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In the late 19th century it was observed that bending movements in 
the lumbar spine cause a strong protrusion of the annulus fibrosus on 
one side, combined with a contraction on the other side (Fick 1904). 
This observation has later been verified by several other authors, among 
them Brown, Hansen & Yorra (1957).  

The conclusion to be drawn from this is that bending movements in 
the lumbar spine subject different parts of the intervertebral disc to 
varying mechanical stresses. No attempt has been made, however, to 
determine these variations. 

The facets have usually been considered as important only in pre- 
venting sliding movements and rotation of the vertebrae (Fick 1904, 
Keyes & Compere 1932, Hagelstam 1949 and others). I t  is also known 
that when the arches are separated from the vertebral bodies thecolumn 
of arches and facets contract while the column containing the vertebral 
bodies will elongate. This is said to be due to the so called “intrinsic 
pressure” of the nucleus pulposus ( P e f f e r  1933) and also to the fact 
that ligaments and capsules around the posterior bony elements are 
under some tension (Hagelstam 1949, Sfeindler 1955). 

On vertical loading of the lumbar spine, arches and facets have been 
said to carry no load a t  all (Fick 1904, Spurling 1953), to carry around 
15 % (Nachemson 1960) or to be “important force-bearing structures” 
(Kel ly  1958). 

The purpose of this study has been by means of direct measurements 
to analyse the stresses that appear in different parts of the loaded 
lumbar disc tilted in various directions with and without arches, facets 
and ligaments. 
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verified rocntgcnogral)hicnlly by Ingelinark and Ekholm ( 1048, 1961 ) : 
13y this n~c:ins thc latter authors found that  after sonic ~ninutes  of 
a r ti c 11 In r function th c c n rt il R ge grew t h i c ltc r an tl t h R t :t corn pa r:i ti vr  l y 
short period of rest sufficed to rcduce this condition. The  only ex- 
planation of these variations i n  thickness is p r o l ~ h l y  that fluid is 
transported to and from the cartilage. 

A s  long ago as  1894 Hammar stated that normal function of healthy 
joints undoubtedly has an abrnsive effect on the surface of the arti- 
cular cartilage and of the synovial membrane. The same view was 
later published by Hultkn and Gellerstedt ( 1 W O ) ,  who pointed out 
that under adequate magnification the surface of a normal arti- 
cular cartilage is not smooth and w e n ;  it is rough, because the outer- 
most cartilaginous layer has been scratched. Hammar's finding of for- 
mal elements in normal synovial fluid, probably particles abraded from 
the cartilages and joint capsule, constitutes further evidence in sup- 
port of this view. 

The synovial membrane. A fairly extensive literature exists on the 
structure and function of the synovial membrane. Full agreement has 
probably not been reached yet with respect to the character of the cells 
in it. They have been variously designated a s  endothelial, epithelial, 
mesothelial, glandular and modified fibroblastic. In  .addition the pro- 
blem whether the synovialis is a complete, continuous membrane with- 
out rifts or openings or whether it must be regarded merely as a space 
in the connective tissue, has given rise to a lively discussion. A t  present 
the latter view is dominant. Synopses on the subject with detailed 
bibliographies have been published by Key (1928 a ) ,  Bauer et al. 
(1940),  Davies (1946) and Edlund (1949) .  

Many methods have been adopted to study the transport of solu- 
tions and particle suspensions from the joint cavity via the synovial 
membrane (cf. Edlund 1949). Only a paper by HultCn and Geller- 
stedt (1940) will be mentioned here. I t  describes observations of car- 
tilaginous particles in the synovial tissue, where they are  in time 
broken down after injection of finely divided cartilage in fluid sus- 
pension into the rabbit knee joint. 

The synouial f luid.  Discussions on the nature and origin of syno- 
vial fluid have been carried on for a long time and many theories have 
been put forward. The opinion generally held today is probably that  
joint fluid is a dialysate of blood plasma (Ropes, Bennet and Bauer 
1939, Bauer, Ropes and Waine 1940, Davies 1946, Sundblad 1950). 
According to Ropes et al. (1939),  this assumption explains all known 
facts regarding the chemical and physical composition of synovia, ex- 
cept the presence of mucin, albumin and globulin. A simple explana- 
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Fig .  1.  
Schematic drawing of the apparatus in usc‘. 
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F i g .  2. 
Schematic drawing o f  the needle and the attached plastic tubing (P.E. 90>, 

uhed for intradiscal pressure measurements. 

From a clinical point of view there are  grounds for a closer study of 
these stresses, as  the symptoms of low back pain a re  often discussed in 
terms of mechanical forces on the lumbar intervertebral discs. 

h l E T H O D S  

By inserting a soldered Luer-Lok needle with a hole in the side near 
the tip, over which an elastic polyethylene tubing is threaded, into the 
nucleus pulposus, it is possible to measure the pressure produccd by 
loading a lumbar intervertebral disc via a superior intervertebral body 
in a vertical direction (Nachemson 1960). The procedure is based on the 
following principle. First, the pressure sensitive gauge, coupled to  an  
clectromanometer, is calibrated for known pressures. The gauge is then 
inserted centrally into the disc. When its position has  been checked 
with roentgenograms in two planes, the specimens are  loaded vertically 
in a compression apparatus worked by compressed air. The load is 
transmitted to the disc by two pianoparallel plates, the lower one of 
\vhich is f i x i d ,  \vhili, tht. up1)iIr 1)latc is inovahlc in the vertical direction 
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F i g .  3. 
Roentgenographic appearance o f  the disc (no  4/L%) shown in  Fig. 5. The pictures 
demonstrate a)  the  position of the non-tilted disc, between the jaws of the com- 
pression apparatus (load is not applied). b )  forward tilt of 5". c )  backwardflilt of 5". 

(Figs. 1 and 2 ) .  (For  a more detailed description of the method, see 
Nachemson 1960). 

Readings of the intradiscal pressure were taken a t  loads of 40, 55, 
130, 175 and in some specimens 220 kp. Following this, a brass plate, 
specially constructed with its load bearing surfaces tilted a t  an angle 
of 5" to each other, was mounted onto the upper, movable part of the 
compression apparatus. On renewed loading, the specimen was sub- 
jected to an asymmetrical stress. In all cases the specimens have been 
loaded with the angle of the plate directed both forward and backward 
and in some instances sideward as well (Fig. 3) .  A s  a check, on con- 
clusion of these tilted loading experiments, the plate was removed and 
the discs reloaded in the vertical non-tilted direction. In no instance 
has any difference been noted in the values recorded before and after 
the tilted loadings. The pressure was always measured with the opening 
of the pressure sensitive gauge pointing upwards as well as sideways. 

