








For yield moment, the semi-rigid system had the
highest value of 84.25Nm. The yield moment of the
semi-rigid group was 36% higher than the control
group. On the other hand, the control group was 57%
and 52% higher than the facetectomy and dynamic
groups, respectively.

Flexion angle, occurring at the yield point, is an impor-
tant factor for stability. The flexion value of the control
group was 1.31�. The flexion angle values for the facetect-
omy, dynamic, and semi-rigid groups were 2.81, 2.47, and
2.23 times higher than the control group, respectively.

Stiffness is another important parameter when con-
sidering the flexion test results. The control group
had the highest stiffness value at 84.95N/mm, and the
facetectomy group had the lowest at 63.39N/mm. The

stiffness values for the control and semi-rigid groups were
close to each other. Stiffness for the control group was
only 6% higher than the semi-rigid group. However, stiff-
ness for the control group was 34% and 15% higher than
the facetectomy and dynamic groups, respectively.

Lateral bending test results

Table 2 summarizes the results of the yield moments,
lateral bending angles, and stiffness of the lateral bend-
ing test. The values are given with the mean and stan-
dard deviation values.

The control group had the highest yield moment
value of 115.5Nm. The yield moment value of the con-
trol group was 89%, 39%, and 31% higher than for

Table 1. Flexion test results and statistical chart of the groups.

Flexion test Control Facetectomy Dynamic Semi-rigid a* b* c* d*

Yield moment Mean (N m) 61.68 39.36 40.53 84.15 U U U U

Std. 7.10 6.67 5.17 11.04
Flexion angle at yield Mean (�) 1.31 3.67 3.23 2.91 U U U x

Std. 0.05 0.26 0.14 0.35
Stiffness Mean (N/mm) 84.95 63.39 73.74 80.32 U U x x

Std. 4.38 4.37 4.11 7.86

Yield moment, flexion angle yield point and stiffness values were calculated by using static test plots and force arm length.

*a, b, c, and d letters show the statistical comparison between control and facetectomy, control and dynamic, control and semi-rigid, and dynamic

and semi-rigid groups, respectively.

‘‘U’’ means there is a statistically significant difference between groups.

‘‘x’’ means there is no statistically significant difference between groups.

Table 2. Lateral bending test results and statistical comparison of the groups.

Lateral bending test Control Facetectomy Dynamic Semi-rigid a* b* c* d*

Yield moment Mean (N m) 115.50 60.96 83.16 87.85 U U U x
Std. 14.27 9.68 8.88 12.43

Lateral bending angle at yield Mean (�) 3.32 5.21 3.78 3.63 U x x x
Std. 0.56 0.69 0.49 0.24

Stiffness Mean (N/mm) 88.20 67.12 80.24 70.28 U x U x
Std. 6.33 7.36 7.37 9.00

Yield moment was calculated by using yield load force arm length values.

*a, b, c, and d letters show the statistical comparison between control and facetectomy, control and dynamic, control and semi-rigid, and dynamic

and semi-rigid groups, respectively.

‘‘U’’ means there is a statistically significant difference between groups.

‘‘x’’ means there is no statistically significant difference between groups.

Figure 4. (a) Axial rotation test setup and (b) an axial rotation sample from test. The test sample is fastened to test machine
horizontally and torque is applied in counter clockwise direction.
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the facetectomy, dynamic, and semi-rigid groups,
respectively.

The lateral bending angle was at the highest value in
the facetectomy group at 5.21Nm. The bending angle
value of the facetectomy group was 57% higher than
for the control group. Similarly, the bending angle val-
ues of the dynamic and semi-rigid groups were 14%
and 9% higher than the control group, respectively.

Considering the results for the stiffness, the control
group performed best for lateral bending loads with
88.2N/mm. The stiffness values of the control group
were 31%, 10%, and 25% higher than for the facetect-
omy, dynamic, and semi-rigid groups respectively.

Axial rotation test results

The results of the yield torque, yield angle, and stiffness
tests are summarized in Table 3 with the mean and
standard deviation values.

The yield torque of the control group was
17.62Nm/�. When comparing the yield torque, the
control group was 2.02 times the facetectomy group
and only 8% higher than the semi-rigid group.
Surprisingly, the yield torque value of dynamic group
was 5% higher than the control group.

At 8.54�, the yield angle value of the control group
was lower than for all other groups. The facetectomy,
dynamic, and semi-rigid groups were 69%, 19%, and
27% higher than the control group, respectively.

