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Abstract

Although laminar screw fixation is often used at the
C2 and C7 levels, only few previous case reports have
presented the use of laminar screws at the C3-C6 levels.
Here, we report a novel fixation method involving the
use of practical laminar screws in the subaxial spine. We
used laminar screws in the subaxial cervical spine in two
cases to prevent vertebral artery injury and in one case
to minimize exposure of the lamina. This laminar screw
technique was successful in all three cases with adequate
spinal rigidity, which was achieved without complications.
The use of laminar screws in the subaxial cervical spine is
a useful option for posterior fusion of the cervical spine.

Key words: Laminar screw; Instrumentation; Subaxial
cervical spine
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Core tip: Laminar screw fixation is often used at the C2
and C7 levels, however, only few previous case reports
have presented the use of laminar screws at the C3-C6
levels. In this article, the authors describe a novel fixation
method involving the use of laminar screws in the subaxial
spine with adequate spinal rigidity, which was achieved
without complications.
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INTRODUCTION

Posterior surgical stabilization for instability of the
cervical spine can be achieved using various techniques.
Traditionally, posterior wiring methods have been used™?.
Recently, methods involving the use of screws and rods,
including pedicle®, lateral mass™, and transarticular
screws™!, have been widely applied because of the
resulting biomechanically rigid stabilization. However,
screw insertion is associated with a high risk of injury
to the vertebral artery because of differences in the
position of the foramen transversarium of the cervical
spine, the size of the pedicle of the vertebral arch, and
the course of the vertebral arteries among patients.
Furthermore, the malposition of these screws can cause
serious complications, including massive hemorrhage,
neurological deficits, and possible death®®. Here, we
describe a novel fixation method involving the use of
laminar screws in the subaxial spine for posterior fusion
of the cervical spine.

CASE REPORT

Case 1
A 32-year-old man with neck pain had an asymptomatic
dumbbell-shaped schwannoma with highly destructive
changes observed on radiography (Figure 1). Preo-
perative magnetic resonance imaging (MRI) showed
narrowing of the right vertebral artery due to pressure
from the tumor. Subsequently, tumor resection was
performed using a posterior approach with total
facetectomies of the right C2-3 through C6-7 levels.
Reconstruction was achieved using C2-C6 laminar screw
fixation (3.5 mm in diameter); the screws were placed
in the left lamina to avoid injuring the vertebral artery on
the dominant side. Minimal canal invasion by the screw
at the C6 level without any resulting neurological deficit
was noted. The remaining screws were appropriately
placed (Figure 1).

The patient’s post-surgical course was uneventful. At
5 years postoperatively, his neck pain disappeared and
solid bone fusion was achieved with no instrumentation
failure (Figure 1).

Case 2

A 15-year-old girl had a Ewing’s sarcoma that involved
the right C7 and C8 nerve roots. She began to feel
right arm numbness at 12 years of age, and she was
diagnosed with a cervical tumor on MRI. In the same
year, hemilaminectomy of the right C6 and C7 levels,
medial facetectomies of the right C6-7 and Th1l levels,
and tumor resection were performed. Pathology of
the resected tissues confirmed Ewing’s sarcoma. Post-
operatively, chemotherapy and radiotherapy were
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Figure 1 Case 1. A: A magnetic resonance imaging scan image showing a
dumbbell-shaped schwannoma at the C3 level; B, C: Computed tomography
images showing an appropriately inserted C4 laminar screw (B) and a C6
laminar screw with minimal canal invasion (C); D: A roentgenogram showing
solid bone fusion after C2-6 laminar screw fixation.

repeated.
Two years postoperatively, recurrence of the tumor
was detected on MRI. However, no neurological deficits
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Figure 2 Case 2. A: A magnetic resonance imaging scan image showing a Ewing’s sarcoma involving the right C7 and C8 nerve roots (arrows); B: Roentgenograms
showing the laminar screws, which are placed at the C6-Th1 levels with a preoperative embolic coil in the right vertebral artery (arrows); C: A computed tomography
image showing a C6 laminar screw penetrating the facet joint and a preoperative embolic coil (arrows).

