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ABSTRACT
Background:  Lumbar decompression can result in postsurgical instability and spondylolisthesis in patients with lumbar 

spinal stenosis (LSS). While pedicle screw (PS) constructs improve stability and support fusion, their use can lead to adjacent 
level degeneration due to rigidity and resultant overload of anatomical structures. The FFX device is a facet spacer designed to 
be a less invasive alternative for obtaining fusion compared with PS.

Objective:  The present study aimed to compare biomechanical performance of the FFX device to different lumbar spine 
procedures using the finite element (FE) method.

Study Design:  Comparative biomechanical study by FE method.
Methods:  An FE model for the lumbar spine was developed and validated to assess vertebral displacement and stress 

variations in the facet joints and discs following surgery. Modeled scenarios included a healthy spine as a reference model, 
laminectomy (LAM), and prior to/following L4-L5 fusion for LAM + FFX and LAM + PS.

Results:  LAM increased displacement compared with the healthy spine and both instrumented spine procedures. Facet 
joint stress at adjacent levels for LAM + PS was significantly higher than with LAM + FFX prior to fusion (+13.5% for L3-L4; 
+15.7% for L5-S1). Adjacent level disc stress at L5-S1 was 7.7% higher for LAM + PS vs LAM + FFX. Adjacent level facet 
joint and disc stresses for LAM + FFX were equivalent to LAM + PS once fusion occurred.

Conclusions:  Instrumented spine fixation prevents the risk of lumbar instability associated with LAM alone. Compared 
with PS, the FFX device is a less invasive alternative for the treatment of LSS, which potentially lowers the risk of adjacent 
segment degeneration prior to fusion that provides equivalent stability once fusion is achieved.

Level of Evidence:  5.

Lumbar Spine

Keywords: lumbar facet joint, FFX, finite element analysis, lumbar spine, biomechanics, pedicle screws

INTRODUCTION

Lumbar laminectomy (LAM) with or without fusion 
is commonly performed in the treatment of lumbar 
spinal stenosis (LSS).1,2 Lumbar decompression alone 
without fusion has been shown to be associated with an 
increase in postsurgical instability and risk for devel-
oping postoperative spondylolisthesis.3 A recent meta-
analysis of the literature reported that 12.0% of patients 
experienced new or an increased incidence of radio-
graphically documented postoperative spondylolisthe-
sis and a reoperation rate for instability of 4.1% after a 
minimum of 12 months following open laminectomy.4 
This reported reoperation rate was twice as likely in 
patients with pre-existing spondylolisthesis.

Pedicle screw (PS) fixation is currently considered 
as a standard technique for lumbar fusion to increase 
spinal stability following lumbar decompression.1 

Unfortunately, the use of PS constructs can result in 
adjacent level degeneration due to the rigidity pro-
duced by this approach and the resultant overload of 
anatomical structures.5 While it is unclear if this rigid-
ity itself creates the progression of the pathology or if 
its natural progression of the patient’s condition, stress 
changes and deformation of anatomical structures may 
lead to early onset degeneration.6 The addition of PS 
constructs to lumbar decompression is also associated 
with increased operative time and surgical blood loss 
compared with decompression alone.3,7

The potential for development of lumbar instability 
and risk of spondylolisthesis associated with decom-
pression procedures along with the invasiveness and 
potential risk of adjacent segment disease with PS 
constructs have led to the development of newer sur-
gical techniques designed to mitigate these problems.1 
This includes a novel facet spacer (FFX, SC Medica, 
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Strasbourg, France), which is designed to increase 
foraminal space and promote fusion while reducing 
load projections on adjacent lumbar levels. The pro-
cedure for placing the device is also less invasive than 
with PS constructs. The FFX spacer is a titanium con-
structed, D-shaped device with a serrated surface, which 
facilitates device stabilization (Figure 1). The device is 
surgically positioned between the facet joints, with its 
apex oriented anteriorly (Figure 2). Bone graft material 
is placed inside and posterior to the device to facilitate 
fusion over time.8

The biomechanics of different spinal constructs has 
previously been studied with cadaveric testing, and 
more recently, with finite element (FE) methods. FE is 
a numeric modeling method that provides both quali-
tative and quantitative data related to stress and strain 
distribution, contact forces, and displacement field, 
which may help the understanding of mechanisms and 
the comparing of different cases.9 FE analysis may be 
preferable to cadaver studies because the latter has lim-
itations related to the reproducibility of the results.10,11 
FE analysis avoids the variability of cadaver specimen 
testing and enables repeatable, truly comparative study 
of differing procedural approaches. It also permits the 
ability to analyze stresses wherever they appear without 
the need to predetermine the anatomical location or 
where to place gauges, the latter which may not always 
be possible. FE analysis also enables the reproduction 
of various experiments at the exact same anatomical 
location of the spine and avoids the need for statisti-
cal analyses to compare results collected on spines with 
variations in morphology, bone, and ligament quality. 
This approach can also be used when cadaveric studies 
are not possible, including when stress patterns need to 
be analyzed.12

