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The Effect of Trunk Position on the Stress Distribution of Low-back
and on the Spondylolisis(])

—Development on the Photoelastic Experimental Model and Device for
the Stress Analysis of Low-Lumbar Spine—
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Abstract

Most degeneating diseases and back pains in the orthopaedic disease are originated from the
unbalance of stress distribution in the low-lumbar spine. Therefore the stress analysis of lower-
back is indispensible to the clinical diagnosis for the developing reason and the developing process
of diseases. Therefore the same model materials as following are eveloped to analyze the stress
distributions of lower-back by photoelastic experiment. The verterbral body and the process are
molded from epoxy resin(the weight ratio of Araldite and hardner is 10 to 3), models are
geometrically identical to them in vivo respectively and the ratio of their elastic modulus to that
of model material is 1 to 10. It is assured that KE-1300 Silicon (E=(0.8MPa), TSE-3562 Silicon
(0.5MPa) and the composite silicon(3MPa) (the weight ratio of KE-1300 silicon and Jioreal : 10
to 4) are respectively effective as the model materials of ligament, musles and intervertevral disc
which is essential to the movement of low-lumbar spine. All the elements associated with the
movement of the low-lumbar spine are molded through the molding method developed in this
research and assembled with the angles between the verterbra and the disc in the normal human
lumbosacral spine. The stress distributions of the assembled model are analyzed by photoelastic
experiment. It is certified by comparing the results of photoelastic experiment with the clinical
situations that the loading dveice and the loading conceptions used in this paper are effective.
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Fig. 1 The human vertebra in lumber region
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Fig. 3 Actual loading condition of the vivo in the
erect posture
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(a) The assumed real location of insertion of
erector spinae to the vertbral arch and le-
ngth of load arm

(b) The modeling location of insertion of
erector spinae to the vertbral arch and le-
ngth of load arm

Fig. 16 Vertebrar with erector spinae and length of
the load arm
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Table 1 The comparison of physical properties measured in cadaver with those of experimental models

Classi. Verte. ALL SSL CL IS.L E.S.M. In. D.
Phy.pr. ca mo. ca. mo. ca mo. ca. mo. cda. mo. <¢a ~mo. cd. mo.
Ela.mod. 166 15.7 10 0.8 10 0.8 12 0.8 10 0.8 10 0.8 30 3
(Moa)
Fai.lo. 340 203 150 150 350
(N)
Max. fa. 21 39.2 39.2 40 92.2 39.2
st.(MPa)
Ela. mod. : Elastic modulus, mo. ;: model In. D. : intervertebral disc, Verte. . Vertebra

Fai. lo. : failure load, ca. : cadaver Max. fa. : st

Phy. pr. : physical properties
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{a) Fronta! view(eract posture) (b) Latera) view(flexed peaturo

(¢) Frontal view(extendad postura) (d) Lateral view(extended poaturc)
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(composite silicon) )
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Fig. 23 Vertebral arch separated from vertebra
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(a) Erect posture(L,) (b) Erect posture(Ls)

(e) Exterded posture(L,) (f) Extended posture (Ls)
Fig. 24 Isochromatic fringe pattern
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