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Abstract. – OBJECTIVES: Range of motion
(ROM) is often restricted by conventional spinal
fusion surgery, while some complications also
occurred after applying posterior dynamic de-
vices in clinic. Therefore, new surgical implant
options were necessitated.

The biomechanical features of a novel inter-
spinous implant were investigated using three di-
mensional (3D) finite element models (FEMs).

MATERIALS AND METHODS: An “H-shaped”
polyether ether ketone (PEEK) interspinous im-
plant was designed to tightly fit the upper and
lower spinous processes, featuring a hollow
cylindrical portion which was implanted autolo-
gous bones to enhance fusion with spinous
processes. A 3D FEM of the intact L3/S segment
with mild disc degeneration in L4/5 (degenerated
model) was developed and subjected to flexion-
extension, lateral bending, and axial rotation ei-
ther with or without the implanted prosthesis (im-
plant model) in order to examine effects on ROM,
intradiscal stress, and facet joint load.

RESULTS: The whole lumbar ROM was altered
slightly by implant insertion, and reduced end
plate stress, nucleus stress, and facet joints load
at the L4/5 level (implant location) were ob-
served. L4/5 flexion-extension maximal end plate
stress, nucleus stress, and facet joints load were
5.262 MPa, 0.1648 MPa, and 29.7 N, respectively,
in the degenerated model and 2.323 MPa, 0.0892
MPa, and 5.4 N, respectively, in the implant mod-
el. End plate and nucleus stresses were partially
alleviated at the L3/4 level. Slightly higher maxi-
mal von Mises stress in L3/4 and L5/S annuli
were observed in the implant model.

CONCLUSIONS:The proposed novel interspinous
implant effectively restored stability without produc-
ing excessive ROM limitations,meriting further clini-
cal evaluation. Furthermore, these findings provide
a useful basis for wide application of FEM in a broad
variety of spinal implant assessments.
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Abbreviations

FEM = finite element model; ROM = range of motion;
3D, three dimensional; PEEK = polyether ether ketone;
ISP, lumbar interspinous spacer; PCL = posterior ligamen-
tous complex; ALL = anterior longitudinal ligament; PLL
= posterior longitudinal ligament; LF = ligamentum
flavum; TL = transverse ligament; CL = capsular liga-
ment; IL, interspinous ligament; SL = supraspinous liga-
ment; PL = physiological load; FE = flexion-extension;
LB = lateral bending; AR = axial rotation.

Introduction

Lower back pain occurs in as much as 18% of
the population, and is the third most frequent cause
of disability between ages 45 and 65 years1. Recent
successes in treating lower back pain with dynamic
interspinous stabilization devices (also termed
“soft” or “flexible” devices) have indicated the
need for reassessment of the biomechanical charac-
teristics of lower back pain2. Compared to conven-
tional spinal decompression or fusion by posterolat-
eral, interbody, and circumferential arthrodesis,
which commonly limits patient range of motion
(ROM) without effectively alleviating pain, dynam-
ic stabilization may more effectively alleviate ab-
normal spinal loading without complications3. Ad-
ditionally, these techniques may reduce the need for
secondary surgery due to recurrent lower back pain,
which is required in more than 15% of spinal fusion
patients1. Thus, there is an urgent need for new dy-
namic prosthetic lumbar stabilization devices that
can effectively redistribute spinal loading with min-
imal impairments and complications.
Lower back instability, implicated in lower back

pain, is a misnomer that incorrectly suggests that
abnormal motion is responsible for the onset and
development of back pain2. While lower back pain
was originally thought to be related to dysfunction
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though it is often removed during laminectomy14.
In human and porcine cadaveric specimens,
Dickey et al14 examined the effects of sequential
longitudinal sectioning of the ligament, speculat-
ing that interactions between collagen bands in-
fluence its behavior. In cases of simulated disrup-
tion, 50% of normal stiffness was retained under
distractive loads. Provided that interspinous de-
vice insertion displaces rather than removes col-
lagen fibers, interspinous ligament residua may
offer some resistance to axial distraction. The
impact of the ligament, and its potential removal
or impairment, should be considered when im-
planting devices, such as Coflex and Wallis im-
plants that commonly require ligament removal.
Three dimensional (3D) finite element model-

