












correlated with the T-score (P>0.05).

Discussion
Cortical screws have been increasingly used for the
last few years mainly as a minimally invasive method
to achieve stabilization in one or two level degenera-
tive spinal surgeries. Most surgeons would favor the
PS over CS in treating unstable spinal pathology. We
specifically chose an unstable model with spondy-
lolisthesis at three lumbar levels to make the compar-
ison between two systems more clinically relevant
and biomechanically challenging. The finding of this
study was surprisingly similar to a prior study done
by Perez-Orribo et al.,17 in which the investigators
were able to demonstrate that with intact disc or with
interbody fusion, the PS and CS fixations provided
similar stability to a single motion segment.

It is worthwhile to mention that during the testing af-
ter destabilization, two specimens sustained a com-
plete dissociation due to rupture of all three
columns. Those specimens were grossly loose, there-
fore beyond our ability to measure the range of mo-
tion. Using the two specimens as the most extreme
unstable model, we were not able to demonstrate the
difference in range of motion testing after the speci-
mens were stabilized with either CS or PS systems.

The original study on the comparison of the CS to
PS evaluated the pullout and plow-out behavior of
both screws, where the screws were pulled out axially
or by application of extension bending moment com-
bined with pullout.10 It was shown that the CS had a
similar pullout and plow-out properties as the PS,
with a tendency to be better in pullout. During our

Table 3. Results of regression analysis.

study, we were able to cut one vertebra with clear
view of sagittal trajectory of the CS. It appeared that
with the caudally positioned start point and the
caudal-to-cephelad trajectory, the CS purchases bone
closer to the inferior and superior thick cortical bone
of the pedicle isthmus (Figure 7). This could theoret-
ically explain why cortical screws have high unidirec-
tional toggling resistance.

It was counterintuitive to find that our regression
analysis failed to demonstrate any influence of bone
density on the range of motion of either construct.
Similarly, Santoni et al. were unable to show any ef-
fect of bone density on the screw pullout or plow-
out. There may be multiple explanations. First, we
think that the non-destructive short-term cyclic load-
ing might not show the influence of bone density to
the spinal flexibility because of the other stabilizing
elements of the construct. Secondly, the degradation
of bone structure due to aging might not be to the
level to show a pronounced impact on the screw in-
stability in our specimens. Thirdly, the bone density
measurements might be skewed due to the advanced
degree of osteoarthritis in some of our samples. This
would falsely elevate the bone density18 and thus hin-
der the regression analysis.

Our findings are limited to a short-term analysis of
the constructs. Although we showed that both con-
structs had similar stability, we cannot speculate on
how they would maintain this stability under long-
term cyclic loading.

Sagittal Lateral Axial

PS CS PS CS PS CS

Slope 0.25 0.17 0.03 0.08 0.29 0.28

Intercept -0.07 0.04 0.13 0.12 -0.16 -0.09

P-value 0.02 0.05 0.24 0.14 0.01 0.00

R2 0.24 0.16 0.03 0.07 0.32 0.41

Are the slopes different (P-
value) ?

0.56 0.49 0.99

Fig. 7. The sagittal cross-sectional view of cortical trajectory. The superior
and inferior cortices of the pedicle isthmus provide dense bone and might
contribute increased screw stability.
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Conclusions
The CS construct provided stabilization to multilevel
lumbar segment with multilevel low-grade spondy-
lolisthesis comparable to the PS construct. The bone
density did not seem to influence the quality of the
stabilization. Fixation quality provided by both sys-
tems was influenced by the level of segmental insta-
bility to a similar degree.
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