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Abstract:-

Purpose

The purposes of this in vitro study are that to
investigate if the cord pretension and spacer in posterior
dynamic stabilization affects the flexibility in sheep
lumbar spine.

Methods

Eight sheep lumbar spine in the intact state, Dynesys
with neutral spacer and 300N cord pretension, Dynesys
with neutral spacer and no cord pretension, Dynesys with
300N without spacer, and rigid rod fixation were
evaluated. The range of motion (ROM) and neutral zone
(NZ) of flexion-extension, lateral bending and axial
rotation were measured calculated to evaluate the
flexibility of sheep lumbar spine.

Results

There were significant decrease the ROM and NZ in
flexion -extension, in lateral bending (ROM, p<0.001; NZ,
p<0.001) after implantation of Dynesys or rigid fixator. On
comparing the effect of the cord pretension, the ROM and
NZ in flexion-extension was significant difference between
the instrumentation of Dynesys with 300N pretension and
Dynesys without pretension was found (ROM, p=0.013;
NZ, p=0.037). On comparing the effect of the spacer, there
was no significant difference in ROM and NZ between the
instrumentation of Dynesys with spacer and Dynesys
without spacer in all principal motion direction. Dynesys
assembly without spacer showed more stiffness than rigid
fixator.

Conclusions

On the basis of this in vitro study, the kinematic
behavior of Dynesys is similar to the rigid rod fixation. The
flexibility of Dynesys was reduced when assembly with 300
N cord pretension. The cord pretension and spacer plays
important role in flexibility of Dynesys.
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l. INTRODUCTION

Dynamic neutralization stabilization system (Dynesys) is
designed to preserve intersegmental kinematics, to reduce
loading of the facet joints and to avoid adjacent segment
degeneration[1-3]. Although Dynesys system provides clinical
improvement in patient with degenerative lumbar disc disease
with or without instability [4-7], it showed similar results as
compared to the lumbar fusion surgery in vitro or in vivo study
[8-11]. Less protective effect of Dynesys on the adjacent
segment owing to the rigidity of Dynesys have been
documented also [9, 11-14]. The effect of cord pretension and
spacer length in flexibility of Dynesys has been reported in
finite element analysis[15-18]. However, the relationship
between the magnitude of cord pretension and the flexibility
of Dynesys remains unclear.

The purposes of this in vitro study are that to investigate
if the cord pretension and spacer in posterior dynamic
stabilization affects the flexibility in sheep lumbar spine.

1. MATERIAL AND METHODS

A. Specimen Preparation

For this in-vitro trial, eight motion segments of L4/5 from
sheep lumbar spines were studied. Following preparation, the
specimens were stored at -30°C. Before testing, the specimens
were thawed at room temperature for 24 hours. Muscle tissue
was removed away from the specimens, but all the stabilizing
ligamentous structures and joints capsules of each specimen
were persevered carefully. In order to fix the specimens firmly
in the testing apparatus, the upper vertebrae of L4 and lower
vertebrae of L5 were fixed with three stainless-steel screws
and embedded with custom-designed metal fixtures using a
two-component polyurethane casting resin. During the testing
period, the specimens were wrapped in a saline soaked cloth
to prevent parched (Figure 1).
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Fig 1: Illustration the flow chart of the in vitro study.

B. Surgical procedures

All procedures were performed by a single experienced
spinal surgeon. First, the intact specimens were tested (Figure
2A, Figure 3A). Secondary, bilateral transpedicular screws
were implanted in the motion segment of L4 and L5. After
screw implanted, the spacer and cord was assembled with
different cord pretension and length of spacer. The spacer and
cord was set up following the standard procedure. The cord
and spacer were assembled with neutral length of spacer and
with 300N cord pretension (Figure 2B, Figure 3B).

Third, the cord and spacer were assembled with neutral
of spacer and without the cord pretension (Figure 2C, Figure
3C). Fourth, the cords were assembled with 300N cord
pretension without spacer (Figure 2D, Figure 3D). Finally, the
rigid rod fixation replaces the Dynesys and the tests were
subsequently repeated (Figure 2E, Figure 3E).

Figure 2A
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Fig 2: Demonstration of different surgical procedure
including the intact specimens (Figure 2A), Dynesys with
neutral length spacer and 300N cord pretension (Figure 2B),
Dynesys with neutral length spacer and no cord pretension
(Figure 2C), and Dynesys with 300N without spacer (Figure
2D), and rigid rod fixation (Figure 2E).
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Fig 3: This figure simulate the different Dynesys assembly
such as the intact specimens (Figure 3A), Dynesys with
neutral length spacer and 300N cord pretension (Figure 3B),
Dynesys with neutral length spacer and no cord pretension
(Figure 3C), Dynesys with 300N without spacer (Figure 3D),
and rigid rod fixation (Figure 3E).

