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ABSTRACT

Background: Facet osteosynthesis can be performed to treat facet syndrome (FS) and reduce spinal instability
following laminectomy in patients with lumbar spinal stenosis (LSS). The present study evaluated clinical and

radiological outcomes following facet osteosynthesis with the FFX device.
Methods: Patients with FS or LSS were prospectively enrolled in a single-arm, multicenter study. The device was

placed at affected levels with or without concomitant posterior lumbar interbody fusion (PLIF) procedures. The visual

analog scale (VAS) for back and leg pain and Oswestry Disability Index (ODI) were evaluated preoperatively and
postoperatively. Computed tomography scans to assess fusion and migration were performed 1 year following surgery.

Results: Fifty-three patients (26 men/27 women) with a mean age of 65.0 6 9.6 years (range: 37–83 years) were

enrolled. A total of 205 FFX devices were implanted with 15 patients undergoing concurrent PLIF procedures. There
were no intraoperative or postoperative surgical complication reported, and no patient required revision surgery. Mean
VAS leg and back pain scores significantly improved from 5.57 to 2.09 (P , .001) and 5.74 to 3.13 (P , .001),

respectively, between the preoperative and 1 year follow-up assessments. Mean ODI scores also significantly improved
from 44.7% to 24.0% (P , .001) during the same time period. Facet fusion occurred with 86.3% of device placements
after 12 months. There was 1 (0.5%) asymptomatic device migration. Eight devices (3.9%) were considered misplaced.

Conclusions: The use of the FFX device is associated with a significant reduction in both pain and disability

following surgery with a high facet joint fusion rate.
Level of Evidence: 4.
Clinical Relevance: This is the first study reporting clinical experience using the FFX device to facilitate facet

osteosynthesis. The ability of the device to relieve pain, reduce disability, and enhance lumbar facet fusion with a low
rate of device misplacement and migration was demonstrated.

New Technology
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INTRODUCTION

Facet joint degeneration is involved in several
lumbar spine conditions, whether alone as with facet
syndrome (FS), or in combination with other
degenerative disorders, as in lumbar spinal stenosis
(LSS).1 The treatment of degenerative facet condi-
tions ranges from spinal injections or rhizolysis to
surgical lumbar decompression with or without
laminectomy in cases of patients unresponsive to
more conservative treatments.2–4 Nonsurgical treat-
ments for FS often only provide temporary pain
relief, which typically lasts for a few days to months
because the facet joint motion causing the pain is
still preserved.2,5 For the surgical treatment of LSS,
bone removal associated with lumbar decompres-

sion and laminectomies can result in the risk of

developing spinal instability, potentially leading to

spondylolisthesis.6 To avoid postdecompression

instability, pedicle screw fixation is typically per-

formed during LSS surgeries to accomplish fusion

and motion fixation to improve clinical outcomes.6,7

Unfortunately, this approach can be associated with

(1) a relatively high device misplacement rate, and

(2) increased degeneration of the adjacent spinal

segments due to the rigidity of pedicle screw fixation

systems.8–10

The use of facet fusion devices to prevent facet

motion represents an interesting alternative for the

surgical treatment of patients with FS or LSS. The

FFX device (SC Medica, Strasbourg, France) is a
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new implantable facet spacer designed to facilitate
facet arthrodesis. The component, which is available
in several sizes to ensure proper fit in the facet joint
space, is a D-shaped device fabricated in titanium
with a serrated surface to facilitate device stabiliza-
tion. The D is positioned between the facet joints,
with its apex oriented anteriorly (Figure 1). The
device is surgically placed in the facet joint in
combination with bone graft material inside and
posteriorly to the D shape. It is intended to prevent
facet motion and relieve pain in patients with FS
and to prevent postlaminectomy instability in
patients with LSS while avoiding the rigidity
associated with conventional pedicle screw osteo-
synthesis.

We conducted a prospective, multicenter single-
arm study to evaluate the use of the FFX device in
patients with FS or LSS with the objective of
identifying clinical and radiological outcomes asso-
ciated with single- or multilevel use of the device.

MATERIALS AND METHODS

This study was a prospective, nonrandomized,
observational study conducted at 2 sites between
November 2017 and November 2018. A total of 53
consecutive patients with documented LSS or FS
received interfacet FFX implants following unsuc-
cessful conservative treatment. The study protocol
was approved by a local ethics committee, and
patient consent was obtained for all subjects
enrolled.

