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Abstract

The degeneration of the intervertebral disc is one of the principal causes of low back pain. Total disc
replacement is a surgical treatment that aims to replace the degenerated disc with a dynamic
implant to restore spine biomechanics. This paper proposes the first design of an elastomeric lumbar
disc replacement that is implanted as a pair of devices via unilateral transforaminal surgical
approach. Furthermore, several biomaterials (Polyurethanes (PU) and Polycarbonate Urethanes
(PCU)) are evaluated for the purpose of the implant to mimic the axial compliance of the spine.
Bionate Il 80A (a pure PCU), Elast Eon 82A E5-325 (a PU with polydimethylsiloxane and
polyhexamethylene oxide), Chronosil (a PCU based silicone elastomer) 80A with 5% and 10% of
silicone were obtained and injection moulded according to the shape of the implant core, which was
defined after a stress distribution analysis with the

finite element method. The dimensions for each specimen were: 14.6 x 5.6 x 6.1 mm (length, width
and height). Quasistatic compression tests were performed at a displacement rate of 0.02 mm/s.
The obtained stiffness for each material at 1 mm displacement was: Bionate |l 80A, 448.48 N/mm;
Elast Eon 82A E5-325, 216.55 N/mm; Chronosil 80A 5%, 127.73 N/mm; and Chronosil 80A 10%,
126.48 N/mm. Dimensional changes were quantified after two quasi-static compression tests. Plastic
deformation was perceived in all cases with a total percentage of height loss of: 4.1 + 0.5% for Elast
Eon 82A E5-325; 3.2 + 0.5% for Chronosil 80A 10%; 2.7 + 0.3% for Chronosil 80A 5% and 1.1 + 0.2%
for Bionate Il 80A. The mechanical behavior of these biomaterials is discussed to assess their
suitability for the novel disc replacement device proposed.
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1. INTRODUCTION

Low back pain (LBP) is a worldwide burden experienced by 80% of the population at least once in
their lifetime (Baliga et al., 2015). One of the principal causes of LBP is the degeneration of spinal
structures like the Intervertebral Disc (IVD) (Salzman et al., 2017). Spinal fusion is a surgical option
for the treatment for Degenerative Disc Disease (DDD) and consists of eradicating the source of pain
by eliminating motion of the damaged spinal segment with implanted instrumentation. Total Disc
Replacement (TDR) is an alternative treatment that aims to preserve spinal mobility by removing the
damaged IVD and replacing it with a dynamic device. The better performance of TDR in comparison
with fusion remains unclear (Salzman et al.,, 2017; Rao and Cao, 2014) due to many marketed
devices having caused numerous complications. A common problem is the alteration of the
biomechanics of the spinal segment treated leading to degeneration of other spinal structures (Abi-
Hanna et al., 2017). This complication may be avoided by providing a more physiological range of
motion that includes axial compliance with the incorporation of an elastomeric component (Vicars et
al., 2017). Elastomeric devices are demonstrating a better physiological range of motion in
comparison to ball and socket devices because they replicate the viscoelasticity of the natural disc

(Vicar et al. 2017).

Another drawback hampering the use of TDR treatment is the anterior approach undertaken when
surgeons implant the devices (Salzmann et al., 2017). This surgical procedure requires well-trained
surgeons as it presents a risk with respect to vascular structures around the spine (Vital and
Boissiere, 2014). None of the existing TDR devices on the market are implanted via the
transforaminal approach, a widely applied surgical technique for spinal fusion that has shown
favourable outcomes and advantages (such as less time of postoperative recovery) in comparison

with posterior and anterior approaches (Deng et al., 2016; Zhang et al., 2014).

This paper describes a novel design for a lumbar disc replacement inserted as a pair of implants via
an unilateral transforaminal approach and investigates the mechanical feasibility and the material
selection for the device. The implant includes an elastomeric core in between two metallic endplates
to mimic the viscoelastic behaviour of a healthy disc. The finite element (FE) method was used to
verify that the endplates provided enough strength to prevent any plastic deformation during
simulated spinal loading. Then, the elastomeric core was dimensioned and further investigated in

order to find a suitable material that most closely reproduced the stiffness of the lumbar spine.

