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C7 Posterior Fixation Using Intralaminar Screws :

Early Clinical and Radiographic Outcome
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Objective : The use of segmental instrumentation technique using pedicle screw has been increasingly popular in recent years owing to its
biomechanical stability. Recently, intralaminar screws have been used as a potentially safer alternative to traditional fusion constructs involving
fixation of C2 and the cervicothoracic junction including C7. However, to date, there have been few clinical series of C7 laminar screw fixation in
the literature. Thus, the purpose of this study is to report our clinical experiences using C7 laminar screw and the early clinical outcome of this
rather new fixation technique.

Methods : Thirteen patients underwent C7 intralaminar fixation to treat lesions from trauma or degenerative disease. Seventeen intralaminar
screws were placed at C7. The patients were assessed both clinically and radiographically with postoperative computed tomographic scans.
Results : There was no violation of the screw into the spinal canal during the procedure and no neurological worsening or vascular injury from
screw placement. The mean clinical and radiographic follow up was about 19 months, at which time there were no cases of screw pull-out,
screw fracture or non-union. Complications included two cases of dorsal breech of intralaminar screw and one case of postoperative infection.
Conclusion : Intralaminar screws can be potentially safe alternative technique for C7 fixation. Even though this technique cannot be used in the
cases of C7 laminar fracture, large margin of safety and the ease of screw placement create a niche for this technique in the armamentarium of

spine surgeons.
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INTRODUCTION

Techniques for cervical posterior fixation have advanced
greatly over the past two decades. Primary bone graft inlay
without fixation was replaced by wiring techniques to reduce
motion and to maintain solid graft interfaces®'”. In the mo-
dern era, a number of rigid internal screw fixation techniques
have been developed, greatly improving our ability to stabil-
ize the vertebral column'”'®.

Many techniques have been described for posterior cervical
instrumentation"*'**%. Although lateral mass screws are rela-
tively safe and easy constructs to insert, they can sometimes
cause failure due to screw loosening or avulsion, particularly
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at the level of C7 where the thin nature of the lateral mass
results in decreased pullout strength?.

Screw fixation into the cervical pedicle has been proposed
as an alternative to overcome these limitations>'?. Pedicle
screw fixation is known to be most biomechanically stable
when performed through a posterior-only approach'”. How-
ever, its use in the cervical spine region can be technically dif-
ficult and potentially dangerous, as the cervical pedicle is
small and is closely surrounded by delicate structures : later-
ally by the vertebral artery, medially by the spinal cord, and
vertically by adjacent nerve roots™.

Recently, intralaminar screws have been used as a poten-
tially safer alternative to traditional fusion constructs involv-
ing fixation of C2 and the cervicothoracic junction including
C7%". The intralaminar screw method is useful for avoiding
vascular injuries, especially when there is a high riding verte-
bral artery (VA) around C2 or the VA traverses through the
C7 transverse foramen. This technique has two key advan-
tages to currently used surgical options : first, it is simpler and
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does not require the use of any navigational instruments, and
second, it is not limited by the position of known vascular
structures””. Therefore, the potential patient population that
could benefit from this procedure is large. However, to date,
only a few clinical series have been reported on this techni-
que. Thus, the purpose of this study is to describe the results
of our clinical experiences using the C7 intralaminar screw
technique.

MATERIALS AND METHODS

Patient demographics and surgical indications

Thirteen patients who presented to our institution between
June 2005 and August 2009 with spinal disorders necessitat-
ing C7 intralaminar screw fixation were included in this study.
Patient age, sex, cause, specific procedure, follow up duraton
are presented in Table 1. The average age of padents was 51.8
years (range, 23-71 yr), and male : female ratio was 12 : 1.
Preoperative computed tomography (CT) scan was perform-
ed to confirm a capacious C7 lamina. Indications for surgery
included traumatic instability in eleven patients and posterior
augmented fusion for pseudoarthrosis in two patients. A total
seventeen screws wete placed in C7 lamina.