FE analysis has its own limitations, as reproducibil-
ity issues occur resulting from inter- and intrauser vari-
ations in modeling protocols. Two different steps were 
used to overcome this limitation for the present study. 
First, we had only 1 individual perform the modeling 
and used a single spine model to generate all scenarios. 
Second, other researchers have developed and published 
several lumbosacral models, which study the sensitivity 
of various factors on FE model load and displacement 
(or stiffness) accuracy.13,14 This information was used 
to effectively simplify the present model, maintain the 
accuracy of the aforementioned parameters, and justify 
the choices made.

The goal of the present study was to compare the 
biomechanical effects of the FFX device with laminec-
tomy alone and with the use of PS constructs to produce 
lumbar fusion using a validated FE model.

MATERIALS AND METHODS

FE Model

A 3-dimensional L1-S1 intact lumbar spine FE 
model (Figure  3A) was built using Creo Parametric 
3.0 (PTC Inc., Boston, Massachusetts, USA) based 
on previously described models.14–16 The model was 
developed to obtain objective quantitative and quali-
tative information about the biomechanical impact of 

Figure 1.  Image of the FFX device (Courtesy of SC MEDICA).

Figure 2.  X-ray image showing bilateral placement of the FFX device in the 
L4-L5 facet joint, lateral view.
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differing lumbar spine procedures, enable comparison 
of both the levels and patterns of stress produced, and 
assess the projection of these stresses to adjacent spinal 
levels. The shape and dimensions for each vertebra 
used in the present model were adjusted to the mean 
size (50th percentile) of a healthy spine as reported in 
the literature.15–17 The disc was built of 3 separate ele-
ments (Figure 3B) in order to produce a lateral rigidity 
3 times lower than the anteroposterior (AP) rigidity,14 
with the 2 lateral elements having a lower rigidity than 
the medial element. Since torsion was only planned to 
be evaluated on the healthy model for the present study, 
there was no need to cut capsular ligaments for the com-
parative study that was performed. Capsular ligament 
stiffness was simulated by a torsional spring added 
between the 2 vertebrae, simplifying the model because 
torsional rigidity is very high and difficult to reproduce 
in a model.14

A mesh was generated on the above geometry 
(Figure  3A and C) using Creo Simulate 3.0 (PTC 
Inc., Boston, Massachusetts). This software uses the 
p-version of the FE method (p-FEM), which utilizes 
higher degree polynomials as opposed to increasing the 
number of elements (h-FEM).18 This method enables 
the ability to check whether the solution converges with 
only a single mesh step as opposed to iteratively refine 
the mesh using the h-method.

While the mechanical response of intervertebral 
discs and ligaments is nonlinear, a decision was made 

to use the most linear solver for the present model in 
order to reduce calculation time and computer process-
ing capacity since the current study was limited to com-
paring 1 scenario to another. While the modeled bone 
and disc behavior were chosen to follow linear models, 
facet orientation and contact definition introduced a 
nonlinearity that made the model more consistent with 
actual human anatomy. This decision implies to limit 
the work to loading ranges where the values produced 
by the mostly linear model were comparable with what 
is reported in the literature, but still allows comparisons 
in this limited loading range. Because previous studies 
have demonstrated that the most important parameters 
influencing spine mobility are disc height and facet ori-
entation,14,15 we did not model other ligaments except 
for the analysis of disc rigidity.

The final lumbosacral model included 32,000 tet-
rahedron elements with the sacrum being considered 
fixed, with a pure moment load applied to the superior 
L1 endplate19 to produce flexion, extension, lateral 
bending, and axial rotation. After assembling all parts 
of the model, adjustments were made to respect the 
anatomical lordosis of the spine and to ensure load-
displacement curves, which matched what is reported 
in the literature.20,21 Table 1 lists the final material prop-
erties of the model.