Polyurethanes (PUs) and Polycarbonate Urethanes (PCUs) represent two important classes of

polymers used in a broad range of biomedical applications. Motion preservation of the spine is one



of their uses because of the elastomeric nature of the collagen and fluids that constitute the IVD
(John, 2014). Therefore, four long-term implantable PU and PCUs with and without silicone additives

were obtained and mechanically evaluated to assess their suitability for the device purposes.

2. DESCRIPTION OF A NOVEL DEVICE

The novel device is an elastomeric 4-piece device (figure 1a) designed to be inserted as a pair, one
implant after the other (figure 1b) by way of unilateral transforaminal approach. The implant
includes an elastomeric core enclosed in between two metallic retaining plates made from Cobalt
Chromium (CoCr) alloy. CoCr was chosen because it provides greater strength and resistance to
fatigue in comparison to titanium alloy (Han et al., 2017) to better resist the fatigue loads of the
lumbar spine. The material for the elastomeric core will be investigated in this paper. A central keel

in both endplates allows device fixation to the vertebrae during implantation.

1 piece upper

endplate Transforaminal

canal

Elastomeric core

2 piece lower
endplate

Figure 1: Novel design of the device. a) Exploded view of a single device. b) Surgical technique
consisting of the insertion of two devices, one after the other, via unilateral transforaminal approach.
The insertion direction is highlighted with arrows.

The upper endplate articulates with the core and comes into contact with the lower endplate when
a maximum range of motion has been achieved (figure 2). The assembly has been designed to
provide a similar physiological motion to the L4/L5 lumbar spinal segment because it is the most
common segment that causes spinal instability (Park, 2015; Okoro and Sell, 2010). The range of
motion provided is: 4° in flexion, 2° in extension, 2° in lateral bending for each side and 2° in axial
rotation. The device also allows axial compression providing 6 degrees of freedom. The centre of
rotation can vary during motion, compensating for small errors in device placement (Salzmann et al.,
2017). The assembly is also designed to maintain the height of the device at 10 mm (intervertebral
lumbar height suggested by ASTM F2346-05 (2011)), even in the case of core failure (height loss due

to plastic deformation, fracture, etc.).
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Figure 2: Examples of the maximum range of motion delivered by one device. Maximum motion is
achieved when the contact between the endplates occurs, marked with red lines at each range. a)
Maximum extension and flexion motion. b) Maximum lateral bending motion.

The size of the device is limited by the canal of insertion for the transforaminal approach which
anatomically allows a maximum implant width of 10 mm (Soriano-Baron et al., 2015). Three sizes (S,
M and L) are provided to accommodate to different spinal segments and patient anatomies. Lengths

and heights (in mm) for sizes S, M and L are: 28 and 10; 30 and 12; and 32 and 14, respectively.

3. SIZING OF THE IMPLANT CORE

3.1. Finite element analysis models

In order to dimension the elastomeric core to select a suitable material, a stress distribution analysis
of the metallic endplates was performed with finite element analysis (FEA) to verify that these
components met strength requirements under simulated spinal loading. The thicknesses of the walls
for the upper and lower endplates that contacted each other during maximum range of motion were
the design features to be minimized so that they maximised the space for the elastomeric core
whilst avoiding plastic deformation within the endplates. Four scenarios were studied when the
endplates came into contact to restrict motion during maximum range of motion allowance: “model
1”: when the device provides 6° of flexion; “model 2” for 4° in extension, “model 3” and “model 4”
for 2° of each lateral bending positions. The smallest implant (size S) was selected for the analysis as
it represented the smallest geometry. The four models were prepared in Solidworks 2014 (Dassault
Systemes SolidWorks Corporation, Waltham, MA) and then transferred to Simlab 14.2 (Altair
Engineering, Troy, Michigan, USA) to generate the FE models. Mesh controls and mesh refinements
were assigned at the contact surfaces between the endplates where high stresses were expected. A
general element size of 1 mm was used for all the FE models except for the meshing refinements
that had an element size of 0.2 mm. Second order tetrahedral elements were used for the mesh. The
parts were modelled as CoCr alloy, an isotropic, homogeneous and linearly elastic material with an

