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ABSTRACT

Background: Unilateral fractures involving complete separation of the lateral mass from the vertebra and lamina
(floating lateral mass fractures) are a unique subset of cervical spine fractures. These injuries are at significant risk for
displacement without operative fixation. Posterior fixation has proven to facilitate adequate fusion. However, there are
few data supporting the clinical success of single-level anterior fixation.

Methods: Biomechanical evaluation of floating lateral mass fractures and a consecutive case series of patients with
rotationally unstable floating lateral mass fractures treated with anterior fixation using an integrated cage-screw device
with anterior plating (ICSD) was performed. The study comprised 7 fresh human cadaver cervical spines (C2-C7), and
11 patients with floating lateral mass fractures. Segmental flexibility testing evaluating axial rotation, flexion/extension,
and lateral bending was performed in a cadaveric model after 2 types of single-level anterior fixation and 1 type of 2-
level posterior fixation. Eleven patients with a floating lateral mass fracture of the cervical spine underwent anterior
fixation with an ICSD. Radiographs and clinical outcomes were retrospectively reviewed.

Results: Compared with the intact condition, posterior instrumentation significantly (P < .05) reduced range of
motion (ROM) in all 3 planes; anterior fixation with cervical plate and interbody spacer significantly reduced ROM in
lateral bending only; and the ICSD significantly reduced ROM in flexion/extension and lateral bending. In the clinical
arm, there were no long-term complications, subsidence >2 mm, failure of fixation, reoperation, pseudoarthrosis, or

listhesis at final follow-up.
Conclusions:

The addition of 2 screws placed through a cervical cage can improve anterior fixation in a human

cadaveric model of floating lateral mass fractures. Early clinical results demonstrate a low complication rate and a high
rate of healing with single-level anterior fixation using this technique.

Minimally Invasive Surgery

Keywords: floating lateral mass fracture, cervical fracture, anterior cervical fusion, posterior cervical fusion

INTRODUCTION

Unilateral fractures involving complete separa-
tion of the lateral mass from the vertebra and
lamina (previously described as lateral mass frac-
ture-separation, floating facet fractures, floating
lateral mass, and unilateral lateral mass-facet
fracture) are a unique subset of cervical spine
fractures.'” The leading cause of these injuries is
motor vehicle collisions,>* but the exact mechanism
of injury has not been clearly established. These
fractures often present with minimal displacement;
however, there is nearly uniform consensus in the
literature that these injuries are rotationally unsta-

ble."**? Multiple authors have reported failure to
maintain alignment when these fractures are treated
in a cervical orthosis, with displacement rates up to
100%."'* Because of this risk, these fractures are
now routinely treated with operative fixation at level
1 trauma centers,' 3> 71113717

Floating lateral mass injuries in the cervical
spine have historically been treated by posterior
instrumentation (PI) and fusion of at least 3
vertebrae (2 motion segments), with good results.'®
These injuries have also been successfully treated
via anterior fixation with cervical plate and
interbody spacer (SP),” although failures have been
reported with anterior fixation of only 1 motion
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segment.'> Recently, the authors have treated
floating lateral mass fractures with anterior fixation
of a single motion segment using a novel integrated
cage-screw device in addition to standard anterior
plating. Although many surgeons often use an
anterior technique to address these fractures, there
is a need for studies addressing the efficacy of these
techniques. To our knowledge, no previous studies
exist evaluating the kinematics of floating lateral
mass injuries, or relevant fixation methods. The
aims of this study were 2-fold. The first was to
determine whether fixation can be improved by
using an anterior approach with an integrated cage-
screw device and anterior plating in a human
cadaveric model of floating lateral mass fractures.
The second was to present a case series of patients
who had received this type of fixation and to
determine the rate of loss of fixation and surgical
complications.

