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Biomechanical Comparison of Anterior Cervical Plate
Fixation Versus Integrated Fixation Cage for Anterior
Cervical Discectomy and Fusion
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Study Design: Cadaveric, biomechanic study.

Objective: To compare the range of motion profiles of the cer-
vical spine following one-level anterior cervical discectomy and
fusion (ACDF) constructs instrumented with either an interbody
cage and anterior plate or integrated fixation cage in a
cadaveric model.

Summary of Background Data: While anterior plates with inter-
body cages are the most common construct of fixation in ACDF,
newer integrated cage-plate devices seck to provide similar sta-
bility with a decreased implant profile. However, differences in
postoperative cervical range of motion between the 2 constructs
remain unclear.

Methods: Six cadaveric spines were segmented into 2 functional
spine units (FSUs): C2-C5 and C6-T2. Each FSU was non-
destructively bent in flexion-extension (FE), right-left lateral
bending (LB), and right-left axial rotation (AR) at a rate of 0.5°/s
under a constant axial load until a limit of 2-Nm was reached to
evaluate baseline range of motion (ROM). Matched pairs were
then randomly assigned to undergo instrumentation with either
the standard anterior cage and plate (CP) or the integrated fix-
ation cage (IF). Following instrumentation, ROM was then re-
measured as previously described.

Results: For CP fixation, ROM increased by 61.2+31.7% for
FE, 36.3+20.4% for LB, and 31.7£19.1% for AR. For IF fix-
ation, ROM increased by 64.2 + 15.5% for FE, 56.7 £ 39.8% for
LB, and 94.5 £ 65.1% for AR. There was no significant difference
in motion between each group across FE, LB, and AR.

Conclusion: This biomechanical study demonstrated increased

motion in both the CP and IF groups relative to the intact, un-
instrumented state. However, our model showed no differences
in ROM between CP and IF constructs in any direction of mo-
tion. These results suggest that either method of instrumentation
is a suitable option for ACDF with respect to constructing
stiffness at time zero.

Key Words: anterior cervical discectomy and fusion, integrated
cage, cage plate
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Anterior cervical discectomy and fusion (ACDF) is
considered the gold standard for the surgical treat-
ment of many degenerative cervical spine pathologies.!
Anterior cervical fusion accounts for up to 80.6% of cer-
vical spine surgery in the United States, representing a
significant expenditure of the healthcare system.> Inter-
body devices are placed between vertebral bodies after the
removal of the intervertebral disk to restore disk height
and decompress the neural foramen containing nerve
roots. Anterior cervical plating has been shown to increase
the rates of the second goal of ACDF, arthrodesis, or
fusion.*® The increased stability across instrumented
segments with a plate likely contributes to the increased
rates of arthrodesis.* Pseudoarthrosis, or failure of fusion,
has consistently been shown to lead to suboptimal out-
comes and high rates of revision surgery.”® While pseu-
doarthrosis is decreased with the use of an anterior plate,
other complications remain much more common. High
incidences of dysphagia are seen despite the use of lower
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profile plates relative to earlier designs.” Furthermore,
implant failure and screw migration can occur with the
potential to lead to catastrophic complications, including
esophageal perforation.'%-1!

Anterior plate and screws with an interbody device
are a common construct in current practice. The desire for
an even lower profile device that would potentially de-
crease complications and minimize injury risk to vital
structures overlying the anterior cervical spine led to the
development of stand-alone interbody fusion devices. The
integrated cage-plate device for anterior cervical fusion
was developed based on a similar device created for
lumbar fusion.'>!? These integrated fixation devices typi-
cally lie completely within the intervertebral disc space,
just dorsal to the anterior cortex of the vertebral body,
with integrated cage and screw implants. By containing
the device entirely within the disk space, this minimizes the
implant’s sagittal profile, with the potential benefit of de-
creasing dysphagia and implant-related complications
seen with typical plates and screws.'*

Biomechanical and clinical reports of the integrated
fixation devices remain relatively limited. Scholz et al
provide an early report comparing an integrated device
containing a poly-ether-ether-ketone (PEEK) spacer and
four diagonally oriented screws.'> They found this in-
tegrated device provided equivalent biomechanical sta-
bility to the typical plate and interbody cage construct.!'?
In a separate biomechanical study, Stein and colleagues
found similar results in a device with a PEEK spacer and
three integrated screws compared with a standard plate
and cage for a single-level fusion.'? Both studies reported
decreased motion relative to the intact state with an in-
tegrated device that was comparable with the standard
method of fixation.!>!> Clinical results from early use of
integrated fixation devices in one to 2-level fusions report
comparable fusion rates to traditional anterior Elating
with potentially decreased rates of dysphagia.'®1%17 As
more of these devices come to market, appropriate bio-
mechanical analysis and clinical data will be necessary to
determine their potential benefits relative to anterior
plating constructs.

