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Introduct ion 

Spinal Column and thorax inj uries are re latively frequen t in 
be lted car pas sengers inj ured in road accidents . The order of pre­
cedence concerning localisation and i n j ury seriousness is dif­
ferently s tated in l i terature . According to HAVEMANN and SCHRÖDER 
( 19 7 9 ) , the thorax was found to be the most frequent inj ury 
locat ion when inve st igating 6 4  belted , severely i n j ured car pas­
sengers . Spinal column inj uries were noticed in the second place . 

Investigations with belted cadave rs have s hown that thoracic 
ske leton- and spinal column in j uries e s sent i a l ly in f luence the 
inj ury severity . The refore , the connec tion of spinal colurnn ac­
celeration in regard to thorax- and spinal column inj ury degree 
shal l be inve stigated in this pape r .  

Method 

Frontal collis ions at velocities of 4 0  km/h and 6 0  km/h were con­
ducted by a deceleration s led ( KALLIERIS 1 9 7 4 ) . The deceleration 
pulse form corresponds to a trape zium ,  the medium s led de­
celeration amounted for the 4 0  km/h tests 10 g ,  and the 6 0  km/h 
tes t s  10 g and 1 5  g .  VW-Golf seats and three-point automatic 
belts ( F a .  Repa)  were uscd . 

The collisi on veloci ty , the s led deceleration , the belt forces , 
the acceleration of the right and left side of the head in x- and 
z-di rection and the acce le ration at the 6 th thorac ic vertebra 
( S CHMIDT et a l  1 9 7 9 )  were measured . The col l i s i on phase was fron­
tally and latera l ly documented by high- speed cameras . The ac­
celerometers for the s pinal column acce leration were instal led to 
a special mounting wh ich was screwed to an alu-plate ( Fig . 1 ) . 
By previous x-ray identi ficat ion of the 6 th thoracic vertebra 
the alu-plate was mounted to the skin above the proces s u s  s pinosus. 
In order to fix the bas is p l a te at the left and right s ide of the 
processus spinosus , two screws were turned into the vertebral 
bodies , s imi lar as LEVINE et al ( 1 9 7 9 ) . 

I n  order to record the inj ury f indings , a speci a l  dis section 
technique has been developed ( SCHMIDT et a l  1 9 7 8 ) , which al lows a 
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Fig .  l : Mounting plate with 
Accelerometer at 6 th 
Thoraci c  Vertebra 

thorough examination of the thorax . The spinal column was sub­
mitted to a detailed preparation : a fter taking out the whole 
spinal column , also inc luding the occ iput , the muscular system 
was removed in layers unt i l  a bony ligament preparation was pre­
sen t .  Thi s  was frozen when sawed with a band-s aw in the medium 
sagittal plane through the processus spinos u s , as well as ri ght 
and left in sagi ttal p lanes through the vertebral j oints and the 
foramina intervertebral i a .  In this way , it was pos s ib le to s a fely 
diagnose the f indings in the intervertebra l discs , the vertebral 
bodies and the ligaments , if for example , they could not be 
proved by x-ray (MATTERN et al 1 9 7 7 ) . 

The i n j uries were recorded according to a standardized inj ury 
b lank form and evaluated to AI S .  

In  orde r to check out connections between several variables the 
mu ltiple regre s s i on ( l inear model )  has been employed (NOLLAU 1 9 7 5 , 
RE I DELBACH and SCHMID 1 9 7 6 , SCHMIDT e t  a l  1 9 7 9 ) . 

Tes t  Subjects 

35 f re sh ( unembalmed ) human cadavers o f  both sex in the age range 
between 18 and 6 9  years were at our disposa l .  