FE Validation

The model was validated by comparing it with 
experimental results from 3 different studies reporting 
the angular range of motion (ROM) for each level of 
the lumbar spine (Figures  4–6).22–24 This included a 
study by Guan et al,22 which measured flexion, exten-
sion, and lateral bending ROM for each spine level 
using 10 cadaveric spines; a study by Dreischarf et al23 
using 8 different FE models to check variations in the 
overall ROM of the lumbar spine for flexion, exten-
sion, lateral bending, and axial rotation; and a study 
by Renner et al24 using an FE model and 10 cadav-
eric spines to measure axial-only ROM for each spine 
level. All of the above utilized moment loads up to 4 
Nm, with up to 7 Nm added in extension in Dreischarf 
et al.23

Figure 3.  Finite element model of the lumbar spine (L1-S1)  used for the 
present study. (A) Lateral view. (B) Disc alone. (C) Posterior view.

Table 1.  Material properties for the lumbosacral model utilized for the present study.

Anatomical Structure Young’s Modulus (MPa)20,21 Lateral Young’s Modulus (MPa)21 Poisson’s Ratio20,21 Axial Spring Stiffness Nm/°

Disc 3–15 1–3 0.3 10–30
Cortical bone endplate 11,000 - 0.3 -
Cancellous bone 110 - 0.3 -
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Comparative Studies

Following validation, the model was utilized to 
compare the impact of a series of differing lumbar 
spinal constructs on vertebral AP displacement, ROM 
at an individual level of the spine, and stress in the facet 
joints and disc (Figure 7). This included (a) the com-
parison of a laminectomized spine to a healthy spine 
to determine whether the development of spondylo-
listhesis after uninstrumented laminectomy could be 
explained by the model, (b) the comparison of a lami-
nectomized spine with and without the bilateral place-
ment of the FFX device to understand differences in 
spinal biomechanics associated with each procedure, 
and (c) the comparison of a FFX fixation construct to a 
PS construct to obtain quantitative comparative data on 
the biomechanical changes before and after fusion with 
these 2 types of implants.

The FE model presumed bilateral placement of the 
PS (with rods) and FFX devices at the L4-L5 level. 
Table 2 lists the various scenarios, which were modeled 
with an extension loading mode. The model was adapted 
for both the PS and FFX to include both nonfusion and 
fusion at the level the devices were implanted. For PS, 
the screws were numerically stuck at the bone-implant 
interface. The fused model included the addition of a 
cortical bone strut which connected the transverse pro-
cesses of L4 and L5. For FFX, the unfused model was 

configured with 1 surface of the implant fixed to the 
bone, and the second surface in contact with the bone 
also penetrating the serrated surface of the implant. For 
the FFX-fused model, both faces of the implant were 
numerically fixed to the bone.

Vertebral displacement for the various scenarios was 
modeled using a 4-Nm extension moment load. A fixed 
point was applied to the model geometry to enable the 
measurement of the displacements, which occurred 
following the application of this load. For stress and 
segmental ROM studies, the load set for each model 
simulation was adjusted in order to produce the same 
overall ROM (iso-ROM) as the healthy spine model 
when loaded with 4 Nm (Table 2). This enabled a com-
parison of the constraints the modeled spine underwent 
for each scenario to produce the same motion from a 
patient’s perspective.21 An extension loading mode was 
selected since it enabled the ability to monitor both the 
disc and facet stresses at the same time (i.e., in the same 
single calculation as opposed to flexion where only the 
disc is loaded), and because extension represents spinal 
compression in a standing position.22 As this loading 
mode is symmetrically relative to the sagittal plane, the 
same phenomena happen on both sides of the plane, 
and the model can be divided into 2 symmetrical parts 
with only 1 being studied. This reduced the number 

Figure 4.  Comparison of current model vs model reported by Guan et al.19

Figure 5.  Comparison of current model vs model reported by Dreischarf et 
al.20

Figure 6.  Comparison of current model vs ex vivo (cadaveric) and finite 
element (FE) models reported by Renner et al.21
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of elements required as well as the calculation time, 
increased the stability of the model, while leading to 
the same final precision.

RESULTS

Model Validation

The ROM results for the present FE model were 
compared with previous experimental results by Guan 
et al21 (Figure  4), Dreischarf et al23 (Figure  5), and 
Renner et al24 (Figure 6). The use of linear laws in the 
present FE model would be a significant deviation from 
the nonlinear hysteresis loop response of cadaveric 
models if the model would have been used beyond the 
loads for which it was validated. With the contact (non-
linear) and within the limited range of loads used for its 
validation, however, these comparisons demonstrated 
that the ROM for the model was within the envelope 
curves of published data when a moment load ranging 
from 0 to 4 Nm was applied for flexion, extension, and 
lateral bending, and a load up to 7 Nm was applied in 
extension compared with Dreischarf et al.23 The numer-
ical error calculated at the peak load in all scenarios for 
the present study was controlled to always be less than 
2.2%. The threshold of 4.4% utilized for determining 
significance when comparing 2 scenarios was therefore 
conservative.