Therefore, the purpose of this study was to perform
a biomechanical comparison of a novel integrated fixation
system and an anterior cervical plate and spacer construct
in a l-level ACDF cadaveric model. Our hypothesis was
that the integrated spacer and plate would allow for a
decreased range of motion (ROM) relative to the intact
state but no difference when compared to more traditional
instrumentation.

MATERIALS AND METHODS

Specimens

Six fresh-frozen human cadaveric cervicothoracic
spines (C2-T2) were procured and stored at —30° C. Each
specimen was screened at the time of harvest for deform-
ities, evidence of prior injury, malignancy, or prior spinal
instrumentation. The bone mineral density (BMD) of each
specimen was measured at the center of the vertebral
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bodies through dual-energy x-ray absorptiometry (Dis-
covery-A System, Hologic Mississauga, ON, CAN).
Specimens were debrided of nonstructural soft tissue and
dorsal musculature. Any spanning osteophytes present
around the anterior and/or lateral aspect of the inter-
vertebral disks were removed with a rongeur to allow for
more physiologic motion. The ligaments, facet joints,
transverse processes, spinous processes, and intervertebral
disks were preserved. Specimens were then segmented into
two functional spinal units (FSUs): C2-C5 and C6-T2.
The purpose of this segmentation between upper-cervical
and lower-cervical FSUs was to have each cadaveric spine
undergo both treatments, serving as a control to account
for the inherent variability in spine motion between
specimens. FSUs were randomly assigned to one of two
treatment groups: cage and anterior plate fixation (CP) or
integrated fixation cage (IF) at the middle FSU level. To
ensure rigid fixation to the materials testing system, most
cephalad and caudad vertebrae of each FSU were potted
using a 1:1 Bondo and fiberglass resin mixture (Bondo®,
3M Company, St. Paul, MN, USA). Screws were placed
into the potted vertebrae to achieve better fixation in the
resin base.

Biomechanical Testing

Specimens were thawed at room temperature and
covered in 0.9% saline-soaked gauze prior to
biomechanical testing.!® Range of motion (ROM) was
evaluated in each FSU in 3 different directions: flexion-
extension (FE), right-left lateral bending (LB), and right-
left axial rotation (AR) before and after instrumentation.
Intact FSUs were first loaded onto a servohydraulic ma-
terials testing system augmented with a Spine Test Fixture
(MTS 858 Mini Bionix II, MTS Systems Corp., Eden
Prairie, MN, USA). The caudal pot was secured to a base
mounted on an X-Y linear railing system to permit passive
motion. The cephalad pot was secured on an upper base
mounted to the Spine Test Fixture where bending rota-
tions and torques were applied. Three-dimensional verte-
bral kinematics were recorded by infrared rigid body
markers (Optotrak Certus, Northern Digital, Inc., Wa-
terloo, Ontario, CA) attached to the instrumented level of
the FSU (Fig. 1).

ROM was evaluated by nondestructively bending
the specimens in FE, LB, and AR. Specimens were bent in
each direction at a 0.5°/s rate under a constant 5 N axial
compressive load until a predetermined 2 Nm limit was
reached. This process was repeated two times in each di-
rection to eliminate creep, and the ROM was recorded on
the third iteration.!” The same protocol was performed
after the instrumentation of each FSU.

Experimental Design and Surgical Treatment
After native specimen ROMs were evaluated, each
FSU was instrumented according to their randomized
treatment group (CP or IF) to obtain matched pairs.
Surgical treatment was performed by 1 of 2 fellowship-
trained spine surgeons. In the C2-C5 and C6-T2 FSUs,
instrumentation was performed at the C3-C4 and C7-T1
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FIGURE 1. Biomechanical setup for functional spinal unit
testing, including optical tracking marker placement.

levels, respectively. For each group, the anterior longi-
tudinal ligament was removed at the level to be in-
strumented. An incision was made in the annulus fibrosis,
and a discectomy was performed. The posterior longi-
tudinal ligament was preserved. In the CP group, a 1-level
anterior cervical discectomy and fusion were performed
using standard instruments and techniques. A four-hole
RESONATE® anterior cervical plate (Globus Medical,
Audubon, PA, USA) was used in conjunction with a
COVERIS"™ anterior cervical spacer (Camber Spine, King
of Prussia, PA, USA) (Fig. 2). In the IF group, the
SPIRA®-C integrated fixation system was utilized
(Camber Spine, King of Prussia, PA, USA). This device
consists of a stand-alone interbody fusion cage with 2
integrated screws (Fig. 3).