Lumbar spines taken a t  post mortem 12-36 hours after death have 
been used. If the experiments were not carried out the same day, the 
spccimens mere kept 1-5 days in deep-freeze (-25" C)  in plastic bags. 
It has been found that this storage has no appreciable effect on the 
results (Nachemson 1960). The departments of pathology wished to 
preserve the sacrum. For this reason, the lumbar spine was removed, 
by sectioning through the lumbo-sacral disc, thus only four lumbar 

13' 



186 

’4 18 

ALF NACHEMSON 

LOAD kp/cm‘ 

F i g .  4.  
Intrndisral pressure in kpicrn? resulting from increasing external load on the disc 
shtiwn in Fig. 5.  ( I )  non-tilted. b )  5’ hackward t i l t .  The  hasic data are given in 

Tahle 3, p. 190. 

discs lvere used during the experiments, viz. the disc just  ahove the 
lumho-sacral which has been called L 1, the one ahove that  L 3 etc. In 
general, the discs were prepared so that they were cut out  with slices of 
adjacent vertebral bodics, 1-1 

During the experiments is was found that the values obtained from 
thc specimens where the pedicles and joint processes were saved could 
not he compared to those from the experiments where they were cut off 
because of the difference in the direction of the applied vertical load. 
This fact will be subject to further analysis in the discussion. 

In the first series (series A )  the pedicles and joint processes and 
attached muscles were removed. The cut  surfaces of the vertebral bodies 
\\“crc made as parallel to each other as  possible and also parallel to  thc 
end-plates of the disc. The parallelism was checked with a water level. 
Rceaustb of technical difficulties, however, it was found that this paral- 
Iclisin not always was exact. The maximum deviation from parallelism 
has hccn estimated a t  about 2 ” .  When not all first four lurnhar discs 
\vc,re used i n  the experiments the rejected specimens had been damaged 
in somv way. This occurred m w t  often at  post mortcm or when rc- 
iiioving the lurnhar vertebrae. 

cm. thick. 
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Fig. 5. 
hlacroscopic view of the disc L2 from a female age 34. The roentgenographic appear- 

ance of this disc was shown in Fig. 3, the experimental results in Table 3. 

After the experiments the discs were cut through horizontally and 
their surface area was measured with a planimeter. A graph was drawn 
for  every disc, with the external load in kp.lcm.2 on the abscissa, and 
the corresponding intradiscal pressure in kp./cm.' on the ordinata as 
in Fig. 4. The intradiscal pressures corresponding to external loads of' 
2, 4, 6, 8, 10 and in some cases 12 kp.icm.2 were read from these curves. 
It was seen that the intradiscal pressure was approximately propor- 
tional to and greater than the applied load per unit area. This proce- 
dure makes it possible to compare results for different discs. 

Since the method descr'ibed above is not reliable for pressure measure- 
ment inside severely degenerated discs (Nachemson 19601, this category 
has been excluded from the present material. All the discs included 
here have either been normal or  showed only slight macroscopic changes 
in the nucleus pulposus. The nucleus was somewhat fibrous but  could 
be clearly distinguished from the annulus which was intact. It has 
earlier been proved that  discs showing slight macroscopic changes, such 
as fibrosis of the nucleus pulposus and isolated fissures in the annulus 
fibrosus, also show hydrostatic behaviour and intradiscal pressures not 
differing from less degenerated discs. 

As mentioned earlier, the discs have been loaded vertically in a com- 
pression apparatus, both between two parallel plates and between two 
plates tilted forwards, backwards and towards the left or  right so as to 
form an angle of 5" with each other. In  the first instance, the loading 
conditions were identical with those studied earlier by the author. It 
should be pointed out that  these conditions do not exactly duplicate the 



strrss on 3 disc in situ in a straight back. The proceclurc adopted for 
pw1)aring the specimens, as  dcscribetl ahovc, in which the load-bearing 
surfaces of the discs were made parallel after removal of arches, pedicles 
and facets, means that  thcsc surfaces are  not parallel in situ, owing to 
thc \vell-knonn fact that  the spine straightens out somewhat on removal 
of the posterior bony elements. This means that  in a straight, “unloaded” 
hnck the discs actually a re  under a certain amount of pressure ( P e f f e r  
1933, Hngelstoni 1919, Sfe ind lcr  1955) .  In the first series ( A )  it has 
therefore been found espcdient to hasc the experimcnts on the truly 
unloaded disc, which means that  the tilt is defined in relation to thc 
isolatcd spcciincn and not in relation to the disc in situ. The terms 
“ f o r \ v a r d  tilt” and “back\v:ird tilt” should consequently also he intcr- 
prcted from this point of vic\v. 

I n  thc follolving scries ( € 3 )  the spccimcns were prepared so that  thc 
two 1,ertcbrac adjoining thc disc and the joint processes with attached 
ligaments were saved. ‘Thus :i posterior conncction was fornicd from 
the u1)per to the lower of thesc vcrtchral hotlics. Also, the surfaces of 
thc vc>rtehrae were levelled off by a filc and the parallelism was checked 
by Lvatcr Icvcl. Tho nieasurcments werc pcrformcd as dcscribcd a h o w .  

.4ftcr thc c.xpcriiiicnts it \v:>s also noted that  when the Imstcrior P I C -  
ments u-crc rcmovcd thc distancc Iwtwccn the posterior parts of the 
\.ertcbr:ie widened somewhat so that  thc earlier p1:inopar:ilIel loading 
surI‘:ices made a forward inclination to each other a t  an anglc of about 3 “ .  

I I  E s 1’  I .  ‘1‘s Scrios  A .  

1-klwrirncnts \vc*rv 1)erfornic.d on 29 discs from 1 0  individuals (’I’ahlc~ 
1 ) .  I n  no single disc h a s  any dcflrction been rccordcd on insrrtion of 
the ncwllc i n  thv non- t i l t 4  discs, which is cbntircly consistcmt with 
earlier observations. Since all sl)ccimcns included i n  this series were 
p ra c tic a 1 I y n o r  m R I o r  n on -d cg cn c ra t cd , t h e i r h y d ros t a tic hc h a v i ou r has 
becn taken for granted (Nrrchrmson 1960). Neverthelcss, as a check 3 
calculation has hccn made of Lhc differcmcc bctwcrn the vertical and 
thc horizontal prcssurc. In no singlc mcbasurvnimt has the ahsolute 
deviation froin thc ineaii c~xccwicd  7 Iwr ccnt. Nclithcr forwnrd, h i c k -  
ward nor sidc\vurd tilt has I)roducc.tl :any vhangc in thc hydrostatic 
hchaviour of tho niiclcws pullwsus. 

Twtwty-one discs from 6 individuals (nos.  1-6 i n  ‘I’ablc 1 ) havc I ~ c ~ c n  
suhjcctc.d to c.xpcrinicmts with forward and 1)ackw:~rd t i l t .  ‘l’hc. 1)ressurct 
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TABLE 1 
Specimens studied. 

