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facet joints achieves indirect foraminal
decompression and reduces spondylolisthesis
via a posterior approach: a cadaveric study

Amro Al-Habib'"®, Sami AlEissa’® and Ayman Al-Jazaeri®

Abstract

Background In this cadaveric study, we aimed to assess the effects of distraction at the anterior end of the cervical
facet joints (CFJ), achieved via a posterior cervical approach (PCA), on intervertebral neural foraminal height (IVFH)
and segmental alignment. A novel cervical expandable facet implant (CelFl) was used to facilitate anterior expansion
within the CFJ.

Methods This study was conducted in three time periods (2018, 2019, and 2024). The CelFl was primarily placed

at the CSPL levels or at the non-fused C3-7 levels if no CSPL was present. Pre- and post-implantation outcomes were
assessed using cervical spine radiography and computed tomography (CT) scan. Changes in facet joint space (FJS)
height, IVFH, interspinous distance (ISD), intervertebral disc height (IVDH), and cervical alignment were assessed.

Results CelFlinsertion (n=12) resulted in an increase in the mean IVFH (+ 1.5 mm left;+ 2 mm right, both p <0.001),
FJS height (+2.41 mm left; 2.53 mm right, both p <0.001), ISD (+2.83 mm, p=0.003), and posterior IVDH (+1.16 mm
p=0.001). In the cadavers with CSPL (n=9), a segmental reduction was observed, which remained stable in flexion—
extension radiographs. Two cadavers also showed unbuckling of the posterior interspinous ligaments on post-inser-
tion CT. No significant changes in overall cervical alignment were observed after CelLFl insertion.

Conclusions Indirect cervical intervertebral foraminal decompression and reduction of cervical segmental spon-
dylolisthesis were achieved via a PCA with targeted distraction at the anterior end of the CFJ. This novel concept

is promising but requires further clinical studies to evaluate its benefit for patients with degenerative cervical spine
disease.

Keywords Cervical expandable facet implant, Cervical foramen expansion, Cervical lordosis, Cervical
spondylolisthesis, Cervical stenosis, Radiculopathy
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CSM, affecting 15% of patients with CS, is the most
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common non-traumatic cause of myelopathy in indi-
viduals over 55 years old, with a hospitalization rate of
4.04 per 100,000 people per year and an increasing rate
of surgical intervention [1-3, 5].

In advanced cases, cervical spondylolisthesis (CSPL)
may develop, particularly at levels C3—-4 and C4-5 [6—
8]. CSPL accounts for approximately 12% of CSM cases
[6] and contributes to its clinical burden [1, 8]. Treat-
ment options for patients with neurological deficits
or unsuccessful conservative therapy include anterior,
posterior, or combined surgical approaches [3, 9].

Posterior cervical approaches (PCAs) have several
advantages and limitations in treating CS. While PCAs
are preferred to reduce complications associated with
extended anterior cervical approaches (e.g., dysphagia
and pseudoarthrosis), anterior approaches are favored
for their effectiveness in restoring intervertebral
foraminal height (IVFH) and spinal alignment [10, 11].
Furthermore, PCA is limited in its ability to provide
indirect decompression of the intervertebral foramina.
Surgery for CSPL using a PCA often involves multi-
ple levels or a combination of anterior and posterior
approaches [12]. Although recently introduced cervical
facet spacers (CFS), placed via a PCA, have been shown
to improve symptoms associated with cervical radicu-
lopathy and myelopathy [6, 13-16], they lack a mecha-
nism to reduce CSPL and may further destabilize the
cervical facet joint (CFJ). Consequently, some studies
on CFS have excluded patients with CSPL due to con-
cerns that CFS may exacerbate spondylolisthesis and
kyphosis [9].

To address these limitations of PCA, this study investi-
gated the effects of targeted expansion in the anterior CFJ
using a novel cervical expandable facet implant (CeLFI).
We hypothesized that this anterior expansion mecha-
nism could reduce CSPL and provide indirect interverte-
bral foraminal decompression.

