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Abstract

Introduction: Cl lateral mass screws and C2 pedicle screws are usually chosen to fix atlantoaxial (C|—C2) instability.
However, there are a few situations in which these screws are difficult to use, such as in a case with a fracture line at the
screw insertion point and bleeding from the fracture site. A new technique using a unilateral C| posterior arch screw and
a C2 laminar screw combined with a contralateral C| lateral mass screws—C2 pedicle screws procedure for upper cervical
fixation is reported.

Case Report: A 24-year-old woman had an irreducible CI-C2 anterior dislocation with a type Ill odontoid fracture on the
right side due to a traffic accident. The patient underwent open reduction and posterior C|—-C2 fixation. On the left side, a
Cl1 lateral mass screws and a C2 pedicle screws were placed. Because there was bleeding from the fracture site and a high-
riding vertebral artery was seen on the right side, a C| posterior arch screw and a C2 laminar screw were chosen. Eight
months after the surgery, computed tomography scans showed healing of the odontoid fracture with anatomically correct
alignment.

Conclusions: Although there have been few comparable studies, fixation with unilateral C| posterior arch screw—C2 laminar
screw could be a beneficial choice for surgeries involving the upper cervical region in patients with fracture dislocation or
arterial abnormalities.
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Introduction the use of a C1 posterior arch screw (PAS),%7 have been
reported. However, the clinical results of these methods have
not been reported in detail.

In this report, the clinical and radiological results of a
< X . traumatic case with an atlantoaxial fracture dislocation and a
bility of the atlantoaxial complex, the Magerl transarticular type IIT odontoid fracture, treated by unilateral C1 PAS and

screw fixation technique! and the Goel-Harms technique C2 LS combined with the contralateral C1 LMS—C2 PS
using a C1 lateral mass screw (LMS) and a C2 pedicle screw method, are reported.

(PS; C1 LMS—C2 PS method)?? have been reported. However,
these screw fixation techniques are associated with an
mcr_eased risk of Vertepra.l artet.'y (VA)_ injury, which can be Department of Orthopedic Surgery, Akita University Graduate School of
particularly problematic in patients with an anomalous VA Medicine, Akita, Japan
location or abnormal bone morphology. To reduce the risk of .
VA inj various techniques, for example, the use of bilat- Corresponding Author:
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a unilateral C2 PS combined with a contralateral C2 LS, and Email: miyakosh@doc.med.akita-u.ac.jp

Instability of the atlantoaxial (C1-C2) complex can be caused
by trauma, malignancy, inflammatory disease, or congenital
malformations. As techniques for posterior fixation for insta-
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Figure l. (a) Lateral radiographs before surgery showing that Cl is displaced anteriorly relative to C2. (b and c) Three-dimensional
computed tomography (CT) images showing that C2 is fractured at the vertebral body, the right atlantoaxial joint and the transverse

foramen.

Case report

A 24-year-old woman (weight 48kg, height 1.55m) was
injured in a traffic accident. She complained of upper cervi-
cal pain. Neurological examination was normal. A cervical
spine radiograph (Figure 1(a)) and computed tomography
(CT) scans (Figure 1(b) and (c)) showed C1-C2 fracture dis-
location. Fractures were observed at the odontoid process,
C2 transverse foramen, vertebral body, and right atlantoaxial
joint (Figures 1(b) and (c) and 2(b)). This was a type III frac-
ture based on the Anderson and D’ Alonzo classification.? C1
was displaced anteriorly relative to C2, with an irreducible
intra-articular fracture of the right atlantoaxial joint (Figure
1(c) and 2(a)). CT angiography showed bilateral high-riding
VAs (Figure 2(a), (b), (d), and (f)). Due to the irreducible
intra-articular fracture of the right atlantoaxial joint, direct
skull traction failed to achieve complete reduction of the
C1-C2 dislocation, and thus, open reduction and posterior
fixation of C1-C2 were performed.