Series 4. 

Case no. 1 
1 
2 
3 
3 
5 
6 
7 
8 
9 

10 

Sex 

Female 
Male 
Male 
Female 
hlale 
Male 
Female 
Femal'e 
Female 
Male 

~ Age years 1 
40 
33 
35 
34 
57 
33 
32 
52 
20 
37 

Main cause of death 

Fractura cranii  
Cirrhosis hepatis 
Fractura cranii  
In tox. barbi tur. 
Cirrhosis hepatis 
Nephropathia c. uremia 
Toxic. gravidarum 
Haemorrhagia cerebri 
T u m o r  col. cervicalis 
Fractura cranii  

I 
Discs tested 

L2. L3 
L1, L2, L3. L4 
L1, L2, L3 
L1, L2, L3, L4 
L1, L2, L3, L4 
Ll;L2, L3, L1  
L1, L2, L4 
L3 
L1, L3 
L l ,  L3 

~ ~ 

A l l  discs showed only very smal l  changes in the  nucleus and  were classified as 
normal. 

TABLE 2 
Series A. 

Meun values of pressure in nucleus pulposus in kpjcmz +- i'rror of the mean, 
in the non-tilted position and vertical loading. 

Level I 1.1 1 1,2 I L 3  1. 4 

Load Kpjcmz 2 3.18 i 0.16 3.32 3I 0.35 3.47 rt 0.17 3.30 f 0.10 
4 6.20 k 0.60 6.48 f 0.54 6.47 C 0.21 6.45 f 0.33 
6 8.98 3I 0.79 9.40 k 0.72 9.38 * 0.29 9.25 3I 0.14 
8 11.78 i 1.02 12.08 3I 0.97 11.87 rt 0.52 11.75 +_ 0.18 

10 14.50 k 0.85 14.70 k 1.15 14.62 * 0.44 14.25 k 0.27 

n = 5  n = 6  n = 6  n-4 

values obtained with loading in the non-tilted position are  set down in 
Table 2, together with the mean errors. These values agreed entirely 
with earlier observations. As  in earlier studies, it has been shown that 
each particular load test produces an  identical reaction in levels L 1, 
L2 ,  L 3  and L4.  

Table 3 shows the results for one particular disc, shown in Fig. 5. 
This table clearly demonstrates the increase in pressure effected by a 
5" tilt in different directions. 

The magnitude of the increase in pressure resulting from forward 
and backward tilt is shown in Table 4, which includes the mean W u e s  
together with the corresponding maximum and minimuin values. The 
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'I'ABI,E 3 
Series .4. 

Prep. 6!L?. 
Intrntliscol p r i ~ s s u r v s  oblninutl f r o m  tho  L2 disc of (1 f v i r r t i l e ~ ,  age' 34 ,  i o h r n  s u b j r c t d  

t o  ric,rticcrl l i i c i t l iny  i r t  tht, r ton- t i l t t v l ,  forrunrtl c l r t t l  hnclirtrard t i l t c d  pos i t i on .  

Intradiscal pressure kp cm' 

