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Abstract

Background Odontoid fractures are the most common

odontoid injury and often cause atlantoaxial instability.

Reports on postoperative status of patients who underwent

surgery for such injuries are limited to small case series,

and it is unclear whether any one technique produces better

outcomes than another.

Questions/purposes We assessed the quality of the

available literature for management of Type II odontoid

fractures and surgery-related parameters, including surgical

indications, clinical failure rate, and survivorship, postop-

erative ROM and function, neurologic deficits,

complication and death rates, and radiographic healing

rates related to either anterior dens screw or posterior

C1–C2 fusion.

Methods We performed a systematic search in PubMed,

Ovid, Cochrane Reviews, and Google Scholar databases.

We used the methodology score proposed by Coleman

et al. to rate study quality. Postoperative imaging bone

union rates were extracted. Postoperative complications

and neurologic impairment data were also collected.

Results Sixteen retrospective studies of overall low

quality (average methodology score, 37.1) reporting a total

of 518 patients were included. The methodology score and

publication year were positively associated. The bone

union rate approximated 83% (range, 33%–100%), with

higher nonunion rates among patients older than 65 years.

The death rate ranged widely (0%–28.6%) among different

centers. Residual cervical pain was documented postoper-

atively from 10.5% to 26.7%, while survivorship ranged

from 72% to 96.6%. No ROM data were reported.

Conclusions Current data on patients who had surgery for

fracture of the dens did not allow us to establish superiority

of one surgical approach over another.

Introduction

Odontoid fractures account for 5% to 15% of all cervical

spine injuries, with an increased rate in elderly patients [27,

37]. Type II odontoid fractures [4] are the most common

odontoid injury and produce atlantoaxial instability [11].

There is no single universally accepted method of man-

agement of these fractures [11, 25]. Nonoperative

treatment with a rigid brace can result in fracture healing

without need for surgery [5], but a mortality rate of 26% to

47% in elderly patients has been reported, perhaps as a

result of respiratory-related complications due to prolonged

external immobilization [7, 23, 31, 35]. Reported healing

after external immobilization has varied widely from 7% to
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100% [26–28]. In most series, however, reported rates of

successful healing ranged from 37% to 75% [3, 6, 13, 38].

To overcome the problems associated with nonoperative

management, surgical stabilization procedures were intro-

duced. In patients undergoing traditional posterior C1–C2

arthrodesis, union rates from 92.8% [30] to 100% [11] have

been reported. Decreased cervical motion is a consequence

of this procedure: movement at C1–C2 accounts for more

than 50% of all cervical spine rotatory motion. Also, there

is reduced cervical spine flexion-extension by 10% [39].

Direct anterior screw fixation provides immediate stability,

relative high rates of fracture healing (varying from 73%

[9] to 100% [10–12, 20]), and conserved C1–C2 motion

[5, 40].

Almost all studies reporting surgical treatment are case

series with small sample sizes reporting on patients oper-

ated on with posterior fusion or anterior fixation and

assessed using no standard measures [1, 2, 8, 10–12, 15, 20,

24]. Given that available postoperative data are heteroge-

neous, there is a need to systematically review the literature

to investigate whether these procedures are equivalent to

one another in the hands of an experienced surgeon. Owing

to various reported healing rates and subsequent function,

our purpose was to establish the clinical and imaging status

of these patients.

We therefore determined (1) the quality of the literature

reporting function in patients undergoing surgery for

management of Type II odontoid fractures; (2) the indi-

cations for surgery; (3) the clinical failure rate and

survivorship for different approaches; (4) the ROM after

surgery; (5) the function and the ability to return to pre-

operative status; (6) whether neurologic status is impaired;

(7) the complication and death rates; and (8) the radio-

graphic healing rates related to either the anterior (dens

screw) or posterior approach (C1–C2 fusion).