ing has been recently applied to examine degen-
eration in the spine, spinal stability, and the ef-
fect of new prosthetic devices on spine biome-
chanics15,16. Application of FEM may allow for
improved understanding of both load transfer and
movement, which rely heavily on the insertion of
the device between upper and lower spinous
processes16. Using these models, restoration of
intervertebral height, maintenance of ROM be-
tween the upper and lower spinous processes, de-
generation, risk of spinal process fracture or ar-
ticular process stress between lumbar spinous
processes, and elastic moduli between implant
and host tissue affecting fusion can be prelimi-
narily assessed, without the need for resource in-
tensive clinical trials. These assessments can im-
prove understanding of both biomechanical char-
acteristics and time-course of these devices.
FEM was used to construct a model of the af-

fected lumbar spinal segments in order to assess
the biomechanical properties of a novel H-shaped
lumbar stabilization device. The ROM, intradiscal
pressure and facet joints load were assessed at the
implant level (L4/5) and adjacent affected levels
(L3/4, L5/S) under variant loading conditions
(flexion-extension, lateral bending, and axial rota-
tion) in order to provide a complete understand-
ing of the biomechanical characteristics of the de-
vice. These techniques may be useful in preclini-
cal assessments of spinal prostheses, facilitating
improved implant performance in patients.

Materials and Methods

Study Design
A 3D FEM model of the normal L3/S segment

(normal model) was constructed from patient da-

in spinal motion, contemporary research has indi-
cated that patterns of spinal loading are central to its
etiology3. Normal, healthy spinal discs are isotropic
fluid-filled sacs that transmit loads uniformly across
the disc surface to the endplate4. This pattern of uni-
form loading may be interrupted by degeneration
during conditions such as arthritis and infection, re-
sulting in the development of regional high spot-
loading that is commonly observed by clinical radi-
ography2. Therefore, altering load transmission
across degenerated discs may alleviate back pain by
reducing or eliminating high-load spots.
Numerous dynamic stabilization devices have

been proposed that can alter load transmission, con-
trol segment motion, and reconstruct the normal
load-bearing system in the spine. Non-rigid stabi-
lization often involves conventional pedicle screw
fixation (Graf ligament system and Dynesys® de-
vice) or floating implants with no bony purchase
(posterior dynamic devices)5. Lumbar interspinous
spacers (ISPs) have also become a common alterna-
tive treatment for symptomatic lumbar degenerative
disease, including the Colfex®, WallisTM, DIAMTM,
and X-Stop® devices6. These devices, however, can
result in reductions in ROM up to 50% less than the
intact state7. In addition, selection of appropriate size
and shape of devises is difficult, often relying heavi-
ly on practitioner experience8. Many other novel
posterior implant devices have also been proposed
and clinically employed that possess unique shapes,
sizes, and designs aimed at maximizing uniform
load transmission for degeneration of certain types
or localized in specific regions6,9,10.
In clinical practice, dynamic stabilization de-

vices can also offer superior control of the motion
between the implant and spinous processes, poten-
tially increasing the range of lumbar motion10. Un-
fortunately, this increased ROM also raises the
risk of spinous10,11 and articular process fracture12.
Barbagallo et al13 reported that failure to consider
individual anatomic features of spinous processes
and interspinous regions could be implicated with
these adverse occurrences. In addition, insertion of
interspinous devices obligatorily involves the re-
moval or disruption of one or more components of
the posterior ligamentous complex (PLC), as in-
terspinous ligaments are necessarily sacrificed
during device placement between the spinous
processes. The full biomechanical impact of re-
moving these interspinous ligaments, however, re-
mains relatively undocumented.
The supraspinous ligament, a component of

the PLC, is considered a critical determinant of
mechanical stability after traumatic injuries,
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ta and anatomical information. A second model
was developed for mild degenerative progression
in the L4/5 disc for assessment of the novel inter-
spinous implant device. The study protocol was
approved by the Renji Hospital (Shanghai, Chi-
na). All volunteers provided written informed
consent for participation.