The number of cases is li sted according the collision velocity 
and s led dece leration as follows : 

Impact veloc i ty 4 0  km/ h , s led dece leration 1 0  g ,  11 tests 
Impact ve locity 6 0  km/h , s led dece leration 1 0  g ,  12  tests 
Impact veloc i ty 6 0  km/h , s led dece lerat i on 1 5  g ,  12 tests 

1 85 



Results and Di scus s ion 

Acceleration and Belt Force Time H i s tories 

The compari s on of the measured acceleration courses at the 6th 
thoraci c  vertebra and those of the shoulder belt forces c annot 
be conducted wi thout conside ring the s led deceleration . 

In  the group w i th a collis ion veloc i ty of 40 km/h and a medium 
s led dece leration of 10 g ( computed value of s topping d is t ance 
and collis ion veloci ty ) , the s led dece leration duration di sperses 
between 120 and 150 ms ( F i g .  2) . Thi s  variation can be explained 
by the d i f ferences of the kinetic energy of the sys tem ( s led and 
tes t  sub j ect)  as wel l  as by the inhomogenity of the s topping 
sheet . 
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F i g .  2: Time Histories of Acce lerations and B e l t  
Force ( 40 km/h , 10 g )  

The acce lerati on measured a t  the 6 th thoracic vertebra has a 
duration o f  1 0 0  to 1 50 ms . l t  starts about 20 ms after the impact , 
at a time at which the s led decele ration has already reached its 
platea u .  
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The maximum values of the spinal co lumn acceleration in x-direc­
tion and those of the resultant are reached at the s ame time with 
the shou lder belt maximum 6 5  ms a fter the begin of impact and are 
always posi tive . 

The accele rat ion in z-direct ion changes i t s  d i rection ( s ign) and 
shows pos i tive maxima at the shou lder belt force increase and in 
the range of the shoulder belt maximum; as we l l  a s  a negative 
maximum s imu ltaneous ly with the positive maximum o f  the x-direc­
tion . This causes in the beginning phase a load- and tension 
strain of the spinal column in its longitudinal axi s . The z-com­
ponent i s  e s sentia l ly inf luenced in its beginning phase by the 
conduct o f  the s eat . In the second h a l f  o f  the collis ion phase , 
the z-direc tion takes over acce leration parts being e f fective 
in the s led x-direct ion because of an increas ing bending of the 
test subj e c t .  

The durat ion of the shoulder be lt force lays a t  about 1 3 0  and 
1 8 0  ms and shows d i f ferent maxima . These maxima can be exp lained 
by the d i f ferent kineti c energy of the test sub j ec t  ( body mas s )  , 
as we ll as by thorax deformation and belt extens ion ( KALLIERIS 
and MATTERN 1 9 7 4 , SCHMIDT et al 1 9 7 4 , SCHMIDT e t  al 1 9 7 8 )  i they 
will  be reached in the second hal f of the s led dece leration 
durati on . 

The acce leration- and shou lder belt force courses of the 60  km/h-
10 g group are s imilar to the ones of the 4 0  km/ h - 1 0  g group . 
Caused by the h igher col l i s ion ve locity o f  6 0  km/h , the duration 
of the s led deceleration is almes t twice as long as in the 40 km/h 
group ( 2 10 - 2 50 ms ) ( Fig . 3 ) . 

Correspondent to it , the acceleration measured at the 6 th thoracic 
vertebra as we l l  as the shou lde r  belt force have a much greater 
effect . The test subj ect takes langer part in the s led dece l­
eration . Agai n st the 4 0  km/h group two maxima ranges occur during 
the x- and resultant acceleration at the 6th thoracic vertebra . 

The durat ion of a l l  three cour ses of the test group with 6 0  km/h-
15 g in F i g .  4 can be compared with those of the 4 0  km/h-10  g 
group ( F i g .  2 ) . The occurrance of two oppositely directed maximum 
ranges o f  the spinal column acce lerati on in z-direction in the 
6 0  km/h- 15 g group is much more distinct than in the 6 0  km/h-10 g 
group ( F i g .  3 )  . 
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Frequency of Determined Injuries 

The f ol lowing Table 1 l i s ts the frequency of a l l  occurring s ingle 
in j uries o f  thorax and spine � AI S  1 .  One can see that with a con­
stant s led dece lerati on of 10 g and an increasing of the ve loc i ty 
from 4 0  to 6 0  km/h the frequency of  most s ingle inj uries in­
creases .  In both test groups , i n j uries of the spinal column mus­
cular sys tem and rib fractures occur at the mos t , followed by in­
j uries o f  the l igamentus sys tem and the intervertebral dis cs . 