Methods

Study design and setting

This cadaveric study was performed by the same investi-
gators at a university hospital during three periods (2018,
2019, and 2024) based on cadaver availability. The cadav-
ers were received frozen at the anatomy department and
were prepared following a defrosting procedure.

Study population and eligibility criteria

Cadavers with an intact cervical spine and without fusion
on initial computed tomography (CT) were included
using convenient sampling.
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Study procedures: Index level

The index level was the segment with CSPL (Fig. 1a),
representing an advanced form of segmental degenera-
tion and instability. The CSPL level was defined as the
anterior translation of the rostral vertebra relative to
the adjacent vertebra on the dynamic lateral radiograph
(manual manipulation of the cervical spine) [6, 7]. For
cadavers without CSPL, a corresponding non-fused cer-
vical spine level was selected, demonstrating segmental
motion and widening of the interspinous space on the
manual dynamic radiograph. CSPL was not induced to
avoid potential damage to the CFJ and interference with
CeLFI insertion.

CeLFI

CeLFI consists of a low-profile expandable facet cage
that expands at the anterior end of the FJS. The three-
dimensionally-printed titanium implant features 8-mm
upper and lower plates enclosing a thick central wedge
(Fig. 2) with a 2-cm closed height. Advancing the wedge
forward increases the anterior end height to 3 or 4 mm
while maintaining the original posterior height (Fig. 1b).
A wider cylindrical proximal end protrudes from the
posterior surface of the CFJ (Fig. 2), reducing the risk
of anterior implant migration after placement, while the
wedge prevents posterior migration. The proximal end is
designed to interlock with a deployment device for a firm,
stable grip, with implant expansion achieved by pushing
the internal wedge forward once positioned in the facet.

Surgical procedure

Cadavers were positioned prone, with the head resting on
a ring and the neck in a neutral position. The posterior
surface of the cervical spine was exposed from C2 to C7.
The FJS was accessed through an incision in the poste-
rior aspect of the CFJ capsule and progressively dilated
using 1-mm and 2-mm dilators. All dilators were 10 mm
wide and long, featuring a tapered blunt anterior end and
a proximal stopper to prevent overshooting beyond the
FJS. After CeLFI insertion, lateral mass screws (LMS)
were placed at the same level to assess potential interfer-
ence with screw placement (Fig. 1c—e).

Study variables, radiologic evaluation, and outcome
assessment

Following CeLFI insertion, radiography was performed
in flexed and extended positions (manual manipulation)
to evaluate CeLFI stability and maintenance of segmental
reduction of CSPL. The following variables were assessed
using CT (1.2-mm slices; CereTom Mobile CT, Neuro-
logica Corp., Danvers, MA, USA) before and after CeLFI
insertion: IVFH (sagittal CT), intervertebral disc height
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Fig. 1 Lateral cervical spine X-ray of Cadaver-2 showing C3-4 spondylolisthesis Reduction of the C3-4 spondylolisthesis was achieved by inserting
a cervical expandable facet implant (CeLFl) device into the C3-4 facet space bilaterally (a, b). Manual flexion (c) and extension (d) of the cadaver’s
cervical spine demonstrated a maintained reduction of C3—4 spondylolisthesis and stability of the CeLFI device. Lateral mass screws were inserted
to evaluate potential combination with the CeLFl device, but rods were not applied at this stage to test segmental stability during flexion—
extension. The final (e) lateral X-ray illustrates the feasibility of combining the CeLFI device with lateral mass screws and rod fixation

Fig. 2 Posterior cervical spine exposure in a cadaver showing CeLFI
placement. Note: CeLFl, cervical expandable facet implant; black
arrows

(IVDH; sagittal CT at the posterior and anterior ends of
the intervertebral disc), FJS height (anterior end on sag-
ittal CT), and interspinous distance (ISD; sagittal CT at
the base of the spinous processes). Additionally, implant
subsidence into the adjacent vertebrae was evaluated,
defined as>3 mm [10, 11].