Inclusion criteria for subjects with LSS were a
diagnosis of degenerative narrow lumbar canal with
the need for decompression confirmed by preoper-
ative magnetic resonance imaging (MRI), computed
tomography (CT) scan, or radiculosaccography
with radicular claudication while walking and a
minimum of 3 months of conservative therapy
without symptom improvement. For subjects with
FS, inclusion criteria were degenerative lumbar facet
joints confirmed by preoperative MRI or CT scan, a
diagnostic positive facet joint block for the affected
joints, and a minimum of 3 months of conservative
therapy without symptom improvement.

Exclusion criteria included radiographically con-
firmed damage of the vertebral body in the segment
of concern in the lumbar spine, isthmic lysis with or
without spondylolisthesis, spinal fracture, spondy-
lolisthesis .grade I or other major spinal instability,
degenerative lumbar scoliosis (.258), spondylodis-
citis, spinal tumor, osteoporosis, Paget disease,
osteomalacia or other metabolic bone disorders,
the presumed need for wide resection of facet joints
during surgery, more than 5-level involvement,
morbid obesity, pregnancy, known allergy to
titanium or titanium alloys, and patients who, in
the opinion of the investigator, were inappropriate
for inclusion in this study.

All subjects were evaluated for pain and disability
using the visual analog scale (VAS) for leg and back
pain and the Oswestry Disability Index (ODI),
preoperatively, at 2 to 3 months, 5 to 6 months, and
12 to 15 months following surgery. CT scans to
confirm fusion and assess device migration or
misplacement were also performed following a 12-
month postoperative period. Fusion was defined as
any sign of bony fusion inside or posterior to the
device when viewing the postoperative CT scan.
Migration was defined as any displacement of the
device compared with immediate postoperative
images. Misplacement was defined as any part of
the device being outside the interfacet line in
immediate postoperative images. All patient assess-
ments were conducted by independent evaluators
who did not perform any of the surgeries.

Operative Technique

After routine intubation, the patient was placed
in the ventral decubitus or genupectoral position.
For patients with LSS, an open surgery was
performed, and a middle sagittal incision was made
with respect to the lumbar canal narrowness. For

Figure 1. Illustration of the FFX device (arrow) implanted in the L4/L5 facet

joint (Courtesy of SC MEDICA).
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patients with FS, 2 side incisions were performed to
allow access to the facet joints via a minimally

invasive transmuscular approach. Paravertebral
muscle dissection was performed in front facet

joints on both the left and right sides. Tracking of
the articular line spacing for each facet was

performed with a facet chisel (and/or periosteal
elevator) followed by a reviving of the facet joints

with a rasp to promote fusion. Two implants were
used per level. After connecting the implant onto the

facet holder, bone graft material was inserted into
the empty space of the device. While attached to the

facet holders and at the entry of the articular lines,
the devices were inserted into the facet joints

simultaneously on the right and left sides. The
devices were then pushed into place using a supplied

impactor and positioned appropriately.

For patients with LSS, laminectomy and canal

recalibration were performed after the above. Bone
graft material was also added posterior to the

inserted implants. If a patient underwent a discec-
tomy, a posterior lumbar interbody fusion (PLIF)

procedure was performed using standard operative
technique placing 2 interbody cages bilaterally.

Surgical wounds were closed and sutured per
standard routine following completion of the
procedure.

All surgeons involved in the study were required
to complete a minimum of 5 procedures with the
FFX device prior to participating in the study.

Statistical Methods

Statistical significance of the observed changes in
VAS back and leg pain and ODI scores were
assessed using paired two-sided t tests. Statistical
significance of differences in surgery duration and
blood loss between FFX implants and pedicle
screws were assessed using the unpaired Wilcoxon
two-sample test. All analyses were performed using
R v3.6.2.