elastic Young’s modulus of 210 GPa and a Poisson’s ratio of 0.30 (Kluess et al., 2010). The bottom



surface of the lower endplate was fully constrained to mimic anchorage to the lower vertebra. A
compressive static load of 1500 N was applied to each model on the top surface of the upper
endplate, assuming uniform load distribution. This loading condition was determined on the basis
that two devices are inserted per surgery and the maximum compressive lumbar loads have been
reported to be up to 2000 N (British Standard Institution, 2011). Therefore, a safety coefficient of 1.5
was applied. Contact zones were defined for the upper and lower endplate at their contact areas for
the different scenarios analysed with a stick contact. The volume mesh characteristics of each
component for the four positions analysed with the number of tetra elements generated can be

seen in table 1.

Table 1- FE models of the device: Model 1 (flexion), Model 2 (extension), Model 3 (Lateral bending 1)
and Model 4 (Lateral bending I1); purple arrows represent the compressive loads applied to the upper
endplate; green arrows represent the fully constraint points that simulate anchorage of the lower
endplate to the vertebra. The mesh refinements in each plate can be seen at the contact surface with
the other plate for each model.

RANGE OF NUMBER OF 10-NODE TETRAHEDRAL ELEMENTS
MOTION
ANALYSED Assembly model Upper plate Lower plate
Model 1 :
FLEXION
15256 18835
Model 2 :
EXTENSION
17834 16532
Model 3 :
LAT.
BENDING |
14652 15135
Model 4 :
LAT.
BENDING Il
15321 15854




3.2. Results

Results (figure 3) demonstrated that the maximum von Mises Stress (VMS) value was 678 MPa and
ocurred in the upper endplate during flexion. The maximum stress for the extension motion was 658
MPa with the maximum value located in the upper endplate as well. During lateral bending I, the
maximum VMS (547 MPa) was placed on the lower endplate at the contact surface with the upper
endplate. For the lateral bending Il the maximum VMS was located in the symmetrical part with a

maximum stress value of 593 MPa.
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Figure 3- Results of the von Mises Stress (VMS) distribution of the four models analysed: flexion,
extension, lateral bending | and lateral bending Il. Values of stress are expressed in MPa. The
maximum VMS value for each material is marked with a red circle.



None of these stress values reached the yield strength (841 MPa) or fatigue strength (725 MPa) of
the CoCr alloy (Yao et al., 2011) and, therefore, the design was considered to be safe both under
static and fatigue compressive loads in the four cases analysed. The implant strength requirement

was found to be met in all cases.

4. MECHANICAL TESTING OF BIOMATERIALS FOR THE IMPLANT CORE

With the endplates meeting the strength requirements, the space for the elastomeric core was
validated and the part dimensioned. The aim of this section was to find an appropriate material for
the core that provided similar stiffness to the lumbar spine. Suitability was determined by obtaining
the stiffness of several long term biomaterials by using mechanical testing and directly comparing
them with the corresponding stiffness of a representative functional spinal unit (FSU) of the lumbar

region for forces in compression reported from literature.

4.1. Materials and methods

Material selection for testing was carried out following a comprehensive market research of PUs and
PCUs used in biomedical applications and a wide range of compositions were finally chosen for
evaluation, including carbonate and silicone groups. The carbonate group of the PCUs provides
polymers with high-pressure resistance and tensile strength, properties that closely match the
lumbar disc mechanics and the incorporation of silicone has been shown to provide oxidative
stability (Gunatillake and Aghikari, 2016; Ward and Jones, 2011). Consequently, the four materials
chosen for assessment were:

e Bionate Il 80A (DSM Corporate, Heerlen, Netherlands), a PCU elastomer used in various
spinal devices on the market such as the LP-ESP lumbar disc replacement (FH Orthopedics,
Chicago, IL, USA) (Lazennec et al., 2013) or the BDyn dynamic posterior stabilization device
(514 Implants, Pessac, France) (Lawless et al., 2016).