The effects of CeLFI on cervical spine alignment were
assessed using the cervical lordotic C2-7 angle (CL;
Cobb angle between the lower endplates of C2 and C7)
[9, 17].

Data analysis

All statistical analyses were performed using R (version
4.3.2) and R-Studio (version 2023.12.1+402; Boston,
MA, USA). Continuous data normality was assessed
using the Shapiro—Wilk test. Normally distributed data
are presented as means + standard deviations, while non-
normally distributed data are reported as medians and
interquartile ranges (IQRs). Paired t-tests were used for
paired samples when data were normally distributed;
otherwise, the Wilcoxon signed-rank test was applied.
For unpaired samples, either the independent samples
t-test (normally distributed data) or the Mann—Whitney
U test (non-normally distributed data) was used.
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Ethical considerations

The study commenced following an approval from the
institution’s ethics review board (project number E-21-
6260). All cadavers were obtained from a certified source
(Science Care, Arizona, USA).

Results

Study sample selection

Of 13 initially selected cadavers, one was excluded owing
to extensive bone fusion across all cervical facets. CT was
performed on nine of the remaining cadavers, while other
three were not scanned owing to CT machine’s unavail-
ability during the procedure. Radiograph data from all 12
cadavers were included in the relevant analysis.

Baseline data and segmental alignment before and after
CeLFl insertion

CSPL was found in nine cadavers: at C3—4 in six, C4-5
in two, and C5-6 in one (Table 1). In the remaining three
cadavers without CSPL, C3—-4 was selected for CeLFI
insertion because it was not fused and corresponded to
most cases in the CSPL group. Reduction in spondylolis-
thesis was achieved after CeLFI insertion at all levels with
CSPL (Fig. 1b). Lateral dynamic cervical radiographs
after insertion showed stable CeLFIs in all cadavers and

Table 1 Impact of CelFl insertion in 12 cadavers with and
without cervical spondylolisthesis, on the lordotic C2-7 angle,
based on lateral C-spine radiograph

Cadaver CSPLstatus  C2-7 Angle
number (Index
level) Before (°)  After (°) Change (°)
1(C4-5) Yes -30 -30 0
2(C3-4) Yes -28 -28 0
3(C3-4) Yes -12 -17 -5
4 (C4-5) Yes -16 -19 -3
5 (C5-6) Yes -30 -30 0
6 (C3-4) Yes +10 +10 0
7 (C3-4) No CSPL o x* o
8(C3-4) Yes *x ** **
9(C3-4) Yes 0 0 0
10 (C3-4) Yes +2 +2 0
11 (C3-4) No CSPL -29 -23 +6
12 (C3-4) No CSPL -27 -42 xxx

CeLFl, cervical expandable facet implant; CSPL, cervical spondylolisthesis

The (-) sign indicates increased lordotic angle. For example, cervical lordosis
increased by 3°in cadaver 4. In contrast, the (+) sign indicates reduced lordosis;
for example, lordosis reduced by 6° in cadaver 11

" Measurement was not possible owing to difficulty in visualizing the lower
endplate of C7 clearly on lateral radiograph

" Measurement of C2-7 lordotic angle in Cadaver 12 was not included here
because of the significant change observed in the cervical spine position during
lateral radiograph acquisition before and after CeLFl insertion
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preserved segmental reduction in cadavers with CSPL
(Fig. 1c, d). The LMS and rods could be easily integrated
into the construct with CeLFI (Fig. 1e, Fig. 3).

No significant changes were observed in CL before
(median, -21.5; IQR, -28.8 to -3) or after (median, -21;
IQR, -29.5 to -4.25; p=0.584) CeLFI insertion (Fig. 4).
Two cadavers (6 and 10, Table 1) had a kyphotic angle
at baseline (+10 and+2, respectively), remaining the
same after CeLFI insertion. No implant subsidence was
observed.