Search Strategy and Criteria

We performed a search using the keywords ‘‘Type II

odontoid fracture’’ and ‘‘surgical management’’ and ‘‘sur-

gery,’’ ‘‘fixation,’’ ‘‘internal fixation,’’ ‘‘arthrodesis,’’

‘‘fusion’’ in combination with ‘‘anterior approach’’ and

‘‘posterior approach,’’ with no limit regarding the year of

publication. The following databases were accessed on

November 26, 2009: PubMed (http://www.ncbi.nlm.nih.

gov/sites/entrez/); Ovid (http://www.ovid.com); Cochrane

Reviews (http://www.cochrane.org/reviews/); and Google

Scholar. Given the linguistic capabilities of the research

team, we considered publications in English, Spanish,

French, Portuguese, and Italian (Fig. 1). All journals were

considered. These searches yielded 207 articles. We

excluded 22 articles because an abstract was not available.

Two authors (RP, AD) read the abstract of each of the

Fig. 1 A flowchart shows the

inclusion and exclusion process

used in the literature search for

this review.
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185 remaining papers. Based on the abstract we excluded

59 articles we judged irrelevant because they were unre-

lated to surgical treatment of Type II dens fractures. In

addition, the search was extended by screening the refer-

ence list of all the articles. This added 13 articles to the 126

identified by the searches.

From the total of 139 articles, we excluded 112 not

reporting outcomes of surgery in the abstract such as case

reports, letters to the editor, technical descriptions, or

because the article was not published in peer-reviewed

journals. In case of doubt about inclusion of an article, the

senior author (VD) made the decision. For the remaining

27 articles we obtained full-text versions. To avoid bias in

including the articles, the publications selected were

examined and discussed by all the authors. After this fur-

ther selection, 16 publications relevant to the topic at hand

were included (Fig. 1). All studies were retrospective.

Two investigators (RP, NM) used the criteria developed

by Coleman et al. [14, 36] to assess blindly the methods of

each article twice. Briefly, this methodology score [14]

consists of two sections (A and B) of seven and three

questions, respectively. In Part A, the score is determined by

giving points to the study size, mean followup, number of

surgical procedures, type of study (randomized, prospective,

retrospective), diagnostic certainty (in terms of radiographic

and histopathologic examinations), description of surgical

procedures, and postoperative rehabilitation. In Part B,

scores are given based on which outcome criteria are used,

method of assessing outcomes, and subject selection pro-

cess. The final score is the sum of the separate scores from

the two sections. Each selected study was scored for each of

the 10 criteria to give a total methodology score of between 0

and 100. A perfect score of 100 would represent a study

design that largely avoids the influence of chance, various

biases, and confounding factors. To assess interobserver

variability, the intraclass correlation coefficient was calcu-

lated. It was 0.91, showing a high correlation between the

methodology scores awarded to each scientific article by

each independent marker (substantial agreement).

Three of us (LD, AD, VD) extracted from the 16

retained articles the following information: (1) indications

for surgery; (2) clinical failure rate in terms of residual

cervical pain and/or survivorship for the different

approaches; (3) ROM after surgery; (4) function and the

ability to return to preoperative status; (5) whether neuro-

logic status was impaired; (6) complication and death rates;

and (7) radiographic healing rates related to either the

anterior (dens screw) or posterior approach (C1–C2

fusion). For imaging assessment, postoperative imaging

data were extracted to determine bone healing and union

rates. To avoid bias, only reported data on solid union rates

were included, excluding data on nonanatomic bone

union and fibrous union rates. In addition, postoperative

complications and neurologic impairment data were col-

lected when available. If studies included Types I, II, and

III odontoid fracture patients, only Type II fractures

undergoing surgery were taken into account for the purpose

of the study.

To assess the impact of methods on reported outcomes,

the methodology scores were correlated with reported

success rates (in percent) and with the level of evidence

rating using Spearman rank correlation (r). We used the

Pearson correlation coefficient to assess the relationship

between the year of publication and the methodology score.

Analysis was performed using SPSS1 software (Version

16.0; SPSS Inc, Chicago, IL).

Results

The 16 retrospective studies (Table 1) reported 518

patients: 477 (92.1%) underwent surgery for Type II

odontoid fracture and 41 (7.9%) were managed for Type III

fractures. The mean methodology score of 37.1 (range,

21.0 [19] to 55.0 [32, 33]) suggested an overall low

methodologic quality. The association between the meth-

odology score and year of publication (r = 0.44, p = 0.037)

demonstrated the quality of methods has improved over the

decades, particularly in the last 5 years.