I.on1l l ip C l l l Z  Untilted Tilt j0 forward I Tilt 5 O  backward 

2 3.2 3.8 3.7 
1 6.4 7.3 7.2 
li 9.5 10.2 10.1 
X 12.3 12.1) 13.0 

1 I) 14.9 15.5 15.9 

~~~~~ ~~ ~ ~ ~~ ~~~~~~~~ ~~ ~ 

1)isc Mean w l u e  lip cm; "Gr\-2:e ~ Min. value kp'cin' 
! 

1.1 ( n - 5 1  .............. I .n4 1.41 0.62 
1.2 ( II 7.: (i I .............. 0.80 1.08 0.32 
1.3 ( n  =- f I .............. 0.63 1.32 0.06 
I A ( n = ? )  .............. 0.68 1.48 0.02 

l i i c r ~ ~ a s c ~  irr intratliscal prvssurc~ rc,sulting from 5 "  backward t i l t .  

L1 ( n  =-= 5 )  0.78 1.22 0.60 
L2 ( n - 6 j  0.68 0.82 0.54 
L3 ( n = 6 1  0.75 1.34 0.22 
L 1  f 11 = 4 )  .............. 0.40 0.68 0.22 

.............. 

.............. 

.............. 

Avcragc 
Increase 0.72 kp/cm:! 

relatively large difference between the maxinium and minimum values 
is probably due to the difficulty of producing entirely planoparallel 
surfaccs in the specimens. 

A "sign" test has shown that  a 5 "  forward or backward tilt results 
in an  increase in pressure, which observation is significant a t  thc 
0.1 76 Ic>vel. The statistical analysis further shows that this increase in 
1)ressurc al)pc'ars to t ie  independent of ttic external load. A calcul. <I t '  1011 

of  the corrc.1 at ion bet wc(w 1-s tc rn a 1 1 oad a n t l  c'o r rcs pond i rig 1) r'ess u rc 
variations for thc ttiffcrc~nt discs givcs r = 0.043 (not  significiint). No 
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TABLE 5 
Series A. 

Relative increase in intradiscal  pressurc brought  ubout  b y  5" t i l t  
f o r  different outer  loads.  

Load kpkm' Non-tilted intradiscal pressure, 
mean values L I-L 4, (kpicm') O i 0  inrrrase by 5 O  l i l t  

2 
a 
6 
8 

10 

3.35 
6.44 
9.30 

11.93 
14.60 

21.5 
11.2 

7.7 
6.0 
4.9 

relationship can consequently bc demonstrated betwcen external load 
and variations of increase in pressure. 

In addition, the effect of sideward tilt has heen investigated in 8 discs 
from 2 individuals (nos. 5 and 6 in Table 1 ) .  I t  was found that  a signi- 
ficant increase in pressure resulted, of the same order of magnitude as  
with forward and backward tilt. N o  difference has been noted between 
thc effect of right- and leftward tilt. 

As  shown in Tablc 4, thc increase in pressure brought about by tilting 
5" in the diffcrcnt directions is on the whole equal for the different 
levels I, 1-L4 and reaches a mean value of 0.72 kp.kin.2. 

In Table 5 the relative increase in pressure resulting from 5" tilt 
for external loads from 2-10 kp./cnl.2 has been calculated. 

The results reported show that the non-tilted isolated disc specimen, 
1)rel)arcd as stated above, shows the lowest intradiscal pressure on ver- 
tical loading when compared with corrcsponding values in tilted 
posit ions . 

In order to cxaminv the cffrct of a forward or backward tilt on a 
prcparation loaded corrcsponding to its position in situ, expcriments 
have been carried out on 7 discs from 4 individuals (cases nos. 7-10). 
In thcsc tests the load-bearing surfaccs of the cut vertebral hodics 
fornied a forward angle of approximately 3" with each othcr following 
removal of the posterior elements. 

The results are set down in Tablc 6, which shows that thc incan 
increase in pressure, still regardless of the external load, per unit area, 
is nil for forward tilt, while the corresponding value for backward tilt 
is 1.5 kpJcm.2. The backward tilt will in these discs be 8" according to 
the above-mentioned inclination of the load-bearing surfaccs. 
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TAHLE 7 
Sjwcirni,ns s t u d i d .  

Series B. 

Case no. I Sex ~ Age years Main cause of death 1 Discs tested 

11 Male 54 Tumor cerebri 1.2, I,4 
12 Male 53 Asthma bronchialae L1, L3 
13 Female 30 Embolia pulm L2, L4 
14 Female 20 Tumor med. spinalis L1, L3 
15 Female 56 Aneurysma cerebri L3 
16 Male 34 Fractura cranii L1,1.3 

A l l  discs showed only very small changes in the nuclcus and were classified as 
normal. 

Spries L3.  

Eleven lumbar disc specimens from 6 individuals were studied 
(Table 7 ) .  

When inserting the pressure sensitive gauge in the unloaded disc 
specimen with arches and facets still attached, intradiscal pressures 
between 0.5-1 kp.lcm.' were recorded (mean value 0.7 kp.km.2). As 
earlier shown in series A, the intradiscal pressure in the unloaded 
isolated disc specimen is zero. Thus this pr iwure  must depend on the 
tension in the ligaments and capsule surrounding the posterior bony 
elements. After reading the pressure of the unloaded disc the amplifier 
was put in zero-position and measurements were made to record the 
intradiscal pressures for thc increasing loads, a s  said above. The in- 
crease in intradiscal pressure was linear to the outer applied load and 
no deviation from the hydrostatic hehaviour was noted. First the spcci- 
inens were loaded without tilt, then with a 5" forward, backward and 
sideward tilt. Between the series unloading was performed. Finally the 
intradiscal pressure was measured for increasing vertical loads without 
tilt. In no single case did the result from the last series of vertical load 
deviate from the first one. The experiments in the tilted position had 
thus not changed the experimental conditions, as  was noted already 
in series A. 

In Table 8 the results from thc different discs art. presented. A 
statistical analysis of t h r  results in this table shows that there is a 
significant differcncc. hetwcen the incrcasc in intradiscal pressure 
causcd hy a 5" forward tilt on the one hand and a 5" backward tilt on 
the other (t-test of the difference gives t = + 8.112). 
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Case ' Disc ' I.oad 1 5" forwards 5' rightwards 
SO j L P  k p  em' kpmn'  

5" barkwards 5" leflwards 
k p  cmp k p  crn' 

40 0.0 + 0.6 + 0.9 + 0.2 
11 1 2  85 - -O. l  f0.6 + 0.7 + 0.1 

130 --0.2 + 0.5 +0.5 + 0.2 
175 --0.3 +0.7 + 0.7 0.0 
~ _ _ -  

I i i  --0.15 +0.6 + 0.7 +0.125 
~ -~ ~ 

40 0.0 + 0.4 +0 .4  + 0.2 
L 4 85 -0.1 + 0.6 + 0.4 + 0.2 

130 - -0.3 + 0.8 +0.6 -0.3 
175 0.0 t O . 6  4- 0.4 -0.2 

~~- _________ _ _ _ _ ~ - ~ ~  - 
+ 0.6 +0.45 --0.025 - m -0.1 

40 0.0 + 0.8 + 0.6 + 0.4 
12 1- 1 85 0.0 + 1.0 + 0.5 + 0.6 

130 0.0 + 1.4 + 0.9 + 0.7 
175 0.0 +1.3 + 1.3 $0.6 

- - 

+1.125 + 0.825 $0.575 
- m 0.0 

40 0.0 + 0.2 + 0.2 + 0.2 
L3 85 0.0 + 0.2 + 0.3 + 0.2 

130 --0.2 0.0 + 0.2 + 0.2 
175 0.0 0.0 +0.2 + 0.G 

t 0 . 1  + 0.225 + 0.3 
-- ~ ~- ~~~ . _ _  - m -0.05 

40 0.0 +0.1 + l . O  + 0.2 
13 L2 85 0.0 + 0.2 $1.2 +0.1 

130 0.0 + 0.2 + 0.9 0.0 
175 --0.1 0.0 +1.n -0.1 

