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Abstract

Background Data: Several methods of treatment of odontoid fractures have been
used. These have ranged from rigid immobilization to atlantoaxial fusion. Odontoid
screw osteosynthesis is gaining popularity.

Purpose: To define the efficacy and safety of odontoid screw fixation in the
management of odontoid fractures and to report the clinical and radiological results.
Study Design: A prospective cohort study of odontoid fractures treated with odontoid
screw osteosynthesis. The study was conducted in Cairo university hospital, Egypt
and AOA Neuro-spinal Centre, Libya in the period from January 2007 to October
2010.

Patients and Methods: Over the period from January 2007 to October 2010, twenty
two patients, 17 males and 5 females, with a mean age of 32.5 years were included
in this study. These were 19 odontoid type-Il and 3 shallow type-Ill fractures. All
patients underwent odontoid screw fixation using a single screw.

Results: Mean operative time was 80 minutes and mean blood loss 150 ml Patients
were followed for a mean period of 20.6 months. Nineteen patients (87%) obtained
a good or excellent result on the Smiley Webster scale. Fourteen patients (64%)
obtained a bony union, 7 (32%) a stable fibrous union and one patient (4%) developed
a pseudoarthrosis. One patient had a misplaced screw that was successfully revised
and another patient had displacement of the screw with re-displacement of the
fracture at three months follow up. He had removal of the screw and underwent
atlanto-axial fusion.

Conclusion: This study has proven the efficacy and safety of odontoid screw
osteosynthesis in selected types of odontoid type Il and shallow type Il fractures.
(2012ESJ024)
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Introduction

Fractures of the odontoid account for
18-20% of all cervical spine fractures™®.
In younger patients, these fractures
tend to occur as a result of high
energy trauma such as motor vehicle
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accidents, while in older patients,
they tend to result from low energy
injuries as simple falls!2. Anderson
and D’Alonzo described a classification
that is the most widely used based on
the anatomical site of fracture in the
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odontoid: Type-| fractures involve the tip of the
odontoid, type-Il involves the waist and type-lIll
includes fractures involving the body of the axis®.

A more recent classification was introduced
in a modification for the previous (Anderson and
D’Alonzo) classification. It offers a clearer distinction
between type-Il and type-Ill dens fractures: Type-
Il fractures are those that occur below the inferior
aspect of the anterior C1 ring and do not extend
into the C1-C2 facets. Type-Il fractures are further
divided into 3 subtypes. The 3 subtypes are labeled
A, B, and CY.

The optimal treatment of odontoid fractures is
controversial. Traditionally, non-rigidimmobilization,
halo orthosis, traction and posterior CI-2 arthrodesis
have been used to treat these fractures, with
varying degrees of success’??*31, Recently, anterior
odontoid screw fixation has gained popularity for
the treatment of Type Il odontoid fracturest>21,

Evidence-based analysis of the current literature
on the management of odontoid fractures

demonstrates the limitations in providing guidance
to spine surgeons in terms of the best treatment
available for such a fairly common injury?’-28,
Therefore we conducted this study to further define
the safety, efficacy and complications of Odontoid
screw fixation as a modality for management of
Odontoid fractures.

Patients and Methods

Over the period from January 2007 to October
2010, twenty-two patients ranging in age from
23 to 42 years are included in this prospective
study. Patient demographics are shown in table
1. Preoperative assessment included thorough
clinical and neurological examination. All patients
were neurologically intact (ASIA E). The mechanism
of injury is shown in table 2. Radiological study
included plain x-rays (antero-posterior (AP), lateral
and open mouth views), CT for upper cervical spine
with sagittal reconstruction and MRI.

Characteristic

Number of Cases

Table 1.
Patients Demographics.

(Sex (male/female 17/5

Age (mean) years (32.5)23-42
Range of follow up (mean) months (23.2)12-48
(Period of injury to operation (days 3-25

Mechanism of injury

Number of Cases

Table 2-_ _ Motor vehicle accident 12
Mechanism of Injury. Diving injury 6
Fall

Fractures were classified according to the
Anderson-D’Alonzo classification, and sub
classified according to Grauer et al.” There
were 19 type-Il fractures and 3 shallow type-lIll

(Table 3). All operations were done by either
authors of the study in 2 spine centers: Cairo
university hospital, Egypt and AOA Neuro-spinal
centre, Libya.

Type of fracture Number of Cases
Table 3. A 2
Fracture Classification. I'8 11
I1C 6
11 3

Single cannulated screw fixation in all cases
was carried out using biplanar fluoroscopy using
one image intensifier in 10 cases and two image
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intensifiers in 12 cases. All patients were mobilized
postoperatively and instructed to use a Philadelphia
neck collar for 8 to 12 weeks.
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Operative Technique:

After general anaesthesia with endotracheal
intubation, the patient is placed supine on the
operating table. The endotracheal tube is kept on
the right side as we use a left sided approach. A
Mayfield frame is used to hold the head immobile.
The patient’s mouth is kept open with a radiolucent
jaw block. Fluoroscopy machines are then positioned
to obtain clear open mouth AP and lateral views
of the odontoid (Figure 1). Manipulation of the

The patient’s neck is then prepped and draped
in a sterile fashion. A left sided horizontal incision
is made at approximately the level of C4-5 disk. The
platysma is then elevated and divided; and the fascia
of the sternocleidomastoid is sharply incised along
its medial border. Blunt dissection is used to expose
the anterior surface of the spinal column at the mid-
cervical level by opening natural planes medial to
the carotid artery sheath and lateral to the trachea
and esophagus.