Interspinous Implant Device
An H-shaped polyether ether ketone (PEEK) in-

terspinous implant was designed to tightly fit the
upper and lower spinous processes, featuring a hol-
low cylindrical portion which was implanted autol-
ogous bones to enhance fusion with spinous
processes in clinical practice (Figure 1a). The upper
and lower ends of the implant were designed to be
embedded in the interspinous space. A 3D FEM
model of the interspinous implant was developed in
NX 7.5 (Siemens PLM software, Plano, TX, USA)
using solid element modeling (Figure 1b-d).

Normal and Degenerative Model
Construction
Computed tomography (CT) data from Light-

Speed Apps4051.2_H4.0M5 (GE Healthcare,
Buckinghamshire, UK) from a 28-year-old man
with no clinical or radiological abnormalities
(slice thickness 2 mm) was used as a basis for
construction of the 3D FEM model, including
vertebrae, posterior elements, sacrum, interverte-
bral disk, end plate, facet joints and ligaments
(anterior longitudinal, posterior longitudinal, lig-
amentum flavum, transverse, supraspinous, cap-
sular, and interspinous).
Ligaments were simulated by two-node link

elements with resistance tension only, and ele-

ments were arranged in the anatomical direc-
tion previously proposed17 using previously re-
ported cross-sectional areas16. A ten-node solid
element was used to model cancellous bone,
posterior elements, and the sacrum. Cortical
bone and end plates were simulated by four-
node shell elements with 0.4 and 0.25 mm
thicknesses, respectively18. The discal annulus
(fibers embedded in ground substance) fibers
were modeled by two-node link elements with
resistance tension only and oriented at an mean
angle ±30° to the end plates with a total vol-
ume ~19%19. For FEM, the nucleus pulposus
was incompressible, and the facet joint was
nonlinear modeled using surface-to-surface
contact elements, and the friction coefficient
was 0.115. All material properties were assumed
homogeneous and isotropic. Data from previ-
ous reports is detailed in Table I16,20,21.
The normal model was established using the

above data, and degenerative disease of the L4/5
disc (degenerative model) was modeled using the
same data by applying a 20% reduction of disc
height in L4/5 intervertebral disc and Young’s
modulus of 3 Mpa22.

Construction of the Instrumented
Segment Model
The device was added to the degenerative

model (instrumented segment model) by adding
elements at the L4-L5 level. Compression-
specific elements were used to render inter-
spinous spacer mechanical behavior. Height and
angle of the L4/5 were restored to normal condi-
tions following addition of the device. Contact
points between the implant and spinous process-

Figure 1. The novel interspinous implant device. (A) Photographic image of the device prototype and (B-D) images of the
3D FEM models based on the actual device.
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weight)23 was applied on the upper vertebral end-
plate of the L3 to simulate physiological loading.
A particle was established on the center of L3
endplate and catenated with the nodes. Axial ro-
tation of 7.5 Nm was applied on the particle to
model normal loading23.

Assessments
Lumbar range of motion (ROM) in degrees,

intradiscal stresses (MPa), facet joints load (N)
were assessed based on the 3D FEM models in
physiological load (PL), flexion-extension (FE),
lateral bending (LB), and axial rotation (AR). Fi-
nite element analysis was used to assess biome-
chanics at the instrumented and adjacent levels
using ANSYS 10.0 (Structural Research and
Analysis Corp, Los Angeles, CA, USA).

