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trajectory for screw placement1,4,7). The major recognized ana-
tomical contraindications include a comminuted fracture at the 
base of the dens and a disrupted transverse ligament1,8,14,17-19). In 
addition, some authors have reported that fracture line orienta-
tion also affected procedural success. Subach et al.19) concluded 
that sagittally oblique fractures should be considered a contra-
indication to anterior odontoid screw fixation. Recently, in a 
study of a modified classification of type II odontoid fractures, 
it was proposed that Subtype C fractures, where the fracture 
line passes from anterior inferior to posterior superior, and frac-
tures with significant comminution are unsuitable for anterior 
screw fixation, so posterior atlantoaxial stabilization has been 
shown to yield good long-term results10). However, although 
several studies have reported successful fusion rates after anteri-
or odontoid screw fixation of type II and rostral shallow type III 
fractures1,4,7,11,12), it remains debatable whether an anterior oblique 
fracture orientation is really a contraindication to anterior odon-
toid screw fixation.

Accordingly, we designed this preliminary retrospective study 
to investigate the feasibility of anterior odontoid screw fixation 
for type II and rostral shallow type III fracture with an anterior 

INTRODUCTION

Various internal fixation methods using either the anterior or 
the posterior approach have been described for the treatment of 
acute type II and rostral type III odontoid fractures, and anteri-
or screw fixation has become the most widely used procedure 
for the stabilization of type II and rostral shallow type III odon-
toid fractures. This method has several advantages over a poste-
rior C1-2 arthrodesis, such as less surgically induced soft-tissue 
trauma, no requirement for bone grafting, a lower risk of injury 
to vertebral arteries, and the preservation of C1-2 rotational mo-
tion2,3,5,6,8,9,13,15,17-19,21). However, the utility of anterior screw fixa-
tion is limited by non-reducible fractures, fragment geometry 
or body habitus, such as a barrel-shaped chest, a short neck, 
and cervical or thoracic kyphosis, which may prevents proper 
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tion angle, and fragment angulation. Fracture displacements 
were measured perpendicularly from a line through the poste-
rior margin of the fracture, drawn parallel to the posterior wall 
of the vertebral body to the dorsal aspect of the dens. Fracture 
orientation angle and fragment angulations were measured in 
each case using sagittal reconstruded CT images using Cobb’s 
method. (Fig. 1) Type II and rostral shallow type III fractures 
were classified as anteriorly displaced (Type II-A), posteriorly 
displaced (Type II-P), or non-displaced (Type II-N) based on 
evaluations of initial lateral cervical radiographs9). Fracture ori-
entations were classified according to the antero-posterior di-
rection of the fracture line as, anterior oblique, horizontal, or 
posterior oblique, as suggested by Apfelbaum et al.4) (Fig. 2).

oblique fracture orientation. 

MATERIALS AND METHODS

Patient population 
After obtaining approval from the institutional review board 

of our institute, medical charts, imaging studies, and follow-up 
findings of all patients were retrospectively reviewed and ana-
lyzed. From January 2002 to December 2008, 55 consecutive pa-
tients with a diagnosis of a type II or a rostral shallow type III 
odontoid fracture were treated by surgical internal fixation at 
our institute. Of these 55 patients, we analyzed 16 patients with 
Anderson and D’Alonzo type II or a rostral shallow type III 
odontoid fracture with anterior oblique fracture orientation. Of 
these 16 patients, 8 (group 1) were treated by anterior odontoid 
screw fixation, and 8 (group 2) by posterior C1-2 arthrodesis. 
Clinical case summaries for the 16 study subjects are shown in 
Table 1. Surgical outcomes in these two treatment groups were 
retrospectively analyzed and compared. None of the 8 patients 
selected for anterior odontoid screw fixation had a major contra-
indication, such as, a barrel chest, a short neck, a ruptured trans-
verse ligament or a substantial non-reducible fixed fragment.

All fractures were preoperatively assessed using initial con-
ventional anterior, open-mouth, and lateral radiographs, 3-di-
mensional computed tomographic (CT) scans, and magnetic 
resonace images. 