MATERIALS AND METHODS
Specimen Preparation

Seven fresh human cadaver cervical spines (C2-
C7) were used. The specimens were harvested from 4
female and 3 male cadavers (mean age, 59 = 6
years) and stored at —20°C prior to thawing. The
spines had been radiographed previously in the
anteroposterior and lateral planes to ensure the
absence of fractures, deformities, and any metastatic
disease. The spines were carefully denuded of
paravertebral musculature while the spinal liga-
ments, joints, and disc spaces were preserved. Each
spine was potted proximally at C2 and distally at C7
in a 3:1 mixture of Bondo auto body filler (Bondo
MarHyde Corp, Atlanta, Georgia) and fiberglass
resin (Home-Solution All Purpose Bondo Mar-
Hyde). Plexiglas markers, each having 3 infrared
light-emitting diodes, were secured rigidly to the
anterior aspect of C2, C3, C4, C5, C6, and C7
vertebral bodies using bone screws to track its
motion with an Optotrak Certus (NDI Inc.,
Waterloo, Ontario, Canada) motion analysis sys-
tem. The location of the markers (denoting a rigid
body) was approximately aligned sagittally along
the curvature of the spine. The Optotrak Certus
software was able to superimpose the coordinate
systems of 2 adjacent vertebral bodies in order to
inferentially determine the relative Eulerian rota-
tions in each of the 3 planes.

Flexibility Testing

The specimen was fixed to the load frame of a 6
degree of freedom spine simulator, and a pure
moment was applied to the C2 vertebra through
servomotors.'®!” The specimen was maintained
moist throughout the test by spraying it with 0.9%
saline. All tests were carried out at room tempera-
ture of 25°C. Each of the test constructs was
subjected to 3 load-unload cycles in each of the
physiologic planes generating flexion-extension,
right-left lateral bending and right-left axial rotation
load displacement curves. This was achieved by
programming the motors to apply continuous
moments in each physiologic plane. A typical
load-unload cycle in the sagittal plane comprised
neutral — full flexion — full extension — neutral (3
times). Data from the third cycle were considered
for analysis. The design of the load frame enabled
unconstrained motion of the spine in response to an
applied load. There was no compressive preload
applied on the specimen. A load control protocol
was used to apply a maximum moment of *1.5
N/m at a rate of 1°/sec.'®?° This describes the
specified rate of motor movement in order to
achieve the load limit of 1.5 N/m. The 3-dimension-
al intervertebral rotation was obtained from the
Optotrak Certus data files in the form of Euler
angles (°) about the x-, y-, and z-axes: +Rx/—Rx,
+Ry/—Ry, and +Rz/—Rz denoting flexion-extension,
right-left axial rotation, and right-left lateral bend-
ing range of motion (ROM), respectively. The Euler
sequence used in this study was xzy.

Study Design

Each of the 7 spines was initially tested in the
intact state. Following intact testing, a right-sided
floating lateral mass fracture was created at the C5-
C6 level. The injury model was designed to mimic a
high-grade floating lateral mass pattern. This was
achieved by first cleaning the specimen of the
residual muscles while preserving the discoligamen-
tous elements of the functional spinal unit. The
laminofacet junction and pedicle on the right at C5
were then identified and these structures transected.
The lateral mass was allowed to remain—floating in
place, secured by the intact facet capsules. The
interspinous ligament, supraspinous ligament, and
the right side of the anterior longitudinal ligament
with adjacent annulus were carefully dissected out
of the specimen to simulate the fractured state.
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Paraspinal musculature had been removed previ-
ously. Testing was then repeated under the same
loading conditions as for the intact state. After
testing of the injured state, the following fixation
constructs were tested in sequential order: 1) PI,
with posterior lateral mass fixation and rods at C4-
C6 (screws at C4, C5, and C6 on the left side, and at
C4 and C6 on the right side), with a cross connector
at C5-C6; 2) spacer and anterior cervical plate (SP),
a radiolucent interbody spacer with an anterior
cervical plate at C5-C6; and 3) novel anterior
fixation technique (ICSD), with an integrated
spacer-plate and anterior cervical plate at C5-C6.
Titanium polyaxial screws (3.5 mm in diameter and
14 mm in depth) from the ELLIPSE Occipito-
Cervico-Thoracic Stabilization System (Globus
Medical Inc., Audubon, Pennsylvania) were placed
into the lateral masses at C4, C5, and C6 levels and
connected by 3.5-mm-—diameter titanium rods and a
cross connector at C5-C6. After testing the PI
construct, discectomy was carried out at the C5-C6
level in order to place the interbody constructs. The
PROVIDENCE Anterior Cervical Plate (Globus
Medical Inc.) and COLONIAL Spacer (Globus
Medical Inc.) were used as the anterior cervical plate
and interbody spacer respectively. COALITION
ACDF (Globus Medical Inc.) was used as the
integrated spacer-plate device. All the implants were
properly sized, and the implantation was carried out
as recommended by the respective surgical tech-
nique. Subsequent to intact testing, the instrument-
ed constructs were subjected to the same load
control protocol for flexibility testing as described
above.

