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ABSTRACT

The objective was to compare L4/5 range of motions of fusion constructs using anchored cages. 
Twelve human cadaveric spine were tested in intact condition, and divided into TLIF and PLIF 
groups. Testing consisted in applying pure moments in flexion-extension, lateral bending and 
axial rotation. The computation of intersegmental motion was assessed using 3 D biplanar radio-
graphs. In TLIF group, the addition of contralateral transfacet decreased flexion-extension 
motion (39%; p ¼ 0.036) but without difference with the ipsilateral pedicle screw construction 
(53%; p ¼ 0.2). In PLIF group, the addition of interspinous anchor reduced flexion-extension 
motion (12%; p ¼ 0.036) but without difference with the bilateral pedicle screw construction 
(17%; p ¼ 0.8).

KEYWORDS
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1. Introduction

Low back pain is a prevalent disorder, with occur-
rence rates varying between 60% and 90%. When disc
degeneration associated with pain and functional limi-
tations fails to respond to non-operative treatment,
surgery such as lumbar fusion may be required to
impend mobility and relieve symptoms (Fritzell et al.
2001). Interbody fusion using a cage is usually recom-
mended for maintaining disc height, correcting seg-
mental lordosis, and supporting bony fusion (Pavlov
et al. 2004). Different surgical approaches are used to
accomplish interbody fusion. Transforaminal lumbar
interbody fusion (TLIF) and posterior lumbar inter-
body fusion (PLIF) approaches allow a direct access
to neural elements. TLIF is accomplished via a unilat-
eral foraminal approach, inserting one cage obliquely
after external facetectomy (Harms and Jeszenszky
1998 ). This technique can be used to remediate ipsi-
lateral foraminal stenosis or lumbar herniation recur-
rence. Classic PLIF uses two posterior cages, requires
in some cases a bilateral medial facetectomy, and
remains widely used in cases of lumbar canal stenosis.
Adjunctive posterior fixation is often required in add-
ition to cages to provide immediate intersegmental
stiffness. Bilateral pedicle screw (BPS) fixation still

remains the gold standard because of the superior
stiffness it provides (Gerber et al. 2006), but this is
technically demanding and may be associated with
high complication rates (Esses et al. 1993).
Additionally, placement of the upper pedicle screw
near the facet joint surface is closely related to adja-
cent segment degeneration (Heo et al. 2015).
Therefore, a need exists for a posterior spinal stabil-
ization method that requires less invasive surgical
exposure for their implantation. Transfacet screws
(TFS) and interspinous anchors (ISA) are posterior
stabilization implants that have gained popularity
because of decreased surgical exposure upon implant-
ation. Facet fixation with TFS is either an alternative
for primary fusion or an augmentation to an inter-
body fusion and is associated with decreased cost,
smaller incisions, and less morbidity. TFS can aug-
ment TLIF procedures; however, TFS cannot be
implanted after a PLIF procedure, as the facet joints
must remain intact. Alternatively, ISAs have gained
increased acceptance as posterior stabilization devices
because of reduced disruption of paraspinal muscula-
ture and reduced risk of damage to neural and vascu-
lar elements. ISA implants can be used to augment
PLIF, TLIF, and anterior cages.
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The purpose of this study was to investigate the bio-
mechanical behavior of TLIF and PLIF constructs using
an original interbody cage with integrated anchors.
This cage was tested alone and with less invasive
adjunctive posterior fixator, either TFS for TLIF or ISA
for PLIF. The behavior of these TFS and ISA fixators
were compared with those of traditional pedicle screws.
On the other hand, we used an original biomechanical
test bench including low dose biplanar X-rays system
in order to compute intersegmental motion.

