Original Article

Transoral screw and wire fixation for unstable anterior -
atlas fracture

ABSTRACT

Study Design: Atlas fractures are evaluated according to the fracture type and ligamentous injury. External immobilization may result in
fracture nonunion.

Objective: The ideal treatment method for non-stabilized atlas fractures is limited fixation without restricting the range of motion of the
atlantoaxial and atlantooccipital joints.

Summary of Background Data: Such a result can be established by using either anterior fixation or posterior lateral mass fixation.
However, none of these techniques can fully address anterior 1/2 atlas fractures such as in this case.

Materials and Methods: A transoral technique in which bilateral screws were placed intralaminarly and connected with wire was used
to reduce and stabilize an anterior 1/2 fracture of C1.

Result: Radiological studies after the surgery showed good cervical alignment, no screw or wire failure and good reduction with fusion of
anterior arcus of C1.

Conclusions: Internal immobilization by this screw and wire osteosynthesis technique protects the mobility of the atlanto-occipital and
atlantoaxial joints. The main advantage is that neither the twisted wires inserted under the anterior lamina, nor the laterally placed screw heads
interfere with midline wound closure; unlike the plate/cage and rod systems used together with anterior screws. A computer navigation system
with intraoperative 3D imaging facilities will be of benefit for safe placement of the screw, however we preferred a free-hand technique, as the
starting point was at the fracture line along the trajectory of the routinely accessible anterior lamina.
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INTRODUCTION

Fractures of the atlas account for 25% of all craniocervical
injuries and approximately 1.3% of all spinal fractures.!"?
They were originally described in the 1800s and classified
by Jefferson,? Segal et al. ! and Levine and Edwards.P! Due
to its unique anatomy, anterior and posterior arches are
thin and thus fracture with two or more breaks in the ring.
Burst fractures, posterior arch fractures, and comminuted
lateral mass fractures each represent 20%-30% of all atlas
injuries.” In the anterior isolated fractures of the atlas, when
the transverse atlantal ligament is insufficient to reduce the
fractured parts as in our case [Figure 1]; prolonged nonunion
with persistent neck pain is common.”!% Neurologic injury
is rare because ring fractures increase the space and thus
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inhibit any compression; quadriplegia and hemiparesis may
occur (12%-33%) but often transiently for a few minutes.!'*'?

Surgical versus nonsurgical treatment are often determined
by fracture location and integrity of the transverse
ligament."">¥ Fractures are best assessed by multidetector
computed tomography (CT)," and although a lateral mass
spread >6.9 mm shows disruption of the transverse ligament,
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magnetic resonance imaging (MRI) is a more sensitive
indicator of ligament disruption or partial avulsion./*8!
Long-term nonsurgical immobilization can cause irreversible
arthrosis of the atlantoaxial joint," and surgical fusion of C,
to either C, or occiput restricts range of motion causing
degeneration of the subaxial cervical spine.”?! Recently,
posterior motion-preserving ring osteosynthesis techniques
that fix the fracture fragments in a reduced position
so as to implement internal immobilization have been
described.!"”?22 However, none of these posterior approach
techniques can be used in anterior 1/2 Jefferson fractures
as in our case. There are also reports describing anterior
motion-preserving ring osteosynthesis by transoral approach,
using either screw-plate or screw-rod constructs./?!242

Since CT and MRI data on the integrity of the transverse
ligament were not usually reported in these reports,
transverse ligament rupture may cause permanent anterior
instability. However, ring osteosynthesis has been shown
to provide adequate stabilization even when associated
with transverse ligament rupture.??! Moreover, none of the
documented cases have reported on late instability.?"?”l The
main problem with the present transoral ring osteosynthesis
techniques is the thickness of the posterior pharyngeal soft
tissue being not enough to cover the plate or rod, thus
increasing the risk of wound problems.?*?I The purpose of
this paper is to describe a novel technique in which screws
and wire are used as a transoral motion-preserving surgical
technique for reduction and stabilization of unstable 2
anterior atlas fractures.

MATERIALS AND METHODS

After informed consent, a 51 years old male patient involved
in a motor vehicle accident was admitted to our department
with complaints of severe neck pain and stiffness. His
neurological examination was normal except for increased
deep tendon reflexes and global hypoesthesia in the upper

Figure 1: A line diagram showing anterior 1/2 Jefferson fracture

extremities. The thin section computerized tomography
revealed a bilateral fracture in atlas anterior arcus and mild
comminution of the fracture together with lateral mass
displacement [Figure 2] making us think about an unstable
fracture while MRI could not visualize the transverse atlantal
ligament in detail. We discussed with the patient about his
noncompliance with our instructions concerning the use of
rigid cervical collar and the resulting progression of his pain.
We also talked about the risks, benefits and expectations
of surgical intervention; and the patient chose to undergo
surgery. Preoperative evaluation also included orthodontic
examination, nutritional condition of the patient, and the
functional state of lower cranial nerves. The patient was
informed that data concerning the case would be submitted
for publication and agreed to this.

Surgical technique

The patient was positioned supine with the head slightly
extended and secured in the Mayfield (Integra Co, Plainsboro,
New Jersey, USA) three-point skull fixation system while
the operating table was in a slight Trendelenburg position.
We did not use our navigation system or intraoperative
three-dimensional (3D) imaging facilities for this case. The
surgeon stood on the right side of the patient. A nasogastric
feeding tube was placed and parenteral antibiotics were given
prophylactically. We placed 2.0 silk sutures bilaterally into the
uvula and later on for the duration of the procedure pulled
these sutures up through the nostril to elevate the soft palate
bisected at the right of the uvula from the mid-region up to
the hard palate so as to visualize the upper portion of the
posterior pharynx. A Crockard self-retaining oral retractor
system was used to open the patient’s jaw. Care was taken
to avoid trapping the tongue against the teeth. Anesthesia
aided a wide mandibular opening by creating a temporary
neuromuscular blockade. Throughout the remainder of the

Figure 2: Preoperative axial computed tomography scan shows atlas anterior
arch comminuted fracture together with lateral mass displacement
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procedure making contact with the oral cavity was avoided
aside from the incision.