+0.125 +1.1 +0.05 - m -0.025 

40 t 0 . 1  + 0.2 + 0.3 + 0.3 
L4  85 -0.1 + 0.4 + 0.2 t 0 . l  

130 - -0.2 +0.3 0.0 0.0 
175 - -0.3 + 0.2 --0.1 -~ 0.1 
.________ _ _  

+ 0.275 $0.1 + 0.075 
- m -0.125 
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5' forwards 5' rightwards 
kp:cm2 kplcm' 

5O backwards 5O leftwnrds 
kpjcnie kp/cmg 

40 0.0 +0.6 +1.2 t0.1 
L3 85 + 0.2 $0.5 +l.G + 0.3 

130 --0.1 + 0.3 $1.1 -0.1 
175 + 0.1 + 0.1 + 1.0 -0.2 

+0.375 +1.225 +0.025 - m $0.05 

40 +0.1 + 0.3 + 0.5 + 0.3 
15 L3 85 -0.1 + 0.3 + 0.5 -0.1 

130 0.0 +0.1 + 0.3 0.0 
175 + O . l  + O . l  +0.4 -0.1 

+0.2 +0.425 +0.025 - m +0.025 

40 -0.3 0.0 $1.0 + 0.6 
16 L1 85 --0.4 + 0.4 +1.3 + 0.9 

130 -0.8 +0.6 $1.1 + 0.6 
175 0.0 + 1.0 +1.7 +0.5 

Ei -0.375 $0.50 f1.275 +0.65 

40 + 0.5 +0.6 +1.1 +0.6 
L3 85 + 0.3 t 0 . 7  +1.7 +0.6 

130 + 0.5 $1.0 $1.0 + 0.8 
175 +0.5 +1.0 +1.0 + 0.9 

$0.825 +l.2 +0.725 - m +0.45 

Mean values whole material -0.06 +0.45 $0.76 + 0.30 
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Case no. 1)isc 
I 

TABLE 9 
Series B. 

Incrcasr in intradiscal pressure rcsulting from 5" sideioartl t i l t  anti increasing 
uc~rtical lomi in specimens w i t h  antl wi thout  af tnchetf  arches antl face ts .  

I After the removal of the posterior hnny elements the earlier planoparallel surfaces 
o f  the cut  rertehrae have not heen made parallel again) .  

Average increase (kp/cm"). 

.P rightw. l i l t  

arches and Facets 

5O leftw. tilt 

arches and facets 
with without [ with without 

i 

Mean values 
of al l  observations ( n )  + 0.4 (20)  + 0.9 (25)  + 0.4 (20)  + 0.8 ( 2 5 )  

The difference between 5" sideward tilt to the left and to the right is 
not significant ( t  = + 1.212). A forward tilt of 5" on disc preparations 
with intact arches and facets gives no rise in intradiscal pressure com- 
pared with the s a ~ n e  vertical load in the untilted position. A backward 
tilt of 5" gives comparrd to the untilted case an increase of 0.76 kp./cin.2. 

In Table 9 the differences of pressures in kp.icm.2 are shown which 
were observed on increasing vertical loads in the untilted position and 
on 5" sideward tilt both in the intact preparations and in the same pre- 
parations after resection of the posterior elements. In the last-mentioned 
series, however, the load hearing surfaces \vere not made planoparallel. 
Such experiments were performed on 5 discs from 3 individuals accord- 
ing to Table 9. 

D I S C I' S S I 0  K 

The results in series A show that the intradiscal pressure in a lumbar 
intcrvcrtebral disc at  a tilt forwards, backwards or  sidebvards a t  vertical 
lontls of 2- 1 0  kp.;c~n.z  is higher than the intradiscal pressure a t  the 
same vcrtical load in a non-tilted disc. The explanation of this phcno- 
int>non is probably connected \vith the fact that  the lateral expansion 
o f  the annulus varies nonlinearly with a decrease in distancc betwecn 
thc vertebral hodies, so that the greater the decrease in distance, thc 
1 t . s ~  the increase of thcx lateral expansion per unit  o f  compression (Fig. 
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LATERAL 
BULGING OF 
ANNULUS 

I/ DECREASE IN DISTANCE 

INCREASE OF BODIES (COMPRESSION) 

LATERAL BULGING 
OF ANNULUS PER 
UNIT OF COMPRESSION 

BETWEEN VERTEBRAL 

COMPRESSION 

Fig.  6. 
The compression of a disc gives a lateral bulging of the annulus. This bulging, how- 
ever, varies nonlinearly with the compression. When compression increases, the 

increase in lateral bulging decreases. 

6 ) .  The same property also applies to the changes of areas inside the 
lateral bulge on a vertical section of the disc as shown in Fig. 7 .  

On comparison of a non-tilted with a tilted disc, loaded with the same 
total force, approximately half of the circumference of the annulus will 
in the latter be more and the other half less compressed than in the 
non-tilted disc. 

Due to the earlier mentioned nonlinearity there will in the tilted 
case be a tendency to somewhat less space left to the nucleus. Since the 
nucleus has a very low compressibility (F ick  1904, Joplin 1935, H n p p e y  
ef al. 1953), the pressure inside the nucleus will consequently be higher. 
The fact that this tendency, expressed as a percentage, is most pro- 
nounced with lower external loads (Table 5 )  is immediately explained 
by the circumstance that the nonlinearity is most marked for slight 
compressions, so that the variation in the lateral bulging per unit of 
compression is greatest for these lower loads. 

It has been mentioned before that the procedure adopted for prc- 
paring the specimens involves that  the discs in series A,  when loaded 
“vertically”, have been suhjected to a somewhat asymmetrical stress in 
the vertical plane in relation to their position in situ. However, the rc- 
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F i g .  7. 
A t i l t  (If 5" in a vertically loaded isolated tliw specimen will  result in a tendenel to  
lessening o f  ' the hpacc occupied hy t he  nucleus pulposus and  thus  to a n  increase of 

thc  intradiscal pressure. 

T w  h n ical corn m en t 

In t h e  Fig. 7 the  a rea  B1 is  10 5'~ larger t han  the  area A , .  whc.reas the  area I32 is  
30 <& smaller than  the  area .As. These percentages a re  somewhat a rb i t ra r i ly  chosen 
but  the  trend r a n  be estimated by the  following calculation. An a r r a  such a s  41, Az. 
B1 and  R- is called A (see Fig. 8). the  corresponhing distance hctwcen the  vertebral  
bodies is called 1 and the  length of the  arc ( annu lus  f ibrosus)  is called lo. 

One finds:  

Fig. 8.  
Thus, for instance, for a disc wi th  10 = 12 mm., i f  A1.2 corresponds to 1 - 1 1  mm. 
R 1  to  1 = 10.5 mm. and  Bz to  1 = 11.5 mm.. then B1 will  be  about 20 yo larger t h a n  

A 1  whereas Uz will be  about 30 70 smal le r  t h a n  A?. 

sults also show that non-tilted discs, as defined in series A, assume as 
it were a position of repose, as the intradiscal pressures in this position 
in practically all experiments fall below those obtained a t  a tilt, whether 
forwards, backwards or sidewards. 

The fact that the non-tilted disc as dcfincd above, represents a mini- 
mum of the intradiscal pressure leads to an estimation of the relation 
between tilt and increase of intradiscal pressure, as shown in Fig. 9. 
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Increase in 

intradiscal pressure 
kp/cm' 

t 
i2 / 

Angle o f  
tilt 

- 

\I/ 
+ 5" 0 - 5" 

( f o r w a r d  ( b a c k w a r d )  

Fig.  9. 
Relation between t i l t  and increase in intradiscal pressure. 0 = non-tilted isolated 
