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Abstract
Background: Odontoid fractures are the most common cervical fractures specially type II. Anterior odontoid screw
fixation has many advantages with low incidence of surgical complications.
Purpose: To evaluate the role of single odontoid screw fixation in surgical treatment of odontoid fracture type II.
Study design: A retrospective clinical case series.
Patients and methods: Twelve patients with acute traumatic odontoid fracture type II were surgically treated by
anterior single odontoid screw fixation. The visual analogue scale (VAS) and neck disability index (NDI) were used to
evaluate the functional outcome among our patients. Plain radiography and CT cervical spine were done in all
cases preoperatively and during our period of follow-up (6 months). Preoperative MRI cervical spine was done in all
cases.
Results: The study included 12 patients, four of them (33.3%) were females, and 8 (66.7%) were males with a mean
age of 41.7 ± 11.4 years. All patients had acute traumatic odontoid fracture type II, oblique fractures in 10 (83.3%)
cases, and transverse fractures in 2 (16.7%) cases. All cases operated for anterior single odontoid screw fixation.
During our period of follow-up, VAS and neck disability index were improved in all cases. There were 5 cases
(41.7%) with transient dysphagia. Solid fusion was achieved in all cases except in one patient (8.3%) (fibrous union).
Conclusion: Single odontoid screw fixation is useful and safe procedure in surgical treatment of odontoid fractures
type II. Careful attention to the technical aspects of the procedure and selection of patients are essential for good
outcome.
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Introduction
Odontoid fractures are classified into three types according to the fracture site: Type I: the fracture line traverses
the odontoid tip above the transverse ligament, type II:
the fracture line traverses the odontoid base (the most
common type), and type III: fracture includes the body
of C2. Type I and III fractures are usually stable and do
not need surgery but controversy remains about the
ideal treatment for type II fracture [1].
External immobilization with a cervical collar or halo
vest is usually used for non-surgical treatment of odontoid fractures type II with good healing rates from 37 to
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75% but it is associated with mortality rates from 26 to
47% due to prolonged external immobilization which resulted in many respiratory related complications specially in elderly patients [2, 3].
Posterior C1–C2 fixation is the traditional method for
surgical treatment of odontoid fractures with good fusion rates ranged from 92.8 to 100% [2]. It is, however,
associated with high rates of morbidity and mortality
and also resulted in decreased cervical motion specially
axial rotation [4–6].
Nakanishi in [7] and Bohler in [8] introduced the anterior screw fixation for surgical treatment of odontoid
fracture type II. This procedure achieves immediate
stabilization, maintains rotation of C1 on C2, and it has
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low incidence of complications with good fusion rates
[9–11].
This is a retrospective clinical case series study to
evaluate the role of single odontoid screw fixation in
surgical treatment of odontoid fracture type II.

Methods
This study was conducted on 12 patients with acute
traumatic odontoid fractures type II (Grauer type IIB)
[12], included 10 patients (83.3%) with oblique fractures
extended from the antero-superior of dens to posteroinferior portion, and two patients (16.7%) with transverse
fractures. There were 8 (66.7%) males and 4 (33.3%) females with a male-to-female ratio of 2:1. the age ranged
between 25 and 65 years with a mean age of 41.7±11.4
years. The duration of symptoms ranged between 1 and
6 days with a mean duration of 3.08±2.02 days. We excluded from this study patients with odontoid fracture
which extended from the anteroinferior of dens to posterosuperior, atlanto-axial dislocation, rupture of the
transverse ligament, fracture of C2 body, chronic odontoid fracture, and patients with short neck or Barrel
chest.
All patients were surgically treated by single anterior
odontoid screw fixation. Patients were admitted and operated upon in the Department of Neurosurgery, Tanta
University Hospital during the period from August 2015
to February 2018.
All patient’s data, diagnosis, and treatment outcomes
are confidentially kept private, and patients are presented by specific codes. An approval from the research
ethics committee of the Faculty of Medicine Tanta University [Reference Number 32805] was obtained on December 26, 2018. Patients’ consents for participation and
for publication were not applicable. Additionally, the coauthors had neither financial nor non-financial competing interest to report.
Preoperative evaluation

All patients were subjected to full clinical history and
examination (general and neurological). Neck pain and
functional state were evaluated by VAS [13] for pain and
neck disability index [14]. All fractures were evaluated
by plain radiography (lateral and open mouth views) and
multi-slice CT scan of the cervical spine. In addition,
MRI cervical spine was done for all patients.
Surgical technique

