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ABSTRACT 

S i x f r e s h s p e c i m e n s from t h e lumbar v e r t e b r a e u/ere e x a m i n e d under 
m e c h a n i c a l s t r e s s ( a blow a p p l i e d t o t h e un d e r s u r f a c e o f t h e low­
e s t v e r t e b r a w i t h or w i t h o u t l o a d i n g o f t h e s p e c i m e n from a b o v e ) . 
To d e t e r m i n e t h e r e l a t i v e i m p o r t a n c e of t h e t r a b e c u l a r bone and 
i t s c o n t a i n e d marrow a s ^ h o c k - a b s o r b e r s 1 i n t h e s p i n a l column, 
the s p e c i m e n s were e x a m i n e d a f t e r r e m o v a l of spongy bone and 
marrow and s u b s e q u e n t f i l l i n g w i t h P a l a c o s . I t h a s been 
d e m o n s t r a t e d t h a t b o t h bone and marrow a r e n e c e s s a r y f o r e f f i c i e n t 
damping, e s p e c i a l l y i n t h e h i g h e r f r e q u e n y r a n g e , a l t h o u g h t h e i r 
i m p o r t a n c e d e p e n d s on t h e f r e q u e n c y i n d e c i b e l s o f t h e t r a n s m i t t e d 
s h o c k . The i n t e r v e r t e b r a l d i s c s a r e i m p o r t a n t when b l o w s a p p l i e d 
t o t h e column a r e l i g h t , and t h e n o r m a l k y p h o s e s and l o r d o s e s a l s o 
p l a y a p a r t i n t h e a b s o r p t i o n of s h o c k . 

INTRODUCTION 

I n t h e c o u r s e of e v e r y d a y l i f e t h e v e r t e b r a l column i s 

s u b j e c t e d t o a l a r g e number of bl o w s w h i c h i t can o n l y s u s t a i n 

w i t h o u t damage f o r any l e n g t h o f t i m e i f i t s s h o c k - a b s o r b i n g 

mechanism i s f u n c t i o n i n g s a t i s f a c t o r i l y . T h i s c a p a c i t y f o r s h o c k 

a b s o r p t i o n and s h o c k t r a n s m i s s i o n i s s t i l l o n l y i m p e r f e c t l y 

u n d e r s t o o d . I t i s q u i t e u n c e r t a i n , f o r i n s t a n c e , what t h e 

r e s p e c t i v e r o l e s o f t h e i n t e r v e r t e b r a l d i s c and t h e v e r t e b r a l body 

i t s e l f may be. 

Our p r e v i o u s i n v e s t i g a t i o n s ( r e f . 1 ) on s e v e r a l v o l u n t e e r s have 

e s t a b l i s h e d t h a t an e s s e n t i a l component o f t h i s mechanism i s 

p r o v i d e d by t h e n a t u r a l c u r v e s o f t h e column. W h i t e and P a n j a b i 

( r e f . 2 ) have a l s o e x p r e s s e d t h e o p i n i o n t h a t i t s n o r m a l 

a n a t o m i c a l l o r d o s e s and k y p h o s e s a c t t o some e x t e n t a s s h o c k -

a b s o r b e r s . 

N e v e r t h e l e s s , t h e s u p p o r t g i v e n by t h e s e c u r v e s i s , by i t s e l f , 

i n s u f f i c i e n t t o a c c o u n t f o r i t s c a p a c i t y t o a b s o r b s h o c k s w i t h o u t 
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b e i n g damaged. A c c o r d i n g to I n o u e ( r e f . 3 ) , t h e i n t e r v e r t e b r a l 

d i s c s a c t a s s h o c k - a b s o r b e r s by a s s i m i l a t i n g c o m p r e s s i o n f o r c e s 

a p p l i e d to t h e v e r t e b r a l column. T h i s s h o c k - a b s o r b i n g c a p a c i t y of 

t h e d i s c i s , i n p a r t , d e p e n d e n t on t h e f a c t t h a t t h e a n u l u s f i b r o -

s u s c a n expand or b u l g e o u t w a r d s i n r e s p o n s e t o t h e ou t w a r d 

t h r u s t of t h e n u c l e u s p u l p o s u s when i t i s under p r e s s u r e from i t s 

n e i g h b o u r i n g v e r t e b r a e ( r e f , 2 ) . I n o u e m a i n t a i n s , h owever, t h a t 

t h e c a r t i l a g i n o u s e n d - p l a t e s p l a y an i m p o r t a n t p a r t t o o . 