Laboratory Data Analysis

ROM data were normalized to intact (100%).
Statistical analysis was performed on raw data.
Comparison of data was performed using repeated-
measures analysis of variance for independent
samples followed by Tukey post hoc analysis for
multiple comparison procedures.>'** Significance
was accepted at P < .05.

Clinical Data

After approval was obtained from our Institu-
tional Review Board, all Level I and II Trauma
Team Activations (n = 2292) seen from January
2008 to June 2011 were included from a prospective
trauma database. A total of 194 patients (8%) had a
cervical spine fracture, and 12 of these patients had

rotationally unstable fractures of the lateral mass
and underwent fixation (6% of fractures). Of these
patients, 1 was excluded after being lost to follow-
up at 56 days, leaving a total sample size of n=11.
The level of injury was confirmed with upright
radiographs. Specifically, any spinal level with
listhesis on a lateral radiograph of the cervical spine
was identified as unstable. Patients with unstable
fractures were treated with an integrated cage-screw
device with anterior plating. Clinical and radio-
graphic follow-up was then carried out. Metrics
used were fusion grade,? lordosis, range of motion,
presence of subsidence >2 mm, and any postoper-
ative complications.

RESULTS
Flexion-Extension

The injured condition had a significantly higher
ROM (245% = 100%, P < .05) compared with
intact condition (100%). All instrumented con-
structs (PI, SP, and ICSD) significantly (P < .05)
reduced ROM (11% = 5%, 31% = 22%, and
18% = 9%, respectively) compared with injured
condition ROM (245% = 100%). The PI
(11% = 5%) and ICSD (18% = 9%) constructs
significantly reduced ROM compared with the
intact condition (100%). The SP (31% = 22%)
construct reduced ROM compared with the intact
condition (100%); however, no statistical signifi-
cance was achieved.

Lateral Bending

All instrumented constructs (PI, SP, and ICSD)
significantly (P < .05) reduced ROM (7% = 6%,
51% = 46%, and 27% = 15%, respectively) com-
pared with the injured (195% = 76%) and the
intact (100%) conditions. The injured
(195% = 76%) condition had a higher ROM
compared with the intact (100%) condition; how-
ever, no statistical significance was achieved.

Axial Rotation

The injured condition had significantly higher
ROM (P < .05) with axial rotation (211% = 69%)
compared with the intact condition (100%). The PI
(13% = 8%) construct, the stiffest of the 3 con-
structs, significantly (P < .05) reduced ROM
compared with the intact (100%) condition. The
SP (71% = 40%) and ICSD (48% = 26%) con-
structs reduced ROM compared with the intact
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Figure 1. Percentage compared with intact state. *Statistical significance. Abbreviations: PI, posterior instrumentation; SP, interbody spacer; ICSD, integrated cage-

screw device with anterior plating.

condition, without statistical significance. All in-
strumented constructs significantly (P < .05)
reduced ROM compared with the injured condition.
Range of motion results are summarized in Figure
1.