The fascia of the longus colli muscle is incised in
the midline, and the muscle is elevated for a few
millimeters off the vertebral bodies at the C4-5
level. Sharp, toothed Cloward retractor blades are
then inserted beneath the longus colli bilaterally
and secured. Blunt dissection in the retropharyngeal
space is used to open a tunnel in front of the spine to
the C2 level for accessing the lower anterior border
of C2.

An angled retractor of the appropriate size is
inserted into this space and coupled to the lateral
retractors. A sharp starter is used to create a hole
in the anterior inferior angle of C-2 body. A K-wire is
inserted through the incision up to the inferior edge
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Mayfield frame is performed under fluoroscopy
control to obtain an anatomical reduction of
the odontoid fracture. Once that is achieved, the
frame is tightened securely. A long K wire is used
to rehearse the position of the guide wire and
trajectory of access to the odontoid. This rehearsal
is a vital step to make sure that the patient’s chest is
not too high to block a proper access and alignment
of the odontoid screw.

Figure 1.

The layout of the
operating room; 2
image intensifiers
positioned and fixed
with the patient’s
head fixed with a
Mayfield frame.

of C-2, under fluoroscopic control, and impacted
into the inferior edge of C-2. As we always use a
single screw, a midline entry site is chosen.

A guide tube is placed over the K-wire and rotated
by hand to the inferior border of C-2. Once the guide
tube is secured, the K-wire is advanced from the
inferior anterior edge of C-2 through the body of C-2
and into the odontoid to its apex passing through
the fracture while using careful biplane fluoroscopic
control. Then a cannulated drill bit is inserted over
the K-wire. A right-angle drive is used to clear the
thoracic region, and a hole is then drilled while using
careful biplane fluoroscopic control from the inferior
anterior edge of C-2 through the body of C-2 and
into the odontoid to its apex. The drill is calibrated
to allow accurate depth measurement. The drilled
hole is then tapped (threaded) by removing the
drill bit, replacing it with the cannulated tap that is
manipulated by hand while monitoring its progress
fluoroscopically.

The selected screw, based on the measured
depth, is placed over the guide wire into the
drilled and tapped hole. We used lag screws with
a non-threaded proximal shaft in 19 cases and fully
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threaded screws in 3 cases. The screw is placed into
the odontoid and tightened firmly, as progress is
monitored fluoroscopically. The head of the screw
is recessed into the C2-3 annulus/disc edge or into
the inferior edge of C-2, and the screw tip is fully
engaged into the apical cortex of the odontoid. The
retractors are then removed, the wound checked
for hemostasis, and closure completed in layers.
Philadelphia neck collar is applied to the patient’s
neck before extubation.

Results

Twenty two patients (100%) underwent single
anterior odontoid screw fixation for the treatment
of odontoid fractures. All patients recovered well

from surgery and remained neurologically intact
(ASIA E). Mean operative time was 80 minutes
(range 65-120). Mean blood loss was 150mls (range
100-300mls). Mean hospital stay was 5.5 days (range
3-9days). Patients were followed for a mean period
of 20.6 months (range 12-28 months).

We used the Smiley-Webster scale3® to assess the
overall functional outcome of our patients (Table 4).
Twelve patients (55%) were rated excellent, seven
(32%) rated good, two (9%) rated fair and one (4%)
rated poor. This single poor result was a patient that
had screw cut through with redisplacement of the
fracture and underwent revision removal of the
screw and atlanto-axial fusion.

Table 4. Smiley—Webster Scale Used to Assess Functional Results®3,

Scale Description
l-Excellent Patient returned to full-time work/activity as before onset of symptoms; no pain medication
' required
Il: Good | Patient returned to full-time work/activity; occasional consumption of pain medication
l: Fair Patient not able to return to former level of work/activity; occasionally pain medication;
’ improved over preoperative
IV: Poor | Patient not able to return to work/former activity level; regular consumption of pain medication
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Figure 2. WG, 27 year old male sustained an Odontoid type IIB. 12 months post x-ray showing bony healing,

confirmed by a CT scan.

Radiological assessment included plain x-rays, dynamic films and CT scan. Figure 2, demonstrates one of
our patients with sound bone fusion. Table 5 shows the radiological criteria and healing status in this series.

Table 5. Fracture Healing Status.