Vertebral Displacement

The initial results from the model demonstrated that 
the stress pattern on the facets shifted from AP loading 
on a healthy spine before LAM to a mediolateral loading 
in the laminectomized arch after LAM (Figure 8). This 
resulted in the facets being forced inward, changing 
the stress pattern and inducing a significantly greater 
forward displacement variation between L4 and L5 for 
LAM compared with the healthy spine (+33% displace-
ment variation) (Table 3).

The opposite effect was seen between the healthy 
spine for the FFX and PS fixation scenarios both before 
and after fusion. LAM + FFX and LAM + PS prior to 
fusion produced −67% and −73% displacement vari-
ations, respectively, compared with the healthy spine. 

Figure 8.  Stress pattern before laminectomy in (A)  frontal and (B)  sagittal 
views and after laminectomy in (C)  frontal and (D)  sagittal views. The force 
direction (arrows) is perpendicular to the stress gradient. The force applied on 
the facet joints changes following laminectomy from anteroposterior (A) in the 
healthy spine to mediolateral (D) in the laminectomized spine with a net result 
of an inward movement of the facets.

Figure 7.  Location of assessments used for comparative studies using 
finite element model of lumbar spine. (A) Range of motion (ROM; overall and 
segmental). (B) Facet joint stress. (C) Disc stress.

Table 2.  Lumbar spine scenarios which were modeled.

Model Description
Load for iso-Range of 

Motiona (Nm)

Healthy Healthy intact spine 4
LAM Laminectomy only 4
LAM + FFX (U) Laminectomy plus bilateral FFX devices (unfused) 5.5
LAM + FFX (F) Laminectomy plus bilateral FFX devices (fused) 6.1
LAM + PS (U) Laminectomy plus pedicle screws and rods (unfused) 6.1
LAM + PS (F) Laminectomy plus pedicle screws and rods (fused) 6.3

Abbreviations: F, fused; FFX, FFX device;LAM, laminectomy; PS, pedicle screw system; U, unfused.
aLoads modeled for sagittal extension only.
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As anticipated, there was no difference in displacement 
variation between LAM + FFX and LAM + PS when 
fused with both having a −100% displacement variation 
(i.e., no displacement) compared with the healthy spine. 
A significant displacement variation was also observed 
when comparing unfused LAM + FFX vs unfused LAM 
+ PS (−6.7%).

Segmental ROM

Segmental ROM associated with LAM was similar 
to the healthy spine (1.38° vs 1.4°) and was decreased 
at the L4-L5 segment level for all the implants and 
increased correspondingly at other levels (Table  4). 
Segmental ROM was 34.8% lower for LAM + FFX 
(unfused) (0.9°) compared with LAM alone. LAM + 
PS (unfused) produced more stiffness compared with 
LAM + FFX as a result of the reduction in ROM at the 
level of surgery (0.4°) and transfer of the load to other 
levels. Segmental ROM at L4-L5 was 58% lower with 
LAM + PS compared with LAM + FFX (0.4° vs 0.9°).

Facet Joint and Disc Stresses

Modeling showed that the amount of facet joint 
and disc von Mises stresses associated with LAM was 
similar to that of the healthy spine (Tables  5 and 6). 
While the above stresses amounts need to be considered 
at the time of the surgery, the stress pattern changes 
after laminectomy resulting in the facets being forced 

inward which results in greater vertebral mobility. Guha 
et al4 reported that radiographic changes or instability 
(i.e., no kinematic change) are not observed before 12 
months, indicating that patient conditions change over 
time. This correlates with the results from the present 
study since while the amount of stress does not change 
immediately, the stress pattern and direction of forces 
may induce geometrical changes over time (bone 
remodeling, arthrosis),25 which can lead to the changes 
observed clinically.

There was a significant increase in adjacent level 
facet joint stress associated with LAM + PS (unfused) 
compared with LAM + FFX (unfused) for L3-L4 (7.40 
vs 6.52 MPa) and for L5-S1 (3.10 vs 2.68 MPa) rep-
resenting a 13.5% and 15.7% increase, respectively 
(Table  5). Adjacent level disc stress was significantly 
greater with LAM + PS (unfused) vs LAM + FFX 
(unfused) at L5-S1 only (0.42 vs 0.39 MPa), represent-
ing a 7.7% difference (Table 6). LAM + FFX was non-
inferior to LAM + PS relative to adjacent level facet 
joint and disc stress after fusion.

