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spine: is a spinolaminar screw a viable option?
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Abstract

Study design: Cadaveric biomechanical testing.

Objective: Lateral mass screw placement is not always feasible when providing fixation to the subaxial cervical spine. When these situations arise salvage fixation
techniques are required. Subaxial cervical salvage fixation techniques include the addition of fixation levels, anterior fixation, spinous process wiring, pedicle screw
placement, intralaminar screw placement, and revision screw placement; each has its own drawbacks and are limited in the subaxial cervical spine. This study
investigated the biomechanical stability and construct feasibility of a new salvage technique, a spinolaminar junction screw.

Methods: Seven fresh frozen cadavers were utilized to instrument fourteen subaxial cervical spinal segments. Motion segments were instrumented alternately between
traditional lateral mass and experimental spinolaminar screw fixation. Five different groups were tested in a biomechanical laboratory: destablized spine, unilateral
spinolaminar fixation, unilateral lateral mass fixation, bilateral fixation with spinolaminar fixation, and bilateral fixation with traditional lateral mass fixation.

Results: The destabilized group was significantly less stiff than any fixation group in all loading directions. The inclusion of instrumentation (lateral mass or
spinolaminar) significantly (p<0.01) increased construct stiffness as compared to the destabilized group. There was a non-significant trend toward increased stiffness
with bilateral fixation constructs. There was no significant difference (p>0.01) between unilateral screw groups or bilateral screw groups in any loading direction,
indicating that the spinolaminar screw provides similar construct stiffness to traditional lateral mass screws.

Conclusions: A subaxial cervical spine screw oriented in the transverse plane at the spinolaminar junction may provide an alternative to lateral mass fixation and
provide a salvage technique when lateral mass fixation is not available. Further studies into this screw technique should be performed prior to routine clinical
placement.

Introduction has its own drawbacks. Adding extra levels for fixation will likely
require those additional levels to be fused. Anterior plate fixation and
posterior wiring constructs are not nearly as rigid in flexion or torsion
as posterior screw/rod or hook/rod constructs [1,9], and may require

additional surgical approaches.

Various techniques exist for instrumenting the posterior cervical
spine. Although wiring techniques have been described for more
than 100 years, there are concerns that these techniques do not confer
adequate torsional stability to achieve predictable fusion [1]. Certainly,

the placement of cord-level sublaminar wires presents a non-trivial risk Cervical pedicle screw fixation is mechanically secure, but carries

of neurological injury [2]. Posterior hook /rod constructs may be stiffer,
but may require substantial space from the spinal canal. That scenario
seriously threatens the spinal cord in patients with any pre-existing
stenosis [3], and these can be time consuming to place properly [4].
With time, many spine surgeons have adopted lateral mass screw (LM)
fixation as representing the optimal balance between rigidity and safety
for fixation in the subaxial cervical spine [5].

However, there are situations when standard lateral mass screw
placement is not possible. Such instances include: lateral mass screw
cutout, lateral mass fractures, bony defects, and revision fixation
secondary to screw loosening or malposition [6-8]. In these situations,
salvage techniques are required to achieve cervical fixation. Several
options exist for salvage fixation of the cervical spine such as adding
extra levels of fixation, anterior fixation, spinous process wiring,
cervical pedicle screw placement, interlaminar screw placement, and
trans articular revision screw placement. Each of these salvage options
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with it increased risk of neurovascular injury [6,10,11], without
advanced navigation techniques [7,12-14]. Although certain scenarios
in which the lamina are removed would allow direct visualization of the
cervical pedicle, the fixation is still difficult due to pedicle anatomy in
the subaxial cervical spine. However, sub-axial cervical pedicle screw
fixation is a viable option when possible.

In 2004 Wright et al. described a technique for translaminar screw
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fixation of C2 [15]. The translaminar technique has been proven by
numerous studies to be a viable option for posterior stabilization of
C2 [16-20]. Subaxial translaminar screw fixation was first introduced
by Hong et al. in 2008 [21]. Numerous studies have examined the
biomechanics and anatomic feasibility of subaxial translaminar screw
fixation [21-25]. As of this time, C7 is the only subaxial cervical level
thought to be anatomically safe enough for routine translaminar
fixation [8,21-24]. This is due to the thin lamina and anatomic
variability associated with the C3-C6 levels. As such, the placement of
subaxial translaminar screws can prove challenging [9].