CeLFl Insertion and IVFH, ISD, IVDH, and FJS

CeLFI insertion significantly increased mean IVFH (left,
1.5 mm; right, 2 mm; both p<0.001, Table 2), mean ISD
(2.83 mm; p=0.003, Table 3 and Fig. 5), and mean pos-
terior IVDH (1.16 mm; p=0.001, Fig. 5). The increase in
anterior IVDH after CeLFI insertion was not significant
(0.48 mm; p=0.218). The posterior IVDH increased more
than the anterior IVDH (1.16 and 0.48 mm, respectively,
Table 3 and Fig. 5), but showed no significant difference
(p=0.11). Following CeLFI expansion, the mean height

Fig. 3 Insertion of lateral mass screws and rod fixation
following CeLFl insertion at multiple levels. Note: CeLFl, cervical
expandable facet implant
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Fig. 4 Lateral radiographs of Cadaver 1 before (left) and after (right) CeLFl insertion in C4-5. Note: CelFl, cervical expandable facet implant. No
change in the C2-7 cervical lordotic angle is observed

Table 2 Changes in the IVFH following CeLFl insertion based on CT imaging evaluation

Cadaver number  CSPL (When Left IVFH (mm) Change (mm) Right IVFH (mm) Change (mm)
(Index level) present)

Before After Before After
2(C3-4) Yes 10.6 11.8 +12 10.2 13.2 +3
3(C3-4) Yes 9.1 10.1 +1 74 10.5 +3.1
4(C4-5) Yes 9.3 10.3 +1 89 114 +25
7 (C3-4) No CSPL 7.77 10 +223 9.12 9.94 +0.82
8(C3-4) Yes 114 13.8 +24 116 12.8 +1.2
9(C3-4) Yes 83 9.66 +1.36 797 9.67 +1.7
10 (C3-4) Yes 9.7 11.1 +14 75 10.1 +26
11(C3-4) No CSPL 841 10.7 +229 8.64 10.8 +2.16
12 (C3-4) No CSPL 10.8 11.5 +0.7 7.75 8.56 +0381
Average measures 9.5(x1.24) 11 (£1.27) +1.5(+0.64) 8.8 (x1.39) 10.8 (£1.49) +2(+0.89)

for all nine cadavers
(SD)

CelFl Cervical expandable facet implant, CSPL Cervical spondylolisthesis, CT Computed tomography, IVFH Intervertebral foraminal heights, SD Standard deviation

of the anterior end of the FJS increased significantly (left,
2.41 mm; right, 2.53 mm; both p<0.001; Table 4). The
increase in FJS height was slightly greater at the anterior
end than at the posterior end, though this difference was
not statistically significant (left, 0.41 mm; right, 1.1 mm;
p=0.37 and 0.103, respectively; Table 5).

Of the nine cadavers with available CT data, two
(Cadavers 3 and 4) exhibited initial interspinous liga-
ment buckling. Following CeLFI insertion and increased
ISD flattening of the posterior ligamentous, a bulge was
observed in both cadavers (Fig. 5). Post-insertion CT
confirmed proper CeLFI positioning within the facet

joint and verified that the implant remained clear of the
cervical transverse foramina in all cadavers (Fig. 6).

Discussion

The current study demonstrated the potential for pro-
viding indirect intervertebral decompression and reduc-
ing CSPL via a PCA. This was achieved by expanding the
anterior end of the CFJ using CeLFI. After CeLFI inser-
tion via PCA, a reduction of the CSPL segments was
observed and maintained on flexion—extension radio-
graphs, a unique outcome attributed to this expansion
mechanism [13-16]. Additionally, FJS height and IVFH
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Table 3 Segmental changes in the ISD and IVDH (both at the posterior and anterior ends of the intervertebral disc space) following