Clinical Results

Eleven patients (average age, 34 years; range, 15-
80 years; median age, 36 years) with unilateral
floating lateral mass fractures of the cervical spine
were treated with the ICSD. Of the 11 patients, 4
smoked tobacco. Instrumentation was performed at
the level of listhesis demonstrated on upright
radiographs obtained either acutely or at the time
of follow-up after initial treatment in a cervical
collar. This included 1 fracture at C4-C5, 5 fractures
at C5-C6, 3 fractures at C6-C7, and 2 fractures at
both C5-C6 and C6-C7. Average clinical follow-up
was just under 1 year (347 days; range, 80-920 days;
median, 328 days), whereas average radiographic
follow-up was almost 18 months (509 days; range,
80-1399 days; median, 338 days). Fusion grade was
identified as described previously by Carter et al.>
(Table 1). The results are as follows: 8 patients had a
fusion grade of 1, and 2 patients had a fusion grade
of 2. Of the 4 patients who smoked tobacco, 3 had a
fusion grade of 1 and 1 had a fusion grade of 2. In
the nonsmokers, 5 had a fusion grade of 1 and 1 had
a fusion grade of 2. The average lordosis was 4.08°
(range, 1°-6.3°%; SD, 1.87°). Of the 11 patients, 8 were
found to have <2° of motion at the level of fixation.
ROM was not determined in 2 patients because of a
lack of radiographic follow-up. Fusion grade,
lordosis, and ROM were not determined in 1

Table 1. Computed tomography fusion grade as described by Carter et al.'®

Grade 1 Solid bilateral fusion with bridging bone
Grade 2 Solid unilateral fusion with bridging bone
Grade 3 Defects in fusion mass bilaterally

Grade 4 Definite graft resorption

patient because of poor radiographic quality sec-
ondary to body habitus. The only complication
reported was dysphagia in 1 patient, which quickly
resolved. Subsidence >2 mm was not found in any
patient. At final follow-up, there were no instances
of failure of fixation, reoperation, pseudoarthrosis,
or significant adjacent segment listhesis. These
results are summarized in Table 2.

DISCUSSION

Cervical spine injuries are a common injury in the
polytraumatized patient (5.37%),%* occurring in
11.2% of motorcycle collisions and 14.1% of motor
vehicle collisions.”> A subset of cervical spine
fractures, floating lateral mass fractures, are rota-
tional injuries that require operative fixation to
prevent displacement. Previously, fixation was
achieved most reliably through posterior instrumen-
tation and fusion. This approach provides excellent
stability; however, the logistics of prone positioning
can be problematic, especially in patients with
extremity fractures (up to 10% of patients with
cervical spine fractures®®). Additionally, infection

Table 2. Clinical data.

Range
Tobacco Fusion Lordosis of Motion
Age (y) Use Grade © ©)
23 Positive 1 6.1 <2
19 Negative 1 3.5 Not determined
due to lack
of follow-up
24 Positive 1 2.8 <2
36 Negative 1 6.3 Not determined
due to lack
of follow-up
50 Positive 1 1 <2
24 Negative 1 6.2 <2
58 Negative 1 2.1 <2
15 Negative 2 5 <2
39 Negative Unclear due Unclear due Unclear due to
to body to body body habitus
habitus habitus
S1 Negative 1 3 <2
49 Positive 2 4.8 <2
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Figure 2. Computed tomography scan demonstrating trace listhesis at C4-C5, with a floating lateral mass injury involving the right C5 lamina (big arrow) and right C5
pedicle (small arrow). Based on this supine study, it is unclear whether this 2-level injury pattern represents true instability at both levels.

rates are higher in the posterior approach compared
with an anterior approach.'® Treatment in the supine
position decreases operative time and limits the risk
of hemodynamic instability and the possibility of
neurologic progression associated with prone posi-
tioning.”” Because of these advantages, many sur-
geons routinely treat these patients with anterior
fixation of 1 or 2 motion segments. However,
significant failure rates (80%—-83%) have been
reported with single-level anterior instrumentation
and fusion in these injuries.> In an attempt to avoid
this complication our treatment protocol includes

obtaining upright radiographs of the cervical spine to
aid in determining the level(s) of rotational instabil-
ity. Our clinical results suggest that while floating
lateral mass fractures are, by definition, a 2-level
injury, they commonly result in clinically significant
instability at only 1 level. This is demonstrated by the
presence of listhesis at only 1 level on upright
radiographs. We saw no adjacent segment instability
or instrumentation failure with this approach (Fig-
ures 2 and 3). It should be noted however, that like
the patients in the study by Lee et al.,' these patients
did not have severe neurologic deficits, and their