The indications for surgery varied among different

studies (Table 1). Falls and motor vehicle accidents were

the leading causes (34%) of fracture in patients undergoing

surgery.

Residual cervical pain was documented postoperatively

from 10.5% [8] to 26.7% [15]. Almost all studies provided

survivorship data ranging from 72% at 11 months [11] to

96.6% [30] at 18 months.

Three of the 16 studies [1, 12, 32] noted assessment of

cervical ROM but none reported numerical data.

One study [32] reported return to preinjury activity level

after surgery: postoperatively, 45 of 48 patients (93%)

returned to preinjury activity. No study investigated the

ability to participate in sports after surgery.

While preoperative neurologic impairment was reported

in 104 of the 518 patients (20%), postoperative status-

related outcomes were reported in few studies (Table 2).

Platzer et al. [33] observed neurologic deficits in 16 of

110 patients (14.5%) preoperatively. Four patients showed

motor deficits, three sensory deficits, and nine motor and

sensory deficits. Postoperatively, neurologic deficits were

diagnosed in six patients (5%) (five American Spinal Injury

Association [17] Grade D, one Grade C). Two patients

showed motor deficits, three sensory deficits, and one

motor and sensory deficits. A complete recovery of neu-

rologic function was seen after rehabilitation in four

patients, whereas incomplete deficit resolution was noted in
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Table 2. Neurologic impairment and death rates

Study Type of surgery Neurologic impairment Death rate and death causes

Aebi et al. [1] (1989) Anterior screw fixation 1 patient experienced Lhermitte’s

sign and 1 hyperesthesia in

both upper extremities

5.9% (1/17): undetermined

Alfieri [2] (2001) Anterior screw fixation

Apfelbaum et al. [5] (2000) Anterior screw fixation Partial deficit in 12 (9%), complete

deficit (quadriplegia) in 2 (1%)

6% (7/147): 6 for nonsurgery-

related causes, 1 (1%) for

respiratory-related causes after

screw backout

Berlemann and

Schwarzenbach [8] (1997)

Anterior screw fixation 3 patients with loss of

consciousness; 1 patient with

diffuse dysesthesia in all

extremities directly after the

trauma; 1 patient with

hyperesthesia in the C6

dermatome bilaterally

1 death for unrelated causes

Borm et al. [9] (2003) Anterior screw fixation Neurological status at admission

and after treatment was similar

in both groups

3.7% (1/27), 6.7% (1/15):

unspecified

Borne et al. [10] (1988) Direct screw fixation via

anterolateral retropharyngeal

approach

Six patients had no neurologic

signs, two with immediate

severe quadriparesis, and one

with right brachial paresis

22.2% (2/9): tetraparetic on

admission

Campanelli et al. [11] (1999) Posterior C1–C2 transarticular

fixation

28.6% (2/7): 1 unrelated

malignancy, 1 intracranial

hematoma

Chang et al. [12] (1994) Anterior screw fixation One with quadriparesis partially

resolved but hemiparesis

remained on the left side; 3 with

hoarseness, 2 with dysphagia

Crockard et al. [15] (1993) Anterior transoral decompression,

posterior internal stabilization

Etter et al. [18] (1991) Anterior screw fixation 4.3% (1/23): unspecified

Fujii et al. [19] (1988) Conservative management;

transoral atlantoaxial fusion;

posterior atlantoaxial fusion;

posterior decompression; bone

peg fixation

Temporary unconsciousness as

brain stem symptoms in 8;

spinal cord symptoms

(quadriparesis or numbness of

the extremities in 16): spinal

cord symptoms usually subside

when good reduction and bony

union are obtained; no case had

neurologic deterioration after

surgery); C2 neuralgia as nerve

root symptoms in 23

Geisler et al. [20] (1989) Anterior screw fixation At presentation, 5 patients no