At the beginning of the operation, an attempt to re-position
the C1-C2 dislocation was made. However, the atlantoaxial
dislocation was not reduced by a combination of gentle manual
traction and neck extension using a fluoroscope. The C1 lam-
ina and C2 lamina were then exposed via a posterior approach,
and a left LMS was then placed into C1° and a left PS was
placed into C2. In addition to the thin lamina of C1, there was
arisk of bleeding from the venous plexus at the fracture site by
the insertion of an LMS to right C1, so it was considered diffi-
cult to insert an LMS on the right side of C1. Furthermore,
because a high-riding VA was seen on the right side, a C1 PAS
and a C2 LS were chosen. A high-speed burr was first used to

open a small cortical window at an entry point of the posterior
arch of C1 and the lamina of C2. After probing and tapping,
screws of 3.5mm in diameter and 18 mm in length (Medtronic
Inc, Memphis, TN, USA) were inserted into the right sides of
C1 and C2, respectively. The C1-C2 dislocation was success-
fully reduced through connecting rods between the C1 and C2
screws. After securing the rods, decortication and autologous
iliac crest bone grafting were performed. Fluoroscopy was
used intraoperatively to confirm anatomic alignment and cor-
rect placement of the implants. The postoperative lateral plain
radiograph showed normal alignment of C1-C2 on the lateral
image (Figure 3(a)), and postoperative axial CT images showed
correct placement of the C1 LMS and LS (Figure 3(b)) and the
C2 PS and LS (Figure 3(c)).

Postoperatively, the patient was immobilized in a
Philadelphia cervical collar for 2months. Eight months after
the surgery, CT scans showed healing of the odontoid fracture
with anatomically correct alignment and posterior fusion
between the C1 posterior arch and C2 lamina (Figure 4), with
no loosening of the C1 LMS and LS and the C2 PS and LS.
Two years later, the patient was in good condition, having only
slight neck pain when extending the cervical spine (Figure 5).

The patient and her family were informed that data from
the case would be submitted for publication and gave writ-
ten, informed consent.

Discussion

Traumatic C1-C2 dislocation complicating an odontoid
fracture is relatively rare and has a high mortality rate.!?
Recent reports suggest that C1-C2 dislocation with an
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Figure 2. Computed tomography (CT) angiography images before surgery. (a, b and c) Sagittal, (e) axial and (d and f) oblique three-
dimensional images showing high-riding vertebral arteries (VAs; arrow).

Figure 3. (a) Postoperative lateral radiographs showing good reduction of dislocation. Postoperative axial computed tomography (CT)
images 3 days after surgery showing correct placement of the implants at (b) Cl and (c) C2.

odontoid fracture is treated by fixation in a halo vest and
C1-C2 posterior fixation.!\1>2 C1-C2 posterior fixation using
the C1 LMS—C2 PS method is considered to be the most
effective technique. However, in this case, it was difficult to

insert a C1 LMS and C2 PS because of the morphology of
the fracture dislocation, which was a burst of the right C2
facet to the transverse process and anterior dislocation, in
addition to the high-riding VA at C2.
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Figure 4. (a) Sagittal and axial CT images of (b) Cl and (c) C2 at 8 months after surgery showing healing of the odontoid fracture with

anatomically correct alignment.

Figure 5. Lateral radiograph at 2years after surgery.

The C1 LMS technique is a common method for C1 fixa-
tion, but it is technically demanding. It is difficult to insert
the screw, especially when the lateral mass is obscured by a
thick posterior arch,'> anomalous VA,'4!7 large paraverte-
bral venous plexus,'® or a high risk of bleeding from the

venous plexus, as in the present case. In such cases, a PAS
may be an alternative. There are two methods of inserting a
PAS. One method is inserting the PAS as an intralaminar
screw to C1,%1° and the other is inserting a bicortical PAS
vertically from the dorsal side to the ventral side.” The latter
has a risk of dura mater damage and spinal cord injury,
because the screw is inserted towards the spinal cord. The
PAS that was used in the present case is safer than a bicorti-
cal PAS and the C1 LMS technique because it can be per-
formed under direct visualization. In addition, the PAS in
this method has the advantage of a lower risk of bleeding
from the venous plexus at the time of screw insertion,
because treatment around the venous plexus is unnecessary.
We consider the following two points to be important at C1
PAS insertion. First, we rigorously examined the bone mor-
phology and the VA courses by preoperative CT angiography
and three-dimensional (3D) images. Second, we carefully
checked with the sounder to ensure that the screw was not
inserted into the spinal canal during insertion.