Validation
Finite element modeling requires simplifica-

tions and assumptions, which might affect the pre-
dicted results. Therefore, validation of the FEM
must be conducted. The L3-S segments were cho-
sen to conduct validation against experimental
studies and FE analyses24 to verify the construc-
tion validation and the material properties ratio-
nality. The motion angles in flexion-extension, lat-
eral bending and axial rotation of the simulation
were in good agreement with those from the ex-
perimental studies24 (Figure 3). For convenience
in comparing the intradiscal pressure with experi-
mental results, the maximal pressure of the L4/5
disc in the flexion-extension was measured. The

es were fixed in order to simulate the fusion con-
dition, and the supraspinous ligaments were pre-
served to maintain the lumbar stability.

Boundary Conditions
All degrees of freedom at the sacroiliac joint

were restricted. A load of 400 N (~about 2/3 total

Material E (MPa) v A (mm2)

Vertebra
Cortical bone 12000 0.3 -
Cancellous bone 100 0.2 -
Posterior elements 2500 0.25 -
Disc
Nucleus 1 0.499 -
Degenerated nucleus 3 0.499 -
Anulus fibrosus 92 0.45 -
Endplate 30 0.25 -
Ligaments
ALL 20 0.3 63.7
PLL 70 0.3 20
LF 50 0.3 40
TL 58.7 0.3 3.6
CL 10 0.3 30
IL 28 0.3 40
SL 28 0.3 30
Device 42000 0.4 -

Table I.Material Properties used in FEM.

Figure 2. FEM models of the normal and degenerative spine. FEM models with (A-B) a normal L3/S segment (normal mod-
el), (C-D) mild disc degeneration in L4/5 modeled with 20% reduction of disc height (degeneration model), and (E) fixed con-
tact points between the implanted device and spine with preserved supraspinous ligaments (instrumented segment model).

Abbreviations: v, Poisson’s ratio; E, Young’s modulus, A,
area; ALL, anterior longitudinal ligament; PLL, posterior
longitudinal ligament; LF, ligamentum flavum; TL, trans-
verse ligament; CL, capsular ligament; IL, interspinous liga-
ment; SL, supraspinous ligament.



conditions PL, FE, LB, and AR (Table II). At ad-
jacent levels, altered relative intradiscal stresses
were predicted at the L3/4 level, unloaded to the
end plate and nucleus. At the L5/S level, stresses
in the end plate were unloaded, but nucleus
stresses were not decreased in either PL or FE.
Conversely, stresses were slightly increased un-
der PL and FE conditions. Maximal intradiscal
stresses in the nucleus during PL and FE were
0.0508 and 0.1362 MPa, respectively. After im-
plant insertion (instrumented segment model),
maximal stresses in PL and FE were 0.0526 and
0.1381 MPa, respectively. A comparison of in-
tradiscal stress data from variant conditions and
models is shown in Figure 4.
The maximal von Mises stress in the annulus

of L3/4 and L5/S increased in the instrumented
segment model compared to the degenerated
model (Table II). In FE, maximal stresses in the
L3/4 were 7.176 and 7.235 MPa, respectively,
and in the L5/S, maximal stresses were altered to
28.5 and 28.878 MPa, respectively. Consistent
results were obtained in LB (6.318 vs. 6.332
MPa for L3/4 and 22.395 vs. 23.693 MPa for
L5/S) and AR (5.683 vs. 5.945 MPa for L3/4 and
17.368 vs. 19.62 MPa for L5/S).
In adjacent segments, reductions in intradiscal

stresses at the end plate and nucleus in the upper
normal segment L3/4 produce undesirable de-
creases that may lead to load transmission
through facet joints, possibly leading to degener-
ation. However, the maximal von Mises stress in
the annulus of L3/4, L5/S increased after inser-
tion of the implant, allowing for larger loads to
be transmitted also through the annulus.