disc-specimen. A - zero position in situ. B and F = increase noted by 5" backward 

and forward tilt.  C - increase noted by about 8" backward tilt.  

Thus it can be expected that a tilt of more than 5" may lead to an 
appreciably larger increase in intradiscal pressure, a fact which is also 
supported by results obtained with the specimens shown in Table 6, 
where there has been a backward tilt of about 8". The surfaces of the 
cut vertebrae in these specimens were already in the unloaded position 
at a 3" forward angle to each other. With the brass plate in the 5" 
backward tilt position this means a backward tilt of about 8" in these 
cases. 

According to these results the increase following from 8" backward 
tilt will be 1.5 kpJcm.2. The increase from 5" to 8" of backward tilting 
will thus raise the change in intradiscal pressure more than 100%. 

When tilting 5' forward from the "in situ" position (Table 6. For- 
ward tilt),  no change in intradiscal pressure was seen. The explanation 
for this follows immediately when looking at Fig. 9. In this case the 
movement starts a t  the point A and stops in the middle between 0 and F. 

I t  has earlier been shown that the vertical stress in the annulus is 
comparatively small on vertical loading, owing to the relatively high 
pressure in the nucleus pulposus. The tangential stress, however, is 
rather high and it has been calculated to exceed the total load per unit 
of area 3-5 times at least in the dorsal part of the annulus (Nachemson 
1960). 

The increase in intradiscal pressure resulting from tilt will thus 
increase this tangential stress even more. The relationship between the 



tangcntial s t r rss  in tht. dorsal part  of the annulus and the intradiscal 
1)rcssurc. is given in thc follo\ving formula: 

F i y .  10. 

\\-here 1),, ~iici i is  the mcasurc)d intradiscal prcssurc.  and the other syi i -  

Iwls a r c  csplained by Fig. 1 0 .  
Now for the disc shown in Figs. 4 and 5 the folloning values w c r e  

found ('I'a1)le 3 )  : 

;i , = 7 nini.,  21) = 25 111111., a = 4 niin., I),, = 6.4 kp.:cm.2 non-tiltcd 
rt'sl:. 7.2 lip. cm.2 a t  l)ack\vard tilt, for ' thc external load of 4 kp.;cni.>, 
\vhile for  thc cxtcrnal lo~td o f  1 0  kp./cin.! I),, = 14.9 rcsl). 15.9. 

\\'ith a load of 4 kp.;cm.2, hackward tilt will l)roducct an  incrc.usc of 
7 froiii 20.6 to 23.2 kp.!cni.z, \vhcrilas the corr-csponding incrtlasc for a 
load of 10 k p . ~ c i n . ~  w i l l  he from 48.1 to 51.3 kp./cni.2. If the  kxwkward 
tilt had heen increased to about 8" there would according to thc rcsults 
shown in l 'shlc 6 havv h c n  corrcs1)onding incrvascs o f  o,,l to 25.9 
kp./cm.2 and 54.1 k p . ~ n i . ~ ,  respc'ctively. 

Tilting lvi l l  consequently not only appreciably incrcasc the vcrtical 
strcss in the annulus  on the side \vhich is most compressed, but also 
increase the tangential stress in the entire annulus,  which in thc nar- 
rower dorsal part  in sonic' cases may caus~'  a s t r w s  which is u p  to 25 
per cent highcr than that  produccd hy vcbrtical loading. \Vith a hack- 
w a rd 1) c m  (1 i ng iiiovcm en t t h (> R 11 nu 1 u s  w i 1 I h c rc s i 111 u 1 t a ncou s I y hc su 1)- 
jectctl to ii very heavy strcss both in thc vertical and horizontal dircc- 
tions. I t  c a n  probably he said that  this may form the mechanical back- 
ground for ruptures of the annulus  in thc lumhar intcbrvcrtebral disc. 

\\'hen discussing the rcsults obtained in serics H it must bc clear 
that  it is not 1)ossihle directly t o  coiiiparc thc two series, as the  dircxction 
o f  the a1)i)Iitd load varies bctweiin them. In scrics H the  specimcns when 
suhjcctt.d to untiltcd loading havc the samr or  ncarly thc saint' position 
as kvhen in situ in  thc vertebral column. l iviw unloaded the intradiscal 
pressurc in such spccimtws is I)rt\vc.cn 0.5 ant1 1 .O kI).icn1.'. \\'hen thc. 
posterior clc~rntmts ;trc cut  o f t ' ,  thtb carlicr l)laiiol)arall(.l \vcight-bc~aring 
surface5 form ;I f o n v a r d  iinglc. o f  ahout 3" \vith tach othcr. Thus  thc 

d 

I d  
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"in situ" position in itself means backward tilt of the disc of about 3"  
compared to the so-called resting or zero-position of the disc. 

In the "isolated" specimens of series A it was shown that an increase 
from 5"  to 8" backward tilt will raise the change in intradiscal pressure 
more than 100 % from 0.7 to 1.5 kp.icm.?. 

When a specimen with arches and facets still attached is loaded 
vertically a t  a tilt of 5" forwards no significant rise of intradiscal pres- 
sure was noted compared to the rise in intradiscal pressure in the un- 
tilted and vertically loaded specimen. On loading a t  a 5" backward tilt 
the increase in intradiscal pressure that occurs is independent of the 
outer applied load and reaches about 0.8 kp.km.2. If the pressure of 
about 0.7 kp.lcm.2 observed from the start in these preparations already 
when unloaded is added there will subsequently be an increase of intra- 
discal pressure of about 1.5 kp.km.2. From Fig. 9 is seen that a back- 
ward tilt of 8" in the isolated disc specimen gives an increase in the 
intradiscal pressure of about 1.5 kp./cm.'. In these cases there was no 
pressure when the needle was inserted in the unloaded specimens. 

If those pressures that were noted when inserting the needle in the 
unloaded specimens with arches and facets still attached are taken into 
consideration the increase of intradiscal pressure brough about by a 
5" backward tilt will also be 1.5 kp.km.2. Thus the posterior elements in 
the intact specimen which is tilted 5" backward and at the same time 
loaded vertically do not have any certain unloading function on the 
disc. Nor have the posterior elements any significant effect on the rise 
in intradiscal pressure a t  a forward tilt of 5". When the disc is loaded 
vertically resp. a t  a tilt of 5" forwards as defined in these cases there 
will be a symmetrical shift around the so-called zero-position of the 
disc (0 in Fig. 9 ) .  

A n  analysis of the effect of 5" sideward tilt in the intact specimen 
shows that the posterior elements do not have any significant effect on 
the intradiscal pressure (Table 9 ) .  If it  is taken into consideration that 
there exists a difference in pressure of about 0.7 kp.lcm.2 between the 
unloaded intact specimens on the one hand and the isolated discs on 
the other hand and that this difference is due to a 3" backward tilt, 
one finds that the absolute pressure a t  the sideward tilt does not signi- 