Measurement of radiologic parameters 
The preoperative analyses of radiologic parameters included 

degree of fracture displacement, fracture gap, fracture orienta-

Table 1. Clinical case summary of 16 patients of odontoid fractures type II and rostral type III with anterior oblique fracture orientation

Pt Age, y Sex

Time  from 
injury to 
operation 

(day)

Fracture 
types

Fracture  
displacement 

(mm)

Fracture 
gap 

(mm)

Fracture 
orientation 

angle 
(degrees)

Fragment 
angulation 
(degrees)

Operation
Radiological 

follow-up 
(months)

Results

  1 60 M     4 II-N 0.0 1.0 16.0   3.3 Ant 12 Fusion
  2 20 M     6 II-N 0.0 1.3 14.9   1.7 Ant 17 Fusion
  3 30 F   14 III 3.6 1.3 10.5   1.5 Ant 16 Fusion
  4 48 M     1 III 6.1 0.0 19.3   4.2 Ant 22 Fusion
  5 58 M     5 II-A 3.4 1.0 10.9   2.0 Ant 15 Fusion
  6 55 M     4 II-A 4.4 1.0 17.9   3.9 Ant 14 Fusion
  7 21 F     1 II-N 0.0 0.0 17.2   1.2 Ant 16 Fusion
  8 43 F     3 III 3.7 0.0 15.8   7.9 Ant   8 Nonfusion
  9 60 F   44 III 0.0 2.9 35.7   7.3 Post 68 Fusion
10 66 F     6 III 3.5 0.0 29.7 18.2 Post 25 Fusion
11 65 M  35 III 4.5 0.0 15.6 11.4 Post 15 Fusion
12 53 F  66 III 7.8 0.0 38.7 25.8 Post 17 Fusion
13 54 F  60 III 4.4 1.0 23.3 17.9 Post 11 Fusion
14 27 M  14 II-A 4.0 0.0 20.7 14.2 Post 21 Fusion
15 59 M  90 II-A 11.4 4.1 35.4 18.2 Post 17 Fusion
16 48 M 150 II-A 8.6 3.4 29.5   5.2 Post 21 Fusion

Fracture types : II-A anteriorly displaced, II-P posteriorly displaced, II-N non-displaced. Pt : patient, Ant : anterior odontoid screw fixation, Post : posterior C1-C2 fusion 

Fig. 1. Diagram showing Cobb’s method of measuring fracture orienta-
tion angles (A) and fragment angulation (B). 
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 Statistical analysis 
The statistical analysis was performed using SPSS version 17 

for Windows (SPSS, Inc., Chicago, IL, USA). All data are re-
ported as mean±standard deviations. Significant differences were 
determined using the two sample t-test. Values not normally 
distributed were analyzed using the nonparametric Mann-
Whitney U test. Two-sided probability testing was used, and a 
probability value ≤0.05 was considered statistically significant. 

RESULTS

Patient Population 
Baseline demographic and clinical characteristics of the 16 

study subjects are summarized in Table 2. As outlined in Table 2, 
8 (group 1) were treated by anterior odontoid screw fixation, and 
8 (group 2) by posterior C1-2 arthrodesis. In group 1, there were 
5 male and 3 female patients whose ages ranged from 20 to 60 
years (mean age±standard deviation, 41.9±16.3 years). The causes 
of injuries were a traffic accident in 6, and a ground-level fall in 2. 
Follow-up ranged from 8 to 22 months (mean, 15.0±4.1 months). 

Operative techniques 
All surgical procedures were per-

formed by the senior author (J.K.S.). 
Choice of surgical approach depended 
on patient age, time from injury to oper-
ation, fracture displacement, fracture 
gap, fracture orientation angle, and frag-
ment angulation. Eight patients with an 
acute type II or a rostral shallow type III 
fractures with a small fracture orienta-
tion angle or small fragment angulation 
underwent anterior screw fixation. The 
remaining eight patients, who had a 
large fracture orientation angle or a large 
fragment angulation, were treated by 
posterior C1-C2 fusion. The surgical 
technique used for anterior odontoid 
screw fixation has been previously de-
scribed by the senior author (J.K.S.)14). 
Of the 8 patients treated by posterior 
C1-C2 fusion, two patients underwent posterior C1-2 transartic-
ular screw fixation, and 6 underwent C1 lateral mass and C2 pe-
dicular screw fixation. 

Follow-Up and Evaluation of fusion 
All patients underwent serial postoperative radiological ex-

aminations to verify screw position, fracture alignment, and fu-
sion status. Follow-up studies included cervical spine radio-
graphs (open mouth, flexion, and extension views) at 6 weeks 
and 3, 6, 12 months after surgery, and 3-D CT scans of the up-
per cervical spine at 6 or 12 months after surgery. Follow-ups 
were terminated when fractures were considered to be clinically 
and radiographically stable. 

