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Abstract
Objective  For odontoid fractures, surgical treatment approaches including anterior odontoid screw fixation approach and the 
posterior C1–C2 arthrodesis approach are generally adopted in practice. However, the choice of different surgical procedures 
remains controversial. In addition to surgical technique, the fusion rate is an important factor contributing to the clinical 
efficacy. Therefore, this study was aimed to investigate the discrepancy in fusion rate between these two surgical approaches 
through synthesizing the currently available evidence on the topic.
Methods  A computerized search of Ovid, Medline, Embase, and the Cochrane library up to December 2017 for literature 
on the complication rate during odontoid fracture treatment was conducted. Risk ratio (RR) with its 95% confidence inter-
val (CI) was pooled to assess fusion rates after surgical treatments, including anterior odontoid screw fixation approach or 
posterior C1–2 arthrodesis procedure, for patients with odontoid fractures.
Results  Thirteen studies were enrolled in the meta-analysis. Results show that no significant difference was found in the 
overall fusion rate (RR = 0.96, 95% CI 0.90–1.01). There was no significant heterogeneity among the studies (p value = 0.60). 
As to age- and economic-level subgroups, there was no statistical evidence to suggest an association of the patient age and 
economy development level with the choice of surgical approach. However, it is shown that better fusion rates of patients 
(≥ 60 years) in developed countries received a better fusion rates after posterior fixation compared with anterior group using 
the fixed-effect model (RR = 0.88, 95% CI 0.79–0.98).
Conclusion  Elderly patients (≥ 60 years) underwent posterior C1–2 arthrodesis fixation shows higher fusion rates in devel-
oped countries comparing with patients who underwent anterior odontoid screw fixation. Overall, there is no significant 
discrepancy between these two surgical approaches. However, the conclusion should be verified by further study enrolling 
larger sample size.

Keywords  Odontoid fractures · Anterior odontoid screw · Posterior C1–2 arthrodesis · Complication rate · Meta-analysis

Introduction

Odontoid fractures have been considered as the most com-
mon type of acute axis fracture that remains to be the subject 
of many investigations. The incidence of odontoid fracture 
has increased considerably in recent years accounting for 
approximately 15% of cervical spine traumatic injuries 
[1, 2]. Odontoid fractures are classified into three types, 

of which the majority are type II or type III fractures [3, 
4]. However, the presentation of type II odontoid fractures 
obviously increased. The type II fracture occurs at the waist 
of the odontoid process and it is predisposed towards dis-
placement and nonunion. The therapeutic approaches con-
tain conservative approaches including halo-vest immobi-
lization, rigid cervical orthosis and surgical approaches, 
which can be divided into anterior approaches and posterior 
approaches. However, the choice of surgical treatment for 
odontoid fractures remains controversial. Physicians who 
favor the anterior odontoid screw argue that the technique 
enables direct osteosynthesis at the fracture site and poten-
tially reduces limitations associated with the loss of C1–C2 
motion [5–8]. On the other side, those who strongly support 
the usage of the posterior C1–C2 arthrodesis believe that it 
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is suitable for all types of odontoid fractures and a variety of 
procedures has been performed to improve posterior cervical 
stabilization [9–11]. As a result, reports vary considerably 
on the comparison of anterior odontoid screw and posterior 
C1–C2 arthrodesis toward the odontoid fracture treatment. 
Actually, it is still hard to define which approach is the opti-
mal treatment modality for odontoid fractures because there 
are a lot of influencing factors including degree of injury, 
patient condition and even local economy level, which are 
necessary to be taken into account for the surgical approach 
choice. In addition to surgical technique, fusion rate is one of 
the important factors for clinical efficacy. Recently, anterior 
screw technique has gained an increased popularity in the 
treatment of type II odontoid fractures, and posterior C1–2 
fixation achieves higher fusion rates although it is a chal-
lenging surgical technique [5, 12–14]. However, the optimal 
technique for odontoid fractures still remains controversial.

A meta-analysis designed by Shen et  al. proved that 
patients who underwent posterior C1–C2 arthrodesis sur-
geries showed significantly higher fusion rates comparing 
with those treated with anterior odontoid screw fixation [15]. 
Recently, a study that enrolled large sample size supported 
that, for odontoid fractures, posterior C1–C2 arthrodesis sur-
geries and anterior odontoid screw fixation treatment had a 
similar fusion rate [16]. Thus, we further performed a meta-
analysis on studies based on both approaches and compared 
the fusion rate resulting from two procedures toward the 
treatment of odontoid fractures.

