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SUMMARY 

During the last 7 years , 57 pat ient s were t reat ed 
surgically for head inj uries c aused by skiing accident s .  
In 49 ( 8 4%) cas es depressed skull fractures were observed with or 
without brain damage-bleeding . Clini cally the mechanisms o f  the 
f ractures were analysed and depres sed skull f ractures were studied 
experiment ally.  A depres sed fracture is caused by direct small 
local impact energy, of which in the pres ent st udy a tol erance 
threshold of about 1 to 2 kN was observed for a depressed f racture 
in the t emporal region . From these studies it can be shown very 
cl early that only the wearing of helmet s of fer in fact an 
effect ive pos sibil ity for the prevention of head accident s in the 
ski sport . 

INTRODUCTION 

In Switzerland skiing has become a national sport , due to 
i t s  opt imal geographical locat ion . After all , who does not feel 
phys ical ly fit on beaut i ful snow slopes in fresh air and wintery 
sunshine for reason of health . Skiing is growing more popular 
from year to year , so that the number of skiiers increased st eadi ly. 
According to UNO-expert s , by 1982 they should amount t o  about 55 
mil l ions skiiers in the world .  Skiing is as sociat ed with more or 
l e s s  speed. The speed brings about greater accident s risks , 
however . Modern ski-bindings l ead t o  on increasing percent age o f  
head inj uries . The prevent ion o f  head inj uries i n  ski ing is 
nowadays of great import ance j ust l ike in automobile accident s .  
Among the surgical t reatment of the pat ient s , we have observed 
impres s ively more depressed skull fractures with or without brain 
damages . The cause of the fracture is studied clinically and 
experiment ally. The pos s ibilit ies o f  accident prevent ion are 
discussed. 

CAUSES OF ACCIDENTS 

Exces s ive speed or speed not adj us t ed to prevail ing 
conditions often l ead to los s o f  ski control , and then acci dent s 
occur . - Col l i s ion with various obs t acles such as trees , wooden or 
wire, fences , protruding rocks , �alls etc .  occurred. - At t imes o f  
heavy skiing act ivity all kinds o f  coll i s ions between t wo  skiiers 
occur al so . 
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- Another reason for acci dent s are injuries caused by ovm or other 
peopl es ' ski equipment ( fi g . l ) as wel l  as by ski- l i ft s  et c .  

'.$'{' 

EXPERIMENTAL STUDY 

Fig : l  

Depressed f racture i n  the 
t emporal region through 
ski-point . 

The present study was performed on the human skul l ,  
whereby the fractures in the t emporal areas were cons i dered, 
because ( a) Cl inically , the severe depres sed fractures were mos t  
f requent ly observed in this region . (b) Anatomi cally , the bone i s  
very thin i n  this area and cont rary to other region s , important 
brain funct ion and many brain ves sels are located here. 
The s tudy concent rated mainly on the direct local small force, 
result i ng in depressed fractur e .  I n  a free fall , a  cylindrical 
body of s t eel with spheri c al impact surface with a curvature 
radius of 1 4  mm was dropped on the skul l .  Addit ional weight s 
could be screwed on the body of s t eel , and an acceleration 
indicator was mount ed in it , which showed a charge proportionate to 

the accel erat ion . By means of a charge- ampl ifier this was 
t ransformed into a t ension s ignal and st ored digitally on a 
t rans ient-recorder . Slowed down 1 000-fold the accel erat ion-time
curve was registered on a X-Y-recorder . 

The fractures were l i st ed in 
the following c at egories : 
( colurnn 9 in t able 1 )  

2 2 . 7  l . 39 37 2 6 . 2  > 100 > l . 4  2 +++ 0 no f racture 
3 2 . 7  l .  39 37 26 . 2  > 100 ,.. l . 4  2 +-++ + s l i ght fracture 
4 l . O  l . 39 1 4  1 5 . 9  '> 100 ,.. l .  4 2 +-+ 

1 1  • 7 l . 39 10 1 3 . 3  .-v l 30 "' l . e  l 0 ++ depressed f racture 
1 2  l . O  l . 39 1 4  1 5 . 9  ...., 1 1 0 - l . 5  l + 
l 3  . e  l .  39 ll 1 4 . 3  120 l . 6  l +-+ +++ total depres sed 
1 4  . 9  l . 39 12 1 5 . l  0 o . o  1 + 
1 5  . 9  l .  39 12 1 5 . l  ""' 1 50 ,.., 2 . 0  1 + f racture 
2 4  . e  l . 39 11 1 4 .  3 6 5  . 9  3 0 
25 l . O  l . 39 1 4  1 5 . 9  0 o . o  3 +-++ 
26 . e  l .  39 11 14. 4 55 . 7  3 +-++ 
27 l . O  l .  39 1 4  1 5 . 9  eo l . l  3 ++ 
2e .e 1 .  39 11 14. 3 eo l . l  4 ++ 
29 . e  l .  39 11 14. 3 es l . 2  4 +-+ 
3 3  . e  l .  39 11 14. 3 ..,,.. 120 ..... l . 6  5 +-+ 
34 . e  l .  39 1 1  1 4 . 3  90 l . 2  5 ++ 
1e . e  l .  39 11 1 4 .  3 7 5  1 . 0  6 +-++ 
39 .7 1 . 39 lO 1 3 . l  7 0  l . O  6 +-+ 
40 . e  l .  39 1 1  1 4 . l  1 3 0  l . e 7 + 
41 . e  l .  39 1 1  1 4 . 3  105 1 . 4  7 0 
42 . e  l .  39 1 1  1 4 .  3 90 l . 2  7 + 
0 l . O  l . 39 1 4  l S . 9  1 2 5  l .  7 e ++ 
44 l . O  l .  39 1 4  1 5 . 9  100 l . 4  e ++ 

Tabl e .  1 Reaction of the fractures in the t emporal area .  
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We worked in the temporal area ( boths i des) • Through macroscopic 
inspect ion the fract ures were est abl ished and document ed: 
photographicaly, cinematographicaly, . Al l in all nine skulls 
were t ested, with a total of 5 2  dynami c t est s , of whi ch 2 3  were 
oerformedin the t emporal region ( t able 1 ) . 