CelFlinsertion based on CT imaging

Cadaver number ISD (mm) Change (mm) Posterior IVDH (mm) Change (mm) Anterior IVDH (mm) Change (mm)
and instrumented

index level Before After Before After Before After

2nd (C3-4) 0.39 0.69 +03 239 345 +1.06 5.96 6.94 +0.98

3rd (C3-4) 1.89 535 +3.46 252 3.81 +1.29 3.86 56 +1.74

4th (C4-5) 2.02 7.63 +561 1.89 3.8 +1.91 4.86 4.1 -0.76

7th (C3-4) 375 7.07 +3.32 *x ** ** ** ** **

8th (C3-4) 6.45 7.36 +0.91 ** ** ** ** ** **

9th (C3-4) 419 431 +0.12 3.09 3.68 +0.59 547 5.59 +0.12

10th (C3-4) 0.9 43 +34 49 53 +04 4.2 53 +1.1

11th (C3-4) 1.1 6.19 +5.09 14 3 +1.6 2.1 1.6 -04

12th (C3-4) 12 45 +3.3 15 238 +1.3 34 40 +06

Mean (SD) 243 (+£1.98) 527 (£2.16) 283 (+1.98) 253(x1.2) 369 (£081) 1.16(+0.53) 426 (£1.31) 473(£1.7) 048 (+0.88)

CelFl Cervical expandable facet implant, CT Computed tomography, ISD Interspinous distance, [VDH Intervertebral disc height

™ IVDH could not be measured due to image artifact

engthc 1,834 em

Fig. 5 Computed tomography (CT) scan before insertion of the cervical expandable facet implant (CeLFl) device (a), showing buckling
of the posterior ligaments at C3-4 into the spinal canal (white arrow). Following insertion of the CeLFI device (b), an increase in both the
intervertebral disc height and interspinous distance was observed. This was accompanied by the un-buckling of the posterior ligaments (white

arrow)

increased, consistent with other CFSs [13, 15, 17, 18].
Following expansion of the anterior CFJ, both IVDH and
ISD increased, contributing to spinal canal widening by
reducing intervertebral ligamentous buckling—a mecha-
nism also seen in other CFSs [19]. By reducing CSPL and
creating more space around the nerve roots and spinal
cord, this approach can alleviate symptoms associated
with cervical radiculopathy and myelopathy.

The CeLFI design offers advantages over conventional
fixed-height CFSs. The thin profile (2 mm) of the CeLFI
minimizes interference with joint stability and prevents
excessive dilation and distraction. The anterior expan-
sion mechanism ensures implant stability when pressed
against the cortical endplates of the facet joint, coun-
teracting posterior migration during neck flexion, as
posterior migration is often the path of least resistance
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Table 4 Segmental changes in the height of the anterior end of the facet joint space before and after CelFl insertion based on CT

imaging

Cadaver (implanted Left facet height (mm) Left facet height Right facet height (mm) Right facet

level) change (mm) height change
Before After Before After (mm)

2nd (C3-4) 295 3.95 +1 2.04 6.07 4.03

3rd (C3-4) 1.51 3.15 +1.64 1.78 4.06 2.28

4th (C4-5) 1.65 445 +2.8 2.26 3.65 1.39

7th (C3-4) 1.85 5.26 +341 1.96 4.99 3.03

8th (C3-4) 1.41 397 +2.56 1.87 4.84 297

9th (C3-4) 1.71 536 +3.65 142 48 338

10th (C3-4) 1.7 435 +2.65 2.3 292 0.62

11th (C3-4) 1.1 36 +25 1.6 36 2

12th (C3-4) 23 38 +15 16 4.7 3.1

Mean (SD) 1.8 (£0.54) 421 (£0.73) +241(+0.88) 1.87 (£0.3) 44 (£0.94) +253(+1.6)

Measurements (in mm) were performed on sagittal CT images

CeLFlI Cervical expandable facet implant, CT Computed tomography, SD Standard deviation

Table 5 Height measurements of the facet joints (posterior and anterior ends) post-CeLFl insertion using CT imaging

Cadaver (implanted Left facet height (mm) Difference Right facet height (mm) Difference

level Posterior end Anterior end Posterior end Anterior end

2(C3-4) 392 3.95 +0.03 438 6.07 +1.69

3(C3-4) 313 315 +0.02 352 4.06 +0.54

4 (C4-5) 324 445 +1.21 235 3.65 +13

7(C3-4) 539 5.26 -0.13 5.68 499 -0.69

8 (C3-4) 443 3.97 -0.46 262 4.84 +222

9(C3-4) 4.0 536 +1.36 4.29 4.8 +0.51

10 (C3-4) 39 435 +045 254 292 +0.38

11(C3-4) 36 3.6 0 02 3.6 +34

12 (C3-4) 35 38 +03 43 4.7 +04

Mean (+SD) 3.90 (0.688) 4.21(0.732) 0.3089 (0.61) 3.32(1.6) 44(0.947) 1.083 (1.215)