Facet Joints Load
For all loading conditions, facet joints loads

were significantly decreased following insertion
of the implant (instrumented segment model)
(Figure 5). In FE, the normal model exhibited the
highest facet joints load at L4/5 level of 21.3 N.
The load in the degenerated model was elevated
at 29.7 N. Following insertion of the implant (in-
strumented segment model), the highest load was
decreased to 5.4 N, as detailed in the load dia-
gram (Figure 6). Consistent results were ob-
served in LB and AR, which exhibited loads of
36.5, 53.4, and 11.3 N and 48.6, 52.5, and 14.4
N, respectively, in the normal, degenerative, and
instrumented segment models.
The mechanical interaction between the im-

plant and spinal segments unloads the end plate
and nucleus as well as the facet joints loads in
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maximal force in the study (1.44 MPa) was slight-
ly less than the experimental data in the entire
model (1.62 MPa), but larger than that in the mod-
el with implant at L4/5 (1.35 MPa)24. The current
model generated results in agreement with the re-
sults reported in other papers24.

Results

3D FEM Modeling
The normal model (Figure 2a-b), degenerative

model (Figure 2c-d), and instrumented segment
model (Figure 2e) were successfully and consis-
tently constructed. Each model successfully pro-
duced numerical values for the entire motion of
the modeled lumbar segments. Intradiscal pres-
sures were able to be calculated in the L3/4, L4/5
and L5/S sections, and forces were able to be cal-
culated at the facet joints during different loading
conditions of flexion-extension, lateral bending
and axial rotation for each model.

Lumbar ROM
Resultant ROMs for each loading condition are

shown in Figure 3. In flexion-extension, the
ROMs of the normal, degenerated, and instru-
mented segment models were 7.10°, 8.02°
(+12.96% compared to the normal model), and
6.85° (-14.58% compared with the degenerated
model), respectively. In lateral bending, the
ROMs of the normal, degenerated, and instru-
mented segment models were 5.60°, 5.82°, and
5.76°, respectively. In axial rotation, ROMs of the
normal, degenerated, and instrumented segment
models were 4.64°, 4.78°, and 4.27°, respectively.

Intradiscal Stresses
The intervertebral disc at the instrumented

segment level was unloaded under variant load

Figure 3. Comparison of ROM on normal, degenerated,
and instrumented segment models under flexion-extension,
lateral bending, and axial rotation loading conditions.
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flexion-extension, lateral bending and axial rota-
tion at the instrumented level. Thus, a portion of
the load is shifted posteriorly and shared with the
disc by the implant, creating a load-bearing sys-
tem. This suggests that pain relief may occur due
to restored load-bearing.

Discussion
A novel interspinous stabilization device was

proposed that could avoid complications, such as
spinal fracture, on the premise of achieving os-

seous fusion between the device and the superior,
inferior spinous processes. FEM was used to
model the normal spine segments, degenerative
segments, and degenerative segments with the
novel implanted device under variable condi-
tions, revealing that the whole lumbar ROM was
altered slightly following implant insertion, in-
tradiscal stresses were unloaded, and facet joints
loads were decreased. The stability at the instru-
mented level was achieved with minimal deterio-
ration of ROM in the lumbar spine; however, an-

Normal model Degenerated model Instrumented segment model

Assessment L3/4 L4/5 L5/S L3/4 L4/5 L5/S L3/4 L4/5 L5/S

Maximal von Mises stresses at the end plates (MPa)
PL 0.530 0.807 1.413 0.760 1.299 2.258 0.527 0.825 1.582
FE 2.164 2.440 2.637 2.849 5.262 5.539 1.533 2.323 2.805
LB 1.527 2.440 2.662 2.849 5.262 5.539 1.533 2.323 2.805
AR 1.108 1.244 2.403 1.882 2.334 4.789 1.074 0.872 2.664