Strict radiographic criteria were used to assess fusion using 
dynamic radiographs (in flexion and extension views) and 3-D 
CT scans. Solid bone fusion was defined as the presence of a 
bony bridge and the definite continuity of cortical bone. Nonfu-
sion was defined as a definite fracture gap with abnormal mo-
tion of the fractured dens on dynamic radiographs and on the 
3-D CT scan. 

A B C
Fig. 2. Classification of odontoid fractures by fracture orientation. Anterior oblique (A), horizontal (B), and posterior oblique (C). This classification sys-
tem is based on the inferior direction of fracture slope, as demonstrated on lateral radiographs.

Table 2. Baseline Demographic and Clinical Characteristics Obtained in 16 patients

Variables
Treatment Group

Group 1 (n=8) Group 2 (n=8) p value
Male : Female 5 : 3 4 : 4
Mean age (years)   41.9±16.3   54.0±12.5 0.117
Mean follow-up periods (months) 15.0±4.1   24.4±18.1 0.102
Causes of injury
    Traffic accident 6 2
    Ground-level fall 2 6
Time from injury to operation (day)   4.8±4.1   58.1±46.2 0.014
Types of odontoid fractures
    II-A (anteriorly displaced) 2 3
    II-N (nondisplaced) 3 0
    II-P (posteriorly displaced) 0 0
    III, rostral shallow 3 5
Mean fracture displacement (mm)   2.6±2.3   5.5±3.6 0.075
Mean fracture gap (mm)   0.7±0.6   1.4±1.7 0.782
Mean fracture orientation angle 15.3±3.2 28.6±8.1 0.002
Mean fragment angulation   3.2±2.1 14.8±6.7 0.001
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went additional posterior C1-C2 screw fixation. (Patient No. 8) 
All patients treated by posterior C1-C2 fusion in group 2 
achieved successful bone fusion at last radiological follow-up. No 
patients in either groups manifested neurological impairment 
during follow-up. However, one patient in group 2 reported a 
transient occipital headache.  

DISCUSSION

Operative stabilization is preferred by most authors over ex-
ternal immobilization for the treatment of type II and rostral 
shallow type III fractures of the odontoid process2,4,8,9,21). Al-
though various internal fixation methods using either the ante-
rior or the posterior approach have been described for the treat-
ment of these fracture types, the optimal surgical methods remain 
controversial1,3-5,7,11,12,15,16,18,20). Since the reports issued by Nakan-
ishi et al. and by Böhler, anterior screw fixation has become the 
most widely used procedure for the stabilization of type II and 
rostral shallow type III odontoid fractures3-5,7). This method has 
several advantages over posterior C1-2 fusion, namely, less sur-
gical soft-tissue trauma, no requirement for bone grafting, a 
lower risk of injury to vertebral arteries, and the preservation of 
C1-2 rotational motion1,3-5,7,14). However, two requirements must 
be met for the patients to be considered an appropriate candi-
date for anterior odontoid screw fixation. The first is an intact 
transverse atlantal ligament, and the second requirement is the 
ability to adequately reduce the fracture and properly align the 
fragments1,4,7,14,19).

Recently, some authors have reported that fracture line orien-
tation also affected procedural success. Subach et al.19) conclud-
ed that sagittally oblique fractures should be considered a con-
traindication to anterior odontoid screw fixation. In a study of 
modified classification of type II odontoid fractures, it has been 
proposed as the Subtype C fracture, in which fracture line pass 
from anterior inferior to posterior superior (i.e., anterior oblique 
direction) or fractures with significant comminution. These frac-
ture patterns are not appropriate for anterior screw fixation, so 

In group 2, there were 4 men and 4 women with ages ranging 
from 27 to 66 years (mean age 54.0±12.5 years). The causes of in-
juries were a traffic accident in 2, and a ground-level fall in 6. Fol-
low-up ranged from 11 to 68 months (mean, 24.4±18.1 months). 
Mean age and mean follow-up were not significantly different 
in two groups. (p=0.117 and 0.102, respectively). However, mean 
times from injury to operation were significantly different (4.8± 
4.1 days in group 1, and 58.1±46.2 days in group 2).  