2. Materials and methods

2.1. Specimens preparation

Twelve fresh human cadaveric lumbar spine (donor
average age 58.7 years [45–65 years], 9 males, 3
females) segments from L3 to the sacrum were
obtained from accredited sources for biomechanical
testing. Prior to biomechanical testing, bone mineral
quality was assessed via a quantitative computed tom-
ography scan and a calibration phantom (Electron
density phantom model 062; CIRS ink, Norfolk
Virginia). Each specimen was preserved in a sealed
double storage bag at �22 �C until preparation.
Specimens were thawed for 12 h at 23 �C; all muscles
were excised, keeping all the osseoligamentous and
disc structures intact. Then, five radio-opaque fiducial
markers (2mm-diameter steel balls) were fixed on the
L4 and L5 vertebrae to obtain a triaxial geometrical
frame of reference for each vertebra. A pedicle clamp
was fixed to the L3 vertebra, and the sacrum was
reinforced with wood screws and embedded in a
block of polymethyl methacrylate (PMMA).
Specimens were regularly sprayed during testing with
0.9% saline solution to prevent desiccation.

2.2. Study protocol

All specimens were biomechanically tested in the intact
condition to establish a baseline mechanical response
(INTACT). Then, specimens were separated into two
groups (TLIF Group and PLIF Group) by a stratified
randomization on confounding factors (BMD, age, sex).
Group characteristics are detailed in Table 1. Test condi-
tions assigned to each group are detailed in Table 2 and
described below. Including the INTACT, TLIF Group

samples underwent five test conditions, and PLIF Group
samples underwent four test conditions. Treatment devi-
ces used in test conditions for both groups are depicted
in Figure 1. In the TLIF Group, a lumbar lordotic PEEK
cage with anchor (AvenueVR T and VerteBRIDGEVR ,
LDR Medical, France) was inserted obliquely at L4-L5
through an extraforaminal approach and right lateral fac-
etectomy and was tested (INSTR1). Subsequently, a
contralateral transfacet screw (TFS) (FacetBRIDGETM,
LDR Medical, France) was added according to Boucher’s
technique (Boucher, 1959) and tested (INSTR2) (Figure
2a). Then, the TFS was removed, and bilateral pedicle
screws (BPS) (Spine TuneVR TL, LDR Medical, France)
were implanted and tested (INSTR3). Finally, the contra-
lateral pedicle screw was removed, leaving the ipsilateral
pedicle screw (IPS) unaltered for the final test (INSTR4).
In the PLIF Group, specimens underwent bilateral lami-
notomy and medial facetectomy, preserving spinous
processes and supraspinous ligaments. Two lumbar lor-
dotic PEEK cages with integrated anchors (AvenueVR T
and VerteBRIDGEVR , LDR Medical, France) were
inserted in the L4-L5 space and tested (INSTR1).
Following this, an interspinous anchor (ISA)
(InterBRIDGEVR , LDR Medical, France) was implanted
and tested (INSTR2). The ISA was then removed and
BPS (Spine TuneVR TL, LDR Medical, France) were
implanted and tested (INSTR3).

2.3. Biomechanical testing

Each specimen underwent two pre-conditioning load-
ing cycles and one data collection loading cycle. The
cycles were comprised of pure moments applied about
the flexion-extension, lateral bending, and axial rota-
tion axes with no axial pre-load. Each loading cycle
started from 0 to 7.5Nm (Wilke et al. 1998) with
loading increments of 1.5Nm. Motion was governed
via load control using a six-axis load cell (FTD-
Gamma SI-130-10, ATI Industrial Automation, USA)
and a motor (Gearmotor 3242G024C, FAULHABER,

Table 1. Group description (mean and range).
Group Age (years) Gender BMD (mg/cm3) Disc height (mm)

TLIF group
(n¼ 6)

58.2
(51� 64)

5M/1F 102.8
(66� 171)

9.8
(7.5� 12.7)

PLIF group
(n¼ 6)

59.2
(57� 65)

4M/2F 98.9
(75� 124)

10.1
(8.0� 15.0)

Table 2. Test conditions description (TFS: transfacet screws;
ISA: interspinous anchors; BPS: bilateral pedicle screws; IPS:
ipsilateral pedicle screw).
Test condition TLIF group PLIF group

INTACT Intact Intact
INSTR1 1 TLIF cage

with integrated fixation
2 PLIF cages

with integrated fixation
INSTR2 INSTR1 þ

contralateral TFS
INSTR1 þ

ISA
INSTR3 INSTR1 þ

BPS
INSTR1 þ

BPS
ISNTR4 INSTR1 þ

IPS
N/A



France) rigidly connected to the pedicle clamp at the
L3 vertebra. If presents, coupled motions are allowed
by the system.