RESULTS

A total of 205 FFX devices were implanted in 53
patients at 2 centers. Patients enrolled in the study
included 26 men and 27 women with a mean patient
age of 65.0 6 9.6 years (range: 37–83 years). Fifty of
the 53 patients (94.3%) had been diagnosed with
LSS and 3 (5.7%) with FS. The Table summarizes
the number of levels operated on, FFX devices
implanted, mean number of implants per level, and
concurrent PLIF procedures performed in the
patient population. Twenty-four patients had sin-
gle-level FFX procedures, 14 had 2-level, 8 had 3-
level, 6 patients had 4-level, and 1 patient had a 5-
level procedure. There was a mean of 1.95 FFX
devices implanted per level with 49 patients (92.5%)
having devices placed bilaterally at all operative
levels. No intraoperative or postoperative surgical
complications occurred, and revision surgery was
not required for any of the patients enrolled the
study.

Fifteen of the 53 patients (28.3%) had concurrent
PLIF procedures in conjunction with FFX device
placement. Patients receiving PLIFs were slightly
older (68.1 6 8.3 years) than patients not having a
concurrent PLIF procedure (64.1 6 9.9 years). The
PLIF group also had a higher percentage of men
(53.3%) compared with the non-PLIF group
(47.4%). The PLIF group consisted of 11 patients
undergoing single-level procedures (73.3%) and 4
patients having 2-level procedures (26.7%). This
contrasted with 13 patients in the non-PLIF group
having single-level procedures (34.2%) and 10
patients with 2-level procedures (29.4%). No

Table. Demographic and surgical data.

Parameter Value

Sex, n (%)
Men 26 (49.1)
Women 27 (50.9)
Age, mean (range), y 65.5 (37–83)

Number of surgical levels, n (%)
1 level 24 (47.1)
2 levels 14 (27.5)
3 levels 8 (15.7)
4 levels 6 (11.3)
5 levels 1 (1.9)

Mean number of FFX devices per level
All patients 1.95
1 level 2.00
2 levels 1.82
3 levels 2.00
4 levels 2.00
5 levels 2.00

FFX implant levels (number of patients with
concurrent PLIF procedures)

L3-L4 8 (5)
L4-L5 11 (4)
L5-S1 5 (2)
L1-L2; L2-L3 1 (0)
L2-L3; L3-L4 4 (1)
L3-L4; L4-L5 4 (1)
L3-L4; L5-S1 2 (2)
L4-L5; L5-S1 3 (0)
L1-L2; L2-L3; L3-L4 6 (0)
L2-L3; L3-L4; L4-L5 2 (0)
L1-L2; L2-L3; L3-L4; L4-L5 4 (0)
L2-L3; L3-L4; L4-L5; L5-S1 2 (0)
L1-L2; L2-L3; L3-L4; L4-L5; L5-S1 1 (0)

Abbreviation: PLIF, posterior lumbar interbody fusion.
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patients in the PLIF group had more than 2 levels

operated on compared with 11 patients in the non-

PLIF group.

Mean VAS scores for leg pain showed a

statistically significant improvement from 5.57

preoperatively to 2.09 (P , .001) after 12 to 15

months (mean 13.1 months) for the entire patient

population. Patients in the non-PLIF group also

had a significant improvement in VAS leg pain

scores (5.11 preoperatively to 2.30 after 12–15

months, P ¼ .002). There was a trend toward

improvement in the PLIF group (6.60–1.73, P ¼
.056). Mean VAS scores for back pain for the entire

study population significantly improved from 5.74

to 3.13 (P , .001) during the observation period.

Similar to the above, patients in the non-PLIF

group also had a significant improvement in VAS

back pain scores (5.78 preoperatively to 3.24, P ¼
.003). Although there was a reduction in VAS back

pain scores in the PLIF group (5.33–2.60), this did

not reach statistical significance (P ¼ .355) likely

because of the limited number of patients in this

group. Forty-one (77.4%) and 39 (73.6%) of the

patients enrolled in the study showed improvements

in their leg and back VAS scores, respectively, after
12 months.

Mean ODI scores also showed a statistically
significant improvement decreasing from 44.7%
preoperatively to 24.0% (P , .001) postoperatively
at the end of the study observation period. Mean
ODI scores improved significantly for both the non-
PLIF and PLIF groups (45.4%–25.8%, P ¼ .001;
and 42.4%–18.3%, P ¼ .039) across the same time
period. Forty-six patients (86.8%) had improved
ODI scores after 12 months.