With this background, we set out to investigate the biomechanical
stability and construct feasibility of another salvage technique for
posterior subaxial cervical spine fixation - the use of a spinolaminar
junction screw (SL) (Figures 1-3) — that is oriented in a near transverse
plane at the spinolaminar junction in the subaxial cervical spine (C3-
C6).

This screw provides the benefits of direct visualization of screw
placement, minimal neurovascular risk, bicortical fixation, and the
screw is amenable to the anatomic restraints of the C3-C6 cervical
levels provided that the posterior elements are present.

Materials and methods

Seven fresh frozen human cadaveric cervical spines were used in
this study with mean DXA T-score —0.6 and with a STD of 2.8. Five
additional specimens were excluded from the study due to DXA

Figure 1. Starting point and trajectory for placement of spinolaminar (SL) screw at C4.

Figure 2. C3-C4 hybrid construct with spinolaminar screw (circled in 2a, arrow in 2b) and
lateral mass screw fixation.
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T-scores<—2.5; set in attempt to exclude specimens with poor bone
quality. Fourteen subaxial cervical spinal motion segments were
instrumented. 2 Motion segments were instrumented, at C3-4 and C5-6
were instrumented alternately between lateral (LM) and spinolaminar
(SL) screw fixation which allowed us to control for specimen-to-
specimen variation in BMD.

Lateral mass screws were placed with a standard technique starting
just inferior and medial to the center of the lateral mass and drilling in
a cephalad and lateral trajectory using a 2.5 mm drill. The screw path
was not tapped prior to placement of 3.5x14 mm screws in the lateral
masses. Spinolaminar screws were placed with the starting point at the
junction between the spinous process and lamina. A 2.5 mm drill was
used with a near horizontal trajectory achieving a bicortical channel at
the base of the spinous process/laminar junction. The path was then
tapped with a 3.0 mm tap through both cortices and then a 3.5 mm
screw was placed. The screw lengths varied between 14-16 mm in order
to make sure at least two screw threads were beyond the contralateral
cortex. Computed tomography (CT) scans were taken to evaluate
screw placement (Figure 4).

Prior to testing the C3-4 and C5-6 motion segments, a scalpel was
used to circumferentially transect the facet capsules at those levels in
order to partially destabilize the segments. For all samples, C7 was left
uninstrumented and was fixed rigidly to the table of a servo-hydraulic
(Instron 8821s) load frame. C2 (without instrumentation) was attached

Figure 3. AP cervical spine XR showing the use of a spinolaminar junction screw as bailout
technique in clinical practice.

Figure 4. Axial cut CT scan of C4 spinolaminar screw in a cadaver specimen.
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to the Instron ram using a custom gripping fixture (Figure 5). Center
of rotation was found in accordance with our previously published
methods [26], afterwhich the offset loading arm was translated 5 mm
(relative to the center of rotation), anteriorly, posteriorly, or laterally in
order to apply sub-failure flexion, extension, and lateral bend loading
respectively. Groups tested included:

o Destabilized Spine

e Unilateral Spinolaminar (SL—LM):
connected to a lateral mass screw

spinolaminar screw

e Unilateral Lateral Mass (LM—LM): 2 lateral mass screws
connected through a bar

 Bilateral Fixation with a spinolaminar screw (SL—LM on one
side and LM—LM on contralateral side)

e Bilateral Fixation with LM (LM—LM on one side and LM—
LM on contralateral side)

This configuration allowed us to test the construct that would
most likely be encountered clinically where a unilateral LM screw was
salvaged with a SL screw; this was connected to a normal construct of
LM screws (Figure 3 shows a clinical example of the construct). Prior to
biomechanical testing, all specimens underwent CT specifically looking
for any violation of the ventral lamina or central canal by the SL screws.