All patients underwent awake intubation. After induction of general anesthesia, the patients were positioned
in supine position with cervical hyperextension. A radiolucent gauze roll was inserted in the mouth to obtain a
good open mouth view during surgery. Two C-Arm
fluoroscopes were adjusted and positioned around the
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patient, one for lateral view and the other for open
mouth view.
A transverse skin incision was used at the level of C56-disc space on the right side. After wide subcutaneous
dissection, platysma muscle was opened vertically, and
we used blunt dissection to expose the ventral spine
from lower border of C2 to C6. The longus-colli was dissected laterally of the midline at the level of C2-3 disc
then the annulus was opened to identify the entry point
for drilling at the under surface of the anterior lip of C2
(interior end plate). Under the fluoroscopic guidance, a
Kirschner wire (K-wire) was inserted from the entry
point in the midline to go through C2 body and the fracture site to reach the posterior tip of the odontoid.
Tapping was done by using cannulated tap inserted on
top of the K-wire. Finally, we inserted a single cannulated lag screw (3.5 mm or 4.5 mm) diameter. The measurements were adjusted according to the size of dens
on the preoperative images and the depth of drilling
during surgery. We used the cannulated lag screw system of Egifix® Medical Company, ARE.
After removal of the wire, the screw was tightened,
and the wound was closed in the standard fashion. The
patients were discharged within 72 h, and hard collar
was used for 4–6 weeks after surgery.
Post-operative evaluation

The visual analogue scale for pain (VAS) and neck disability Index were used to evaluate the functional outcome among our patients during 6 months after surgery.
Plain x-ray cervical spine (lateral and open mouth
views) and multi-slice CT were done in all patients
within 72 h after surgery and every 2 months up to 6
months to evaluate screw position and fusion status.
Bone fusion is considered successful if there is trabeculation across the fracture site in CT scan and anatomical
alignment of the fracture fragment in plain x-ray without
gap in the fracture site [15]. The expected time for bone
fusion ranges from 2 to 8 months with an average of 4.5
months [1].
Statistical analysis

Analysis was done using student t-test with IBM SPSS
statistics for windows, Version 21 (IBM Corp, Armonk,
NY).

Results
This study included 12 patients with acute traumatic
odontoid fractures type II. Neck pain was the only presenting symptom in all cases (100%). There were no
neurological deficits among our patients. According to
the VAS for neck pain, there were 3 cases (25%) with
score 10, 4 cases (33.3%) were in score 9, 4 cases (33.3%)
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Fig. 1 a Preoperative sagittal CT cervical spine. b Preoperative coronal CT cervical spine. c Postoperative plain x-ray lateral view after 6 months

in score 8, and one case (8.3%) with score 7. All patients
(100%) presented with severe neck pain.
Preoperative evaluation of patients according to neck
disability score revealed no patient with scores 0–4 (no
disability), scores 5–14 (mild disability), and even scores
15–24 (moderate disability). Patients with scores 25–34
(severe disability) were 5 (41.7%) while patients with
scores 35–50 (completely disabled) were 7 (58.3%).
Preoperative radiological evaluation revealed odontoid
fracture type II (Grauer type IIB) in all cases, oblique
fracture (extending from antero-superior to posteroinferior) in 10 cases (83.3%), and transverse fractures in
2 (16.7%) cases. There was no case with atlanto-axial
dislocation.
All patients were operated in supine position after
awake intubation, and successful single odontoid screw
insertion was achieved in all cases by the use of 2 CArms fluoroscopes without intra-operative complications. We did not use traction during surgery, but we
used screw 3.5 mm diameter in 8 cases (66.7%) and 4.5
mm diameter in 4 cases (33.3%). Unicortical screw was
inserted in all of the patients (Fig. 1).
The functional state of all patients improved after surgery and during the period of follow-up (6 months). The
VAS for neck pain revealed 3 (25%) cases with score 0, 5
(41.7%) cases with score 1, 3 (25%) cases with score 2,
and one case (8.3%) of score 3. Statistical analysis revealed that there was a significant improvement in
scores of patients post-operatively compared to preoperative scores (Table 1) (P = 0.031, 0.012, 0.031, 0.021,
0.021, and 0.031, respectively).
The neck disability score revealed that 3 patients with
scores 0–4 (no disability) (25%) and patients with scores
5–14 (mild disability) were 8 (66.7%) patients and one
patient (8.3%) with scores 15–24 (moderate disability).
There was no patient with scores 25–34 (severe

disability) or scores 35–50 (complete disability). Statistical analysis revealed that there was a significant improvement in neck disability score in patients of the
study post-operatively compared to preoperative scores
(Table 2) (P = 0.031, 0.01, 0.012, and 0.01, respectively).
During our period of follow-up, there were 5 cases
(41.7%) with transient dysphagia which resolved spontaneously within 1 month. Solid fusion was achieved in
11 patients (91.7%), and we had one patient (65 years
old) (8.3%) with no solid fusion (fibrous union) in postoperative images but the fracture was stable radiologically, and the screw was intact and in place.