I n j u r i e s 

V e r t e b r a l m u s c l e s  

R i b s  

S t e r n u m  

I n t e r v . d i s c s  

V e r t e b r a  1 1 i g a m . 

R i b  p i e c e  f r a c t . 

I n t e rv . f o r a m .  

C o r p u s  v e r te b r a e 

V e r t e b r a l  p r o c e s .  

S p i n a l  c o r d  

P l e x u s  b r a c h . 

C l a v i c l e  

a 1 1  

3 5  / 

3 2  / 

2 7  / 
2 1  / 

2 0  / 
1 9  / 

1 2  / 
1 1  / 

1 1  / 

1 0  / 

8 I 
4 / 

2 I 

4 0  k m / h  
1 0  g 

1 0 0 %  1 1  / 1 00% 

9 1 %  1 0  / 9 1 %  
7 7 "1.  8 / 7 3 %  
6 0 %  7 / 6 4 %  
5 7 %  6 / 5 5 %  
5 4  % 7 / 6 0  
3 4 %  4 / 3 6 %  
3 1 %  5 / 4 5 %  
3 U  2 / 1 8 %  
2 9 %  3 I 2 7 %  
2 3 %  2 I 1 8 %  
1 1 %  -

6 %  -

6 0  k m / h  6 0  k m / h  
1 0  g 1 5  g 

1 2  / 1 0 0% 1 2  / 1 00"1. 

1 2  / 1 0 0"/, 1 0  / 8 3 "1.  
9 / 7 5 %  1 0  / 8 3 %  
5 / 4 2 %  9 / 7 5 %  

1 0  / 8 3 %  4 / 3 3 %  
8 / 6 7 %  4 / 3 3 %  
1 / 8 %  7 / 58% 
2 / 1 7 % 4 / 3 3 %  
6 / 50% 3 / 2 5 %  
3 I 2 5 %  4 I 3 3 %  
4 I 3 3 %  2 / 1 7 % 
2 / 1 7 % 2 I 1 7 %  

- 2 I 1 7 %  

Tab le 1 :  Frequency o f  Determined I n j uries at Thorax and Spine 

In the 60 km/h group the frequency of  the s ingle inj uries in­
creases in few k inds of in j uries , when the s led dece leration is 
rised from 10 g to 15 g .  In the first place again we f ind rib 
fractures , f o l l owed by sternum fracture s .  Most s ingle in j uries 
decrease in the 15  g group as again st the 10  g group . A com­
parison o f  the medium values of the age , however ,  shows the 
lowe st medium va lue of 3 8  years . Aga inst that , it amoun ts 4 5  years 
for the other two te s t  groups . Thus the decrease of the in j ury 
frequency in the 60 km/h-15g group may be explained . I n  addition , 
i t  i s  to s ay th at the tcst numbers are relatively sma l l  and a 
single inj ury al ready amoun ts to 8 pe rcen t .  
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AIS-Spine as Funct i on of the Resu ltant Acc e leration Spine 

The presented data ma terial of a l l  three t e s t  groups was sub j ect 
for a more exact stati stical ana lysis through the multiple re­
gre s s i on ( linear mode l ) . 