DISCUSSION

The present study simulated the biomechanics of 3 
surgical alternatives for the treatment of LSS in order to 
compare their effects on spinal stability and load distri-
bution. A 3-dimensional L1-S1 intact lumbar spine FE 
model was developed and validated by comparing the 

Table 3.  Forward displacement in L4-L5 at a 4 Nm load by procedure.a

Spine Segments
AP Coordinate No 

Load
AP Coordinate at 4 Nm 

Load
Load to No Load 

Distance
Displacement Variation vs 

Healthy
Displacement Variation 

vs LAM

Healthy 15.99 15.84 0.15 - -
LAM 15.99 15.79 0.20 33.3% -
LAM + FFX (U) 15.99 15.94 0.05 −66.7% −75%
LAM + FFX (F) 15.99 15.95 0.04 −73.3% −80%
LAM + PS (U) 15.99 15.99 0 −100% −100%
LAM + PS (F) 15.99 15.99 0 −100% −100%

Abbreviations: AP, anteroposterior; F, fused; LAM, laminectomy; PS, pedicle screw system; U, unfused.
Note: Significance threshold = 4.4%.
aLoads modeled for sagittal extension only.

Table 4.  Segmental ROM by procedure type.

Spine Segments Healthy LAM LAM + FFX (Unfused)
LAM + Pedicle Screw 

System (Unfused)

L1-L2 1.76 1.75 1.81 1.90
L2-L3 1.70 1.70 1.77 1.84
L3-L4 1.71 1.70 1.78 1.85
L4-L5 1.40 1.38 0.90 0.4
L5-S1 3.84 3.80 4.14 4.46
Total all segments 10.41 10.33 10.40 10.45
Difference vs healthy spinea 0.00% −0.77% −0.10% 0.38%

Abbreviations: LAM, laminectomy; ROM, range of motion.
aOverall ROM was controlled to be ±0.8% for all scenarios prior to assessing the other endpoints.
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ROM vs load results with 3 similar models previously 
reported.22–24 The findings from these comparisons 
validated the current FE model within the use cases 
exposed and for comparative studies only and enabled 
its use for investigating the comparative behavior of dif-
fering lumbar spine implants (FFX and PS) while also 
comparing these to a healthy spine and a noninstru-
mented spinal procedure (LAM).

The design of the FFX device is intended to prevent 
facet motion and relieve pain in patient with LSS and to 
prevent postlaminectomy instability which can appear 
over time4 , while limiting the rigidity associated with 
conventional spinal constructs prior to fusion being 
achieved. The present study confirmed our hypothesis 
that the device design and placement location result in 
less projected load (stress) on adjacent levels compared 
with PS prior to fusion. This effect of the device shape 
is shown in Figure  9 where the stress is moved from 
the isthmus to the base of the spine pedicle. The results 
from the present study suggest that the FFX device 
could potentially provide a spinal fixation option that 
can reduce adjacent segment disease prior to fusion, 
limiting iatrogenic damage to the adjacent discs and 
facets during this period.

The increased AP displacement observed with LAM 
alone compared with LAM + FFX (Table  3) may 
provide insight on early onset of bone remodeling as is 
seen with spondylolisthesis.26 It is also interesting that 
the stress pattern with FFX implants is moved to the 
base of the pedicle, thus relieving stress in the articular 
process. This is possibly due to the flat shape of the 
FFX device and resultant tendency to spread stress at 
the contact point. Theoretically, this would reduce the 
risk of facet remodeling during the fusion process and 
lead to fusion occurring over time, thus preventing the 
risk of spondylolisthesis.

The significant difference in facet joint and disc stress 
between LAM + FFX and LAM + PS prior to fusion 
is likely due to differences in the primary anchorage 
mode of both implants. PS is immediately and rigidly 
fixed into bone when implanted, while the FFX is asso-
ciated with micromotion at the bone-implant interface. 
This difference disappears after fusion because both 
implants are rigidly fixed to the bone. The higher disc 
stress with LAM + FFX at the L4-L5 level compared 
LAM + PS (0.14 vs 0.08 MPa) correlates with the disc 
stress seen in the healthy spine (0.16 MPa). This sug-
gests the biomechanics associated with LAM + FFX are 
more similar to that of a healthy spine compared with 
LAM + PS prior to fusion.