ficantly differ in the two separate loading conditions. If at the external 
vertical load P the resultant intradiscal pressure is PI resp. P., then 
in the discs without arches the "total" intradiscal pressure = PI + the 
effect of sideward tilt. With arches and facets the pressure will be = 
P:! + 0.7 kp.lcm.2 + the effect of sideward tilt. 

14' 



Thus it looks as if the facets and surrounding ligenientous structures 
do not have any significant effect on the pressure in the nucleus pulpo- 
sus when the specimen is vertically loaded and at  the same time tilted 
5’ forlvard, backwards and sidewards. It has earlier been stated 
I iVachpm.son 1960) that the \veight-bearing capacity of the posterior 
bony elements was about 15 % at loads in the vertical direction. This 
ohservation, ho\vever, \vas based on comparison between tww series 
which can not be directly compared. It is now clear that when arches 
and facets arc reniov,~d and the weight-bearing surfaces made plano- 
parallel to each other, there is not the same loading condition as in the 
intact specimen. The “intrinsic” pressure of 0.7 kp./cin.‘ in the intact 
specimen which is exerted by the ligaments and capsules around the 
posterior bong elements was not taken into account. If the posterior 
bony element have any weight-hearing capacity a t  loads in the vertical 
direction it must certainly be very small, a t  lcast for loads u p  till 
220 kp.  

The human spinc is subjectctl to relatively high loads in the vertical 
direction and yet it must have good bending properties. The investiga- 
tions have showm that the vertically applied load to a relatively high 
extent is taken up by the nucleus pulposus, thus releasing the vertical 
stress on the annulus fibrosus. \Vhen the disc is tilted the intradiscal 
prcssurc increases, thus relatively releasing the annulus fibrosus from 
higher vertical stress. In that way tilting movements a re  made easier. 
If  the annulus had to carry most of the total vertical load it would be 
rather much compressed and tilting would have been made more diffi- 
cult due to the fact that further compression on the tilted side of the 
already compressed annulus would bc almost impossiblc. 

S U M M A H Y  

Normal and slightly degenerated lumbar intervertebral disc speci- 
inem ( L  1-1.4) taken at  autopsy from 16 individuals between 20 and 
57 years of age have been studied to evaluate the effect of forward, hack- 
ward and sideward tilt on the intradiscal pressure. 

In a vertically loaded and tilted disc the hydrostatic properties of the 
nucleus pulposus are  not affected. 

In disc-preparations containing one disc and parts of adjoining verte- 
bral bodies i t  has  been found that  compared to the intradiscal pressure 
in the non-tilted case, the pressure in healthy or slightly degenerated 
specimens shoxs  an  increase on tilted loading. No difference was ob- 
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served betwecn L 1, L 2 ,  L 3  and L 1  in this respect. The recorded in- 
crease in pressure in absolute measure a t  a tilt of 5" is about 0.7 kp.icm.2 
independently of the applied load in the interval 2-10 kp.lcm.'. 

The percentage increase produced by a tilt of 5" will be for an  ex- 
ternal load of 2 kp./cm.2: 22 %, for 10 kp./crn.?: 5 %. The increase in 
pressure and the relative diminution of this increase with higher loads 
is explained by the fact that the lateral bulging of the annulus fibrosus 
on tilted loading follows a nonlinear pattern, so that  the nucleus pulpo- 
sus has relatively less volume at  its disposal with vertical loading on 
a tilted than on a non-tilted disc. With increasing loads this effect will, 
expressed as a percentage, become less and less pronounced. 

The relation between tilt and increase in intradiscal pressure has 
been estimated and it can on the basis of the experimental findings of 
this examination be expected that a tilt of morc than 5" map lead to an 
appreciably larger increase in intradiscal pressure. The increase of 
backward tilt for example from 5" to 8" resulted in a more than double 
incrcase of pressure f rom 0.7 kp.lcm.2 to 1.5 kp./cm.' compared with the 
pressure in the non-tilted disc. 

It can thus be demonstrated that a backward tilt not only will subject 
the dorsal part of the annulus fibrosus in a normal lumbar disc to an 
increased vertical stress, but also to a tangential stress which per unit 
of area may be 6 or 7 times the external load. This fact may form the 
mechanical background to the production of dorsal annulus ruptures 
in the lumbar intervertebral discs. 

In lumbar disc specimens with arches and facets still attached there 
exist a small "intrinsic" pressure of 0.7 kp.lcm.2, probably exerted by 
the capsules and ligaments surrounding the posterior bony elements. 
When these elements a re  removed no intradiscal pressure can be 
recorded in the unloaded discs. 

The changes in intradiscal pressure caused by 5"  forward, backward 
or  sideward tilt in these specimens when subjected to vertical loading 
up  till 220 kp. are  not influenced by the posterior bony or ligamentous 
elements. Thus arches and facets do not have any significant effect on 
the tensile strains in the annulus fibrosus resulting from a forward, 
backward or sideward tilt of 5".  

The results that  a re  presented clearly demonstrate the mechanism 
by which the lumbar discs manage to combine their function of with- 
standing a heavy vertical stress with the ability to tilt in various 
directions. 
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li E s u a1 E 

Des s pbc iin c n s d c d isq u e s in t t x  rvc r t e b rau s lo mb a i res no rill aux ou 
legercmcnt degi.nkres L 1-L J), preleves h I’autopsic chez 16 individus 
Ages c l e  20 h 57 :ins, ont ete etudies af in  d’evalucr I’effet de I’inclinaison 
antbrieure, postePrieurc et lati.r:ile sur la pression intradiscalc. 

Dans un disquc charge verticalement et incline, les propriktCs hydro- 
statiques du noyau pulpeux ne sont pas affectees. 

Dans Ics preparations discales contcnant un disque et dcs parties des 
corps vcrtkbraux adjaccnts, on a constate que, comparke h la pression 
intradiscalc dans les cas non-inclines, la prcwion a tendancc h d’accroitre 
chcz les specimens norniaux ou Ibgererncnt dkg6neri.s qui  subissent unc 
charge en position inelinbe. .\ucunc difference n’a kt6 observke h cct 
egard cntrc L 1, L 2, L 3 and I, 1. L’augmcntation niaxiniuni de la pres- 
sion en chiffrc ahsolu h unc’ inclinaison dc 5 ”  elst d’environ 0,7 kg/cin2, 
indbprntlamnient dc la charge a1)pliquec dans I’intervallc cntre 2 ct 
10 kgicm?. 