The control group had a value of 1.32Nm/� for
stiffness, which was 2.02 times the value for the face-
tectomy group. The control group was also 38% and
34% higher than the dynamic and semi-rigid groups,
respectively. The stiffness values for the dynamic and
semi-rigid groups were close to each other.

Discussion

Unilateral facetectomy may be used as a treatment in
lumbar spinal pathologies, disk herniation to spinal
cord and nerve roots, spinal canal stenosis, and other
disorders that require facetectomy. Facetectomy may
be performed partially or completely. Facetectomy
decreases the spinal stability as expected and affects the

biomechanics of the spine under flexion, lateral bend-
ing, and axial rotation movements.

In flexion and lateral bending tests, it was thought
that facetectomy decreased the yield moment and stiff-
ness and increased the flexion angle and lateral bending
angle. There were statistically significant differences
between the control and facetectomy group in the yield
moment, stiffness, flexion angle, and lateral bending
angle (p \ 0.05). These results showed that the face-
tectomy group transferred to plastic zone under lower
forces than the control group and had higher flexion
and lateral bending angles. Additionally, facetectomy
decreased the stiffness. From that point, the facetect-
omy group had the most unstable condition, as
expected, and needed to be stabilized.

For the axial rotation test, there were statistically
significant differences between the control and facetect-
omy groups in yield torque, yield angle, and stiffness
(p \ 0.05) which can be seen in Table 4. The control
group had a higher yield torque and a lower yield angle
in comparison. Also, the control group was stiffer than
the facetectomy group. There is an agreement over the
range of axial rotation of each vertebra, which is 1�–2�
in the lumbar spine.20 Because of this limitation, facets
provide good stability to the spine. So performing face-
tectomy decreases the stability. On the other hand,
there are converse considerations about damage thresh-
old in a lumbar spine with axial rotation.

To prevent the instability that occurs after the face-
tectomy, the posterior bilateral fusion surgery was con-
ducted. Researchers have stated that bilateral spinal
fixation changes the biomechanical responses and kine-
matics of the spine and may cause degenerative disor-
ders at adjacent segments and disks in the long term.
To decrease the complications after instrumentation,
new screw and rod types, which led to limited mobility,
were designed in previous studies.21,22 Our study
focused on the possibility of using such systems on uni-
lateral fixations. This is not a comparison study based
on the advantages between bilateral and unilateral
systems.

PEEK rods and cosmic pedicle screws are just two
of them. The main benefit of such systems is allowing
slight movement after the surgery. These implants do

Table 3. Axial rotation test results and statistical differences.

Axial rotation test Control Facetectomy Dynamic Semi-rigid a* b* c* d*

Yield torque Mean (N m) 17.52 8.67 18.31 16.16 U x x x
Std. 2.97 0.54 1.25 1.73

Rotation angle Mean (�) 8.54 14.43 10.17 10.87 U U U x
Std. 0.72 1.04 0.90 1.43

Stiffness Mean (N m/�) 1.32 0.65 0.95 0.98 U U U x
Std. 0.06 0.01 0.03 0.02

The stiffness values were calculated using torque and angle values before the yield point.

*a, b, c, and d letters show the statistical comparison between control and facetectomy, control and dynamic, control and semi-rigid, and dynamic

and semi-rigid groups, respectively.

‘‘U’’ means there is a statistically significant difference between groups.

‘‘x’’ means there is no statistically significant difference between groups.
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not provide the normal range of motion, but they pro-
vide some motion to the spine.

The ideal fixation system would provide adequate
stability with maximum fusion rates. It would also pre-
vent excessive rigidity and sustain normal spinal pos-
ture and sagittal alignment that do not cause
complications in the long term.23

When considering the results of the control and
dynamic systems, there were statistically significant dif-
ferences between the groups for yield moment, flexion
angle, and stiffness in flexion test (p \ 0.05). Using the
dynamic system after unilateral facetectomy decreased
the yield moment and stiffness and increased the flex-
ion angle. Increasing the flexion angle may be danger-
ous for adjacent segments in the long term. For the
lateral bending test, there was a statistically significant
difference between the groups for yield moment with
p=0.0039 and no differences in lateral bending angles
and stiffness in the lateral bending test for p . 0.05. It
can be said that the dynamic system may compensate
the rigidity decreased by facetectomy, and hence shows
similar results in the direction of lateral bending com-
pared with the control group. Additionally, for yield
angles and stiffness, there were statistically significant
differences between the groups in the axial rotation test
(p \ 0.05) but no difference for yield torques. The con-
trol group had a lower rotation angle and higher stiff-
ness. Stiffness and mobility are important factors for
instrumentation. This showed that for the lateral bend-
ing angle and stiffness in the lateral bending test, and
the yield torque in axial rotation test, the dynamic
group had good results with respect to similarity to the
control group, because there were no statistically signif-
icant differences for these parameters. In other words,
the dynamic group exhibited close results to the control
group for the investigated parameters but this improve-
ment is not sufficient.