F i g .  5 shows that therc is  a s l ight increase of the AIS- spine 
with the resultan t  accelera tion spin e .  The i ncrease within the 
measurement range of the resultant amounts about 0 , 6  AIS degree s ,  
whereas the s tandard deviation lays at 0 , 5  AIS degree s .  Thi s 
diagram cons iders among others f ol lowing variables as medium 
va lues : Age 4 3  years , body mass 6 9  k g ,  seat-head-d i stance 9 1  cm , 
collis ion ve locity 5 3  km/h , s led decelerati on 1 2  g and shoulder 
b e l t  force 4 , 2  KN. The l inear model has shown that the resultant 
acce leration spine is of lesser influence to the AIS-spine . 

6 AIS - S P I N E  
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4 

3 --

2 ---- ______ _ 
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RES,  Ace . SP I NE (G)  

Fig . 5 :  AIS-Spine as Function of the Resultant Ac­
ce leration Spine 
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AI S-Spine as Function of the Age 

The age has a somewhat strenger inf luence to the AIS -spine that 
the resultan t acceleration spine ( 2 0  percen t  more than the re­
s ultant spine) . 

In  Fig . 6 one can see iln increase of the AIS- spine with the age . 
Within our age collect ive ( 18 - 6 9  years ) , the AIS- spine increases 
o f  about 0 , 8  age degrees at a standard deviation of 0 , 5  AIS de­
gree s .  In this di agram , the resultan t acceleration spine i s  shown 
with a medium value of 2 6  g ,  the remaining variables are the s ame 
a s  in the previous chapter .  

6 A I S-SP I NE 

5 

4 

3 

2 ---

------------

l 

AGE (JEARS) 
Fig . 6 :  AIS-Spine as Function of the Age 
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AIS-Spine as Function of the Seat-Head-Dis tance 

The stronge s t  inf luence of the considered variables to the AIS­
spine shows the seat-head-dis tance ; it i s  about 8 time s  as strong 
as the age . The seat-head-distance negatively inf luences the AIS­
spine , i . e .  with increas ing s eat-head-distan ce decreases the AIS­
spine ( F i g .  7 ) . 
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AIS - S P I N E  

85 90 

SEAT - HEAD - D I STANCE (CM) 

95 100 

Fig . 7 :  AI S-Spine as Function of the Seat-Head-Dis tance 

The reason for the negative inf luence of the seat-head-distance 
to the in j ury seve rity of the spinal column w i l l  be under s t andab le 
i f  one con s iders the inj ury mechanism . Out of the in j ury pattern 
with laceration of the dorsal l igamentus system and compr e s s ion 
frac tures of the vertebra l body segments , as we l l  as by the 
k inematical analy s i s , one can conclude that a ventral f lexion of 
the spine is the inj ury reason . In this ventral f lexion , the 
shoulder belt e f fects as axis of rotation , whereby the length o f  
the body part lay ing above the be lt i s  dec i s ive for the pe riod o f  
the f lexion strain . This portion i s  b i g  i f  the seat-head-distance 
is b i g  and takes care f or a longer and therefore lower head ac­
ce leration than at a sma l ler seat-head-distance . The ventra l 
f lexion then proceeds lesser j erky and has a lower strain to the 
spin e .  
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W i thin the variation of the seat-head-dis tance ( 8 2 - 9 9  cm) the de­
crease of the AI S-spine amounts 2 , 6  AIS degrees at a standard 
deviation of 0 , 5  AIS degree s .  The remain ing variab les are shown 
in the diagram wi th the i r  a lready mentioned medium values . 

AIS-Thorax as Function of the Re sultant Acceleration Spine 

In F i g .  8 ,  the connection of the AIS-thorax i s  shown with the 
resultan t acce leration spine . The stat i s t i c a l  evaluation has shown 
that the resultant pract i ca l ly has no i n f luence to the AI S-thorax . 
Thi s  re s u l t  does not meet our expectation s . The evaluation , how­
ever , has shown that the anthropometrica1 data of our test sub­
j ects have a much greater inf luence to the i n j ury severity of the 
thorax , as in the resultant acce leration spine . 