T r a b e c u l a r bone i s a l s o s u p p o s e d t o c o n t r i b u t e t o w a r d s t h e 

a b s o r p t i o n o f i m p a c t s ( r e f . 4 ) , and i t s f u n c t i o n i s c o n s i d e r e d t o 

be g r e a t l y e n h a n c e d by t h e p r e s e n c e o f bone-marrow ( r e f . 5 ) . 

uJe a r e h e r e c o n s i d e r i n g t h e q u e s t i o n : what p a r t does t h e v e r ­

t e b r a l body, i n c l u d i n g i t s c o n t a i n e d marrow, p l a y i n t h e 

a b s o r p t i o n of s h o c k ? 

MATERIAL 

liie u s e d s i x f r e s h s p e c i m e n s from t h e i n t a c t lumbar column, 

b e i n g c a r e f u l t o c h e c k t h a t t h e r e was n o t h i n g i n t h e h i s t o r y of 

any of them t o s u g g e s t p a t h o l o g i c a l c h a n g e . B e f o r e we began, we 

o b t a i n e d AP and l a t e r a l x - r a y s of e a c h s p e c i m e n . The age of t h e 

s u b j e c t s ( f o u r male and two f e m a l e ) l a y between 15 and 66 y e a r s . 

E a c h s e c t i o n of t h e column c o n s i s t e d o f 2 t o 5 "Bewegungssegmente" 

(JUNGHANNS 1 " l o c o m o t i o n s e g m e n t " ) ( T a b l e 1 ) . 

TABLE 1 

S p e c i m e n Age Sex Number of s e g m e n t s 

No.1 60 y e a r s male 4 
No.2 65 y e a r s f e m a l e 5 
No.3 66 y e a r s f e m a l e 2 
No.4 57 y e a r s male 3 
No.5 15 y e a r s male 2 
No.6 45 y e a r s male 2 

METHODS 

A ma c h i n e h a s been c o n s t r u c t e d w h i c h makes i t p o s s i b l e t o 

s u b m i t s e g m e n t s of t h e v e r t e b r a l column t o v a r i o u s d e g r e e s of 

l o a d i n g from above ( F i g . 1 ) . I t i s a l s o p o s s i b l e w i t h t h i s machine 

to a p p l y s h o c k s of d i f f e r e n t s t r e n g t h s ( 2 - 6 f g f ) t o t h e l o w e s t 

v e r t e b r a from u n d e r n e a t h . I n o r d e r t o me a s u r e t h e f o r c e of t h e 

s h o c k , we s c r e w e d a c c e l e r o m e t e r s ( I C P A c c e l e r o m e t e r ; PCB Model No. 

303 A l l - P i e z o - t r o n i c s - r a n g e : + 10 t o - 10 g) t o t h e s p i n e s 

o f t h e l o w e s t and h i g h e s t v e r t e b r a e . The d a t a c o l l e c t e d were t h e n 

t r a n s m i t t e d t h r o u g h an A D - c o n v e r t e r d i r e c t l y i n t o a PC f o r f u r t h e r 
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c o m p u t a t i o n . The d i s t o r t i o n of t h e i n t e r v e r t e b r a l d i s c s was 

m e a s u r e d w i t h s t r a i n g auges (HBM DMD 2 0 ) s t i t c h e d t o them i n a 

h o r i z o n t a l p o s i t i o n , and t h e v a l u e s of t h e s i g n a l s r e g i s t e r e d w i t h 

a y t - w r i t e r . 

F i g u r e 1 : D i a g r a m m a t i c r e p r e s e n t a t i o n of t h e a p p a r a t u s u s e d f o r 

t h e e x p e r i m e n t 

I n o r d e r t o c a l c u l a t e t h e f r e q u e n c y - d e p e n d e n c e of t h e s h o c k 

a t t e n u a t i o n , a d i s c r e t e F o u r i e r t r a n s f o r m was u s e d t o o b t a i n t h e 

f r e q u e n c y s p e c t r u m of t h e a c c e l e r a t i o n v a l u e s . S i n c e t h e maximum 

F o u r i e r c o e f f i c i e n t s l a y i n t h e f r e q u e n c y r a n g e of 100 - 200 Hz, 

s t e p s a t i n t e r v a l s of 5 Hz from 5 t o 250 Hz were more c l o s e l y 

i n v e s t i g a t e d . I f one d i v i d e s t h e v a l u e o f t h e F o u r i e r a m p l i t u d e 

m e a s u r e d by t h e h i g h e r r e c o r d i n g p o s i t i o n w i t h t h a t m e a s u r e d by 

t h e l o w e r , a v a l u e f o r t h e s o - c a l l e d " f r e q u e n c y r e s p o n s e f u n c t i o n " 

i s o b t a i n e d . The v a l u e of t h i s f u n c t i o n - w h i c h i s measured i n 

d e c i b e l s - p r o v i d e s i n f o r m a t i o n a b o u t t h e r e l a t i v e d e p e n d e n c y o f 

t h e s h o c k - a b s o r b i n g c a p a c i t y on t h e f r e q u e n c y . N e g a t i v e d e c i b e l 

v a l u e s s i g n i f y e f f i c i e n t s h o c k - a b s o r p t i o n . P e a k s w i t h p o s i t i v e 

d e c i b e l v a l u e s i n d i c a t e r e s o n a n c e p o i n t s , w h i c h means t h a t a t t h i s 

f r e q u e n c y t h e s h o c k i s i n c r e a s e d . 
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RESULTS 