Materials and methods

Search strategy

Literature searches were conducted in Ovid, Medline, 
Embase and the Cochrane library from inception between 
November 2015 and December 2017 with keywords “odon-
toid fracture” or “odontoid process fracture” and “anterior 
screw” and “posterior C1–2” or “surgical”. The search was 
not restricted to any specific language or by year of publica-
tion. Moreover, to increase completeness, a recursive hand 
search of cited bibliographies was also performed.

Inclusion criteria

The following inclusion criteria were applied: (1) searched 
studies focused on the association of post-operative fusion 
rates with surgical treatment in patients with odontoid frac-
ture; (2) only adult samples (age 16 or older) were enrolled 
in the included studies; (3) anterior or posterior surgical 
treatment was performed on patients throughout the study 
period; and (4) published with English abstracts as of 
December 2017.

Exclusion criteria

Studies were excluded if they belonged to any of the fol-
lowing situations: (1) studies not focused on human sub-
jects; (2) unrelated studies; (3) literature review or case 
reports or meta-analysis articles; (4) studies not regarding 
to surgical procedures; or (5) studies not related to both 
anterior and posterior surgical treatments.

Data extraction and quality assessment

All data were extracted independently by two investiga-
tors according to the predesigned extraction form. The 
following information was collected from each study: (1) 
authors and publication time; (2) country of study; (3) 
study design; (4) total sample size; (5) sample size for 
the two treatment groups; (6) follow-up time; (7) mean 
age of study participants; and (8) post-operative compli-
cations. The odontoid fracture-related complications of 
interest include: loosening or breakage of screws, redis-
placement, cardiac failure, neurological deficits, urinary 
tract infection, nonunion, infection and hemiplegia, quad-
riplegia, hemiplegia, monoplegia, paraplegia and bilateral 
arm numbness.

In the present study, the quality of each study was 
assessed by the Newcastle–Ottawa Scale (NOS) with a 
maximum of nine points [17]. Three categories, including 
four points for selection of the study groups, two points 
for comparability and three points for ascertainment of the 
outcome of interest in the cohorts, were calculated in the 
scale. Scores of 7–9 were regarded as indicative of high-
quality research, 4–6 were indicative of moderate quality, 
and scores lower than 3 were of low quality.

Statistical analyses

Fusion rate after surgery was the primary endpoint focused 
in the meta-analysis. The effect sizes for data between the 
anterior odontoid screw group and posterior C1–2 group 
were measured by risk ratio (RR) with its 95% confidence 
interval (CI). Heterogeneity across individual studies was 
calculated by the I2 test that describes the percentage of 
variation owing to heterogeneity [18, 19]. Heterogene-
ity was considered to be significant if I2 > 50%. Then, 
the random-effects model was applied to the collect data 
set. A very often factor to be considered for choosing an 
approach is age. Subgroup analysis based on the age cat-
egorization (≥ 60 vs. < 60) was further conducted. The 
choice of surgical approaches between the age groups was 
compared using a X2 test. Pooled risk ratios for each of the 
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age groups were also calculated to assess the impact of 
age. In addition, subgroup analyses of economic growth 
were further performed. Publication bias was assessed by 
constructing funnel plots [20]. All statistical analyses were 
carried out by Revman 5.2.

Results

Study selection

The initial search identified 13 studies eligible for the meta-
analysis, as Table 1 shown. The search results and pro-
cess of selecting studies for the present study are shown in 
Fig. 1. Totally, 1826 publications were originally enrolled 

after initial search by two reviewers independently (OVID: 
459 studies, Embase: 786 studies, Medline: 569 studies, 
Cochrane library: 12 studies). A total of 1033 papers were 
excluded which were duplicates and reported unrelated 
topics. Then, 496 papers were further excluded from the 
remaining 793 publications because they were reviews, 
case reports, and non-surgery studies. After reviewing full-
text of the remaining 297 articles, 284 studies were further 
excluded. Finally, 13 papers were included in this meta-
analysis [16, 21–32].