2.4. Specimen motion analysis

To analyze specimen’s motion as a result of the
moments applied, the test bench was integrated into a
biplanar X-rays system (EOSVR system, EOS Imaging,
Paris, France) (Figure 3). Biplanar radiographic
images of the specimens in the initial neutral
unloaded position allowed both 3D reconstruction of
each vertebra, according to the method previously
described (Humbert et al. 2009), and 3D marker
assessment, allowing registration of the marker coord-
inate frame to the anatomic vertebral frame. The ini-
tial solution was calculated automatically by statistical
inference and image analysis. The resulting 3D recon-
structed vertebrae were retro-projected on the front
and side X-ray. The operator needed to adjust manu-
ally about 20 points of vertebral contours for each
vertebra. Each reconstruction took 15min, and the
operator was skilled (i.e., 40 reconstructions before-
hand). The software was a research version of
STEREOS software (EOS Imaging; France). Then,
biplanar radiographic images were acquired at each
loading increment in order to track markers and
accurately compute L4–L5 intersegmental motion. All
translational and rotational components of the L4–L5

Figure 1. Implants used. (a) lumbar cage with integrated
anchor (AvenueVR T); (b) Interspinous anchor (ISA,
InterBRIDGEVR ); (c) Transfacet screw (TFS, FacetBRIDGETM).

Figure 2. Two examples of instrumented configurations. (a)
INSTR2 TLIF Group (anchored posterior lumbar cage with
contralateral TFS); (b) INSTR2 PLIF Group (2 anchored posterior
lumbar cages with ISA).

Figure 3. Test bench integrated in EOS system with lumbar
specimen loaded.



intersegmental motion were calculated by measuring
the relative displacement of the radio-opaque fiducial
markers of L4 with respect to L5. This method was
used to compute the behavior of lower cervical spine:
reproducibility tests estimated 95% confidence inter-
vals of 0.02� on vertebral rotation and up to 0.02mm
on facet displacements (Muth-Seng et al. 2019).

2.5. Data analysis

Angular rotation ranges of motion (RoM) were com-
puted for each configuration and each loading case.
RoM were normalized to intact configuration and
expressed in percentage of intact RoM. The coupled
motions were also assessed. A Shapiro-Wilk statistical
test (a¼ 0.01) was used to test normality of the sam-
ples. Then, for each group, an ANOVA (a¼ 0.05)
was used to compare the normalized RoM or coupled
motions between test conditions with post hoc multi-
comparison tests performed using a Tukey
test (a¼ 0.05).

3. Results

We did not observe any fracture, screw loosening or
device failure during the study.

3.1. TLIF group

TLIF results are presented in Table 3 and Figure 4.
The cage with integrated anchors (INSTR1) lowered
RoM in FE when compared to the INTACT (79%;
p¼ 0.29). Mean increases in LB and AR were lower
than 4� (102% for LB and 103% for AR; p¼ 0.67 and
0.52, respectively). The addition of contralateral TFS
(INSTR2) significantly decreased RoM for FE and LB
compared to INTACT, (FE: 39% and LB: 67%;
p¼ 0.036 for each measure). Also, compared to the
INSTR1, INSTR2 significantly reduced RoM in FE,

LB and AR (p< 0.05). The lowest normalized RoM
were observed with the BPS (INSTR3) with significant
differences with INTACT and INSTR1 for all rota-
tions (p< 0.05). Compared to the TFS (INSTR2),
INSTR3 presented a significant decrease of RoM only
in LB (17%; p¼ 0.04). Finally, contralateral TFS
(INSTR2) compared to ipsilateral pedicle screw (IPS)
(INSTR4) lowered RoM in FE (39% vs. 53%; p¼ 0.2)
and in AR (55% vs. 81%; p¼ 0.14). In LB coupled to
the EF, RoM was increased by 60% in the INSTR3
comparatively other INSTR (p¼ 0.03).