Data Reduction

Three-dimensional segmental motions were pro-
cessed and filtered using a fourth-order zero-lag Butter-
worth filter (fs = 100 Hz, fc=1 Hz). Euler angles were then
generated with custom MATLAB scripts (vR2020a,
MathWorks Inc., Natick, MA, USA) and converted to
vertebral ROMs in FE, LB, and AR.

Statistical Analysis
Segmental ROM at the instrumented level was cal-

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

. + 3 B
- = P - . £

FIGURE 2. Specimen with an anterior cervical plate and in-
terbody spacer (CP) construct, using the RESONATE® anterior
plate and COVERIS® spacer.

culated and normalized to their respective intact ROM as
a percentage change relative to intact. One-way analysis of
variance (ANOVA) compared ROM in FE, LB, and AR
across treatment groups (a=0.05). Statistical analyses
were performed using R (v4.0.2, Vienna, Austria) in
RStudio (v1.3, RStudio, Inc., Boston, MA, USA) using
the rstatix and Ime4 packages.?’

RESULTS

The mean BMD at C3 across the C2-C5 FSUs was
0.604 g/em®. In the C6-T2 FSUs, the mean BMD at C7
was 0.574 g/lem®. No significant differences were seen be-
tween the 2 FSU groups (P =10.352). In addition, no dif-
ferences in the range of motion in any of the measured
planes of motion were observed between the upper-
cervical and lower-cervical FSU groups.

Flexion-Extension

Segmental ROM in each direction is shown in
Figure 4. FE ROM increased from intact by 61.2+31.7%
and 64.2%15.5% after CP and IF instrumentation,
respectively. There was no difference in FE ROM
between the CP and IF groups (P =0.840).

Lateral Bending

LB ROM increased in both the CP and IF groups
after instrumentation relative to intact specimens. ROM
increased by 36.3%204% in the CP group and
56.7 £39.8% in the IF group (P =0.300).

Axial Rotation

AR ROM increased from intact specimens by
31.7+19.1% after CP instrumentation and 94.5%65.1%
after IF instrumentation. These differences approached
but did not reach statistical significance (P =0.065).
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FIGURE 3. Specimen with an integrated fixation (IF) construct
using the SPIRA-C® integrated fixation system. [fulcslr]

DISCUSSION

The purpose of this study was to compare the ROM
of a new anterior cervical integrated spacer device with a
conventional anterior cervical plating technique in a one-
level ACDF. Our results demonstrated increased motion
in both the CP and IF groups relative to the intact, un-
instrumented state. There was no significant difference in
motion between each group across FE, LB, and AR, with
AR approaching but not achieving statistical significance.

ACDF is the gold standard for the treatment of a va-
riety of degenerative conditions of the cervical spine.*! Uti-

150 W IF

100

50

ROM (% from Intact)

Flex-Ext
Motion

Axial Rot

Lat Bending

FIGURE 4. Percentage change in range of motion in various
motion planes between the CP and IP constructs. |fullcoler|
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lization of an anterior cervical plate increases fusion rates and
modern, low profile plating systems reduce the risk of some of
the catastrophic complications seen with earlier designs.*%2
Despite these improvements, a number of complications re-
main associated with anterior cervical plating.®!%!" These
implant-related complications prompted the development of
integrated cage-plate devices designed to minimize problems
seen with anterior plating through an even lower profile de-
sign. Prior biomechanical studies have demonstrated similar
stability between integrated fusion devices and conventional
anterior plating used for degenerative cervical spine con-
ditions. Our findings differ from these previous studies in that
all others observed decreased motion at instrumented
segments.!>15324 Scholz et al performed a biomechanical
analysis of the Zero-P"™ anchored spacer (DePuy Synthes
Spine, Raynham, MA, USA) compared with other conven-
tional methods of ACDF at C5-C6. In flexion, extension,
bending, and rotation, they found a 60%, 65%, 74%, and 67%
decrease, respectively, in ROM with the use of the integrated
device relative to the intact state. With a cage and locking
plate construct, they observed a 72%, 79%, 76%, and 67%
decrease in flexion, extension, bending, and rotation, re-
spectively, relative to the intact state.'> While inducing bend-
ing moments up to 1.5 Nm without a compressive load, Stein
et al observed similar findings in their in vitro comparison of
various fusion constructs at C5-C6.!° Relative to the intact
state, they observed significant ROM reductions of 62%, 38%,
66%, and 50% in flexion, extension, LB, and AR, respectively,
with the use of an anchored cage.!® These prior studies con-
trast significantly with our finding of increased ROM in all
directions of motion with both CP and IF constructs. How-
ever, no significant differences in ROM between integrated
devices and conventional anterior cervical plating were ob-
served in the present study or prior studies.!*!>23-+4