e Chronosil 80A (AdvanSource Biomaterials, Wilmington, Massachusetts, United States) a
polycarbonate based silicone elastomer. Chronosil is a well-known material for intravascular
applications with resistant to environmental stress cracking and, consequently, suitable for
long-term applications (Francolini and Piozzi, 2016). Two different percentages of silicone
were selected for evaluation: Chronosil 80A 5% and Chronosil 80A 10%.

e Quadrasil Elast-Eon 82A E5-325 (Aortech International PLC, Weybridge, United Kingdom) a
PU with polydimethylsiloxane and polyhexamethylene oxide. Elast Eon has been reported to

be a very biostable material (Gunatillake and Adhikari, 2016).



The four materials were obtained and injection moulded (Statice, Besancon, France), according to
the core design (figure 4a and b). The dimensions for each specimen were: 14.6 x 6 x 6.35 mm
(length in “z” axis, width in “x” direction and height in “y” from figure 4a). A stainless steel lower
endplate was manufactured (Statice, Besancon, France) with a simplified geometry in order to have

a curved surface where the samples could be placed against during the compression testing (figure

O,

T Chronosil 80A 5% T

Hena e Chronosil 80A 10% :
Elast Eon 82A E5-325 Endplate for testing

Figure 4- Elastomeric core. a) Specimen 3 dimensional computer-aided design model with datum. b)
Manufactured specimens of the four materials evaluated and the endplate for testing.

Seven samples of each material were tested in quasi-static compression to obtain force-
displacement curves. The displacement rate was set at 0.02 mm/s. A single specimen was
compressed in each test. The axial compressive stiffness for the natural IVD has been reported to be
in the range from 1700 to 3000 N/mm (Virgin, 1951; Gardner-Morse and Stokes, 2004; Bouzakis et
al., 2004; Kemper et al., 2007). The LP-ESP lumbar disc replacement stated a value of 2300 N/mm
(Lazennec et al., 2013) whereas White and Panjabi (1990) described a value of 2000 N/mm for the
L4/L5 as a FSU. As the surgical implantation proposed in this study required the use of a pair of

implants, the target stiffness for each specimen was established as a minimum of 1000 N/mm.

The machine used for the compression testing was a Bose ElectroForce 3300 Series Il Test
Instrument (Bose Corporation, ElectroForce Systems Group, Eden Prairie, Minnesota, USA) using Win

Test 4.1 software. The mechanical testing set up is shown in figure 5.



@

Actuator
Upper platen
Stage
Lower platen
Load cell

Figure 5- Mechanical testing using the Bose Electroforce 3300 machine. a) Detailed view of the
actuator, the stage and the load cell. b) View of the specimen inside the endplate before compression
from the upper platen.

The maximum displacement was limited to 2.3 mm. This limit was imposed to avoid
actuator/endplate contact. In order to investigate the potential change in the force vs. displacement
curves after a first deformation (Test 1), a second test was performed 24 hours later (Test 2); the
change in the force vs. displacement curves from Test 2 was directly compared to the initial Test 1.

This provided information about the change of the material after a high compressive force.

The geometrical changes in the specimens after the compressive forces were also analysed as the
device performance and design is dependent on the deformation of the elastomeric core. Changes in
height were relevant due to the range of motion delivery of the device. Variations in length and
weight provided information about the required clearances between the core and the endplates to
allow the core to bulge without constraints under compression. Measurements were taken with a
digital Vernier calliper with an accuracy of 0.02 mm. Three measurements were taken for each
dimension and the average was calculated. The parameters of interest were height, length and
width of each specimen before and after Test 1, 24 hours later (before Test 2) and after Test 2.

Values were compared for each material to analyse deformation.

4.2. Results
4.2.1. Force vs Displacement curves
Table 2 shows the mean values of force with standard deviations for each material at 0.5, 1, 1.5 and

2 mm of displacement for Test 1 and Test 2. All the tests achieved the 2.3 mm of maximum

displacement, which was equivalent to 36.2% of the specimen height. Figures 6 and 7 show an



example of the force against displacement curves for the stiffest and least stiff materials (Bionate Il

80 A and Chronosil 80 A 10%, respectively) for Test 1 (left) and Test 2 (right).

Table 2- Mean values of forces with standard deviations for each material at 0.5, 1, 1.5 and 2 mm of
displacement for Test 1 and Test 2.