C. Testing procedures

Each specimen in the intact state, Dynesys with neutral
spacer and 300N cord pretension, Dynesys with neutral spacer
and no cord pretension, Dynesys with 300N without spacer,
and rigid rod fixation were evaluated in sequence. The lower
vertebrae were centered over the load cell and maintained in
neutral position [19]. After the specimen was mounted on the
spinal tester (Figure 3), left-right lateral bending, flexion-
extension and left-right axial rotation of the specimen were
conducted at a constant speed of 1°/sec in sequence before and
after different surgical procedures. Three loading cycles in all
principal motion direction were applied. The first cycle was
used for precondition and last two cycles was used for data
collection and analysis. A compressive preload of 50 N was
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applied. The direction was reversed until the moment detected
by the load cell applied 4Nm in all specimens. The load cell
provided a feedback signal to the computer through RS-232
interface with 40 Hz sampling rate. The load and displacement
data were collected and recorded during testing. A real-time
graphical display of servo motor angle and applied moment
was available during the test. See reference[12] for details
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Fig 4: The figure illustrated the appearance of the spinal
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tester (4A, 4B). A compressive preload of 50 N was applied
(4C). The three principal motion were conducted at a
constant speed of 1°/sec in sequence (4D, 4E, 4F)

D. Data Analysis

The range of motion (ROM) and neutral zone (NZ) of
flexion-extension, lateral bending and axial rotation were
measured calculated to evaluate the flexibility of sheep lumbar
spine in different surgical conditions. The range of motion
(ROM) is the total range of deformation between maximal (+4
Nm) and minimal loading (-4 Nm). Neutral zone (NZ) defined
as the displacement at the zeroload or minimal load measured
from the neutral position [20, 21].

E. Statistics Analysis

Comparisons of the range of motion (ROM), and neutral
zone (NZ) in different surgical conditions were made by using
ANOVA. All statistical results were established significant if
p< 0.05. The analysis was performed with the SPSS 17.0
package software.

. RESULTS
Range of motion (ROM) and neutral zone (NZ) in all

principal motion directions under different surgical procedures
has been showed in Table 1 and Figure 5.

Tablel: Range of motion (ROM) and neutral zone (NZ) in all principal motion axis under different surgical procedures
Flexion-Extension Lateral bending Axial Rotation
ROM(®) NZ(°) ROM(®) NZ(°) ROM(®) NZ(°)

Intact specimen 15.29+0.97 | 0.73£0.39 18.83+2.03 0.7£0.20 3.07+0.35 0.1940.04
Dynesys with pretension 7.72+0.71 0.49+0.27 4.73+1.58 0.42+0.20 3.1940.40 0.37+0.18
Dynesys without pretension | 5.59+1.17 0.36+0.11 3.88+1.07 0.34+0.14 2.56+0.35 0.29+0.06
Dynesys without spacer 4.45+1.62 0.54+0.16 4.49+1.95 0.52+0.23 2.60+0.61 0.3740.20
Rigid rod fixation 6.92+0.89 0.68+0.39 4.29+1.76 0.39+0.16 3.19+0.48 0.49+0.23

» Implantation of Dynesys led to a reduction in segmental
ROM, the kinematics behavior is similar to rigid fixator.

After standard assembly of Dynesys ( Dynesys with
neutral length spacer and 300 N cord pretension), the
segmental range of motion (ROM) and neutral zone (NZ) in
intact specimen was observed to be 15.29+0.97° and
0.73+0.39° in flexion—extension, 18.83+2.03° and 0.7+0.20°
in lateral bending, 3.07+0.35° and 0.19+0.04° in axial rotation,
respectively. There were significant decrease the ROM and
NZ in flexion -extension, in lateral bending was observed
(ROM, p<0.001; NZ, p<0.001) compare to intact specimen
and there was no significant difference in the ROM and NZ
compared to rigid fixator. Therefore, implantation of Dynesys
led to a reduction in segmental ROM, the kinematics behavior
is similar to rigid fixator.

» Dynesys assembly with 300N cord pretension and neutral
length spacer demonstrated more stiffness than Dynesys
without cord pretension

On comparing the effect of the tension of cord, the ROM
and NZ in flexion-extension was significant difference
between the instrumentation of Dynesys with 300N pretension
and Dynesys without pretension was found (ROM, p=0.013;

NZ, p=0.037). There was no significant differences were
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found in lateral bending (ROM, p=0.909; NZ, p=0.955) and
axial rotation (ROM, p=0.106; NZ, p=0.920). The ROM and
NZ in flexion-extension were significantly reduced when
increased the pretension of cord.

