Investigation of the bone density in an adolescent idiopathic scoliotic vertebra following a unilateral muscles
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Introduction

Asymmetric loading condition in an adolescent
idiopathic scoliotic (AIS) spine alters bone-density,
growth-pattern and deformity-progression[1]. Concave-
sided paralysis of spinal-muscles in a scoliotic spine
alters vertebral loads and decelerate deformity-
progression[3]. However, the vertebral bone-density in
a healthy and scoliotic spine with intact and unilaterally-
debilitated muscles was not investigated. This study
hypothesized that fluctuations in the muscular loading
pattern change the bone-density in a scoliotic vertebra.

Methods

A L2 finite-element (FE) model was developed using
one AIS 11.5-year-old adolescent data (Fig.1). The
reaction loads, reported in [3], were applied to the model
in three scenarios: normal-spine (N-S), AIS-spine-with-
intact-muscles ~ (AIS-In), and  AIS-spine-with-
unilaterally-weakened-muscles (AIS-UWM) (Fig. 1).
Muscle-weakening was simulated [3] by reducing the
physiological-cross-sectional-area of the concave-sided
multifidus-lumborum and longissimus-thoracis-pars-
thoracis muscles to reach 95% loss in their strength. A
bone remodelling algorithm (E « p%*) using a user-
subroutine-program and FE-solver was used to calculate
the bone-density in one year[4].
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Figure 1. loads were applied to the L1-L2 disc centroid
[3]. The lower surface of the cortical is constrained.
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Results

The maximum values of the bone-density were found to
be 0.3129, 0.3171, and 0.3121g/cm? for the N-S, AIS-In
and AIS-UWM models, respectively (Fig. 2).

Discussion

The higher value of the bone-density at the concave than
the convex side in AIS-In model(Fig.2) agrees with
clinical observations of less porosity and higher density
at the concave than the convex side of lumbar vertebrae
in a scoliotic spine[5]. Convex-sided reduction and
concave-sided increase in bone-density in the AIS-In
model can accordingly diminish and amplify Elastic-
modulus and stiffness at the same corresponding
sides[6]. This phenomenon can amplify the concave-
sided and alleviate the convex-sided strains and stresses,

which in turn reinforce bone-density changes. The ratio
of the average bone-density of N-S over AIS-In, and N-
S over AIS-UWM was found to be 1.013 and 0.997,
respectively. In addition, the corresponding change in
the bone-density with respect to the average density at
each side of N-S, AIS-In, and AIS-UWM was found to
be 4.5e-6, 13.4e-6, and 6.7e-6 respectively, which was a
concave-sided increase and convex-sided decrease in
bone-density. This finding reaffirmed the result of
higher symmetry in vertebral stress-distribution in the
AIS-UWM than AIS-In model.
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Figure 2. Distribution of bone-density (1° row),von-Mises
stress (2" row) and strain (3" row) in L2 for the normal
spine, AIS-In and AIS-UWM muscles.

Conclusion

Results of this study propose that unilateral-weakening
of muscles in an AIS spine can increase symmetric
distribution of vertebral stresses and bone-density
(Fig.2), and reduce the bone-density during growth[1].
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