VAS and ODI scores were not available for 2
patients (3.8%) at the 2- to 3-month and 5- to 6-
month assessment intervals. Mean VAS and ODI
scores for the remaining patients with data available
for all 3 of the postoperative follow-up periods
showed significant improvements at both 2 to 3
months and at 5 to 6 months (P , .001) compared
with the preoperative scores. The above findings
were observed across all subjects independent of the
number of levels operated on (Figures 2A, 2B, and
3). There were no statistically significant differences
in leg or back VAS scores or ODI scores between
the 2- to 3-month and the post 12-month follow-up
period when analyzed for the entire patient popu-
lation or for either the PLIF or non-PLIF groups
when analyzed separately. This suggests an early
and maintained achievement of improved outcomes.
Although VAS and ODI scores increased between
the 6-month and post 12-month follow-up period in
some patient subgroups, these increases were not
statistically significant for leg VAS and ODI scores
(P , .008 for back VAS), and all pain and disability
scores after 12 months remained significantly lower
than preoperative scores for all patients regardless
of how many levels were involved or if the patient
received a PLIF or not.

Figure 2. Mean visual analog scale (VAS) scores for (A) leg pain and (B) back

pain; by level. VAS scores significantly improved (P , .05) at all assessment

intervals versus preoperative VAS scores for both leg and back pain for patients

receiving FFX implants for 1 to 4 levels. Excludes 2 patients for whom 2- to 3-

month and 5- to 6-month data were not available.

Figure 3. Mean Oswestry Disability Index (ODI) scores, by level. ODI scores

significantly improved (P , .05) at all assessment intervals versus preoperative

ODI scores for patients receiving FFX implants from 1 to 4 levels. Excludes 2

patients for whom 2- to 3-month and 5- to 6-month data were not available.
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Visual inspection of the 12-month CT scans
showed facet fusion was associated with 86.3% of
device placements (Figure 4). The facet fusion rate
was 88.7% in the non-PLIF group and 75.7% in the
PLIF group. Although one patient had a single
asymptomatic device migration (0.5%), this pa-
tient’s VAS and ODI scores all improved after 12
months. Eight devices (3.9%) were considered
misplaced by the independent evaluator (Figure 5).

DISCUSSION

The present study assessed the use and clinical
outcomes of the FFX device in patients with LSS or
FS. The FFX device is designed to help achieve
facet fusion and spinal stability. This new surgical
approach demonstrated the ability to achieve a
reduction in both pain and disability with a high
percentage of patients achieving facet fusion.
Overall, 49 (92.5%) of the patients in the present
series showed improvements in either their VAS or
ODI scores after 12 months.

The procedure associated with the placement of
the FFX device was straightforward and no intra-
or postoperative surgical complications were noted.
All investigators were required to have performed a
minimum of 5 procedures with the device prior to
enrolling patients into the study to ensure adequate
training and experience with implanting the device.
The technique for placing the device was found to
be simple and associated with a rapid learning
curve. Eight devices (3.9% of all devices placed)
were classified as being misplaced by an independent

evaluator as a result of a small portion of the device
being outside the interfacet line (Figure 4). This low
misplacement rate compares favorably with the
12.7% inaccuracy rate reported in a meta-analysis
of nonnavigated pedicle screw placements (7.9%
with navigation) performed during lumbar proce-
dures.8 Additionally, FFX device misplacement did
not result in the need for reoperation.

The FFX device was placed bilaterally at all levels
in 49 of the 53 patients (92.5%) enrolled in the study
regardless of the presence of unilateral or bilateral
symptoms. Unilateral implantation of the device
was performed in patients where 1 facet joint was
fused prior to the surgery. All 4 patients with
unilateral implants showed improvements in both
VAS and ODI scores following surgery. PLIF
procedures were performed in conjunction with
FFX device implant placement for 15 (28.3%) of the
patients enrolled in the study who had a lumbar
discectomy performed as a part of the operative
procedure.

Among the patients where improvement in back
VAS was not observed after 12 months, fusion was
seen in all of the devices implanted for 7 of 14
patients (50%) with 7 patients (50%) not having
fusion for all devices. Similar findings were observed
for patients who did not have improvements in leg
VAS (5 of 12 had fusion for all devices and 7 of 12
did not) or ODI (3 of 7 had fusion for all devices
and 4 of 7 did not). These findings suggest that there
was no relationship between VAS and ODI scores
and fusion rate. The lack of a link between
nonfusion and the absence of improvement after
12 months compared with preoperative scores may

Figure 4. Twelve-month postoperative computed tomography (CT) scan

showing facet fusion with the FFX device.