The use of the FFX device in conjunction with lam-
inectomy offers a technique which can improve post-
surgical spinal stability by promoting a high rate of 
fusion,8 and based on the results of the present study, 
may provide benefit of decreased rigidity compared 
with PS constructs prior to achieving fusion. This 
combined with the less invasive surgical approach for 
placing the FFX devices compared with PS and the 
associated potential for a reduction in operative time 
and blood loss, also support the clinical utility of the 
device for LSS.

There are several potential limitations to this study. 
The model used was not comprehensive, in that it did 
not include other factors such as body weight, and 
muscles which may impact load levels, movements, and 
patterns. Sensitivity studies for the model utilized for 
the present analysis demonstrated that some elements 
did not contribute to the results (i.e., inactive ligaments 
for certain movements), thus allowing the ability to 
simplify the FE model used and not including parame-
ters which did not impact the results presented. Similar 
to other cadaver testing or FE studies, our model was 

Table 5.  Facet joints von Mises stress (MPa) by procedure type.

Spine Segments Healthy LAM LAM + FFX (Unfused) LAM + FFX (Fused) LAM + PS (Unfused) LAM + PS (Fused)

L2-L3 3.40 3.40 5.81 6.75 6.00 6.93
L3-L4 3.30 3.20 6.52 7.63 7.40 7.83
L4-L5 3.40 3.60 6.28 11.07 0.00 0.00
L5-S1 1.52 1.70 2.68 3.07 3.10 3.16

Abbreviations: LAM, laminectomy; PS, pedicle screw system.

Table 6.  Disc von Mises stress (MPa) by procedure type.

Spine Segments Healthy LAM
LAM + FFX 

(Unfused) LAM + FFX (Fused) LAM + PS (Unfused) LAM + PS (Fused)

L2-L3 0.45 0.45 0.53 0.55 0.55 0.56
L3-L4 0.35 0.35 0.40 0.42 0.41 0.42
L4-L5 0.16 0.15 0.14 0.03 0.08 0.04
L5-S1 0.32 0.32 0.39 0.41 0.42 0.42
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designed to gain an understanding of the general effects 
of various spine procedures for LSS on spine biome-
chanics in order to compare differences between these 
differing techniques and/or devices. Our model was 
also limited to linear laws of behavior with the points of 
contact being the only nonlinear features. This resulted 
in limits on the loads it could be validated for. For all 
movements, the validation was limited to a load of 4 Nm 
except for extension where the validation load could be 
increased to 7 Nm.

Finally, we chose the indicators according to the way 
the model was built and according to the capabilities 
of the software utilized. Since the software used had 
limitations relative to calculating contact stress, we 
rather used bending stress in the posterior arch where 
the loads are transmitted to the facets but away from the 
facet contact points to avoid local unrepresentative peak 
values of stress. Also, as the disc is built in 3 parts and 
not as an annulus and nucleus, we measured stress in 
the middle plane of the disc as opposed to disc pressure.

Results from validation studies for the model used in 
the current study demonstrated it was equivalent to the 
literature references used to develop the model, both 
in overall and segmental ROM. Actual stress values 
depend on many parameters and modeling for par-
ticular combinations of cortical bone thickness, bone 
quality, and ligament stiffness would require a very 
accurate model to be truly meaningful. The objective 
of the present study was rather to compare the results 
of each study to one another and analyze the stress 
variation in level and pattern as opposed to focusing on 
the stress value itself.

CONCLUSIONS

The findings of the present study indicate that in case 
of LSS, the FFX device has less impact on the biome-
chanics of the spine compared with PS and an improved 
stability compared with LAM alone, thus potentially 
preventing the risk of postsurgical spondylolisthesis by 
promoting fusion.8 Our results suggest the use of the 
FFX device also has a reduced risk of impacting adja-
cent anatomical structures compared with PS as a result 
of a reduced amount of projected stress on the facets 
and adjacent level discs during the prefusion period, 
while having equivalent mechanical stability follow-
ing fusion. Appropriately designed clinical studies are 
needed to confirm the above.