Displ MEAN FORCE (N) IN TEST 1 MEAN FORCE (N) IN TEST 2
(mm) Chronosil Chronosil
. ] e . ] i eo
Bionate Elast-Eon Chronosil 5% 10% Bionate Elast-Eon Chronosil 5% 10%
0.5 117.4+5.6 53.6t2.4 27.2+2.2 27.7+1.6 1159+7.2 546+4.2 254+2.0 31.8+1.0
1 313.5+7.5 151.7+4.0 79.8+5.8 783+3.4 310.9+10.2 149.8+ 8.0 749+5.4 86.5+2.0
1.5 566.6+7.8 | 274.8+6.1 154.6 £9.9 154.7 £5.2 570.5+10.0 266.7+ 10.3 147.6+9.6 162.0+3.4
2 883.7+7.9 | 422.3+9.8 252.5+14.4 256.3+6.3 916.4+11.5 411.8+11.3 249.2+14.7 262.0+5.9
1400 -
1200 - — Spec 1
1000
I
]
2
o 600 -
'S
400
200
0 : )
0 0.5 1 15 2 25 2.5

Displacement (mm)

Displacement (mm)

Figure 6- Force vs. displacement curves of Bionate Il 80 A specimens (Spec) for Test 1 (left) and Test 2
(right). Spec= specimen.
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Figure 7- Force vs displacement curves of Chronosil 80 A 10% specimens (Spec) for Test 1 (left) and Test 2
(right). Spec= specimen.

The behaviour of the four materials was nonlinear. A second-order polynomial trendline fitted to the

results and can be seen in table 3.

Table 3- Fits for the force vs. displacement curves of the four materials tested.

Fits for the force-displacement curves

Bionate Il 80A F=129 x* +190.48 x - 9.2303; R’=0.9999

Elast Eon 82A E5-325 | F=56.695 x* + 103.16 x + 9.1766; R’=0.9998

Chronosil 80A 10% F=46.266 x> +33.948 x- 0.4184; R*=1

Chronosil 80A 5%

F=50.301 x> +27.132 x + 0.8385; R’=0.9999

4.2.2. Mean stiffness
The stiffness for each material “k” was calculated as the derivative of the polynomial equations

(k=dF/dx) at 1 mm of displacement (table 4).

Table 4- Stiffness “k” (N/mm) of each material and the target stiffness at 1 mm of displacement.

25

Bionate Il 80A Elast Eon 82A E5- Chronosil 80A Chronosil 80A Target
325 5% 10% stiffness
_ Stiffness 448.48 216.55 127.73 126.48 1000
k” (N/mm)

The stiffest material was Bionate (448.48 N/mm) followed by Elast Eon (216.55 N/mm), Chronosil 5%
(127.73 N/mm) and Chronosil 10% (126.48 N/mm). None of them achieved the minimum target

stiffness of 1000 N/mm to mimic the axial compliance of the intervertebral disc.



4.2.3. Deformation

Table 5 shows the average percentage of deformation in height (H), length (L) and width (W) for
each material after Test 1 (% Deformation Test 1), between Test 1 and Test 2 (% Recovery after 24
hours), after Test 2 (% Deformation Test 2) and the total deformation after Test 2 in comparison
with the original dimensions of the specimens after manufacturing (% total def.). Note, (-) expresses

a reduction and (+) an increase in the correspondent dimension.

Table 5- Average percentages of deformations for each material after Test 1, recovery after 24 hours,
after Test 2 and total deformation with standard deviations. Def= deformation. H= height. L= length.
W= width.