3.2. PLIF group

PLIF results are presented in Table 3 and Figure 5.
The cages with integrated anchors (INSTR1) lowered
significantly RoM in FE compared to INTACT, (70%;
p¼ 0.045). The increased RoM in AR (170%) should
be noticed. The addition of ISA (INSTR2) signifi-
cantly reduced RoM from the fixed cage alone
(INSTR1) in all FE and AR (FE: 12% vs. 70%, AR:
93% vs. 170%; p¼ 0.036 and 0.034, respectively). BPS
configuration (INSTR3) significantly reduced RoM in
LB when compared to ISA construct (ISNTR2) (18%
vs. 79%; p¼ 0.036). In AR coupled to the EF, RoM
was reduced by 60% in the INSTR 3 configuration
compared to the other configurations (p¼ 0.02).

4. Discussion

This study investigated the immediate stiffness of pos-
terior lumbar fusion constructs using a biomechanical
testing device integrated in an EOS X-ray system. The
aimed at comparing the biomechanical behavior of an
original PEEK anchored cages in TLIF or PLIF con-
structs in association with less invasive adjunctive
posterior fixators (TFS and ISA) with classical bilat-
eral pedicle screws. Both contralateral TFS with a
TLIF cage and ISA with PLIF cages succeed in reduc-
tion flexion-extension intervertebral motion compared
to intact condition and cages alone. They also showed
equivalent outcomes compared to bilateral pedicle
screws in reducing flexion-extension intervertebral
motion. On the other hand, EOSVR system was
recently used to compute cervical (Muth-Seng et al.
2019) and thoracic spine (Gaume et al. 2020) behav-
ior but this is the first in vitro biomechanical study
using this kind of test bench to assess lumbar spine
range of motions. This protocol ensured the accuracy
of motion tracking and also avoid optical markers
which can comes into contact with each other’s dur-
ing larges movements. Using a TLIF cage, Chin et al.

Table 3. Comparison of normalized range of motion (RoM)
between conditions for each group.

Group Motion

Normalized RoM (% of intact)

INSTR1 INSTR2 INSTR3 INSTR4

TLIF
Flexion-Extension 79 ± 26 39 ± 10 �,† 23 ± 14 �,† 53 ± 25 �,�
Lateral Bending 102 ± 25 67 ± 13 �,† 17 ± 8 �,†,‡ 63 ± 16 �,†
Axial Rotation 103 ± 40 55 ± 22 † 42 ± 23 �,† 81 ± 37 �

PLIF
Flexion-Extension 70 ± 22 � 12 ± 4 �,† 17 ± 12 �,† N/A
Lateral Bending 86 ± 26 79 ± 23 18 ± 7 �,†,‡ N/A
Axial Rotation 170 ± 95 93 ± 30 † 49 ± 23 † N/A

Values are Mean ± SD.�, †, ‡, � represent the significant differences, respectively, with Intact,
Instr1, Instr2 and Instr3 condition.



(2015) found bilateral TFS provided greater stiffness
than BPS in all directions of motion except in lateral
bending (Beaubien et al. 2004). However, it was for a
bilateral implantation and not a contralateral one.
Also, TFS augmenting ALIF lowered motion as much
as BPS configurations in all modes for bilateral TFS
implantation as well as bilateral translaminar implant-
ation (Beaubien et al. 2004). Contralateral TFS
implantation was performed in the current study
through an ipsilateral approach according to
Boucher’s technique (Beoucher 1959). This procedure
permits minimally invasive surgery to avoid muscle
disruption and could represent an alternative to the
pedicle screws. An alternative posterior fixation for
TLIF could be ipsilateral pedicle screw in order to
minimalize muscle disruption with satisfying clinical
and radiological results (Chen et al. 2018).
Nevertheless, RoM are lower for the TFS in FE and