1,’augtnentation pro1)ortionnellt h unc inclinaison de 5” cst pour unc 
charge externe de 2 kg/cin?: 22 %, pour 10 kg!cni2: 5 %. L’augmentation 
dc la pression ct  la diminution relative1 de cette augmentation h des 
charges plus blevkes s’explique 1)ar lc fait quc le gonflcrnent lateral de 
I’anneau fibreux sous charge inc l ink  nc suit pas une forrnule linkaire. 
Le volume du noyau pulpcux cst rclativcment moindre lorsqu’il est 
pose avec unc charge vcrticalc sur un disquc inclink que sur un disque 
non incline. hvec dcs charges accrucs, l’cffet proportionnel sera de 
moins en moins prononct.. 

Le rapport cntre l’inclinaison et I’augnientation a etC CvaluCe et  sur  
la base des trouvailles experimentales resultant de ces Ctudes, on peut 
considkrrr qu’une inclinaison dc plus de 5”  signifie une augmentation 
heaucoup plus forte dcl la pression intradiscale. C’cst ainsi que I’aug- 
mentation de 5 h 8”  de I’inclinaison postCrieut-e provoque une augmen- 
tation dc pression dc plus du double, soit dc 0,7 kgicm’ a 1,5 kg/cni?, 
conipari.e avec la pression sur  un  disquc non-incline. 

I1 peut donc Gtre dCrnontrC qu’une inclinaison postkrieure non seule- 
rnent fait subir la partie dorsalc de I’anneau fibrcux d’un disque lom- 
baire normal une tension verticale accrue, rnais aussi une tension tan- 
gcntielle qui  peut atteindre par unit6 de surface 6 ou 7 fois la charge 
cxterne. C c  fait peu t former I’arribrc-plan mecanique dcs ruptures 
dorsales de I’anneau dans les disqucs intervcrtkbraux loinbaires. 

D,ms les spbcitnens de disque lombaire avec arcs ct facettcs encore 
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attaches, il existr unch petite pression intrinskque de 0,7 kg/ciii2 pro- 
bablciiicnt exercke par les capsules et les ligaments entourant les 616- 
inchiits osseux posterieurs. Lorsque ccs elknients sont retires, aucune 
pression intradiscale ne peut Ctrc enregistrke sur ces disques non 
charges. 

Les changcrnents de pression intradiscale causes par une inclinaison 
anterieure, postkrieurc et latkrale de 5" chez ces spkcimens souinis a 
unc charge verticale allant jusqu'a 220 kg ne sont pas influencks par 
les klknients osseux ou ligamenteux postkrieurs. Les arcs et les facettes 
n'ont aucun effet important sur la sensibilitk de l'anneau fibreux a la 
tension resultant d'une inclinaison anterieure, posterieure ou latkrale 
clc  5". 

Lcs rksultats qui sont prescntes d h o n t r e n t  clairenient le  mecanisme 
par lcwpcl lcs disqurs lombaires combinent lcur fonction dc resistance 
h un lourd effort vertical avec la possibilitk d'une inclinaison dans 
des dirrctions varikes. 

Z 11 S A M  M E N  F A  S S Ll N G 

Normalc und leicht degencrierte, lunibalc disci intervertebrales ( L  1 -- 
L a ) ,  die anlasslich der Autopsie von 16 Pcrsonen im Alter von 20-57 
Jahrcn crhalten worden waren, wurden untersucht um die Wirkung 
dcr vorwarts, ruckwarts und seitwarts Beugung auf den intradiskalen 
Druck zu bestimmen. 

Bei cinein vertikal belasteten und gcneigten Discus werden die hydro- 
statischen Eigenschaften des Nucleus pulposus nicht angegriffen. 

An Diskuspraparaten, die einen Diskus und Teile der anliegenden 
Wirbelkorper enthielten, wurde gefunden, dass im Vergleich iiiit dem 
intradiskalen Druck bei dem nicht geneigten Falle, der Druck in gesun- 
den oder lcicht degenericrten Exemplaren eine Zunahnie bei schrager 
Belastung aufweist. Keine Verschiedenheit wurde in dieser Hinsicht 
zwischen 1, 1 ,  L 2, L 3 und L 4 bemerkt. Die aufgezeichnete Druck- 
zunahme in absoluter Messung bei einer Neigung von 5" ist ungefahr 
0,7 kp/cm2 unabhangig von der angewandten Belastung im Zwischen- 
raum 2-10 kpkmz. 

Die percentuelle Zunahme, welche bei ciner Neigung von 5" erzeugt 
wird, wird fu r  eine aussere Belastung von 2 kplcm': 22 %, fur 10 
kp/cm2: 5 % sein. Die Druckzunahme und die verhaltnismassige Ab- 
nahme dieser Zunahme bei grosserer Belastung kann durch die Tat- 
sache erklart werden, dass die laterale Herausschwellung des annulus 



fihrosus hci schrager Belastung cinem nichtlinearen Muster folgt, SO 

dass der nucleus pulposus verhaltnismassig weniger Volurnen hei ver- 
tikaler Belastung auf einen geneigten als auf einen nicht geneigten 
Diskus zur Verfugung hat.  Mit zunchmender Belastung wird dieser 
Effekt, ausgedruckt in Pcrcenten, imrncr wcniger ausgcsprochen 
werden. 

Die Beziehung zwischen Ncigung und Zunahmc a n  intradiskalem 
Druck ist geschatzt worden und es ist auf Grundlagc der experimentel- 
Icn Befunde dieser Untersuchung zu erwarten,  dass eine Neigung von 
mehr als 5" zu einer hedeutend griisseren Zunahme des intradiskalen 
Druckes fuhren kann. Die Zunahme dcr Riickwartsneigung von 5" his 
zu 8' trgah Zuni Beispiel einc mchr als tloppcltc Druckzunahmc von 
0 , 7  kplcmz his zu 1,5 kpicm', verglichcn mit dcrn Druck in dem nicht- 
geneigten Diskus. 

Es kann daher gezeigt werden, class cine Riickwartsneigung den 
clorsalen Teil ties annulus  fibrosus in cinem normalen lumhalen 
Diskus nicht nur  ciner zunehmenden vertikalen Beanspruchung unter- 
werfcn w i d ,  sondern auch einer tangentinlen, die per Flachcneinheit 
6-7 malgriisscr sein kann als die ausserc Belastung. Diese 'Tatsache 
hildet miiglicherweise den mechanischen Hintcrgrund fur  die Ent- 
s te h u n g v o r do r s a 1 e n A n n u I us  h c r s t u n g c n (1 e r I. c n d ezw i s c h e n \I' i r b e I - 
scheiben. 

In lumbalen Diskuspraparaten, an  denen Biigen und Fazetten noch 
vorhanden sind, hcstcht cin klcincr ,,innerer" Druck von 0,7  kplcni?, 
drr wahrschcinlich von den Kapscln und Bandern, die die riickwartigen 
Knochcnelernente umgehcn, ausgciibt wird. \Venn dicse Elemcnte cnt- 
fcrnt werden, kann man keinen intradiskalen Druck am unbrlastcten 
Diskus vcrzcichnen. 

Die Veranderungen ini intradiskalen Druck, welche durch 5" Vor- 
warts-, Ruc kwarts- oder Seitwartsneigung in diescn Praparaten her- 
vorgerufcn werdcn, wcnn sic ciner vcrtikalcn Belastung his ZLI 220 k p  
unterworfen werden, werden nicht von den riickwartigcn knochcrncn 
ockr Bandelementen hecinflusst. Es hahen daher  Biigen und  Fazetten 
keinen hcdeu tsanien Effekt auf die Dchnungsheanspruchungcn dcs 
Annulus fihrosus, die sich aus  h e r  \'orwarts-, Riickwarts- odcr Seit- 
wartsneigung von 5 "  ergehen. 

Die hier vorlegten Ergebnisse zeigcn in klarer Weisc den Mechanis- 
mus  durch den die lumhalen Zwischcnffirhelscheibcn cs vermiigen ihrc 
Funktion dcs Widerstandes gegen schwerc vcrtikale Beanspruchung 
niit tler Fahiekeit  sich in verschiedenen Richtungcn zu neigen, zu 
vercincn. 
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