[V) o,
% Def after Test 1 % recovery after % Def. after % Total Def.
24h Test 2
H ()1.0£0.3 (+) 0.4 £0.1 ()0.5£0.1 ()1.1+0.2
Bionate Il L (+)0.4+0.1 (-)0.1+0.0 (+)0.4+0.1 (+)0.7£0.1
80A

W (+)0.8 0.2 ()0.4£0.1 (+)0.5+0.3 (+)0.9£0.2

H (-)3.6£06 (+)33+0.4 ()3.7+06 (-)4.1£0.5

ElastEon | (+)0.9+0.3 (110.5+0.2 (+)0.410.1 (+)0.8£0.2

82A E5-325

W (+)3.1£0.4 ()2.2£03 (+)2.2+0.4 (+)3.0£0.5

H (-)2.2104 (+)1.5+0.3 (-)2.0+0.4 (-)2.7+0.3

Chronosil [ (+)0.5£0.1 ()0.2£0.0 (+)0.3+0.1 (+)0.7 £0.1
80A 5%

W (+)1.8+0.3 ()1.2£0.2 ()1.8+0.3 (+)2.410.2

H (-)2.7£0.5 (+)1.9£0.2 (-)2.4£05 (-)3.2£0.5

Chronosil (+)0.7£0.2 (10.3£0.0 (+)0.4 £0.1 (+)0.8£0.2
80A 10%

W (+)2.3£0.4 ()1.2£0.3 (+)2.204 (+)2.5+0.3

Results of the four materials showed that all the specimens deformed plastically after the first and
second quasi-static compression tests. The height was the dimension that changed the most in all
cases, followed by width and length. Each compression (Test 1 and Test 2) caused a reduction of
height as well as an increase in length and width in all cases. Recovery time affected these
parameters in the opposite way. Elast Eon 82A E5-325 was the most deformable material followed

by Chronosil 80A 10%, Chronosil 80A 5% and Bionate Il 80A, respectively.

5. DISCUSSION

This paper has investigated the first elastomeric lumbar disc replacement that is inserted via

unilateral transforaminal approach as a pair of devices. The anatomical feasibility of inserting two



nested curved implants via this approach has been confirmed in previous studies for the treatment
of spinal fusion (Soriano-Baron et al., 2015). However, this procedure has never been applied for the

insertion of dynamic implants to restore spine biomechanics.

A preliminary stress distribution analysis was performed with FEA to verify that the metallic parts
met strength requirements under simulated spinal loading whilst guaranteeing a safety coefficient of
1.5. The endplates were analysed during delivery of maximum range of motion in flexion, extension
and both lateral bending motions. The maximum VMS obtained in those four scenarios was: 678
MPa, 659 MPa, 547 MPa and 593 MPa, respectively, lower values than the yield (841 MPa) and
fatigue (725 MPa) strength of CoCr alloy (Yao et al., 2011). This analysis helped verified the

dimensions for the endplates so that the size for the elastomeric core could be defined accordingly.

Mechanical evaluation of several long term biomaterials was completed to assess their suitability for
the elastomeric core of the device proposed. Quasi-static compression tests were carried out to
obtain the compression stiffness of the materials due to this information not being provided by the
suppliers. The core specimens were tested inside a lower endplate that presented the same
curvature of the device lower endplate so that the compression mechanism of the actual device was
accurately replicated in the test. The elastomer bulging was realistic and was not constrained by the
lateral walls of the lower endplate, replicating what would occur in the actual device. Only
compression loading was analysed since it is the major form of load that the IVD is subjected to
(Inoue and Orias, 2011). The main differences between the compression mechanism of the testing
and the actual device were: (1) the upper platen that compressed the core specimens was flat
whereas the upper endplate of the device design is slightly curved; (2) the testing was performed
only with one core specimen whereas the implant was designed to work as a pair. Therefore, half of
the total target stiffness pursued for the pair of devices was aimed for each single core specimen:

