LOAD DISTRIBUTION IN VERTEBRAL BODIES ISAN INDICATION OF O EOPOROSIS
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Intr oduction:

Osteoporosis is characterized by bone loss ad diminished achitecural
integrity, leading to an increased fracture risk. As a resut of this the bone is
not strong enough to carty the normd daily loads.In dinicd prectice, the best
estimae of bone strength can be derived from BMD measurements. However,
there is a large overlap in BMD levels between groups with and without
spontaneaus fractures. As a reslt of this overbp, the percertage of false
negatives is80% of the actual population at risk for fracture’.

Another important aspect related to bone strength is the load trandfer. In
vertebrae, the load distribution betweenthe trabeaular coreand the cortex is of
paticular relevane. It not only depends on the vertebral body, but also onthe
properties of the intervertebral discs. Kurowski and Kubo® have demanstrated
that a healthy disc, with a load bearing nucleus places nore load on the
trabecular core. Whereas a degenerated disc, with no load tearing of the
nucleus, placesmostof the load on the cortex.

Different types of vertebrae mg regpond dfferently to changes in the
intervetebral disc. Normal veiebrae mg regpond differently than ostegpenic
and osteoporotic ones. The aim of this study was b determine how a dange
in the mechanical behavior of the nucleus afects the load distributions in the
different graups of vertebrae.

Methods:

In this study we used 49 vertebral bodies, which were caigorized bagd on
BMD. Ten were diagnosed as norma (BMD > 100 [mg/cn?]), fourteen as
osteqpenic (80 < BMD < 100 [mg/cnt]) and twenty-five as osegporatic
(BMD < 80 [mg/cnt]). Threedimensional computer reconstuctions of the
vertebrae were mede using aCT sanner (Sonatom Pls S, Semens AG: in
plane resoltion 1&8x182 micron, slice tickness 1mm).The computer
reconstructions were converted to FE-models with elements of approximately
910x910x1000 nicron. The densities of he bone elemats were linearly
related to the Hound<field units from the CT-data. The Young's nodulus of a
bone eement wasrelated to its density by arelationship taken from literature®,
The Poisson's ratiovas tken uniformly at Q30. An artificial disc was plaed
at both erdplates. The anulus elements had a Young's modilus of 10 MPa
and a Pissan's mtio of 045% The rucleus elemets hed aPdsn's rdio of
0.49. The Young's modulus was varied to represent either a degeerated
nucleus (1MPa) or ahealthy nucleus (100 MPa). Altogether every FE-model
contained alput 91 000 isotropic eight node brick elements (Figure 1). A total
load of 1000 N (about twice te load of normal standing®) was gplied by
meansof a longitudinal displacement of the top plare relative to the bottom
plare. The poserior side was canpressed less ttan the antrior side,
representing 2 degrees flexion (corresponding to in vivo movemats of he
spin€). The stress distributions throughout the vetebrae wee ealuated. For
every vertebra the load through the trabecular core and the cortex were
evaluaked. A segmentaion program was usd to determine whether an
elemeant belongedto the trabecular coreor to the cortex (Figure 2)

Results:

Near the endplatesthe load was nearly equally shared betweenthe trabecular
core and the cortex 40% vs. 8% regpectively). Moving away from the
endpate, the load was gradually tranderred to the cortex. In the middle the
trabeaular core carried aly 25% of the load, the restof the load (75%) was
carried by the cortex (Fgure 3). There vas no sgnificant difference in this
load distribution betweenthe tree graips of vetebrae. When the stiffnessof
the nucleus was increasedfrom 1to 100 MPathe amountof load through the
trabeaular coreincreasedaswell. This effectwas morepronounced innormal
vertebrae than in ogegenic and ogeqporatic ones. The load through the
trabeaular core increasedby 3.6%, in the normal vertebrae; in the oseqpenic
and osteoporotic vertebrae the increa®e was 18% and 0.8% respectively.
The< differenceswere highly significart: normal vs. ogegoenic p=0.000121,
normal vs. osegporaiic p=0.000002 and odegperic vs. oseqoratic
p=0.000089 (student t-test).

Discussion:

The sensitivity of the load distribution to the characteristics of the nucleuswas
shown to be dignificantly different between the three groups (hormd,
osteqpenic and osgecporatic: high, middle and lav density). Rockoff et al.®
have own that the trabeaular core carries29-58% (meant SD) of he lcad
appliedto avertebra. In the vetebrae in this study the trabeaular core carried
22-49% (mean + SD). These percentages are somewaat lower then those
reported by Rockoff, which is most likely due to the difference in age groups
(this study: 53-83, Rockoff: 27-69 (mean + SD)). Rockoff found that the
percentage of load carried by the trabeaular core decreaseswith age. In the
regon near the endplatesthe trabeaular bone carried 28-54% (mean + SD) of
the lcad but in the nmiddle regon these percentagesdroppedto 17-34% (mean
+ SD). This dfference is due to the transfer ofthe load from te trabeaular
bone near the endplatesto the cortex toward the nmiddle of the vetebra. These
findings $ow that in normal vertebrae the lcad distribution is sasitive to the
behavior of the dsc, whereas in ogeqpenic and ogeqooratic vetebrae the
load distribution is not senstive to the properties of the disc. The lower
sensitivity of the load distribution in the osteopenic and osteoporotic vertebrae
could also play a wle in the adaptation processes. We speculate that the load
distribution as found here enhances further bone lossin the trabeaular core.
Load dstribution in vertebral bodies @an thus ke consdered as a early
indication of oseqooross.

1
superior 1
1
© 1
I
5 1
] 2 !
£
g 1
disc ° !
=] — — Enucteus = 100 MPa
£ — Enclews = 1MPa
c T
8 1
8 vertebral = |
body 8 1
- \ 1
Load through Load through
. : trabecular core cortex 1
inferior |
0% 50% 100%
[ —— Load through trabecular core

and cortex [% of total load]
Figure 1: Mid coronal section Figure 3: Loaddistribution in a typical
of one of the FE-models vertelra.
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Figure 2: Segmentation into cortex and trabecular core. Left the aiginal
vertebra, middle the cortex and right thetrabeaular core.
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