Maximal intradiscal pressures in the nuclei (MPa)
PL 0.0075 0.0847 0.0462 0.1178 0.0908 0.0508 0.0076 0.0796 0.0526
FE 0.0256 0.0966 0.0878 0.0632 0.1648 0.1362 0.0249 0.0892 0.1381
LB 0.0399 0.0997 0.1166 0.0860 0.2873 0.2533 0.0401 0.0952 0.1192
AR 0.0265 0.1000 0.0769 0.0744 0.3073 0.1801 0.0301 0.0853 0.0830

Maximal von Mises stresses in the annulus (MPa)
PL 1.960 3.253 11.154 1.984 2.628 11.548 1.986 3.034 13.011
FE 6.769 5.141 21.737 7.176 6.833 28.500 7.235 5.234 28.878
LB 6.056 10.350 21.300 6.318 8.283 22.395 6.332 9.855 23.693
AR 5.098 6.303 16.392 5.683 4.426 17.368 5.945 3.769 19.620

Table II. Biomechanical assessments by model.

Abbreviations: PL, physiological load; FE, flexion-extension; LB, lateral bending; AR, axial rotation.

Figure 4. Comparison of normal, degenerated, and instrumented segment under variant loading conditions. (A)Maximal von
Mises stress in end plate of L4/5. (B)Maximal intradiscal stress in nucleus of L4/5. (C)Maximal von Mises stress in end plate
of L3/4. (D) Maximal intradiscal stress in nucleus of L3/4. (E) Maximal von Mises stress in the annulus of L3/4. (F) Maximal
von Mises stress in the annulus of L5/S.



nulus stress in the adjacent levels increased.
Thus, the proposed device may be suitable for
further clinical study, and good load distribution
is expected though the time-course of the device
will require further investigation. Furthermore,
this 3D FEM method provides an effective, cost-
efficient, and reliable pre-clinical tool that can be
applied to assess spinal prostheses.
In this investigation, the motion angles in FE,

LB, and AR were in good agreement with previ-
ous studies24. Similar to these previous studies,
L3-5 FEM was established and all degrees of
freedom at the surface below were constrained.
This method was designed to simulate flexion
and extension as well as lateral flexion and rota-
tion, offering an optimal realistic simulation of
real joint biomechanics. Notably, the maximal
force in the current study (1.44 MPa) was slight-
ly less than that of previous experimental data
(1.62 MPa), but larger than that in the model
with implant at L4/5 (1.35 MPa)24. These minor
discrepancies are likely related to the implant de-
vice character, as similar methods were applied

in these studies. Provided the proposed implant
could fuse successfully with superior and inferior
spinous processes, it would restrain instrumented
segment while minimally impacting ROM of the
entire lumbar region.
The implanted device is capable of creating a

load-bearing system to alleviate pain in the lum-
bar spine, based on the previously reported link
between load-bearing dysfunction and lower
back pain of variant severity2,3. Unfortunately,
these results cannot predict the time-course de-
generation following implantation, which re-
mains a major issue in prosthesis development
and evaluation2,3. In fact, increased load trans-
mission through the facet joints may indicate that
the prosthesis is susceptible to degeneration
which could lead to the need for secondary
surgery, though further clinical study will be re-
quired to fully assess the potential for failure.
Furthermore, annulus overloading has been
shown to increase the risk of splitting and inward
folding of the annulus, possibly accelerating disc
degeneration2. The proposed device may be ef-
fective in treating lower back pain caused by
posterior annulus overloading if applied in the
early stages of the disc degeneration process,
when chances of further complication and deteri-
oration are minimal. Clinical indicators such as
disc height reduction, prolapse of the posterior
annulus or annular delamination, and nociceptive
receptors after neovascularization may be useful
in selecting potential candidates for treatment
with interspinous stabilization devices2,3, such as
the one proposed by the current study.
By nature, FEM requires simplifications and

assumptions that deviate from real situations,
which must be considered in applying the current
findings15,17. Previously, intervertebral discs have

Figure 5. Comparison of highest facet joints loads at L4/5
of the normal, degenerated, and instrumented segment mod-
els under flexion-extension, lateral bending, and axial rota-
tion loading conditions.