Discussion
Mazur et al. [16] reported different contraindications for
odontoid screw fixation that included an oblique fracture line from anterior-inferior to postero-superior part
of the dens, incompetent transverse ligament, chronic
fractures, pathological fracture, and patients with short
neck or a barrel chest. They concluded that anterior
Table 1 VAS score preoperative and post-operative in cases of
the study.
P

VAS
score

Preoperative

Post-operative

No

%

No

%

0

0

0

3

25%

0.031*

1

0

0

5

41.7%

0.012*

2

0

0

3

25%

0.031*

3

0

0

1

8.3%

0.326

7

1

8.3%

0

0%

0.326

8

4

33.3%

0

0%

0.021*

9

4

33.3%

0

0%

0.021*

10

3

25%

0

0%

0.031*

*Significant as p ≤ 0.05
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Table 2 Neck disability score pre- and post-operative in cases
of the study
Neck disability score

Preoperative

Post-operative

P

No

%

No.

%

0–4 (no disability)

0

0

3

25%

0.031*

5–14 (mild disability)

0

0

8

66.7%

0.01*

15–24 (moderate disability)

0

0

1

8.3%

0.326

25–34 (severe disability)

5

41.7%

0

0

0.012*

35–50 (completely disabled)

7

58.3%

0

0

0.01*

*Significant as p ≤ 0.05

odontoid screw fixation is a technically challenging procedure, and patient’s selection is essential for good
outcome.
Our study included 12 patients with acute traumatic
odontoid fracture type II: ten of them with oblique fractures extended from the antero-superior to the posteroinferior portion of dens and 2 patients with transverse
fractures. We excluded from this study patients with oblique fractures extended from anterior-inferior to
postero-superior part of dens, ruptured transverse ligament, chronic fractures, and patients with short neck.
All patients had significant improvement in the VAS for
neck pain and neck disability index after surgery and
during our period of follow-up (6 months).
Meticulous surgical technique, perioperative patient
position, identification of screw entry point, and proper
insertion and use of K-wire with cannulated screw system are important keys for successful surgery without
operative complications [16].
In this work, we used awake intubation, and patients
were positioned supine with hyperextended neck. A
gauze roll was inserted in the mouth to give good open
mouth view during surgery. Two C-Arm fluoroscopes
were used to obtain intraoperative lateral and anteroposterior views. Multiple images were taken to adjust
the entry point, K-wire trajectory, and screw position.
We used the cannulated screw system which inserted
after adjustment of the K-wire position. All patients had

successful surgery without intraoperative complications,
and we had only 5 cases (41.7%) of transient dysphagia
after surgery which resolved in 1 month.
The use of 2 screws for odontoid fixation is technically
difficult and require at least 9 mm of space for adequate
placement [17]. The odontoid diameter in many cases
not large enough to accommodate 2 screws and insertion of 2 screws reduces the available surface area for
bone fusion [18, 19]. There is no biomechanical difference between the use of single or two screws for anterior
odontoid fixation, and also both techniques have the
same fusion rates [2, 20].
The study by Dalvandi et al. [21] included 37 patients
in 5 years, and the study by fan et al. [22] was conducted
on 24 patients in 8 years, both studies evaluated the results of single odontoid screw fixation in type II odontoid fractures, and they reported that it is safe and
effective technique with high fusion rate.
In our study which included twelve patients in 2.5
years, we found the use of single odontoid screw is simple, safe procedure, and associated with good functional
outcome and high fusion rate.
Bicortical anterior odontoid screw fixation increases
the interfragmentary compression, but it is associated
with increased incidence of screw migration beyond the
apex and the high risk of neural or vascular injury [16],
so that unicortical fixation by cannulated lag screw is
recommended by some authors [23, 24].
In this study, we recommended the use of unicortical
fixation by cannulated lag screw in all cases without any
intra-operative complications. Solid fusion was achieved
in all cases except one patient (8.3%) as the serrations of
the screw was partly involved in the fracture site so that
the screw could not achieve its proper lag effect. This
patient was stable radiologically during our period of
follow-up (fibrous union).
In 2005, Grauer and his colleagues [12] classified
odontoid fracture type II into three subtypes, and they
found that the best treatment for odontoid fracture type
IIB was anterior odontoid screw fixation. It was the same

Fig. 2 a Preoperative sagittal CT cervical spine. b Post-operative sagittal CT cervical spine after 2 months. c Post-operative plain x-ray
after 6 months
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to our work as we successfully used anterior odontoid
screw fixation in surgical treatment of our twelve patients with Grauer Type IIB fractures, and we had good
clinical and radiological outcomes.
In our study, we agree with the results of Henry et al.
[25], as they reported that anterior odontoid screw fixation is practical and valid option in treatment of odontoid fracture with fusion rate 92%, and it was nearly the
same rate for us (91.7%) and also, they considered this
procedure better than external immobilization and posterior fixation but in selected patients (Fig. 2).
The limitations of this study were being retrospective,
limited number of patient,s and short follow-up period.

Conclusion
Single odontoid screw fixation is safe and effective
method for surgical treatment of odontoid fracture type
II (Grauer type II B). It is associated with high fusion
rates and low incidence of complications. Careful attention to the technical aspect of the procedure and patient
selection are the main keys for successful surgery and
good outcome.
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