The a b i l i t y o f t h e s p e c i m e n s t o a b s o r b s h o c k d e t e r i o r a t e s i f 

t h e e x p e r i m e n t i s c o n t i n u e d f o r t o o l o n g ( F i g . 2 . ) · W i t h i n 35 

m i n u t e s of l o a d i n g t h e s p e c i m e n w i t h 20 kg t h e g r e a t e r p a r t of t h e 

f r e q u e n c y r e s p o n s e f u n c t i o n r e m a i n s i n t h e n e g a t i v e r a n g e ; i n 

o t h e r w o r d s , s h o c k - a b s o r p t i o n i s e f f i c i e n t . I f , h o w e v e r , a s t h e 

e x p e r i m e n t i s c o n t i n u e d , t h e f r e q u e n c y r e s p o n s e f u n c t i o n b e g i n s t o 

s h i f t i n t o t h e p o s i t i v e r a n g e , t h e c a p a c i t y f o r s h o c k - a b s o r p t i o n 

becomes l e s s and l e s s . 
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F i g u r e 2 : F r e q u e n c y r e s p o n s e f u n c t i o n and i t s d e p e n d e n c e on 

t h e d u r a t i o n o f t h e e x p e r i m e n t . 

F i g u r e 3 : F r e q u e n c y r e s p o n s e f u n c t i o n i n t h e i n t a c t s p e c i m e n ( l o ­

wer c u r v e ) a f t e r r e m o v a l o f t h e spo n g y bone and marrow ( m i d d l e 

c u r v e ) and t h e i r r e p l a c e m e n t w i t h P a l a c o s ( u p p e r c u r v e ) i n s p e c i m e n 

No.5 
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I n o r d e r t o a s s e s s t h e p a r t p l a y e d by t h e v / e r t e b r a l b o d i e s i n 

a b s o r b i n g s h o c k , we removed t h e t r a b e c u l a r bone from t h e m i d d l e 

v e r t e b r a and f i l l e d i t up w i t h m e t h y l m e t h a c r y l a t e ( P a l a c o s ) i n 

s p e c i m e n s No.5 and 6. F i g . 3 shows t h e b e h a v i o u r of s p e c i m e n No.5 

a t a l l s t a g e s o f t h e p r o c e d u r e : w h i l e s t i l l u n t o u c h e d , a f t e r t h e 

r e m o v a l o f t h e s p o n g i o s a and f o l l o w i n g i t s r e p l a c e m e n t w i t h 

P a l a c o s . A f t e r t h e s p o n g i o s a had been t a k e n away from t h e m i d d l e 

v e r t e b r a t h e f r e q u e n c y r e s p o n s e f u n c t i o n showed f e w e r p e a k s . I f 

t h e f r e q u e n c y ( a b s c i s s a ) i s above 100 Hz, t h e c o r r e s p o n d i n g 

d e c i b e l v a l u e ( o r d i n a t e ) i s l o w e r t h a n w i t h t h e i n t a c t s p e c i m e n . 

I n c o n t r a s t t o t h i s , w i t h f r e q u e n c i e s below 100 Hz, t h e d e c i b e l 

v a l u e r i s e s 1 . 7 - f o l d , w h i c h c o r r e s p o n d s t o a d e t e r i o r a t i o n i n t h e 

damping e f f e c t . A f t e r we had f i l l e d t h e v e r t e b r a l body w i t h 

P a l a c o s , t h e f r e q u e n c y r e s p o n s e f u n c t i o n ( p a r t i c u l a r l y i n t h e 

h i g h e r f r e q u e n c y r a n g e ) showed a 3 . 3 - f o l d i n c r e a s e , w h e r e a s o n l y a 

1 . 4 - f o l d i n c r e a s e was f o u n d i n t h e l o w e r r a n g e . S p e c i m e n No.6 

r e s p o n d e d i n t h e same way. 