The similar biomechanical profile and stability af-
forded by integrated cages and conventional anterior cer-
vical plating are reflected in the clinical data. Radiologic
and clinical outcomes with the use of the Zero-P* device
have been comparable to conventional plate and spacer
constructs at approximately 18 months postoperatively. Of
37 patients with primarily 1 and 2-level fusions, a 92.6%
fusion rate was demonstrated.!” Similar fusion rates have
been reported with conventional ACDF.2! Scholz et al
observed similar findings at short-term follow-up with the
same device. Chronic dysphagia in both retrospective
studies was noted to be lower than reported with traditional
plate and spacer instrumentation.”'®!7 In a randomized
controlled trial comparing an integrated spacer and a tra-
ditional plating construct for a single-level ACDF, com-
parable clinical and radiologic outcomes were found. Visual
analog scale pain scores and neck disability index scores
improved similarly in both groups.” The similar bio-
mechanical and clinical profile between integrated devices
and traditional anterior cervical plating for ACDF suggests
it may be a viable option for single-level procedures.

Increased motion in this cadaveric model after per-
forming a 1-level ACDF with the CP and IF techniques was
an unexpected finding. Our hypothesis was that there would
be decreased motion in both groups relative to the intact state
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without any significant difference between groups. We ob-
served screw loosening and cutting out in several samples,
which were attributed to poor purchase in the specimens
used. These specimens were included in our analysis, given
the frequency at which we observed this finding. This likely
contributed to increased motion after instrumentation. Dis-
ruption of the anterior longitudinal ligament and discectomy
may also have influenced our results. Loss of the anterior
tension band and removal of a degenerative disk can cause
destabilizing effects on the spine.%'27 However, our surgical
dissection and technique did not greatly differ from Previous
reports examining IF versus CP instrumentation.'>!3

There are several limitations of this study. The use of
isolated cadaveric specimens may explain the unexpected
findings of increased motion after instrumentation with CP
and IF devices. The bone stock of these cadaveric specimens
can be suboptimal and may have contributed to issues with
screw purchase. This loss of fixation, despite proper in-
strumentation, could inadequately reflect the stability af-
forded by the various constructs studied. Furthermore, the
dissection required for instrumentation and the use of iso-
lated specimens disrupt the passive and active systems that
provide spinal stability.?®27 In a clinical setting, additional
stability and decreased motion could be expected that is not
replicable in a cadaveric study. A second limitation inherent
to any biomechanical evaluation of spinal implants is the
inability to account for changes in the bone-implant interface
that occur over time.'? The stiffness reported represents the
initial stiffness at the time of surgery and does not account for
the fusion that occurs between spinal levels. Nonetheless, the
similar biomechanical profile of IF and CP constructs in this
study and previously published studies suggest that in-
tegrated spacer devices are a viable alternative to traditional
anterior cervical plating for ACDF. Another limitation in
our study is that while FE and LB ROM did not demonstrate
any significant difference between the 2 fixation strategies,
differences in AR ROM appeared to approach, but not
achieve, statistical significance. Our study likely lacked the
necessary statistical power, resulting in the inability to reach
significance.

Another limitation of our study is that we used only a
select brand of implants for testing. This was done both for
the ease of testing as well as the logistics of obtaining various
implants from various manufacturers. While we understand
that other implants are available and commonly used, the
primary purpose of this study was to compare the bio-
mechanical properties of the general principles of anterior
cage and plate versus integrated fixation, not any one specific
company or model. The implants selected were chosen with
the goal of serving as a broad, generalizable comparison
between the fixation strategies rather than a detailed analysis
of that specific implant.

CONCLUSION
This biomechanical study showed no differences in
ROM between CP and IF constructs in any direction of
motion. Our results suggest that either method of in-
strumentation is a suitable option for ACDF with respect

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

to construct stiffness at time zero. These findings should be
interpreted with caution, however, as greater motion was
seen at the instrumented level, where it would theoretically
be expected to decrease. This is likely due to the destabi-
lizing effects of a discectomy and lack of fusion in a bio-
mechanical study. Further biomechanical and clinical
studies are needed to assess the different methods of an-
terior cervical instrumentation.
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