» Dynesys assembly without spacer and with 300N
pretension demonstrated more stiffness not only than intact
specimen but also than rigid fixator.

On comparing the effect of the spacer, although there was
no significant difference in ROM and NZ between the
instrumentation of Dynesys with spacer and Dynesys without
spacer in all principal motion direction (ROM in flexion-
extension, p=0.422; in lateral bending, p=0.975; in axial
rotation, p=1.000 and NZ in flexion-extension, p=0.953; in
lateral bending, p=0.951; in axial rotation, p=0.790), but there
was significant difference in ROM compared between the
instrumentation of Dynesys without spacer and intact
specimen, rigid fixator. Therefore, Dynesys assembly without
spacer and with 300N pretension demonstrated more stiffness
not only than intact specimen but also than rigid fixator.
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Fig 5: Range of motion (ROM) and neutral zone (NZ) in
all principal motion directions under different surgical
procedures.

V. DISCUSSIONS

» Dynesys with the similar kinematics behavior to the rigid
fixator

A restriction of segmental range of motion after
implantation of Dynesys was investigated comparing with the
intact specimen [22-26]. Gedet et al [22] demonstrated
Dynesys offers a substantial stabilization of lumbar spine due
to significantly reduce the segmental range of motion. Schulte
et al [23]demonstrated implantation of the devices leads to a
restriction of ROM in all motion planes. In our study, the range
of motion (ROM) and neutral zone (NZ) of flexion-extension
and lateral bending were significantly reduced following both
different instrumentation with dynamic stabilization implants
comparing to the intact specimen, which is consistent with the
results of these literatures [22-26]. Furthermore, the
intersemental motion was reduced after implantation of
Dynesys with similar rigid fixator kinematics behavior. Our
results demonstrated the range of motion (ROM) and neutral
zone (NZ) in all principal motions directions were not
significantly  differences  following  both  different
instrumentation  with  dynamic stabilization implants
comparing to the rigid rod fixator, which is consistent with the
results of these literatures [27-30].

» The Dynesys cord pretension

Although some authors try to clarify the relationship
between the magnitude of cord pretension and the stiffness of
the Dynesys system using finite element analysis[15-17], the

NISRT22APR881

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

relationship between the magnitude of cord pretension and the
flexibility of Dynesys remains unclear. To sum up, alteration
of cord pretension affects the range of motion, facet contact
force, annulus stress within the construct[15], screw-spacer
force and bone-screw stress[17]. Dynesys assembly with a 300
N cord pretension causes a much higher stiffness at the
implanted level .\We try to investigate how the cord pretension
affects the flexibility of Dynesys. As we known, the cords of
Dynesys stabilize the spine by a tensile preload that provides
uniform system rigidity ; and act against tensile forces as well
as flexion moments [29].In this study, the ROM and NZ in
flexion-extension was significant difference between the
instrumentation of Dynesys with 300N pretension and
Dynesys without pretension was found. On the basis of results,
alternation of cord pretension affects the flexibility of Dynesys
and higher cord pretension with higher stiffness at the
implanted level. The cord of Dynesys can stabilize the spine,
but over cord pretension may reduce the flexibility and
increase the stiffness of spine.

» The Dynesys spacer

The spacer provides support for the posterior elements of
lumbar spine as the spine bends backwards; it determines the
segmental position such as disc height, facet joint position, and
tension of the ligaments. Niosi et al try to clarify the effect of
Dynesys spacer on the kinematics behavior and facet contact
forces at the implanted level and suggest that the length of the
Dynesys spacer had a significant effect on the kinematics
behavior, with a range of motion and a motion pattern that was
closer to that seen in an intact specimen[31] ;and on facet
loads, with the long spacer resulting in lower facet loads than
the short spacer[24]. In addition, Shih et al reported that
changing the diameter of the spacers will alter the stiffness of
the Dynesys construct[18]. We also try to determine if the
shorter or no spacer contributes to difference in the kinematics
behavior. There was no significant difference in ROM and NZ
between the instrumentation of Dynesys with spacer and
Dynesys without spacer in this study, but there was a
significant difference comparing to intact species and rigid
fixator. These results demonstrate that no spacer or shorter
than neutral length spacer showed more rigidity than not only
intact specimen but also rigid fixator, because the shorter
spacer than neutral length spacer could not provide support for
the posterior elements of lumbar spine.