1000 N/mm.

Results of the quasi-static tests showed that the average stiffness for each material at 1 mm of
displacement was: 448.48 N/mm for Bionate Il 80A; 216.55 N/mm for Elast Eon E5-325; 127.73
N/mm for Chronosil 80A 5% and 126.48 N/mm for Chronosil 80A 10%. Bionate Il 80A was the stiffest
material. This may be due to the carbonate segment in its composition combined with the lack of
silicone that would weaken its strength. It also presented a stiffer behaviour in Test 2 after 1.5 mm
of displacement. Elast Eon 82A E5-325 showed 51.7% lower average stiffness than Bionate at 1 mm
of displacement. This may be due to its high elasticity and the lack of a polycarbonate chain in its
composition, being only 32.5% of the material hard segment content (Osman et al., 2011). Elast Eon

presented a very similar trendline of force against displacement for Test 1 and Test 2 while reaching



lower forces in the second test. Samples of Chronosil 80A, both with 5% and 10% of silicone,
presented similar curve tendencies despite their different compositions in silicone. The average
stiffness values for Chronosil 5% and 10% were 71.5% and 71.8% lower than Bionate, respectively.

Chronosil 10% became slightly stiffer after the initial compression of Test 1.

Regarding deformation, the tendency for the height was to decrease after Test 1, recover a
proportion after 24 hours (but not fully recovery, demonstrating that plastic deformation occurred)
and decrease again after Test 2 by a smaller percentage in comparison with Test 1 (indicating that
the material became stiffer after the first compression). This behaviour was seen for the materials
containing the carbonate group in their composition. Only Elast Eon specimens deformed more in
height after the second compression of Test 2 which may be caused by the lack of the carbonate
group. Elast Eon samples presented the largest percentage of deformation in all cases (after Test 1,
Test 2 and in total) and also recovery (between Test 1 and Test 2) for all dimensions: height, length
and width. The total deformation in height accounted for a 4.1 + 0.5% reduction with respect to the
original height. Although there was little information regarding Elast-Eon 82A E5-325 composition,
the quantity of silicone may be an important factor given the deformations shown in this study.
Chronosil 10% also deformed markedly. Chronosil 5% deformed less than Chronosil 10% (2.7 £ 0.3%
vs 3.2 £ 0.5% of total height deformation), which was expected due to the lower quantity of silicone.
Samples of Chronosil 5% followed similar patterns of deformation in comparison with the Chronosil
10% but with lower values. Bionate Il 80A presented the smallest percentages of dimensional
changes with a total deformation in height of 1.1 + 0.2%. These results were expected given the
material composition that includes a hard segment from the polycarbonate group and it excludes

the silicone content.

The materials analysed in this study did not demonstrate sufficient stiffness to withstand the loads
of the lumbar spine with the specimen dimensions proposed. The size of the implant, and
consequently the size of the elastomeric core, was limited by the proposed surgical procedure
(Soriano-Baron et al., 2015). The small specimen dimensions may have caused the stiffness values
obtained not meeting the stiffness required. This is due to the stiffness being directly proportional to
the cross section area of the specimen (Gere and Timoshenko, 1999). However the testing results
provided in this paper can guide other researchers on the better application of these materials for

other biomedical purposes.

Further development of the device is required to confirm the mechanical and clinical feasibility of

the proposed design. Several options could be considered for future work: (1) widening the range of



elastomers used in the implant, particularly pure PCU elastomers, may mean that the stiffness
requirements can be met; any other additive would likely weaken the strength properties of the
elastomer; (2) another strategy may be to explore further elastomers with shore hardness in excess
of the 80A of the current materials in this study; (3) the possibility of exploiting hyper-elasticity to
gain increased stiffness could be considered for Bionate |l 80A material, the average stiffness of
which at 3 mm of displacement was 973.68 N/mm, almost achieving the target stiffness; and (4)
further options could involve other mechanisms to provide compression stiffness different than
elastomeric cores such as compression springs, elastomeric composites or a combination of both. In

vivo studies will be required to assess the clinical feasibility of the final solution.

5. CONCLUSION

A novel design of an elastomeric lumbar disc replacement that is implanted via transforaminal
approach has been investigated. Several biomaterials have been mechanically tested in compression
and the results are presented. Finding an elastomeric material able to withstand the loads of the
lumbar spine with the device dimensions restricted by the transforaminal approach continues to be

a challenge and further work is required to develop the design proposed.
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