Surgical technique

The technique for C7 screw placement was described by
Hong”. Length of intralaminar screw was assessed on axial
CT imaging preoperatively and it was measured from a de-
fined entry point in the spinolaminar juncton to the junc-
tion between lamina and lateral mass. After dorsal exposure
of the spinous process and lamina, a determination was made

as to the slope angle of the lamina. A high-speed drill was
used to open a small starter hole at the spinolaminar junc-
tion. The entry points for the intralaminar screws were stag-
gered at the base of the spinous processes so that the two
screws did not collide or violate the laminar cortex. With a
hand drill, the contralateral side lamina was drilled to a pre-
operatively estimated depth (20-30 mm,) along the trajectory
for the screw to be inserted from the target side. The screw
trajectory is different from another C7 screw trajectories (Fig.
1) and was created along the thickest part of the lamina. Usual
trajectory of C7 intralaminar screw was at the junction bet-
ween the middle and inferior third of the lamina at C7.
Although the angle of C7 intralaminar screw trajectory is
stiffer than that of C7 pedicle screw, posterior neck muscle
usually does not cause any trouble to insert intralaminar screw,
because the entry point of intralaminar screw is more me-
dially located compared to that of pedicle or lateral mass screw.

The length of the hole was then palpated with a probe to
ensure that cortical bone had not violated the spinal canal
space and tapped with a 3.0 mm tap. Either Summit (Depuy
Spine, Raynham, MA, USA) or Vertex (Medtronic Sofamor
Danek, Memphis, TN, USA) 3.5 mm diameter titanium
polyaxial screws were then carefully placed along the tra-
jectory of the hole.

Screws were inserted manually without radiographic moni-
toring. The polyaxial heads were left exposed to allow move-
ment. Pure titanium rods were then measured and cut so
that they spanned the heads of the following adjacent pairs of
screws. A specialized lateral connector was used when it was
difficult to connect the rod directly to the screw head. The

set screws were tightened to a specific torque.

Table 1. Demographic of patients undergoing C-7 intra laminar screw fixation

Case F/U . . Level of laminar . L VAS VAS
Age Sex Diagnosis Fusion Level ~ Complication
No. (month) screw (preop)  (preop)
1 23 M 38 C6-7 Fx dislocation ReC7,Re T1 C6-T1 8 2
2 51 M 45 C6-7 subluxation Both C7 C5-C7 Dorsal breach 8 1
3 49 M 44 Pseudoarthrosis LeC7 C5-C7 7 2
4 27 F 48 C6-7 instability LeC7 C6-C7 7 1
5 42 M 10 C6-7-T1 subluxation ReC7,Re T1 C6-T1 9 3
6 68 M 10 Multiple facet Fx, OPLL, LcC7 C3-C7 Dorsal breach 8 2
cord contusion

7 66 M 6 C6-7 subluxation LeC7 C5-C7 7 2
8 62 M 8 C5-6 dislocation Both C7 C5-C7 8 1
59 M 9 Pseudoarthrosis Re C7 C5-C7 7 2
10 39 M 6 C5 bursting Fx, C3-5 facet Fx Both C7 C3-C7 9 2
11 71 M 8 C7T1 subluxation LeC7 Co6-T1 Wound infection 7 1
12 52 M 7 C6-7 Subluxation LeC7 C6-T1 6 2
13 64 M 6 C5-6 Subluxation Both C7 C5-C7 6 1

Mean 51.8 18.8 7.5 1.7

F/U : follow-up duration, Fx : fracture, Lt : left, OPLL : ossified posterior longitudinal ligament, Rt : right, VAS : Visual Analogue Pain Scale
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RESULTS

Intraoperative findings

There was no intraoperative complication during the pro-
cedure. There was no excessive bleeding and no cases of cere-
brospinal fluid leakage related to hardware placement. In two
cases, there were dorsal breaches of the C7 lamina during the
screw placement. However, there was no hardware failure or
non-union during the follow-up.