» Assembly strategies of Dynesys

Based on the results, determining the cord pretension and
length of spacer are curial surgical options for using the
Dynesys. However, the appropriate length of spacers and the
cord pretension are still controversial. Adjusting the length of
spacer and cord pretension are important strategies and
parameters that influence the rigidity of segment[24, 31].
Little evidence proves the appropriate spacer length and cord
pretension in this study, but the flexibility of Dynesys may be
increased following longer spacer and lower cord pretension.
We propose the strategies of Dynesys assembly as follow
(Figure 6): First, The standard Dynesys assembly with 300N
cord pretension and neutral length of spacer provide the good
stability of lumbar spine. Second, assembly with longer spacer
than neutral length and lower cord pretension than 300N cord
pretension will increase the flexibility of intersegment at
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implanted level. Finally, assembly with shorter spacer than
neutral length of spacer and higher 300N cord pretension will
increase the rigidity of intersegment at the implanted level.

Flexibility Assembly
-Increased cord pretension -300N cord pretension ~Increased cord pretension
-Shortening spacer than -Neutral spacer length -Lengthening spacer than
neutral length neutral length
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Fig 6: This figure illustrates the Dynesys assembly strategies.
Standard assembly is 300N cord pretension in the neutral
spacer length (Fig 6 B). Rigidity assembly is higher cord

pretension in the shorter spacer (Fig 6A). Flexibility
assembly is lower cord pretension in longer spacer (Fig 6C).

V.  CONCLUSIONS

On the basis of this in vitro study, the kinematics behavior
of Dynesys is similar to the rigid rod fixation. The flexibility
of Dynesys was reduced when assembly with 300 N cord
pretension. The cord pretension and spacer plays important
role in flexibility of Dynesys. Although determining the cord
pretension and spacer length are the curial surgical options, the
relationship between the cord pretension, spacer length and the
stiffness of Dynesys system is need further study.

ACKNOWLEDGEMENTS

The authors would like to thank the Department of Bio-
industrial Mechatronics Engineering, National Chung Hsing
University, Taichung, Taiwan for technique supports.

REFERENCES

[1]. Freudiger, S., G. Dubois, and M. Lorrain, Dynamic
neutralisation of the lumbar spine confirmed on a new
lumbar spine simulator in vitro. Arch Orthop Trauma
Surg, 1999. 119(3-4): p. 127-32.

[2]. Mulholland, R.C. and D.K. Sengupta, Rationale,
principles and experimental evaluation of the concept of
soft stabilization. Eur Spine J, 2002. 11 Suppl 2: p. S198-
205.

[3]. Wang, H., et al, Dynesys system vs posterior
decompression and fusion for the treatment of lumbar
degenerative diseases. Medicine (Baltimore), 2020.
99(21): p. 19784,

[4]. Stoll, T.M., G. Dubois, and O. Schwarzenbach, The
dynamic neutralization system for the spine: a multi-
center study of a novel non-fusion system. Eur Spine J,
2002. 11 Suppl 2: p. S170-8.

[5]. 5. Welch, W.C,, etal., Clinical outcomes of the Dynesys
dynamic neutralization system: 1-year preliminary
results. Neurosurg Focus, 2007. 22(1): p. ES.

[6]. Cienciala, J., et al., [Dynamic Neutralization Using the

NISRT22APR881

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

Dynesys System for Treatment of Degenerative Disc
Disease of the Lumbar Spine.]. Acta Chir Orthop
Traumatol Cech, 2010. 77(4): p. 203-208.

[7]. Akyoldas, G., etal., Dynamic Stabilization of the Lumbar
Spine using the Dynesys(R) System. Turk Neurosurg,
2020. 30(2): p. 190-193.

[8]. Graob, D., et al., Clinical experience with the Dynesys
semirigid fixation system for the lumbar spine: surgical
and patient-oriented outcome in 50 cases after an
average of 2 years. Spine (Phila Pa 1976), 2005. 30(3):
p. 324-31.

[9]. Schnake, K.J., S. Schaeren, and B. Jeanneret, Dynamic
stabilization in addition to decompression for lumbar
spinal stenosis with degenerative spondylolisthesis.
Spine (Phila Pa 1976), 2006. 31(4): p. 442-9.

[10]. Bothmann, M., et al., Dynesys fixation for lumbar spine
degeneration. Neurosurg Rev, 2008. 31(2): p. 189-96.

[11]. Pham, M.H., et al., Complications associated with the
Dynesys dynamic stabilization system: a comprehensive
review of the literature. Neurosurg Focus, 2016. 40(1):
p. E2.