In some individual t ests the acceleration l ies out s i de the 
fixed measuring l imits ( test 2 in t able 1 ) . For other measurings 
the accel erat ion could not be determined exact ly because o f  
s el f-vibrat ions o f  the system ( test 1 1 , 1 2 et c in t able 1 ) . Tests for 
which the acceleration was not measured are ent ered in column 6 
and 7 by " 0" ( test 1 4 ,  2 5  in t able 1 ) . 

Fig. 2 

Accel eration-t ime-curve and the 
total depres sed fracture ( test no 
3 8  in t able 1) 

The accelerat ion-time-curves from t est 3 8  and 40 ( fig 2 , 3) are 
demonstrated. Test 38 resulted in a total depressed fracture ( fig . 
2 )  , whereas t est 40 yielded only a s l ight depres sion ( fig . 3) . 
Generally the t endency was observed that in cases of fractures the 
measured accelerat ions ( resp-forces) are smaller than when the 
skull remains int act . 

Fig. 3 
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Accel erat ion-t ime-curve and the s l ight depres sed 
fracture ( t est . no 40 in t able 1) 
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Of course thi s i s  t rue only for comparable energies . The reason 
for this is that in the case of a fracture the fal l ing-body i s  
slowed down less than on other impact s .  

DISCUSSION 

The accidents frequency connect ed with skiing i s ,  as 
explained, often due to excessive speed or not adequat ely adj ust ed 
speed, as it also oft en is the cas e with automobil e  acc i dent s 
( l , 6 , 8 , 9 , 1 0 , 1 1 ) . The head inj uries whi ch in our presentat ion 
required surgical t reatment were due to very charact eri s t i c  
inj uries , namely foremost " depres sed fracture" i n  84% ( chi l dren 
92%) o f  the cas es , with or without accompanied by brain contus iom 
or hematomas ( 8) • A depres sed fracture caused by direct local 
small force appl i cat ion is often the result of speed ( fig . 4) . 
Penet rat ing inj uries l ike a depressed fract ure in ski ing , most 
frequency neces s i t at e  an operat ion . 

Fig. 4 

Direct small local impact 
energy occurred a depressed 
fracture. 

Generally, the impact energy grows with the square to the speed, 
that is doubl e a speed result s in four- fold an energy, et c .  
Due to the ever-increasing speed this s ame effect i s  t rue in the 
various types of sport and in t raf f i c .  

The damage to the object by the impact energy depends 
upon : ( a) The direct ion of the energy ( vert ical or obl i que) and 
the form ( blut or sharp) . ( b) The ci rcumst ances of the obj ect s 
( fl at or arched ( fi g .  5) , smooth or rough) . During the experi

mental s t udy ,  we were observed by cinematography, by obl i que 
impact-energy no depressed fracture occurred as compared to ver
t i cal impact-energy ( fig . 6) • 
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Fig. 5 

Di ff erent react ion o f  the 
impact-energy : flat ( f )  
compared t o  arched ( a) . 



Al so , i f the obj ect was arched no damage happened compared to f l at 
obj ect s , because most of the energy sl ipped off by the arched forms . 
An arched helmet in the t emporal region prot ect s against 
penet rat ing-perforating skull inj uries , for example ( S , 9 , 1 0 , 1 1) . 

Fig. 6 

Cinematographical 
observat ion : 
A - vert ical impact 

with fracture 
B - obl ique impact 

without f racture 

. 
In the present study a tol erance threshold of about 1 t o  2 kN ( with 
an impact speed of about 16 km/h and an impact energy of about 
1 1  j oule) was observed for a depressed fracture in the t emporal 
region ( fi g . 7 )  , whi ch happens often in skii ng . 

F ig. 7 

The f orces i n  the 
t emporal region 
( column 7 in t abl e 1 )  

2 kN . •a " .o, 40 
... , 0 43 

3 4 -.·2 �, • 33 9 .!. - ,,., o- ', ... 1 -�-· •44 "'""""" 2 8 „, 34 1 0 ' 0 
, „ 21 "" ·o.3ue.' V ö.._4;„o..o 'O� 

14 26 ._ ________ .._ __ .._ ______ „„...,„„...,-- No 

A ski ier drives an average o f  about 30- 50 km/h . Upon impact at 
this speed i s  a great ri sk of skul l injuries . B ased on thi s study, 
a proper head-protect ion gear must be demanded for the prevent ion 
of head inj uries in sport s that are performed at speed of more 
than 2 0  km/h, especially for chil dren and young ;;ki i ers , fig . 8) • 

... 

Fig. 8 
Smart head protects 
thems elves 

and 
Helmet protect s l i f e  
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