Fracture healing Criteria No. of patients (%)
Bony union Br|dg|ng I?ony trabec.ulae across fracture, no movement on 14 (64%)
dynamic films and no implant failure.
Stable fibrous union Visible fraf:tu.re line with rlo brldgln.:c,J trabeculae, no movement 7 (32%)
on dynamic films and no implant failure.
Pseudoarthrosis | Movement on dynamic films or implant failure 1 (4%)
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Complications:
One patient had a misplaced screw passing

immediately behind the odontoid fragment. He
underwent a revision on the second postoperative
day with satisfactory repositioning of the screw. He
went on to a stable fibrous union, and was rated
good on his latest follow up. Another patient on his

3 month follow up had an anterior cut through of the
screw through the body of C2 with re-displacement
of the fracture. He underwent a removal of the
odontoid screw and atlanto-axial fusion. This is the
patient with a poor clinical result in this series. We
had no neurological or wound related complications
in this series (Figure 3).

Ali Omar

Figure 3. ND, 25 year old male sustained a type-IIB Odontoid fracture. Postoperative CT shows a posteriorly
misplaced screw. Revision screw fixation was successfully done. Note the distraction at the fracture site. He

went on to a stable fibrous union.

Discussion

Odontoid screw fixation has gained popularity as
a method for treating type Il and shallow type Il
Odontoid fractures. However, selection criteria and
results have been variably reported in the literature.

Our bony healing rate is reportedly lower than
that reported in other series*510.13,1619,20,22,23,25,26,52
(Table 6). This may be related to a number of factors.
First the selection criteria, as we have included
some type IIC fractures which may not all be suitable
for odontoid screw fixation. Grauer et al.,*” believe
that type IIC fractures are not suitable for odontoid
screws. We agree with Cho and Sung®that some type
IIC fractures particularly those with low angulations
of the fracture line and low fracture fragment ftilt
can be fixed with an Odontoid screw. Second is the
learning curve; indeed our technique improved with
experience gained, particularly in overcoming the
fracture gap and the entry point. We have learned
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to apply axial compression at the time of reduction
before tightening the Mayfield frame, use partially
threaded screws, avoid crossing of the fracture line
by the threaded part of the screw and applying a
downward pull to the screw head if a fracture gap
persists after final screw tightening. In the beginning,
we used to aim the entry point at the tip of C2. It
became clear to us that this leads to a shallow path
of the drill within the C2 body, risking an anterior cut
through of the screw. Therefore, we modified this
entry point to be deeply seated along the anterior
part of the C2/3 disc. This allowed a deeper position
of the screw and a better trajectory. This follows
recent recommendations in the literature.

Stable fibrous unions occurred frequently in this
series (32%). Most patients (6/7) were graded either
good or excellent on clinical grounds, therefore no
intervention was indicated. It may be that some of
these fibrous unions will eventually go on to a bony
healing with a longer follow up.
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Table 6. Radiological Study No of patients | No. of bony union | (%)Bony union

Outcomg of Type-ll Andersson et al* 11 3 27
Odontoid Fractures

Treated by Odontoid Apfelbaum et al® 117 99 85
Screw in Different Fountas et al® 31 27 87
Series in Comparison Henry et al?° 61 56 92
to our Study. Harrop et al*® 9 7 78
Jenkins et al* 42 30 71
Montesano et al % 14 12 86
Mashhadinezhad et al*® 15 13 87
Konieczny et al?® 13 12 92
Aldrian et al? 25 22 87
Wang et al* 42 40 95
Cho & Sung?? 41 33 81
Eap et al®® 36 34 95
Our study 22 14 64

Inone case, aresidual anterior displacement of the
odontoid was present at the time of instrumentation.
We have use digital trans-oral manipulation to push
the odontoid fragment posteriorly as described
without success. So instead, we applied a Caspar
pin to body of C2 and used it to pull the C2 body

We have used a single screw in our series.
Biomechanical as well as clinical studies comparing
one or two screws have confirmed the efficacy of a
single screw in type Il odontoid fractures'>?>%,

A number of studies have reported complications
related to Odontoid screw fixation, the incidence
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anteriorly with the help of a curved curette within
the fracture. This maneuver was successful and
allowed obtaining an anatomical reduction. To the
best of our knowledge, this technical maneuver has
not been described before (Figure 4).

Figure 4. A technical maneuver
used in a case with persistent
anterior displacement of the
odontoid fragment. A Caspar
pin inserted and an angled
curette into the fracture to pull
the C2 body anteriorly.

reported being as high as 24% of clinically relevant
complications*?°. In our study, two patients (9%)
showed significant complications; one with a
misplaced screw that was successfully revised and
another developed a cut through of the Odontoid
screw at three months follow-up. He required
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revision removal of the screw and atlanto-axial
fusion. We had no neurological, major vascular,
visceral or wound related complications. Our
relatively low complication rate confirms the safety
of this procedure. Of note, however, is the difference
in patient population; our series included young
adult patients with a mean age of 32.5 years, which
is significantly younger than that reported in other
studies. This may have contributed to the lower
incidence of complications in our series.

Conclusion

This study confirms the data of previous studies
concerning odontoid screw fixation as a modality for
treating types Il odontoid fractures, since it offers
high unionrates, preservation of the range of rotation
between C1 and C2, which is deficient in posterior
atlanto-axial fusion, and also safety proved by low
complication rate. With the experience gained and
better patient selection higher bony healing rates
are expected with Odontoid screw fixation.
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