o f  the cerv i ca l  s p i ne may 
cause muscu l ar fa t i gue and d i ff i cu l t i e s  to concentra te wh i l e  dri v i ng i n  traffic  
and perform i ng hazardou s work . An i ncrea sed ri s k  of degenera t i ve changes and 
ch ron i c  pa i n  has not been proved but  seems l i ke l y .  

Dynamic  l oa d  may cause react i on forces i n  the cervi ca l  spi ne wh ich  a re twi ce a s  
h i gh a s  those recorded i n  s t a t i c  l oad .  Fatal  neck i nj u r i e s  have been noted i n  
motorcyc l e  acc i dents i n  wh i c h  heavy hel mets may have contri buted to the i n 
juries . The r i s k  of degenera t i ve i njuries  fol l ow i n g  repeated and v i o lent  
movements i s  i nc reased by  the  s ame amount .  The  r i s k  i s  greater i n  col l i s i on s  
a n d  contact sports when the person i s  exhausted and unabl e t o  coord i nate the 
musc l es i n  protec t i on of the cervical  s p i ne .  

T h i s  study shows that mu scu l ar fa t i gue occurs i n  a short t i me when the neck i s  
i n  a pos i tion  of forward fl e x i o n .  A hel met  ma s s  equa l  to 0 . 5- 1 . 5  kg i nc reases  
the fat i gue in  the  cerv i ca l  pa rt of the tra pe z i u s .  The  fat i gue i s  more obv i ous  
i n  young peopl e and occurs earl i er i f  the hel met  i s  hea v i e r .  Musc l e  fat i gue 
was noted wi th i n  a couple of mi nutes i f  the hel rnet  ma s s  wa s 1 kq . 

A max i mum hel met  ma s s  cannot be a s sessed from th i s  study . The mas s  of some 
motorcyc l e  hel mets i s  near 1 . 5 kg today . Th i s  may be accepta b l e  for an adu l t 
i f  cons ideri ng o n l y  sta t i c  l oad duri ng short per i ods . However , a smal l er 
hel met mass i s  preferabl e  for c h i l dren and adol e scents and for adu l ts i f  the 
r i s k  of d i sturbed concentra t i on , degenera t i ve changes , and acute i njur ies  
dur ing  v i o l ent  dynamic  l oads i s  consi dered . 

A 0 . 6 5  kg  rna x i mum we i ght for i ce-hoc key he l mets has been recommended by the 
Swed i sh ,  Canad ian  and American  I ce -hoc key Federa t i on s .  Th i s  l i m it  seems 
rea sonab l e  for adu l t  pl ayers . A l ower l i mi t ( 0 . 5  k g )  has been d i scussed for 
younger jun ior  ice-hockey p l ayers i n  North Amer i c a . Our study suggests that 
th i s  l i m i t  shou l d  be recommended in  Sweden for younger jun i 6r pl ayers too . 
Unt i l  further stud i es have been made s i mi l ar recommenda t i on s  shou l d be g i ven 
for other types of protecti ve hel mets too . 
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