Characteristics and quality of the enrolled studies

The basic information for the meta-analysis is shown in 
Table 1. The enrolled 13 studies included a total of 761 
patients. The studies were conducted in various countries 
around the world, mostly in Europe and Asia. All studies 
used the fusion rate to measure the clinical outcome. A retro-
spective cohort study approach was the choice design for all 
of the studies. The follow-up time of the 13 studies ranged 
from 3 months to 8 years except for two papers which did 
not report the follow-up times [22, 23]. In a few of the stud-
ies, medical treatments were not limited to anterior screw 
fixation and posterior C1–C2 fixation. Other conservative 
treatments, such as cervical collars, halo-vest immobiliza-
tion [21, 23–25, 28], and alternative surgical treatments 
[22] were also evaluated as a correctional treatment for 
odontoid fractures. We excluded other types of treatment in 
our analysis. The fusion rate of both treatment approaches, 
anterior screw fixation and posterior C1–C2 fixation, was 
a focus through the study. Additionally, the NOS scores of 
the included studies ranged from 7 to 9, indicating that the 
studies were high-quality researches.

Fig. 1   Literature search and study selection

Fig. 2   Forrest plots for odds ratio of the fusion rate between anterior odontoid screw and posterior C1–2 arthrodesis
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Meta‑analysis on fusion rates after surgery

The forest plot on fusion rates evaluation between anterior 
and posterior C1–2 screw fixation procedures is shown in 
Fig. 2. Briefly, there were 322 patients who were subjected 
to anterior procedure and 227 patients underwent posterior 
treatment in all 13 selected studies. And the fusion rate was 
used for the measurement of clinical outcome. As shown in 
Fig. 2, by comparision, the fusion rate of both groups was 
similar without significant difference using the fixed-effect 
model (RR = 0.96, 95% CI 0.90–1.01). Moreover, there 
was no significant heterogeneity among individual studies 
(I2 = 0%, P value = 0.60).

To further assess the impact of age on the choice of surgi-
cal approach, we divided the included 13 studies into two 
groups based on the reported mean age of study partici-
pants. 336 patients from seven studies [21, 23, 25, 27, 29, 
30, 32] were in the elderly group (mean age ≥ 60), while 
194 patients from the other six studies [22–24, 26, 28, 31] 
were categorized as the younger age group (mean age < 60). 
Within the elderly group, 196 out of 336 patients under-
went the anterior procedure, while 140 patients underwent 
the posterior procedure. For younger age group, 109 out of 
194 patients were treated with anterior approach, and 85 

patients with posterior approach. As Fig. 3a (RR = 0.93, 
95% CI 0.87–1.00) and b (RR = 0.97, 95% CI 0.87–1.08) 
shown, there was no strong evidence to suggest an associa-
tion between age and the choice of surgical approach.

Furthermore, we performed a subgroup analysis based on 
economic growth situation, as shown in Fig. 4. Ten articles 
were performed in developed countries [21–23, 25, 27–32] 
including 199 patients who underwent anterior C1–2 arthro-
desis procedure and 127 patients who underwent posterior 
C1–2 arthrodesis procedure. A fixed-effect model was used 
for pooling RR; significant higher fusion rates were found 
in patients underwent posterior C1–2 procedure (RR = 0.93, 
95% CI 0.85–1.00, Fig. 4c). However, as shown in Fig. 4d, 
in developing countries, 106 out of 204 patients underwent 
anterior C1–2 arthrodesis procedure and 98 patients under-
went posterior C1–2 arthrodesis procedure. And no signifi-
cant difference on fusion rates was found between the two 
surgical strategies (RR = 0.98, 95% CI 0.91–1.05).

Last, we conducted another subgroup analysis based on 
the age in a developed country. Result shown in Fig. 5 indi-
cates that the protective effect of posterior C1–2 procedure 
on fusion remains significant in the elderly subgroup (for 
the fixed-effect model: RR = 0.88, 95% CI 0.79–0.98). How-
ever, the same effect is no longer significant in the younger 

Fig. 3   Forrest plots for odds ratio of fusion based on patient age subgroup; a studies with mean age ≥ 60; b studies with mean age < 60
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age subgroup (for the fixed-effect model: RR = 1.00, 95% 
CI 0.88–1.13).

Discussion

At the current stage, an optimal treatment modality for 
odontoid fracture is yet in place. Management options for 
odontoid fractures were divided into conservative treatment 
approach and surgical treatment. Conservative treatment 
approaches comprise cervical collar fixation and fixation of 
Halo frame. Various literature about the achievement rate 
of cervical collar-fixation is available [33, 34]. And Halo 
frame-related complications were observed with high non-
union rate [35]. Especially for elderly patients, conservative 
external fixation treatment approaches should be carefully 
selected. And the surgical procedure for odontoid fractures 
remains comparatively effective and reliable.