P-value 0.37* 0.103*

CeLFl, cervical expandable facet implant, CT Computed tomography, SD Standard deviation. The (+) sign indicates more height gained in the anterior end of the facet
joint space and the (-) sign indicates more height gained in the posterior end of the facet joint space

[20]. No positional changes of the CeLFI were observed
during flexion and extension, further supporting its
stability.

Our findings highlight a unique benefit of CeLFIs
mechanisms in patients with CSPL. Compared to pos-
terior decompressive procedures (e.g., foraminotomy
or laminectomy), which reduce CSPL through exten-
sive bone resection, neck manipulation, and multilevel
instrumentation, CeLFI provides indirect decompres-
sion and segment reduction without compromising
posterior stabilizing structures. The anterior expan-
sion mitigates the displacement of the rostral vertebra
relative to the adjacent vertebra, leveraging the oblique

anatomy of the CFJ. The resulting reduction and stabi-
lization of the CSPL segment may reduce the need to
involve additional vertebrae or use combined anterior
and posterior approaches [6]. Consequently, CeLFI has
the potential to lower surgical risks associated with
more extensive procedures for CSPL. Furthermore,
the unique anterior expansion mechanism of CeLFI
reduces spondylolisthesis compared to other CEFSs.
Compared to anterior cervical approaches, CeLFI
avoids complications, such as dysphagia and pseudoar-
throsis, while improving foraminal height. However,
further clinical studies are necessary to confirm its ben-
efits in patients and to compare it with current cervical
fixation techniques.
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Fig. 6 Computed tomography scan demonstrating the position of the cervical expandable facet implant (CeLFl) in axial (a), sagittal (b), and coronal
(c) planes within the facet joint and away from the intervertebral transverse foramina

Cadaveric and biomechanical studies on CFS

The added value of CSPL reduction with anterior CFJ
expansion warrants further biomechanical investiga-
tion. Previous biomechanical studies have shown positive
results for other CFSs in supporting cervical spine seg-
mental stability. In a cadaver study, Voronov et al. dem-
onstrated that bilateral CFSs provided cervical segmental
stability comparable to constructs using LMS and rods
[20]. Similarly, Hah et al. showed in a cervical pseudoar-
throsis model that posterior CFSs significantly supported
loose anterior cervical constructs, improving segmen-
tal stability [21]. These findings underscore the utility of
CFSs in addressing stability, especially when spinal fusion
is challenging, as seen in patients with CSPL who often
require combined cervical approaches to achieve ade-
quate stabilization [12].

Consistent with previous biomechanical studies evalu-
ating CFSs, CeLFI was designed to achieve a 3- or 4-mm
expansion, increasing neural foraminal height while
enhancing segmental cervical stability [16]. Maulucci
et al. conducted a biomechanical cadaver study and
reported that inserting 2-, 3-, or 4-mm spacers into the
CFJ increased the foraminal area [17]. However, 2-mm
spacers alone did not provide sufficient segmental stiff-
ness, suggesting the need for supportive external instru-
mentation. In contrast, 3- and 4-mm CFSs provided
more segmental stiffness and resulted in a larger forami-
nal cross-sectional area. The use of a 4-mm CFS across
three levels reduced intact cervical segment kinetics by
85% [17]. In the current study, CeLFI expansion to 3 or
4 mm increased IVFH in all cadavers, with segment and
implant stability confirmed on flexion—extension radio-
graphs. Further biomechanical studies are necessary
to determine the optimal implant height for achieving

both indirect decompression and the required segmental
stability.