Lateral connector was very helpful to connect the rod to
C7 intralaminar screw and there was no adverse effect of
lateral connector for the strength of the construct.

Clinical and radiographic outcomes

The follow-up duration averaged 18.8 months (range, 6-
48 months). Postoperative CT scans were obtained for all
patients. Seventeen C7 intralaminar screws were used. In two
instances, a T1 intralaminar screw was used together with a
C7 intralaminar screw. Bilateral crossing laminar screws were
inserted in four cases (Fig. 2) and a unilateral laminar screw
was implanted in the remaining nine cases (Fig. 3).

Two screws demonstrated some dorsal breach of the C7
lamina. However, violation of the dorsal lamina was limited
to some exposure of the screw threads without causing any
clinical outcome. The rest of the intralaminar screws were
successfully placed within the laminae. There were no cases
of spinal canal violation by the screw or vascular injuries from
hardware placement.

All patients underwent iliac bone harvesting except one
patient whose bilateral iliac bone had been used for a pre-
vious lumbar fusion. Allograft iliac bone was used for the
exceptional case. Every patient was treated with a cervical
collar postoperatively for 3 months. One case of postoperative
infection was successfully managed by closed irrigation
without any clinical consequence. All patients in this cohort
were regularly followed for 6 months. A more extended
follow-up was conducted, but several patients did not appear
after their appointments at 18-month period. Thus, the
overall mean follow-up duration for all patients was 18.8
months, and successtul posterolateral bone fusion and sta-
bility was noted in all of 13 patients which was estimated using
follow up CT scan and dynamic X-ray. Perioperative visual
analogue scale (VAS) score for the neck pain (mean preo-
perative VAS score = 7.5, mean postoperative VAS score =
1.7) show marked improvement of VAS score after surgery.

DISCUSSION

3,16)

Pedicle screws are the most biomechanically stable screws™'?.
However, their use in cervical spine carries a high risk of
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Fig. 1. lllustration shows the C7 specimen and three different C7 fixation
methods. Lateral mass screws (white), pedicle screw (black) and intralami-
nar screws (white, arrow) are inserted .

Fig. 2. Postoperative image of C7 fixation using bilateral crossing intra-
laminar screw. A : Postoperative radiograph shows bilateral C5-6 lateral mass
screws that are connected to C7 intralaminar screw with rod construct. B :
Postoperative computed tomography scan demonstrates bilateral crossing
intralaminar screw connected to lateral connector at C7 lamina.

Fig. 3. Case of C7 fixation using unilateral intralaminar screw. A : Preo-
perative imaging study shows pseudoarthrosis (arrows) after anterior
cervical fusion. B : Postoperative X-ray shows unilateral C7 intralaminar
screw on the right side and contralateral pedicle screw. C : Sagittal CT
image shows the bone fusion which is successful around the lateral mass
(arrows).
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neurovascular complications'”**. This occurs because the
cervical pedicle is small and surrounded by critical neurovas-
cular structures. Although C7 pedicle is larger than that of
other subaxial cervical spine, VA location at C7 is rather varia-
ble and the VA may enter the C7 transverse foramen up to
5.4% of cases*”. In addition, complicated biomechanical
forces are present at this transition between the flexible cervi-
cal and rigid thoracic spines. Lateral mass screws, while easier
and safer to insert, cannot always be placed into C7 and are
known to exhibit lower pullout strengths'". Recently, authors
described a novel technique of laminar screw fixation of the
subaxial cervical spine”.

One major advantage of this technique is to eliminate the
risk of injury to neurovascular structures by screw placement
as the translaminar screws remain in the posterior element”.
When the VA courses into the C7 transverse foramen (TF),
insertion of a C7 pedicle screw carries the risk of injuring
either the adjacent VA or spinal cord. The use of laminar
screws allows for immobilization of the C7 without risk to
the VA in these cases. Another important advantage of lami-
nar screw fixation is that the use of a fluoroscope or naviga-
tion system is not longer necessary, because the screw can be
placed under direct vision of outer cortex of the lamina and
all relevant structures™. Also, tactile feedback can help not to
violate spinal canal. Recently, some biomechanical studies
suggested that using lamina screws as salvage technique at C-
7 provides similar fixation strength as the index pedicle
screw”. Therefore, if the pedicle screw fails, intralaminar
screws seem to be a biomechanically sound salvage technique.