AR and almost similar in LB. Generally, less rigid
construct like posterior hybrid fixation succeed in
achieving fusion (Korovessis et al. 2004): IPS con-
structs providing a high fusion rate (Giorgi et al.
2018), those biomechanical results are suggesting a
strong ability of the TFS construct to fuse. To our
knowledge, there is no clinical or biomechanical study
evaluating unilateral TFS with TLIF construct which
could be an interesting option to achieve fusion. ISA
is another less-invasive posterior technique to
enhance posterior interbody fusion. Addition of an
ISA in the PLIF group significantly reduced RoM in
FE compared to intact and PLIF cages alone.
Compared to BPS, this type of fixation provided simi-
lar motion reduction in FE but not in LB and AR.
These results are in agreement with those observed
for ALIF (Kornblum et al. 2013), PLIF (Phan et al.
2016) or TLIF (Kaibara et al. 2010; Techy et al. 2013).

Figure 4. Mean and standard deviation of normalized ranges of motion (RoM) during flexion-extension, lateral bending and axial
rotation loading for TLIF Group. (n¼ 6 specimens/bar). �: Significant difference with Intact; †: Significant difference with Instr1; ‡:
Significant difference with Instr2; ^: Significant difference with Instr3.

Figure 5. Mean and standard deviation of normalized ranges of motion (RoM) during flexion-extension, lateral bending and axial
rotation loading for PLIF Group. (n¼ 6 specimens/bar). �: Significant difference with Intact; †: Significant difference with Instr1; ‡:
Significant difference with Instr.



Stand-alone constructs with anchored cage succeeded
in reducing RoM compared to intact conditions only
in flexion-extension for PLIF. This is in agreement
with the literature as no biomechanical studies have
demonstrated stabilizing effects of stand-alone poster-
ior implants: TLIF cage with integrated screws (Keiler
et al. 2014) or expandable PLIF cage (Bhatia et al.
2012; Soriano-Baron et al. 2018) did not succeed in
reducing RoM as stand-alone construct. Several clin-
ical studies have investigated stand-alone posterior
cage and found good clinical outcomes for TLIF
approaches (Kotil et al. 2013) as well as PLIF
approaches (Van del Kelft and Van Goethem 2015 ).
However, authors reported high subsidence rate, loss
of disc height and loss of lumbar lordosis in their
radiological findings (Lequin et al. 2014). For those
reasons, posterior fixation remains recommended in
case of posterior cage even with integrated fixation.
The potential utility of such fixation is more to avoid
device migration and micro-mobility than a real seg-
mental stabilization. Instrumentation of the degenera-
tive spine aims at lowering spinal mobility by
increasing spinal stiffness to achieve spinal fusion.
The underlying question is how stiff is stiff enough to
guarantee the arthrodesis. Concerning clinical studies,
ISA combined with PLIF seems to be an effective
technique to treat degenerative disc disease. It pro-
vides good clinical outcomes (Kim et al. 2012) and
can also achieve fusion which rate varies from 85 to
92.5% (Kim et al. 2012; Chen and Chen 2017 ). This
technique could also avoid adjacent segment disease
when compare to BPS (Kim et al. 2012). One of the
limitations of this model relates to the in vitro nature
of the evaluation, which does not include the stiffness
provided by the lumbar spine musculature. Although
follower loads may be proposed to mimic muscle
effects, it remains controversial because of the sensi-
tivity to its placement. Furthermore, it has been dem-
onstrated that there is no significant change in
lumbar spine RoM with or without axial pre-load
(Schilling et al. 2014). Another limitation of our study
is that we did not perform an analysis of adjacent seg-
ments according to the different instrumentations. It
is well studied that the facet and disc constraints of
the adjacent segments are disturbed after arthrodesis
(Cheh et al. 2007; Zhou et al. 2021 ).

5. Conclusion

The configurations, using fixed posterior lumbar cages
in addition with transfacet screws or interspinous
anchors, reduced RoM in flexion-extension when

compared to the intact condition. Pedicle screws
grave more stability when assessing lateral bending
and axial rotation. Nevertheless, fixed posterior lum-
bar cages in addition with transfacet screws or inter-
spinous anchors could provide an interesting
alternative to the classic bilateral pedicle screws
approach in some cases.
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