[12]. Huang, R.C., et al., Biomechanics of nonfusion implants.
Orthop Clin North Am, 2005. 36(3): p. 271-80.

[13].Singh, K. and H.S. An, Motion preservation
technologies: alternatives to spinal fusion. Am J Orthop
(Belle Mead NJ), 2006. 35(9): p. 411-6.

[14]. Sengupta, D.K., Point of view: Dynamic stabilization in
addition to decompression for lumbar spinal stenosis
with degenerative spondylolisthesis. Spine (Phila Pa
1976), 2006. 31(4): p. 450.

[15]. Liu, C.L., et al., Effect of the cord pretension of the
Dynesys dynamic stabilisation system on the
biomechanics of the lumbar spine: a finite element
analysis. Eur Spine J, 2011. 20(11): p. 1850-8.

[16]. Shih, S.L., et al., Effects of cord pretension and stiffness
of the Dynesys system spacer on the biomechanics of
spinal decompression- a finite element study. BMC
Musculoskelet Disord, 2013. 14: p. 191.

[17]. Chien, C.Y., et al., Pretension effects of the Dynesys cord
on the tissue responses and screw-spacer behaviors of
the lumbosacral construct with hybrid fixation. Spine
(Phila Pa 1976), 2013. 38(13): p. E775-82.

[18]. Shih, S.L., et al., Effect of spacer diameter of the Dynesys
dynamic stabilization system on the biomechanics of the
lumbar spine: a finite element analysis. J Spinal Disord
Tech, 2012. 25(5): p. E140-9.

[19]. Chang TS, C.C., Wang CS, Chen HY, Chang JH, A new
multidirectional tester for the evaluation of spinal
biomechanics. JMBE, 2009. 29(1): p. 7-13.

[20]. Panjabi, M.M., Biomechanical evaluation of spinal
fixation devices: I. A conceptual framework. Spine (Phila
Pa 1976), 1988. 13(10): p. 1129-34.

[21]. Thompson, R.E., T.M. Barker, and M.J. Pearcy, Defining
the Neutral Zone of sheep intervertebral joints during
dynamic motions: an in vitro study. Clin Biomech
(Bristol, Avon), 2003. 18(2): p. 89-98.

[22]. Gedet, P., et al, Comparative biomechanical
investigation of a modular dynamic lumbar stabilization
system and the Dynesys system. Eur Spine J, 2009.
18(10): p. 1504-11.

[23]. Schulte, T.L., et al., The effect of dynamic, semi-rigid

WWW.ijisrt.com 508


http://www.ijisrt.com/

Volume 7, Issue 4, April — 2022

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

NISRT22APR881

implants on the range of motion of lumbar motion
segments after decompression. Eur Spine J, 2008. 17(8):
p. 1057-65.

Niosi, C.A., et al.,, The effect of dynamic posterior
stabilization on facet joint contact forces: an in vitro
investigation. Spine (Phila Pa 1976), 2008. 33(1): p. 19-
26.

Yeager, M.S., D.J. Cook, and B.C. Cheng, In Vitro
Comparison of Dynesys, PEEK, and Titanium
Constructs in the Lumbar Spine. Adv Orthop, 2015.
2015: p. 895931.

Lee, C.H., etal., Dynamic stabilization using the Dynesys
system versus posterior lumbar interbody fusion for the
treatment of degenerative lumbar spinal disease: a
clinical and radiological outcomes-based meta-analysis.
Neurosurg Focus, 2016. 40(1): p. E7.

Delank, K.S., et al, How does spinal canal
decompression and dorsal stabilization affect segmental
mobility? A biomechanical study. Arch Orthop Trauma
Surg, 2010. 130(2): p. 285-92.

Schmoelz, W., et al., Influence of a dynamic stabilisation
system on load bearing of a bridged disc: an in vitro
study of intradiscal pressure. Eur Spine J, 2006. 15(8):
p. 1276-85.

29. Schmoelz, W., et al., Dynamic stabilization of the
lumbar spine and its effects on adjacent segments: an in
vitro experiment. J Spinal Disord Tech, 2003. 16(4): p.
418-23.

Lee, S.E., T.A. Jahng, and H.J. Kim, Facet joint changes
after application of lumbar nonfusion dynamic
stabilization. Neurosurg Focus, 2016. 40(1): p. E6.
Niosi, C.A., etal., Biomechanical characterization of the
three-dimensional kinematic behaviour of the Dynesys
dynamic stabilization system: an in vitro study. Eur Spine
J, 2006. 15(6): p. 913-22.

WWW.ijisrt.com

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

509


http://www.ijisrt.com/