In spite of this, there are three major concerns about the
C7 laminar screw. First one is the risk of damage to the
ventral spinal cord. If this is a concern, a slightly more dorsal
trajectory can be used to avoid ventral penetration into the
spinal canal. In this case, even if penetration of the dorsal cor-
tex occuts, we have not experienced any associated unwanted
clinical consequences. Using gear-shift technique, surgeon
can avoid the ventral cortical breach and violation into the
spinal canal. Moreover, the dorsal laminar surface serves as a
guide for the screw trajectory for C7 intralaminar screw
placement. However, most important step to prevent ventral
cortical breach is not to make an entry point anterior to the
spinolaminar junction. A second cause of concern is that the
anatomy of the C-7 posterior elements may prohibit success-
ful placement of 3.5 or 4 mm diameter screw. Anatomical
studies showed that the C7 laminae of women are smaller
than those of men and some C7 laminae are not thick enough
to afford C7 laminar screw fixation>??. And, C7 intralaminar
screw cannot be used in cases with laminar fracture. There-
fore, preoperative radiographic evaluation is necessary to
choose optimal fixation technique. Third, and lesser, cause of

concern is the lack of a report in the literature on clinical and
radiological outcome of C7 intralaminar screws fixation to
prove the long term stability and fusion rate. Thus, the ob-
jective of this study was to investigate the posterior cervical
construct stability afforded by this novel C7 intralaminar
screw technique in terms of clinical and radiographic outcome.

In this clinical series, intralaminar screw was used as the
primary C7 fixation option for the case of abnormal V2 seg-
ment or small C7 pedicle and chose as salvage fixation techni-
que when pedicle screw was failed and head alignment of C6
lateral mass screw and C7 pedicle screw was difficult due to
their proximity. In reviewing our patients treated with C7
intralaminar screws, it is clear that technical placement is feasi-
ble with good long-term results in patients from diverse spec-
trum of age disease origin, presenting symptom, and const-
ruct length.

In our series of 13 patients who were followed for longer
than 18 months, three patients showed complications; one
was postoperative wound infection and the others were dorsal
breach of C7 intralaminar screw without any clinical problem.

Biomechanical study showed that mean pullout forces of
intralaminar screw were similar to that of the index pedicle
screws. However, mean lamina screw peak insertion torque
(IT) was significanty lower than mean index pedicle screw
peak IT”. These results suggest that pedicle screws provide
the strongest fixation in C7. Bug, in the cases where pedicle
screw is not favorable or when pedicle screw should fail, the
use of C7 intralaminar screws seems to be better than lateral
mass screw. Because C7 intralaminar screw is a stronger and
more reproducible fixation than employing lateral mass
screws based on this 772 vitro biomechanical study”. Moreo-
ver, C7 intralaminar screw has some important anatomical
advantages. Contrary to the anatomy around C1-2 joint,
there are no neurovascular structures (nerve root and venous
plexus) located posterior to the C6-7 facet joint and covered
bone fusion surface around C7. In addition, C7 has a much
larger bone graft surface compared with C2, such as the
lateral mass and the rather large transverse process, which
could help the fusion process”. Therefore, we believe C7
intralaminar screw is a viable option for C7 fixation even

though further clinical analysis is necessary.

CONCLUSION

Intralaminar screw fixation provides the surgeon with an
alternative technique for C7 fixation. This technique is rather
simple and easily adopted. Even though this technique can-
not be used in the cases of C7 intralaminar fracture, large
margin of safety and the ease of screw placement create a niche
for this technique in the armamentarium of spine surgeons.
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