Figure 6. Compressive stress diagrams following implant placement. L4/5 nucleus during FE (A) in the degenerated model
and (B) the instrumented segment model.
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been examined by FEM techniques applying al-
most-incompressible solid elements24, fluid ele-
ments for the nucleus pulposus, and more com-
plex element-based continuums for anisotropic
solids, fiber-reinforced composites, and annulus
fibrosus25. Notably, the current strategy closely
resembles that proposed by Bellini et al26, who
modeled the nucleus pulposus as an almost-in-
compressible material and the annulus fibrosus
as a linear cylindrical orthotropic material. No-
tably, the assumption of cylindrical orthotropy is
not expected to strongly affect simulation results,
though this assumption should be considered in
assessment of these findings.
Several previously reported biomechanical

studies have evaluated biomechanical effects of
implants in the lumbar spine on ROM, including a
report by Swanson et al27 specially detailing in-
tradiscal and annular stresses and a report by
Wiseman et al28 detailing facet joint loading. No-
tably, the current study reached similar conclu-
sions to these previous studies, indicating that new
lumbar interspinous distraction and fusion devices
have notable advantages. These advantages in-
clude restoration of intervertebral height, mainte-
nance of ROM of spine, and prevention of disc
degeneration27,28. Similarly, the current study con-
firmed that these techniques have some notable
disadvantages, such as increased risk for spinal
process or articular process stress fracture and im-
plant mismatching due to variant elastic moduli of
the materials27,28. Particularly, mismatched moduli
between bone and implant material may be espe-
cially common in older patients or those with sig-
nificant osteoporosis29, generating potential for
failure of these devices in a large segment of the
eligible patient population. In these cases, lumbar
fusion may be considered as an alternative.
FEM biomechanical study of the spine is lim-

ited by assumptions made in the loading condi-
tions. In general, these models are limited be-
cause they neglect viscoelastic effects24. Also,
the applied moments used in the current study
correspond to those reported by in vitro studies,
and load transfer in vivo has been shown to differ
based on alterations to these moments26. Further-
more, muscle loads in the segment under consid-
eration, have not been taken into account and the
compressive loads have not been included. No-
tably, clinical spinal degenerative conditions are
highly variable in nature, including a large het-
erogeneity between patient populations in terms
of physical activity, diet, disc degeneration, and
bone mineral content30. More accurate pre-clini-

cal assessments can be achieved by altering ele-
ment-based FEM models using variant disc
height and mechanical properties of the nucleus
pulposus for specific conditions, such as arthritis
or infection31. The present study, however, exam-
ined only a single model. For convenience in
comparing the intradiscal pressure with experi-
mental results, maximal pressure of the L4/5 disc
in the FE was measured, which must also be con-
sidered in these results. Additionally, participa-
tion of the hip joint was not considered. Thus,
validation in animal or clinical models will be re-
quired before further conclusions pertaining to
ROM and osseous fusion can be made.
Despite its limitations, 3D FEM is a powerful

new tool for pre-clinical evaluation of spinal im-
plants that is increasing in accuracy with grow-
ing research and technological capabilities. Us-
ing this technique, the current findings suggest
that the proposed interspinous implant may be
able to restore load-bearing at the instrumented
level, thus alleviating lower back pain with little
ROM restriction. Further in vivo and clinical
studies, however, will be required to verify these
results and assess deterioration and potential ad-
verse event occurrence. These results also pro-
vide novel preliminary information pertaining to
the role of various elements in lumbar load trans-
mission during FEM modeling that may be use-
ful in pre-clinical assessment of a broad variety
of clinically relevant spinal conditions.
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