REFERENCES
	 1.	 Machado GC, Ferreira PH, Yoo RI, et  al. Surgical options 
for lumbar spinal stenosis. Cochrane Database Syst Rev. 
2016;11:CD012421. doi:10.1002/14651858.CD012421
	 2.	 Reid PC, Morr S, Kaiser MG. State of the union: a review 
of lumbar fusion indications and techniques for degenerative spine 
disease. J Neurosurg Spine. 2019;31(1):1–14. doi:10.3171/2019.4.S
PINE18915
	 3.	 Ghogawala Z, Dziura J, Butler WE, et  al. Laminectomy 
plus fusion versus laminectomy alone for lumbar spondylolis-
thesis. N Engl J Med. 2016;374(15):1424–1434. doi:10.1056/
NEJMoa1508788
	 4.	 Guha D, Heary RF, Shamji MF. Iatrogenic spondylolisthesis 
following laminectomy for degenerative lumbar stenosis: system-
atic review and current concepts. Neurosurg Focus. 2015;39(4):E9. 
doi:10.3171/2015.7.FOCUS15259
	 5.	 Park P, Garton HJ, Gala VC, Hoff JT, McGillicuddy JE. Adja-
cent segment disease after lumbar or lumbosacral fusion: review 

Figure 9.  Stress mapping comparing (A) a healthy spine, (B) laminectomy (LAM), and (C) LAM plus bilateral placement of FFX devices prior to fusion.

 by guest on May 10, 2025https://www.ijssurgery.com/Downloaded from 

https://www.ijssurgery.com/


Simon et al.

International Journal of Spine Surgery, Vol. 16, No. 5 943

of the literature. Spine (Phila Pa 1976). 2004;29(17):1938–1944. 
doi:10.1097/01.brs.0000137069.88904.03
	 6.	 Chen Z, Xie P, Feng F, Chhantyal K, Yang Y, Rong L. 
Decompression alone versus decompression and fusion for lumbar 
degenerative spondylolisthesis: a meta-analysis. World Neurosurg. 
2018;111:e165–e177. doi:10.1016/j.wneu.2017.12.009
	 7.	 Natarajan RN, Andersson GBJ. Lumbar disc degeneration 
is an equally important risk factor as lumbar fusion for causing 
adjacent segment disc disease. J Orthop Res. 2017;35(1):123–130. 
doi:10.1002/jor.23283
	 8.	 Srour R, Gdoura Y, Delaitre M, et al. Facet arthrodesis with 
the FFX device: one-year results from a prospective multicenter 
study. Int J Spine Surg. 2020;14(6):996–1002. doi:10.14444/7149
	 9.	 Skalli W, Robin S, Lavaste F, Dubousset J. A biomechanical 
analysis of short segment spinal fixation using a three-dimensional 
geometric and mechanical model. Spine (Phila Pa 1976). 
1993;18(5):536–545. doi:10.1097/00007632-199304000-00004
	 10.	 Agarwala A, Bucklen B, Muzumdar A, Moldavsky M, 
Khalil S. Do facet screws provide the required stability in lumbar 
fixation? A biomechanical comparison of the boucher technique 
and pedicular fixation in primary and circumferential fusions. Clin 
Biomech (Bristol, Avon). 2012;27(1):64–70. doi:10.1016/j.clinbio-
mech.2011.07.007
	 11.	 Bess S, Harris JE, Turner AWL, et  al. The effect of pos-
terior polyester tethers on the biomechanics of proximal junc-
tional kyphosis: a finite element analysis. J Neurosurg Spine. 
2017;26(1):125–133. doi:10.3171/2016.6.SPINE151477
	 12.	 Heuer F, Schmidt H, Klezl Z, Claes L, Wilke HJ. Step-
wise reduction of functional spinal structures increase range of 
motion and change lordosis angle. J Biomech. 2007;40(2):271–280. 
doi:10.1016/j.jbiomech.2006.01.007
	 13.	 Meijer GJM, Homminga J, Veldhuizen AG, Verkerke GJ. 
Influence of interpersonal geometrical variation on spinal motion 
segment stiffness: implications for patient-specific modeling. 
Spine (Phila Pa 1976). 2011;36(14):E929–E935. doi:10.1097/
BRS.0b013e3181fd7f7f
	 14.	 Natarajan RN, Andersson GB. The influence of lumbar 
disc height and cross-sectional area on the mechanical response 
of the disc to physiologic loading. Spine (Phila Pa 1976). 
1999;24(18):1873–1881. doi:10.1097/00007632-199909150-00003
	 15.	 Bertrand S. Modelisation geometrique 3D in vivo du tronc 
humain a partir de l'imageur basse dose eos. Thèse de doctorat. 
Ecole Nationale Supérieure des Arts et Métiers, Paris, France. 2005.
	 16.	 Panjabi MM, White AA. Clinical Biomechanics of the 
Spine. 2nd Edn. J.B. Lippincott, Philadelphia; 1990.
	 17.	 Kunkel ME, Herkommer A, Reinehr M, Böckers TM, Wilke 
HJ. Morphometric analysis of the relationships between interverte-
bral disc and vertebral body heights: an anatomical and radiographic 
study of the human thoracic spine. J Anat. 2011;219(3):375–387. 
doi:10.1111/j.1469-7580.2011.01397.x
	 18.	 Babuška I, Guo BQ. The h, p and h-p version of the finite 
element method: basis theory and applications. Adv Eng Softw. 
1992;15(3–4):159–174. doi:10.1016/0965-9978(92)90097-Y
	 19.	 Panjabi MM. Hybrid multidirectional test method to eval-
uate spinal adjacent-level effects. Clin Biomech (Bristol, Avon). 
2007;22(3):257–265. doi:10.1016/j.clinbiomech.2006.08.006
	 20.	 Rohlmann A, Zander T, Rao M, Bergmann G. Apply-
ing a follower load delivers realistic results for simulating 
standing. J Biomech. 2009;42(10):1520–1526. doi:10.1016/j.jbio-
mech.2009.03.048