Bending moments (up to 3 N-m under displacement control
at lmm/s) were applied using an offset loading arm for successive
testing of destabilized, unilaterally, and bilaterally instrumented
segments (Figure 5). Each specimen was first tested in the destabilized
configuration. The testing order of subsequent fixation configurations
(i.e. unilateral spinolaminar screw (SL—LM), unilateral lateral mass
screws(LM—LM)), bilateral fixation with a spinolaminar screw (SL—
LM on one side and LM—LM on contralateral side), and bilateral
fixation with LM (LM—LM on one side and LM—LM on contralateral
side) was randomized in order to minimize artifects due to testing
order. Relative motion at each segment was continuously monitored
using a NDI Certus 3D optical tracking system with one target placed
on the inferior vertebra and a second on the superior vertebra of the
segment in question (Figure 5). Relative displacement and construct

Figure 5. Test setup with gripping fixture, loading arm (setup for flexion), and optical
tracking sensors attached.
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stiffness were compared for each group. In order to reduce inter-
specimen variability, values were normalized with respect to the
destabilized control. Analysis of variance (ANOVA) was performed
for statistical analysis.

Results

The destabilized group demonstrated considerably less stiffness
than any fixation group in all loading directions and was consistent
with what is observed physioloigically and has been reported previously
[27]. Figure 6 demonstrates our results in chart format. The inclusion
of instrumentation (either lateral mass or spinolaminar) significantly
(p<0.01) increased construct stiffness as compared to the destabilized
group. There was a non-significant trend toward increased stiffness
with bilateral fixation constructs. There was no significant difference
(p>0.01) between unilateral screw groups or bilateral screw groups
in any loading direction, indicating that the spinolaminar screw
placement provides similar construct stiffness to traditional lateral
mass screws (Figure 6). CT scans of each cadaveric specimen confirmed
bicortical placement of the SL screws at the spinolaminar junction with
no breaches of the ventral lamina.

Discussion

The placement of a transverse oriented spinolaminar screw is a
potential C3-C6 salvage fixation option with some obvious benefits.
The landmarks for the spinolaminar junction screw are directly visible
to the surgeon. Screw placement in this orientation does not breech
cortices adjacent to the spinal canal or the transverse foramen and
should present minimal risk for neurovascular damage, although this
has not been assessed in any clinical series to the authors’ knowledge.

Our study showed that the stiffness in flexion, extension, and
lateral bending of an SL screw construct had no statistical (p>0.01)
difference when compared to the traditional lateral mass screw fixation
in the subaxial cervical spine. This may support the use of an SL screw
construct as a possible bailout procedure for posterior fixation when
lateral mass screw placement is not possible.

There are several limitations to this initial study. Since this is a
cadaveric study, we had no way to model active muscle forces nor the
remodeling response of bone adjacent to any of the screws placed. One
might imagine a live animal model employed to study some aspects
of these phenomena. This study only analyzed 1-level constructs and
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Figure 6. Measured construct stiffness in flexion, extension, and lateral bending with values
normalized to the unstable control.
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with the addition of more levels mechanical differences may present
between SL fixation and LM constructs. We have not assessed the effect
of SL fixation in osteopenia / osteoporosis. It may be that there is a
significant difference between SL and LM fixation in those instances.
We have also not investigated the effects of varying screw diameter in
SL fixation. We chose 3.5 mm screws as they are commonly available in
most posterior cervical fixation instrumentation systems.

The spinolaminar junction screw does have certain clinical
limitations that could hinder its use during certain scenarios. First, the
spinolaminar junction construct is predicated on stable and intact bony
anatomy of the posterior cervical elements; specifically, the lamina and
a majority of the spinous process must be intact for fixation. Patients
that have had prior laminectomies, spinous process removal, or bony
defects involving the spinous process or lamina would not be candidates
for this construct. Second, the transverse or near-transverse orientation
of the screw may prove challenging in patients with significant amounts
of posterior neck soft tissue and may prevent its use in such patients.
Third, we have not addressed the logistics of including SL fixation in the
midst of a long-segment construct. One could imagine some difficulty
in this circumstance. However, SL fixation could prove especially useful
for the subaxial cervical levels of C3-C6 since interlaminar and pedicle
screws can prove quite challenging.

In conclusion, spinolaminar junction screw placement in the
subaxial cervical spine provides similar construct stiffness to traditional
lateral mass screw fixation (p>0.01). Our findings suggest that a screw
- oriented in the near transverse plane at the spinolaminar junction in
the C3-C6 segments — may provide a relatively safe alternative to lateral
mass fixation and provide surgeons with a legitimate salvage option if a
lateral mass screw is not able to be placed.
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