Figure 5. Computed tomography (CT) scan showing example of FFX device

misplacement (arrow).
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be related to the more stringent criteria used to
define fusion compared with other studies.13 For the
present study, fusion was defined as signs of ‘‘bony’’
fusion, whereas Goel et al13 defined fusion as the
absence of motion and alterations in the interlam-
inar and intervertebral body distances on flexion-
extension radiographs obtained at a follow-up.
Because the FFX device blocks facet motion, the
fusion rate reported in the present study would
likely have been increased if this less constraining
criteria had been utilized.

A single patient experienced asymptomatic device
migration that did not require reoperation. No
patients enrolled in the study required revision
surgery. There was no identified compression of
adjacent foramina or accelerated foraminal stenosis
resulting from facet distraction produced by the
device. There were also no accelerated degenerative
changes identified at the post 12-month follow-up.

The FFX device may provide a potential
improved alternative to other approaches utilized
for the treatment of FS. Current approaches to the
treatment of primary FS or secondary to lumbar
arthroplasty11 include steroid injections, radiofre-
quency ablation (rhizolysis), cryoneurolysis, and
chemical neurolysis with phenol or alcohol.12

Although effective, these approaches often only
provide temporary relief of pain in many patients.
For patients with FS, facet arthrodesis can be
performed in a minimally invasive manner with
the FFX device and may represent an effective
long-term treatment, given the ability of the device
to prevent facet joint motion potentially causing
pain.

The FFX device provides several potential
advantages to the use of pedicle screw fixation
systems in patients with LSS receiving laminecto-
mies where postsurgical spinal stabilization is
desired. The less rigid fixation and reduced load
projects with the FFX device compared with pedicle
screws would theoretically result in less adjacent
segment degeneration and reduced need for subse-
quent surgical procedures. Additionally, the place-
ment of the FFX device does not inhibit the ability
to perform a fusion procedure with pedicle screw
placement in the future, if desired. Although there
was a low misplacement rate with the FFX device in
the present study, this compared favorably to the
reported misplacement rate for pedicle screws.
Additionally, even though there was only 1 case of
device migration in this study, FFX device migra-

tion would generally result in the device ending up
in the muscle, a significant advantage versus the
risks associated with pedicle screw misplacement in
the canal and the potential need for reoperation to
avoid permanent injuries or disabilities.

Because the FFX device can be placed under
direct visualization, the procedure avoids the use of
fluoroscopy and associated radiation risks that are
required for pedicle screw placement. Additionally,
the reduced surgical exposure required for the
procedure and simpler placement technique com-
pared with the pedicle screw fixation systems
translates to the potential for a reduction in
operative time and blood loss for patients. A recent
nonrandomized, retrospective study compared
mean operative time and estimated blood loss
between patients undergoing posterior lumbar
fusion surgery for LSS with either pedicle screw
fixation or the FFX device.14 The author reported
that pedicle screw fixation was associated with
significantly longer mean operative time compared
with placement of the FFX device (152.5 6 39.4
versus 99.4 6 44.0 minutes; P , .001). Mean
operative blood loss was also significantly greater
for pedicle screw versus FFX procedures (446.5 6

272.0 versus 251.0 6 315.9 mL; P , .001). These
differences were independent of the number of levels
operated on.

There are several potential limitations associated
with the present study. The use of a nonrandomized
study design and the resultant lack of a control
group prevents the ability to directly compare the
results obtained to those achieved with standard
approaches utilized for patients with LSS and FS.
The 12- to 15-month follow-up period also limits the
ability to project outcomes associated with the
device beyond this time period. The limited number
of patients in this series diagnosed with FS limits the
ability to generalize our results to this patient
population.

CONCLUSIONS

The present study represents the first clinical
assessment of the FFX device in patients with LSS
and FS. Clinical outcomes showed a reduction in
both pain and disability following surgery with a
high fusion rate. Additional studies are needed to
assess the long-term results of facet fixation and to
directly compare this approach with other proce-
dures and fixation constructs.
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