Figure 3. The patient was mobilized in a collar, and an upright lateral radiograph was obtained (left), which showed no significant listhesis. However, the lateral
radiograph at 1-week follow-up showed kyphosis and listhesis at C5-C6, with trace listhesis at C4-C5 (middle). One year postoperatively, the trace listhesis at C4-C5
resolved with anatomic fixation of only the progressive instability at C5-C6 (right).
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injuries did not preclude rapid mobilization in a
cervical orthosis. This facilitated upright radio-
graphs, which determined the level of operative
fixation. Furthermore, patients in whom an anatomic
reduction cannot be obtained should not be consid-
ered for single-level anterior fixation of any type. As
Lee et al.' point out, “horizontalization” of the
lateral mass occurs either acutely or gradually as a
patient is mobilized. If this rotation of the lateral
mass inferiorly in the sagittal plane is not reduced
anatomically, or if ligamentous injury is seen at the
adjacent segment by magnetic resonance imaging, 2-
segment anterior or posterior fixation is required.
Additionally, patients with highly displaced fracture
patterns that suggest 360-degree ligamentous disrup-
tion or fractures involving the vertebral body
endplates should not be considered for single-level
anterior fixation of any type. Failure to recognize
these fracture characteristics may lead to increased
rates of fixation failure, pseudoarthrosis, or kyphosis.

In our biomechanical testing, all 3 instrumenta-
tion techniques significantly stabilized the cervical
spine compared with the injured state (simulated
unilateral floating lateral mass fracture). The novel
technique using the integrated cage-screw device
significantly (P =.05) increased segmental stability
in 2 of the 3 testing modes (flexion-extension and
lateral bending) compared with the intact state,
whereas the more traditional interbody spacer and
an anterior plate construct increased stability in
only 1 testing mode (lateral bending). Posterior
segmental instrumentation improves segmental sta-
bility in all 3 planes of motion. However, this
technique requires an additional level of fixation, as
well as more difficulty with positioning and a more
morbid surgical approach.’” In our series, 11
patients with a cervical floating lateral mass injury
were treated with single-level anterior fixation with
an integrated cage-screw device. Average clinical
and radiographic follow-up was less than 1 year,
and no loss of fixation, adjacent segment instability,
or reoperation occurred. Fusion grade and re-
creation of segmental lordosis were adequate in all
patients. It should be noted that all patients received
an integrated cage-screw device, as well as an
anterior plate and screw construct. The integrated
cage-screw device was not used in isolation, and this
type of construct is not recommended for significant
instability when used as a “stand-alone.”

Our study does have limitations. Because of the
rarity of floating lateral mass injuries, the sample size

of only 11 patients in the case series is quite small.
Regarding the biomechanical portion of the study, it
is a load-controlled, segmental flexibility study using
cadaver models in which bone, disc and ligamentous
cuts were made in a controlled setting and the skin
and musculature have been removed. Thus, this
model characterizes only acute stability and does not
allow any comments to be made regarding longer-
term stability (eg, testing after cyclical load).
Although the floating lateral mass injury was re-
created as accurately as possible, the lack of these
soft tissues and the sharp nature of the osteotomies
are admittedly different than the mechanism that is
required to produce such injuries in vivo.

CONCLUSION

In the treatment of unilateral floating lateral mass
fractures, posterior instrumentation and fusion
provides the most stable fixation. However, our
findings suggest that the addition of 2 screws
through a cervical cage-screw device can improve
anterior fixation in a human cadaveric model of
floating lateral mass fractures. Early clinical results
show a low complication rate and a high rate of
healing with this technique.
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