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ABSTRACT Objective: To investigate the effect of pedicle screw augmentation using bioactive glass (BG) in osteoporosis sheep
and observe the absorption of BG and the interface between bone and screw. Methods: Osteoporosis animal models were established by
ovariectomy combined with methylprednisolone injection in four adult female sheep. L2-L5 unilateral pedicles were randomly selected in
each sheep which were only implanted with pedicle screw and the contralateral pedicles were implant with pedicle screw after the
augmentation with BG. 3 months later, six vertebraes (12 screws) were randomly collected from all samples and the interface between
screw and bone was analyzed by MicroCT. The augmentation of the screws were evaluated by Axial pull-out-test. Results: The bone
mineral density (BMD) of the lumbar of the sheep decreased by 22.38%, and significant difference was found (P<0,05). The trabecular
thickness (Tb. Th) and the trabecular number (Tb. N) of the interface in experiment group increased by 143.60% and 33.56% compared
with the control group respectively. Significant differences of Tb. Th and Tb. N were found between experiment group and control group
(P<0.05). Most of the BG around the screw channel had been degraded and much newly formed bone tissue wrapped the screws tightly in
experiment group. In control group, the bone mass was much lower and the bone-screw junction was defectively tight. The junction of
the interface between bone and screw in experiment group was better than that in control group. The maximal axial pullout strength in
experiment group increased by 25.26% compared with that in control group (P<0.05). Conclusion: Bioactive glass can significantly
improve bone microstructure of the interface in osteoporosis condition and increase the hold-strength of the pedicle screw.
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Table 1 the BMD of the lumber of the sheep before and 12 months later after ovariectomy
No. 1 2 3 4
Pre-OVX g/cm2 0.96 1.03 1.02 0.99
Post-OVX g/cm2 0.80 0.82 0.86 0.79
Decreased % 20.00 25.61 18.60 25.32
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Table 2 result of the bone histomorphometry analysis around the screw channel in two groups (n=6)
Control group Experimental group
TMD mg/mm?® 410.98+ 27.02 603.55+ 22.99%
BVF % 36.07+ 4.57 57.17x 8.84%
BS/BV mm-1 9.46% 0.74 5.61x 1.33%
Tb. Th mm 0.208+ 0.44 0.480% 0.363%
Tb.N mm-1 1.70% 0.11 225+ 0.21%
Tb. Sp mm 0.240+ 0.03 0.103+ 0.01
TMD BVF BS/BV Tb. Th Tb. N Tb. Sp -
X P<<0.05

Notes TMD refers to tissue mineral density, BVF refers to bone volume fraction, BS/BV refers to bone surface/bone volume, Tb. Th refers to trabecular

thickness, Tb. N refers to trabecular number, Tb. Sp refers to trabecular spacing. >¢ refers to that the significant difference was found compared to the

control group (p<<0.05).
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Fig. I MicroCT showed that the mass of bone tissue around the screw was

much more and the structure was close-packed in experiment group, the °
mass of bone tissue around the screw was much fewer and the structure Fig 2 in control group the trabecular around the screw was sparse and part
was sparse in control group. the left is the control group and the right is of the trabecular rupture was found, the bone-screw junction was
the experiment group, green refers to pedicle screw, red refers to bone defectively tight and greater interstices was found locally; in experiment
group the trabecular around the screw was close-packed and wrapped the

e screws tightly, few not completely degraded BG was found equally
2.4 distributed in the bone around the screw and combined with the bone well.
Fmax (two pictures showed are both the results of ponceau staining under
871.76 £ 79.03N Fmax microscope(X 16), left is the control group , right is the experiment group,
1083.04+ 86.37N 25.26% the black in the middle refers to the pedicle screw, red refers to bone
p<<0.05 . tissue, yellow refers to connective tissue, and the blue arrow showed refers
to not degraded BG.)
3
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