Literature on the use of PASs in the treatment of cervical
fracture is scant.”!8 In the reported cases, both patients had
type II odontoid fractures, and because they each had an
anomalous VA, PASs were placed. Both cases had good
results. There have been a few reports describing biome-
chanical testing of PAS fixation. Zarro et al.!3 compared the
pullout strength of C1 LMSs versus unicortical PASs, and
they demonstrated that the PASs had significantly superior
resistance to pullout in the axial direction compared with
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LMSs. Jin et al.® examined morphometric analysis of the C1
posterior arch and demonstrated that 11% were not suitable
for crossing screw placement because the posterior arch was
flat, and the entry point was present on the same side.
Therefore, a unilateral LMS combined with a unilateral PAS
was used in the present case.

However, the C2 LS method has become increasingly used
as an alternative to a C2 PS since Wright* introduced the tech-
nique. One major advantage of this method is the complete
removal of risk to the VA with C2 screw placement as the
anchor to obtain upper cervical stability. Although successful
results of C1-C2 fixation using crossing C2 LSs have been
reported,2%2! crossing C2 LSs cannot be used for all patients
due to anatomical variations in the C2 lamina.??> Miyakoshi
et al.’ reported that clinical and radiological outcomes of uni-
lateral C2 PS—C2 LS were comparable to those of the bilateral
C2 PS fixation technique for the C1 LMS—C2 PS method. Jin
et al. reported that unilateral C1 PAS—C2 LS combined with
unilateral C1-C2 PS provided the same acute stability as the
PS, and no significant difference in acute stability was found
between the two-screw techniques in a cadaveric model.2* We
thus used a unilateral C2 PS and contralateral C2 LS when
bilateral C2 PSs could not be introduced due to a small pedicle
and/or anomaly of the VAs.

As suggested previously, the unilateral C1 PAS—-C2 LS
method should be used in the following situations: patients
with a small pedicle of the vertebral arch, treatment of the
dominant side in cases of asymmetrical VAs or the opposite
side in cases of unilateral VA occlusion, patients with a high-
riding VA,?024 patients with a large paravertebral venous
plexus,? and patients with a fracture that extends near the
LMS or PS insertion site, as in the present case. Treatment
around the fracture site would be expected to cause bleeding,
so this technique could avoid further bleeding. Although
additional studies examining the biomechanical properties of
these screws are needed, the results of previous reports indi-
cate that placement of a unilateral C1 PAS—C2 LS combined
with a unilateral C1 LMS—C2 PS constitutes an alternative
method for C1-C2 fixation.

The transoral approach may be another option for access
to the atlantoaxial segment. It has been reported that the
transoral approach to the cervical spine can be used for the
surgical treatment of a spectrum of disease, including trau-
matic, spondylotic, autoimmune, and neoplastic condi-
tions.2® However, the transoral approach has technical
difficulties and concerns regarding postoperative infection
and dysphagia after violating the integrity of the oropharyn-
geal mucosa.?’?® Therefore, we did not chose the transoral
approach in this case.

Conclusion

A novel technique using a unilateral C1 PAS—C2 LS method
for the fixation of a C1-C2 fracture dislocation was pre-
sented. Although there have been few comparable studies,

and long-term outcomes have yet to be reported, fixation
with a unilateral C1 PAS—C2 LS could be an alternative to
C1 LMS and C2 PS, and it could be a reasonable treatment
option for surgery of the upper cervical region.
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