Figure 3 Case 3. A: A magnetic resonance imaging scan image showing severe cervical kyphosis with junctional canal stenosis at the C2-3 levels; B:
Roentgenograms showing posterior arthrodesis performed using occipital plates, C2 pedicle screws, and laminar screws at the C3-C6 levels; C: A computed
tomography image showing an appropriately inserted C3 laminar screw.

were observed. The tumor was dumbbell-shaped and conservatively treated for 4 years. She had cervical
was located in the intra- and extra-foraminal areas of myelopathy due to an unstable C2-3 joint with marked
the C6-7 and C7-Th1 levels (Figure 2). Revision surgery kyphosis at the C3-6 levels (Figure 3). Because the
was performed after embolization of the right vertebral laminae were very thick, a laminar screw system was
artery. Using the posterior approach, laminar screws selected for cervical fixation. After decompression with
were inserted at the left C6-Th1 levels to avert the risk partial laminectomy at the C2-3 level, posterior cervical
of injuring the dominant vertebral artery (Figure 2). spinal arthrodesis was performed using occipital plates,
Total facetectomies of the right C6-7 and Th1l levels C2 pedicles, and laminar screws at the C3-C6 levels (3.5
and tumor resection of the right C7 and C8 nerve roots mm screws) with less exposure outside of the lateral

were performed. Additional tumor resection using an mass.

anterolateral approach was performed according to the Postoperatively, the patient was mildly immobilized

method described by Hodgson™. with a soft neck brace, and her post-surgical course was
From the day after the operation, she could walk uneventful. At 4 years postoperatively, her neck pain

with a soft neck brace, and she exhibited no neurological greatly improved and excellent postoperative stability

deficits other than a dropped finger. Two years after was noted (Figure 3).
the second operation, recurrence of the tumor was
detected, and it was treated with chemotherapy. The

laminar screws continued to remain rigidly fixed. DISCUSSION
Here, we reported a novel fixation method involving
Case 3 the use of practical laminar screws in the subaxial

A 61-year-old woman experienced neck pain and loss spine. Posterior cervical fixation has often been used
of fine motor control of her hand, and 1 year later, she for stabilizing the cervical spine, correcting deformities,
was referred to our hospital for treatment. She had and easing the symptoms of degenerative diseases.
a history of tuberculosis at 8 years of age, which was Recently, fixation methods involving screws and rods
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Figure 4 Surgical procedures. A: Create a small cortical window at the junction of the C3 spinous process and the lamina on the right; B: Using a hand drill,
carefully drill along the length of the contralateral (left lamina), with the drill visually aligned among the angle of the exposed contralateral laminar surface; C: Insert a 3.5
mm diameter polyaxial screw along the same trajectory in the left C3 lamina. Palpate the ventral lamina with a Penfield dissector to verify that no cortical breakthrough
into the spinal canal has occurred; D: Using the same technique as above, insert a 3.5 mm diameter polyaxial screw into the left C4 lamina. Place appropriate rods

into the screw heads and attach to C3 and C4 screws.

have become standard, because greater advantages
with regard to stabilization and fusion rates of the
posterior cervical spine were noted with screw fixation
methods than with posterior wiring methods®%*%,

Although cervical pedicle screws are the most
biomechanically stable screws™, their use requires an
advanced surgical technique and they are associated with
the risk of neurovascular complications!**’. To prevent
injuring the vertebral artery, pedicle screws should not
be used in cases involving the dominant side (e.g., cases
1 and 2). Although the risk of vertebral arterial injury is
lower with lateral mass and transarticular screws than
with pedicle screws, lateral mass and transarticular
screws are difficult to use after facetectomy. Moreover,
unilateral use of these screws does not provide sufficient
rigidity.