However, in clinical works, the choice for optimal surgi-
cal procedure remains controversial because surgical inter-
vention is associated with a variety of complications. And 
the surgical risk is increasing with age. It is reported that 
the incidence of post-operative complications for odontoid 

fracture remains high at 62% [33] and post-operative mor-
tality also reached almost 21% only 1 year after surgical 
operation for odontoid fracture [36]. Moreover, a study 
suggested that the fusion rate of posterior C1–C2 arthrode-
sis was only at 30.7%, and that of anterior odontoid screw 
remained at 37.5%. Most of the literature reports that the 
post-operative mortality of patients with odontoid fracture 
is high and nonunion is also high [37, 38]. However, a study 
suggested that the fusion rate of surgical procedure for 
odontoid fracture reaches 87% and conservative approach 
remains only 66% [39]. There are many important factors 
contributing to clinical outcome, such as the loosening of 
screws, redisplacement, local neck pain, cardiac failure, frac-
ture stability, patient age, and degree of neurological deficit. 
Based on the current studies, no solid evidence on these 
factors exists to support either the anterior or the posterior 
approach. The purpose of this meta-analysis is to perform a 
systematic review on the most commonly available endpoint, 
fusion rate, to provide evidence-based recommendations on 
surgical choices for odontoid fracture in general practice. 
We do acknowledge that multiple factors including the frac-
ture type, degree of injury, and the condition of the patient 
should still be considered when making surgical choices.

Fig. 4   Forrest plots for odds ratio of fusion based on national economic development. c Studies in developed countries. d Studies in developing 
countries
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Our meta-analysis focused on the fusion rate between the 
two surgical approaches. The studies included in this meta-
analysis are all comparative analyses with fusion rate. Non-
comparative studies were excluded from an overall assess-
ment to control for selection bias. Fusion rates serving as 
an important clinical outcome were commonly reported in 
odontoid fracture studies. Based on the reported mean age of 
study participants, 13 studies were divided into the elderly 
group (mean age > = 60) and the younger age group (mean 
age < 60). However, there is no statistical evidence to sug-
gest an association between the patient age and the choice of 
surgical approach in the enrolled sample. As to the subgroup 
of economic situation, there is also no statistically signifi-
cant difference in fusion rate between the economic growth 
and the choices of surgical approaches. However, significant 
higher fusion rates were found in patients (≥ 60), who had 
ever underwent posterior C1–C2 arthrodesis approach screw 
fixation in developed countries.

Many clinical and radiological factors should be taken into 
account when choosing the best surgical approach. Previously, 
anterior odontoid screws are expected to obtain advantages 
compared with posterior procedures. However, the treatment 
comes with a high complication rate in previous reports. More-
over, arguments for the posterior approach always exist, such 

as its few complications, high success rate and the relative 
tolerance of the resulting limitation among elderly patients [40, 
41]. Additionally, the protection of posterior C1–2 procedure 
on fusion for old patients was supported by previous studies 
[21, 42]. With regard to patients in developed countries, espe-
cially for older patients, posterior cervical instrumented fusion 
seems to be a better choice relative to anterior odontoid screw 
fixation when we took fusion rates into consideration. It is 
probably because the technology of posterior C1–2 procedure 
has become maturer and more standardized in developed coun-
try, thus higher fusion rate was more likely to be achieved for 
old patients. What’s more, the developed countries enjoy rela-
tively high living standards, and good physical fitness of old 
people may also be a contributing factor for higher fusion rate.

The meta-analysis results should be cautiously interpreted 
due to some limitations. First, many confounding factors such 
as bone quality and location of the fracture line might contrib-
ute to the choice of surgical strategy. However, due to limited 
number of comparative studies, fusion rates were the only 
major outcome considered in this study. Thus, further study is 
necessary by enrolling a large number of high-quality studies. 
Second, the success rate of treatment for odontoid fractures 
is based on a variety factors, including age, surgeons’ experi-
ence and patient’s self-assessment. Most confounding factors 

Fig. 5   Forrest plots for odds ratio of fusion based on patient age in developed countries; e studies with mean age ≥ 60; f studies with mean 
age < 60
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cannot be fully controlled in this meta-analysis. Third, only 
retrospective studies are included and there is indeed a lack of 
prospective studies. Finally, the different lasting of follow-up 
time in enrolled studies may influence the observed results.

Conclusion

In summary, results from this meta-analysis demonstrate 
the protection role of posterior C1–2 arthrodesis fixation 
on fusion rates in developed countries comparing patients 
who underwent anterior odontoid screw fixation. However, 
the conclusion should be verified by further study enrolling 
larger sample size.
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