Clinical outcomes after CFS insertion,

including adjacent segment disease

Our results align with previous studies showing that CFJ
expansion enlarges the intervertebral neural foramina
with minimal impact on cervical lordosis. Clinical studies
have reported symptom improvement in cervical mye-
lopathy and radiculopathy, as well as successful fusion in
patients with degenerative disc disease, following forami-
nal enlargement with CFS [13]. Goel et al. even observed
a regression of degenerative changes after CFS insertion
without laminectomy, while McCormack et al. reported
a 90% fusion rate and minimal segmental lordosis loss in
patients with radiculopathy using DTRAX implants [15,
18]. Similarly, Tan et al. reported improved outcomes
without significant changes in cervical lordosis, and Sie-
mionow et al. demonstrated foraminal enlargement with
CES [8, 16, 19, 22]. However, the complexity of assessing
cervical lordosis and its relationship to clinical outcomes
[8, 22, 23] necessitates clinical studies that include radio-
logic evaluations of overall spinal alignment.

Strengths and limitations

The changes observed in cervical spine segments fol-
lowing CeLFI insertion were based on fresh cadavers,
which closely resemble the response of living tissue. The
controlled environment allowed for adequate surgical
exposure and detailed imaging through CT and radiog-
raphy. However, there are limitations to consider. While
the sample size may be appropriate for a cadaver study,
it limits the generalizability of the results to the broader
patient population. Additionally, while all cadavers were
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adults, the lack of data on their exact age and osteo-
porotic status may lead to an underestimation of CeLFI’s
potential benefit in providing additional support for seg-
ment stability in patients with osteoporosis, particularly
older patients. The biomechanical properties of osteo-
porotic bone could influence the stability and efficacy
of bone fixation, which should be considered in future
studies. Furthermore, a detailed biomechanical analysis
of implant stability, beyond the flexion—extension radio-
graphs, was not conducted, which could offer a more
comprehensive understanding of CeLFI’s long-term per-
formance. In this study, the head was not fixed in a rigid
headrest during cadaver positioning. Although all efforts
were made to avoid inadvertent neck movements, such
movements may have occurred, potentially resulting in
CSPL reduction. To address this limitation, radiography
was performed with the neck in flexion and extension
positions. The segments with CSPL remained reduced,
even when the neck was in the flexed position, confirm-
ing that the reduction achieved with CeLFI was main-
tained and not dependent on the neck position during
radiography.

The study has limitations in evaluating potential
adverse events, as complications related to implant inser-
tion, such as vertebral artery injury, nerve root injury, or
device migration, are best assessed in a clinical setting.
Previous clinical studies on CFS have reported neuro-
logic complication rates comparable to those of anterior
cervical discectomy and fusion (4.8%) and posterior cer-
vical fusion with LMS (9.89%) [24—34]. Siemionow et al.
reported a perioperative complication rate of 3.4% in
patients treated with CFS, with no reports of vertebral
artery injury or device failure [35]. In a recent retro-
spective case series of 25 patients with CFS, Garcia et al.
reported that 3.3% of their facet spacers required repo-
sitioning, and the implant was removed in two patients
due to C5 palsy and new weakness [36]. Further clinical
studies are needed to evaluate the complication profiles
specific to CeLFI compared to other CFS implants in
patients with degenerative cervical spine disease.

Conclusions

In conclusion, our results demonstrate that targeted
expansion in the anterior part of the CFJ increased
intervertebral spaces and reduced CSPL. The segmental
reduction achieved with CeLFI in this study was main-
tained on flexion—extension radiographs. With this novel
expansion mechanism, effective indirect neural decom-
pression via a PCA was achieved by improving IVFH,
increasing IVDH, and reducing ligamentous buckling
without significantly altering cervical lordosis. These
results suggest a potential benefit in improving surgical
outcomes for patients with degenerative cervical spine
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disease by extending the utility of PCAs and potentially
reducing the need for combined cervical approaches.
Future biomechanical and clinical studies are needed
to validate these findings in living patients with cervical
spondylosis and spondylolisthesis.
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