A laminar screw method, which was first reported
by Wright'® in 2004, uses two screws that are inserted
crosswise into the lamina of the axis to prevent vertebral
artery injuries and safely perform fixation. Although
some authors have reported the use of this method in
the subaxial lamina of C7™"*™®, only two previous studies
are present on the use of laminar screws elsewhere in
the cervical spine™®*”. These previous studies did not
report sufficient rigidity because thin 1.6 or 2.0 mm mini-
screws!'”! were used with a mini-plate for fixing the open
lamina at the C3-6 levels or an auxiliary laminar screw®”
was inserted at the tip of the C3 lamina accompanied
with rigid bilateral C1 lateral mass screws. To our
knowledge, our case report is the first to describe the
use of practical laminar screws in the subaxial cervical
spine. Surgical procedures of subaxial laminar screwing
are illustrated in Figure 4.

This new laminar screw technique has four advant-
ages. First, it precludes the risk to the vertebral artery,
because the path of the screw is present only in the
posterior elements. Second, it is less invasive because of
the limited lateral cervical exposure. Third, biomechanical
stability with laminar screws is similar to that with pedicle
screws, as determined previously by the measurement
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of pullout forces!'®. Additionally, surgeons can obtain
good rigidity by penetrating the facet joints as shown
in cases 1 and 2, and using laminar screws with lateral
mass screws as shown in case 3. Fourth, intraoperative
navigation systems are not needed, because the screws
can be inserted into the lamina under direct vision.

Nakanishi et af*!! have pointed out that the laminar
screw technique poses a risk to the ventrally located
spinal canal that is not easily observed. However, we
believe that this risk may be reduced by using a Penfield
dissector to detect canal violation following the removal
of the flavum ligaments between the laminae. Another
disadvantage is that laminar screws with a diameter of
3.5 mm cannot be used at the C3-7 levels in all patients.
Cardoso et a'® measured the diameter of the vertebral
arch using a computed tomography (CT) navigation
system and reported that the insertion of screws with a
diameter of 3 mm was only possible in 2%-39% of male
and 0%-26% of female patients at the C3-7 cervical
spine®'. However, other authors reported significantly
greater C7 laminar thickness with caliper measurements
than CT measurements. Therefore, the underestimation
of laminar thickness using CT may provide a margin of
safety when placing screws into laminae that measure
close to 3.5 mm on CT.

Preoperative measurements of the laminar diameter
and evaluation of the vertebral arteries by using CT and
magnetic resonance angiography are important. We
believe that the use of laminar screws in the subaxial
cervical spine is a viable salvage option for cases that
have failed pedicle screw fixation. The accumulation of
further data from the treatment of additional cases is
required to clarify the indications for and limitations of
using the laminar screw technique at the C3-6 levels.

In conclusion, the findings in our cases suggest that
the use of the laminar screw technique in the subaxial
cervical spine is feasible, as it provides sufficient spinal
rigidity. Laminar screws are considered useful for avoiding
arterial injuries, and the laminar screw technique is a
viable salvage technique.
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COMMENTS

Case characteristics
Three cases are discussed with reports of posterior surgical stabilization for
instability of the cervical spine.

Clinical diagnosis
Tumor was diagnosed for the first two cases. Cervical myelopathy was the
clinical diagnosis for the third case.

Imaging diagnosis
Magnetic resonance imaging was done to for all cases to establish the cause of
the problem.

Pathological diagnosis
Pathology analysis was conducted for the 15-year-old female case for
confirming the diagnosis of Ewing’s sarcoma.

Treatment

For the first case, a 32-year-old male, tumor resection was performed and
reconstruction was done using screw fixation. For the 15-year-old female
case, tumor resection was performed and postoperatively chemotherapy and
radiotherapy was performed. For the 61-year-old female case, cervical fixation
was done.

Experiences and lessons

A novel fixation method has been reported with use of practical laminar screws
in the subaxial cervical spine. This method reduces the risk to the vertebral
artery, is less invasive, provides biomechanical stability and the screws can be
inserted with direct vision. Additional cases are needed to clarify the indications
and limitations for using laminar screw technique.

Peer-review
This is a good case report with medium term result in one patient and will add
to the body of literature for posterior cervical fusion.
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