	 21.	 Denozière G. Numerical modeling of ligamentous lumbar 
motion segment. Mémoire de Master, Georgia Institute of Technol-
ogy. 2004.
	 22.	 Guan Y, Yoganandan N, Moore J, et  al. Moment-rotation 
responses of the human lumbosacral spinal column. J Biomech. 
2007;40(9):1975–1980. doi:10.1016/j.jbiomech.2006.09.027
	 23.	 Dreischarf M, Zander T, Shirazi-Adl A, et  al. Compar-
ison of eight published static finite element models of the intact 
lumbar spine: predictive power of models improves when combined 
together. J Biomech. 2014;47(8):1757–1766. doi:10.1016/j.jbio-
mech.2014.04.002
	 24.	 Renner SM, Natarajan RN, Patwardhan AG, et  al. 
Novel model to analyze the effect of a large compressive fol-
lower pre-load on range of motions in a lumbar spine. J Biomech. 
2007;40(6):1326–1332. doi:10.1016/j.jbiomech.2006.05.019
	 25.	 Vidon-Buthion A. Le “Guillaume Tell”, technique chirurgi-
cale d’arthrodèse vertébrale par voie antérieure unique, dans la prise 
en charge du spondylolisthésis L5-S1 par lyse. Dissertation. UFR 
des Sciences de Santé de Dijon. 1986.
	 26.	 Liu Z, Duan Y, Rong X, Wang B, Chen H, Liu H. Vari-
ation of facet joint orientation and tropism in lumbar degenera-
tive spondylolisthesis and disc herniation at L4-L5: a systematic 
review and meta-analysis. Clin Neurol Neurosurg. 2017;161:41–47. 
doi:10.1016/j.clineuro.2017.08.005

Funding: Funding to support the development and 
analysis of the finite element models utilized for the 
present study was provided to LSCF by SC Medica 
(Strasbourg, France).

Declaration of Conflicting Interests: L.S. 
and R.B. are employees of LSCF and are paid con-
sultants of SC Medica. R.S. reports being listed as a 
designer in the patents of the FFX device and having a 
relative that is employed by SC Medica. X.H. has pre-
viously received consulting fees from SC Medica. The 
remaining author reports no conflicts of interest.

Author Contributions: L.S., F.M., and R.S. 
designed the study. L.S. and R.B. developed the finite 
element models. All of the authors reviewed and 
analyzed the data. L.S. drafted the manuscript and 
coordinated review of the manuscript and manuscript 
revisions. All authors read and approved the final 
version of the manuscript.

Corresponding Author: Robin Srour, Hôpi-
taux Civils de Colmar, 39 Avenue de la Liberté, 68024 
Colmar, France; ​robin.​srour@​ch-​colmar.​fr

Published 08 August 2022
This manuscript is generously published free of charge 
by ISASS, the International Society for the Advance-
ment of Spine Surgery. Copyright © 2022 ISASS. To 
see more or order reprints or permissions, see http://​
ijssurgery.​com.

 by guest on May 10, 2025https://www.ijssurgery.com/Downloaded from 

https://www.ijssurgery.com/

	Comparison of the Biomechanical Effect of the FFX Device Compared With Other Lumbar Fusion Devices: A Finite Element Study
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	FE Model
	FE Validation
	Comparative Studies

	RESULTS
	Model Validation
	Vertebral Displacement
	Segmental ROM
	Facet Joint and Disc Stresses

	DISCUSSION
	CONCLUSIONS
	References