After injection of the posterior pharynx with 1% lidocaine
with epinephrine, fluoroscopy was used to identify the area
of the posterior pharyngeal wall overlying the odontoid
process and C-1 arch. Under microscopic visualization with a
400-mm lens, a 2-cm incision of the mucosa of the posterior
pharynx was made overlying the midline C-1 arch to form a
lateral-based door-like flap. Care was taken to minimize the
extent of the incision, taking into account that the incision
would be further expanded by subsequent retraction. The
longitudinal muscles were split in the midline to isolate the
C-1 arch using monopolar electrocautery and subperiosteal
technique. Isolation and skeletonization of the fracture lines
marked the lateral extent of the dissection. Once the fracture
line was adequately visualized, a dissector was place and its
location over the C, anterior arch was confirmed through
two-dimensional fluoroscopy.

The entry point for the intralaminar screws was the fracture
line. Since the drill could slip and break the C1 lamina during
the process of forming the pilot hole, a high-speed burr was
used to drill the pilot hole. For the free-hand screw trajectory,
the lower margin and the medial edge of the lateral mass of
C1 were also palpated and the drill hole was controlled to be
without breach by further probing. The screw was advanced
fully with excellent purchase through the fracture line and was
tightened until the proximal end was countersunk into the
bone for 1-2 mm. The length and diameter of the titanium
screws used were 20 and 3.5 mm, respectively. The screw
heads were then wrapped with separate titanium wires which
were approximated and twisted in the midline so as to fix
the mobile part of the C1 arch between the fracture lines.
The position of the screws was verified by C-arm fluoroscopy.
The twisted wires were inserted under the anterior lamina
so that they did not interfere with wound closure.

Thorough irrigation of the operative site with povidone-iodine
solution was performed. The surgical bed was then filled with
Gelfoam. The closure was performed in two layers, muscular
and mucosal, with Vicryl 3.0 continuous stitches. In the site
of myotomy of the uvula and the soft palate, closure was
performed in three layers. The operative time was 125 min,
the fluoroscopic time was 60 s, and the patient did not require
blood transfusion. The nasogastric tube that was placed
before the surgery was retained.

Postoperative course
The patient was mobilized the first postoperative day. The
patient did not take any solids or fluids orally for 3 days

following surgery. External immobilization through hard
collar was used for 6 weeks. Antibiotics were continued for
5 days. A CT scan obtained in the early postoperative period
showed significant reduction of the fracture with appropriate
placement of the screws and wires [Figure 3] while CT scan
taken in the late postoperative period showed no implant
failure, good cervical alignment, and good reduction with
fusion of C1 [Figure 4]. Neurologic function was assessed
6 months after the surgery to find that hyperreflexia and
hypoesthesia being resolved with a mild rhinolalia aperta
symptom. Dynamic flexion and extension radiographs were
taken at 180 days postoperatively to detect any flaws in
fracture consolidation.

DISCUSSION

Transoral approaches (transpharyngeal, transpalatal,
transmaxillary, and transmandibular) are not new surgical
procedures. In 1917, KanavelP first reported removing a
bullet fragment from the anterior arch of the atlas by this
approach which has since been used for the treatment of
many extradural and intradural lesionsB'37! with a high
mortality rate.P*3%4! In spite of the recent technical advances
in monitorization, retraction, magnification, illumination,
navigation, wound closureP!323% and regardless of the
standard, microscopic or endoscopic approaches;?!3242
postoperative complication rates as high as 75%,2!:2428:29.43.44]
including wound infection and dehiscence rates of 9-22%,242!
breathing-swallowing and speech dysfunction rates of
4%,* velopharyngeal insufficiency rates of 40%#%l are still
being reported together with cerebrospinal fluid leaks and
pseudomeningocele.P2364445]

Indications for the presented surgical technique include
displaced anterior 3/4 and 1/2 atlas fractures. Reduction
through an anterior approach is logical since the center
of the lateral masses is close to the anterior aspect of
the atlas and the lever arm for reduction shorter. Internal
immobilization by this screw and wire osteosynthesis

Figure 3: Postoperative axial computed tomography (CT) scan shows the
screws inserted at the fracture line (a) and the twisted connecting wire
underlying the lamina (b)
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Figure 4: Axial plane computed tomography at 1 year follow-up showing
satisfactory osseous fusion, good position of the screw (a) and wire
(b) construction and good reduction of the fracture

technique also protects the mobility of the atlanto-occipital
and atlantoaxial joints. The main advantage is that neither
the twisted wires inserted under the anterior lamina nor
the laterally placed screw heads interfere with midline
wound closure; unlike, plate/cage and rod systems used
together with anterior screws. A computer navigation
system with intraoperative 3D imaging facilities will be
of benefit for safe placement of the screw; however, we
preferred a free-hand technique as the starting point was
at the fracture line along the trajectory of the routinely
accessible anterior lamina.

To conclude, transoral C1-ring osteosynthesis using wire
and screws has the potential to become a valid alternative
method, in our opinion, to achieve an optimal stabilization
and bony fusion of the fragments in anterior Jefferson burst
fractures with a low morbidity rate while preserving important
cervical joint motion. Further investigation is warranted to
establish the safety and efficacy of this technique, but in our
knowledge, this is the first description of the transoral use of
screw and wire to achieve reduction of distracted fragments
in anterior 1/2 fracture of the atlas.
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