Radiologic parameters
In group 1, fracture types were as follows; type II-A in 2 pa-

tients, II-N in 3, rostral shallow type III in 3 and, none with type 
II-P. In group 2, 3 patients had a type II-A fracture, and the other 
5 patients had rostral and shallow type III fractures. Mean frac-
ture displacements were 2.6±2.3 mm in group 1, and 5.5±3.6 mm 
in group 2, which were not significantly different (p=0.075), and 
similarly, mean fracture gap were also not significantly different 
(0.7±0.6 mm in group 1, and 1.4±1.7 mm in group 2). However, 
mean fracture orientation angles, and mean fragment angulations 
were significantly different; mean fracture orientation angles were 
15.3±3.2 degrees in group 1, and 28.6±8.1 degrees in group 2 
(p=0.002), and mean fragment angulations were 3.2±2.1 degrees 
in group 1, and 14.8±6.7 degrees in group 2 (p=0.001) (Fig. 3).

Overall fusion rate and complication
No patient was lost during follow-up, and thus the follow-up 

data of all 16 study subjects were analyzed. There were no intra-
operative complications, and no infection or hematoma was re-
corded. In all patients, successful screw positioning was verified 
by postoperative 3-D CT. In group 1, 7 patients achieved solid 
bone fusion (87.5%), but the remaining patient experienced 
screw back-out of the C-2 body two months after anterior odon-
toid screw fixation. The patient involved was a 43-year-old fe-
male with a type III fractures and associated fractures extend-
ing into the C-2 body and pedicle, which were recognized 
preoperatively, but were believed to afford an acceptable sub-
strate for anterior odontoid screw fixation. This patient under-

Fig. 3. Box plots illustrating fracture orientation angles (A), and fragment angulations (B) in the two groups. Significant intergroup differences were 
found for these parameters (p=0.002 and 0.001, respectively). 
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rate of anatomical bone fusion was found in 16 patients with an 
anterior oblique fracture orientation than in patients with a pos-
terior oblique or horizontal fracture orientation. 

In the present series, we describe our experiences of 16 pa-
tients with Anderson and D’Alonzo type II or rostral shallow 
type III odontoid fractures with an anterior oblique fracture 
orientation. Even though fracture lines were oriented in the an-
terior oblique direction, we carefully selected 8 patients with a 
relatively small fracture orientation angle and small fragment 
angulation for anterior odontoid screw fixation. Solid bone fu-
sion was documented radiologically in 7 of 8 patients treated by 
anterior odontoid screw fixation in group 1 (87.5%). However, 
in cases with a relatively large fracture orientation angle and 
large fragment angulation, we believe that anterior oblique frac-
ture orientation is a contraindication to anterior odontoid screw 
fixation. Thus, we performed posterior C1-C2 fusion rather 
than anterior odontoid screw fixation in the remaining 8 patients. 
As mentioned above, our two study groups differed significantly 
in terms of mean fracture orientation angle, (15.3±3.2 degrees vs. 
28.6±8.1 degrees, group 1 vs. 2, respectively) and mean fragment 
angulation (3.2±2.1 degrees vs. 14.8±6.7 degrees, respectively) 
(p=0.002 and 0.001, respectively) However, no significant inter-
group difference was found regarding patient age, fracture dis-
placement, or fracture gap (p=0.117, 0.075, 0.782, respectively). 

The major limitation of this study is that the 16 patients were 
not randomized. All patients were placed into the two groups 
according to our treatment algorithm that used anterior screw 
fixation in only the 8 who had the smallest fracture orientation 
and angulations. Our data does not provide information what 
would have occurred if patients were assigned to another group. 
And this study is limited by the relatively small number of the 
patients recruited, as it was based on a retrospective review 
conducted at a single institution. However, reports of clinical 
experiences and outcomes of anterior screw fixation of type II 
and rostral shallow type III fractures with an anterior oblique 
fracture orientation are sparse in the literature. Accordingly, we 
suggest that this topic needs further study. 

CONCLUSION

Although the optimal treatment of type II and rostral shallow 
type III odontoid fractures with an anterior oblique fracture 
orientation remains controversial, we achieved successful bony 
fusion in 7 of 8 patients (87.5%) treated by anterior screw fixa-
tion in this retrospective study. 

Even when the fracture lines of type II and rostral shallow 
type III fractures are oriented in an anterior oblique direction, 
anterior odontoid screw fixation can be feasible in carefully se-
lected patients with a relatively small fracture orientation angle 
and relatively small fragment angulation. 
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