The more u n i f o r m t h e c u r v e o f t h e a c c e l e r a t i o n v a l u e s , t h e more 

c o n t r a d i c t o r y d i d t h e m e a s u r e m e n t s p r o d u c e d by t h e s t r a i n g a uges 

become. A r h y t h m i c a l o s c i l l a t i o n was f ound i n a l l c a s e s . E n t i r e l y 

a g a i n s t o u r e x p e c t a t i o n s , t h e i n i t i a l r e s p o n s e was one of c o n t r a c ­

t i o n . U/ith o n l y one s p e c i m e n d i d t h e o s c i l l a t i o n of t h e i n t e r v e r ­

t e b r a l d i s c b e g i n w i t h e x p a n s i o n . 

D I S C U S S I O N 

The d e t e r i o r a t i o n o f damping e f f i c i e n c y o b s e r v e d i n t h e 

v e r t e b r a l c o l u m n a s t h e s t r e s s a p p l i e d t o i t c o n t i n u e s , i s 

p r o b a b l y due t o t h e e x p u l s i o n of f l u i d from t h e i n t e r v e r t e b r a l 

d i s c i n t o t h e s u r r o u n d i n g t i s s u e s . L o n g e r i n t e r v a l s between t h e 

b l o w s a l l o w s u f f i c i e n t t i m e f o r t h i s f l u i d t o be r e p l a c e d . 

The e f f e c t o f r e m o v i n g t h e s p o n g i o s a from t h e v e r t e b r a l body 

and r e p l a c i n g i t w i t h P a l a c o s c l e a r l y d e m o n s t r a t e s t h e 

c o n t r i b u t i o n o f t h e t r a b e c u l a r bone and i t s c o n t a i n e d marrow t o 

t h e damping c a p a c i t y o f t h e w h o l e column, t h e d e g r e e of w h i c h i s , 

h o w e v e r , f r e q u e n c y - d e p e n d e n t . I t i s more i m p o r t a n t i n t h e h i g h e r 

f r e q u e n c y r a n g e t h a n i n t h e l o w e r . 

The s u p p o r t c o n t r i b u t e d t o s h o c k - a b s o r p t i o n by t h e d i s c s comes 

t o t h e f o r e when t h e b l o w s a r e weak. With a f r e q u e n c y of more t h a n 

100 Hz - t h a t i s t o s a y , f o l l o w i n g s t r o n g e r b l o w s - t h e s i g n i f i ­

c a n c e o f t h e s p o n g i o s a / m a r r o w s y s t e m i n c r e a s e s . J u d g i n g from t h e 
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damping c u r v e s o b t a i n e d , t h e i n s i d e of t h e v e r t e b r a l body i s an 

i m p o r t a n t component of t h e damping s y s t e m . 

liie have h e r e an e x p e r i m e n t a l c o n f i r m a t i o n of t h e v i e w s 

e x p r e s s e d by P a t w a r d h a n and h i s c o - w o r k e r s (1 9 8 5 ) on t h e r o l e of 

spongy bone; and our r e s u l t s a l s o a g r e e w i t h t h e f i n d i n g s of Hayes 

e t a l . ( 1 9 7 6 ) , who a t t r i b u t e d a s i m i l a r f u n c t i o n t o t h e bone-

marrow · 

T h i s means t h a t a l l t h e e l e m e n t s of J u n g h a n n s 1 " l o c o m o t i o n 

s e gment", i n c l u d i n g b oth v e r t e b r a l b o d i e s , a r e n e c e s s a r y f o r t h e 

damping s y s t e m of t h e s p i n a l column t o be f u l l y e f f e c t i v e ; and 

o n l y when a l l p a r t s a r e i n t a c t and f u n c t i o n i n g p r o p e r l y c a n b l o w s 

be e f f e c t i v e l y t a k e n up and r e n d e r e d i n n o c u o u s . 

E f f i c i e n t l y t r a i n e d back m u s c l e s a r e a l s o , of c o u r s e , p r e s u p ­

p o s e d . They s h o u l d be i n a p o s i t i o n t o c o n t r o l t h e f l e x i o n of t h e 

whole column i n an o p t i m a l manner ( r e f . 1 ) . 

The p a r a d o x o f t h e r h y t h m i c a l o s c i l l a t i o n of t h e i n t e r v e r t e b r a l 

d i s c , w h i c h i n i t i a l l y shows e i t h e r c o m p r e s s i o n or e x p a n s i o n , i s 

p r o b a b l y bound up w i t h t h e d i f f e r e n t d i r e c t i o n and p u l l of t h e 

f i b r e s of t h e a n u l u s f i b r o s u s . V e r y l i k e l y i t s t e x t u r e - t h e 

l a y o u t o f t h e f i b r o u s l a m e l l a e - i s r e s p o n s i b l e . 
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