When comparing the test results of the control and
semi-rigid systems, there were no statistically significant
differences between the groups for stiffness in the flex-
ion test (p . 0.05). Also, there were no differences for
the lateral bending angle in the lateral bending test and
for yield torque in the axial rotation test (p . 0.05). For
all other parameters, there were statistically significant
differences (p \ 0.05). For the control group, the yield
moment was lower in the flexion test and higher in the
lateral bending test. In the flexion test, the flexion angle
was higher for the semi-rigid group, and the yield angle
was higher for the semi-rigid group in the axial rotation
test. In addition, the stiffness was lower for the semi-
rigid system in both lateral bending and axial rotation
tests. PEEK rods provided stiffness, which lost with
facetectomy, to stabilize the spine. However, the stabili-
zation was not adequate because of significant differ-
ences in stiffness between the groups in lateral bending
and axial rotation tests. As in the case of the dynamic
group, the semi-rigid fixation group also exhibited simi-
lar responses to those of the control group.

When considering the results of the dynamic and
semi-rigid group tests, except the yield moment in the
flexion test (p=0.0003), there were no statistically sig-
nificant differences between the groups (p . 0.05). In
the flexion test, the yield moment value of the semi-
rigid group was approximately two times the values for
the dynamic group. For many of the other parameters,
both the semi-rigid and dynamic systems exhibited
closer results to the control group than to each other.
For this reason, it cannot be said that any of these sys-
tems is superior to the other.

Conclusion

In this study, a semi-rigid fixation with a PEEK rod
and dynamic fixation with a cosmic pedicle screw were

Table 4. Statistics chart.

Statistic chart—comparison of the test results

Control and
facetectomy

Control and
dynamic

Control and
semi-rigid

Dynamic and
semi-rigid

Flexion test
Yield moment 0.001 U 0.001 U 0.005 U \0.001 U

Flexion angle at yield \0.001 U \0.001 U \0.001 U 0.095 x
Stiffness \0.001 U 0.003 U 0.284 x 0.136 x

Lateral bending test
Yield moment \0.001 U 0.003 U 0.011 U 0.512 x
Lateral bending angle at yield 0.002 U 0.212 x 0.059 x 0.556 x
Stiffness 0.001 U 0.104 x 0.007 U 0.092 x

Axial rotation test
Yield torque \0.001 U 0.598 x 0.402 x 0.054 x
Yield angle \0.001 U 0.013 U 0.012 U 0.378 x
Stiffness 0.100 U \0.001 U \0.001 U 0.050 x

Each group was compared with control group. Additionally, dynamic and semi-rigid groups were compared statically.

The chart shows the p-values.

‘‘U’’ means there is a statistically significant difference between groups.

‘‘x’’ means there is no statistically significant difference between groups.
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biomechanically tested and compared with control and
unilateral facetectomy groups. For the flexion, lateral
bending, and axial rotation tests, the best biomechani-
cal outcomes were in the control group. The unilateral
facetectomy group had the poorest performance and
was not stable enough, compared with the control
group. The dynamic and semi-rigid groups showed per-
formance closer to that of the control group. The bio-
mechanical responses of these two groups were also in
good agreement, showing no significant statistical dif-
ferences. Based on these test results, it is concluded that
the unilateral dynamic and semi-rigid pedicle screw
fixations can be used to provide stability to the
vertebrae.

Limitations

� Although there is a slight difference in anatomy of
L2–L3 and L4–L5 levels, these levels were used for
the biomechanical tests because of limitations in the
number of specimens available.

� Although the current almost ‘‘gold standard’’
method for testing the stability of instrumentation
is to find the ‘‘neutral zone’’ and ‘‘range of motion’’
of a segment, this study was based on using the the-
oretical instantaneous motion center as the loading
axis. This should be taken in account while evaluat-
ing the results of this study for clinical applications.
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