I n  the p lotted function (Fig . 8 )  are , among others , the following 
variables with thei r  medium value s  con sidere d :  Age 4 4  years , body 
mass 6 9  kg , ehe st s i z e  8 8  cm , seat-head-di s t ance 9 1  cm,  collis ion 
velocity 5 1  km/h , s led deceleration 12g and shoulder belt force 
4 kN . 
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Fig . 8 :  AI S-Thorax as Function of the Resu ltant Ac­
ce leration Spine 
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AIS-Thorax as Func tion of the Seat-Head-Di stance 

The biggest inf luence o f  the variable con s idered in the evaluation 
of the AI S-thorax has the seat-head-di stance ( Fig . 9 ) . Within the 
variation of the seat-head-dis tance of 82 - 9 9  c m ,  the AIS - thorax 
increases by one degree . As a lready mentioned , the anthropo­
metrical data have a greater influence to the inj ury severity of 
the thor a x .  The thorax s i z e  i s  in the second place after the 
seating height , fol lowed by body mass and age . Subsequently 
follows the shoulder belt force as the first phy s i c a l  magnitude 
in the S th place in the order of precedence of the inf luence 
magnitudes .  

6 
AIS - THORAX 
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80 85 90 95 100 

SEAT - HEAD - D I STANCE (CM) 

Fig . 9 :  AIS-Thorax as Function of the Seat-Head-Dis tance 
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AIS-Thorax a s  Function of  the Age 

From our previous investigations (KALLIER I S  and MATTERN 1 9 7 4 ,  
SCHMIDT et al 1 9 7 8 )  i t  i s  known that the age has a con s iderable 
influence to the inj ury severity . Fig . 10 shows an increase of 
the i n j ury seve rity with the age . With i n  our age collective 
( 18 - 6 9  year s )  the AIS-thorax i ncreases o f  1 , 6  to the va lue of 
3 , 4  at 6 9  years . The low inj ury degree o f  the thorax also fol lows 
from the re latively low s led deceleration of 1 2  g ,  a collis ion 
velocity of 5 1  km/h and a shoulder belt force of 4 kN . 

6 
AIS  - THORAX 
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3 
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10 20 30 

- - - -- .,.__. __ _  - - __ ...,_ _ _ __ __ _ ._.....,___ _ _ _  ._ 

40 50 60 70 

AGE (JEARS) 

F i g .  1 0 : AIS-Thorax as Function of the Age 

Summary 

I n  f r on t a l  col l i s ions with be lted cadavers the acceleration of 
the 6 th thoraci c  vertebra is mea sured in x- and z-direction . Re­
ports are made about te sts with a collis ion ve loc i ty of 6 0  km/h 
and s led deceleration s  of  10 g and 15 g ,  re spective ly a c o l l i s ion 
ve locity o f  4 0  km/h and u s lcd deceleration of 10 g .  The maximum 
acce lerat ion lies in x-d i re c tion between 1 3  g and 3 9  g ,  in z­
direction between 8 g and 33  g .  The re sultan t accele ration lies 
between 1 9  g and 4 2  g .  A c l ear increase of  the spinal column 
acceleration with the s led dece leration but not w ith the col lision 
veloc i ty was not iced . Sternum fractures , rib fractures resp . 
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rib piece fractures occurred as we l l  as in j uries of the mus c les , 
ligaments and bone injuries of the spine . 

The regional AI S of the thorax lies between 0 and 4 ,  the one for 
the spine between 0 and 3 .  The i n j ury severity of the two col­
lis ion ve locity groups and the two s led deceleration groups w i l l  
b e  compare d .  

According t o  the stat i s tical eva luation (multiple regre s s ion ) 
the infl uence of the age to the i n j ury seriousne s s  of thorax and 
spine has been con f i rmed .  Against that are the resu l tant ac­
ce leration sp ine as we ll as the collis ion ve l ocity and the s led 
decelerat ion of lower inf luence to the inj ury sever i ty . Hence , 
anthropometrical data as e . g . , seat-head-distance and thorax size 
turned out to h ave the strongest inf luence to the in j ury severity . 
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