neurologic deficit, 2 with

complete quadriplegia, 2 with

incomplete neurologic lesions;

postoperatively, 3 patients with

severe quadriparesis at

presentation showed neurologic

improvement

22.2% (2/9): 1 adult respiratory

distress syndrome, 1 secondary

to pulmonary hemorrhage

during a bronchoscopic

examination

Harrop et al. [24] (2000) Anterior screw fixation In only one patient neurologic

injury; this patient had sustained

a C2 fracture that caused

complete tetraplegia in a diving

accident

10% (1/10): pneumonia
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two patients. All other patients with preoperative neuro-

logic deficits recovered fully after surgery. Of 24 patients

who temporarily lost consciousness and had neurologic

involvement, such as quadriparesis or numbness of the

extremities, two had persistent symptoms after treatment,

with no neurologic deterioration after surgery. Finally,

comparing pre- and postoperative neurologic status,

improvement was observed in several cases [12, 20].

Perioperative and postoperative complication rates

ranged from 6.2% [15] to 33.9% [32] and classified as local

and general [33] (Table 3).

According to available imaging data, the mean preop-

erative displacement ranged from 3.8 mm (range, 0–8 mm)

[32] to 8.66 mm (range, 6–10 mm) [11]. Three hundred

ninety-three of 475 (82.7%) radiographically assessed

patients showed postoperative bone healing, with bone

union rates ranging from 33% [30] to 100% [10–12, 20]

(Table 3) and increased union rates in patients operated on

within 6 months of injury [5]. Omeis et al. [30] found

higher bone healing rates in patients undergoing anterior

odontoid screw fixation compared to patients receiving

posterior procedures, with no intergroup difference in

flexion–extension stability. With regard to age-related bone

union imaging assessment, higher nonunion rates were

detected in geriatric (C 65 years) (12%) than in nongeri-

atric patients (\ 65 years) (5%).

Discussion

Odontoid fractures are the most common odontoid injury,

often resulting in atlantoaxial instability. Reports on post-

operative status of patients who underwent surgery for such

injuries are limited to small case series, and it is unclear

whether any one technique produces better outcomes than

another. We performed a systematic review of the literature

on the outcome of patients undergoing surgery for Type II

odontoid fractures. We assessed the outcomes of manage-

ment of Type II odontoid fractures, the most commonly

detected spinal fractures in patients 70 years of age or

older, with evidence of increasing incidence in this popu-

lation [34]. We also assessed the methodologic quality of

the relevant clinical studies. Finally, we extracted infor-

mation on clinical and neurologic status and complication,

survivorship, and death rates in operated patients. We

differentiated between bone fusion data and bone healing

data. The former were applicable to patients operated on

using a posterior arthrodesis and the latter to anterior screw

fixation for which radiographic outcomes were considered.

There are numerous limitations in the literature

reviewed. First, the level of surgeons’ experience and

variability in patient selection may have influenced results

in the individual studies. Second, we found great variability

in the instruments assessing results and used to identify

specific parameters. The studies selected for this review

were heterogeneous for methods of assessment, methods of

reporting results, and outcomes. Given the apparent biases

introduced by different assessment criteria used for clinical

evaluation, it is difficult to know how the 83% overall bone

union rate should be interpreted. Third, limited data were

reported in the selected studies. Fourth, the methodology

score assesses the quality of reporting, not the quality of

the study. Unless the individual authors are contacted

directly, this is an inherent weakness of all methodology

scores, as they do not necessarily reflect the true validity of

the study but are biased by the quality of reporting. We

found a generally low methodologic quality in the articles

included based on the results of the methodology score.

Table 2. continued

Study Type of surgery Neurologic impairment Death rate and death causes

Omeis et al. [30] (2009) Anterior screw fixation;

posterior C1–C2 fusion;

posterior C1–C3 fusion;

Posterior occipitocervical

fusion

27 neurologically intact at

presentation and 2 with central

cord syndrome started on a

methhylprednisolone protocol

for 24 hours

1 death for unrelated causes

Platzer et al. [33] (2007) Anterior screw fixation Preoperatively, 4 patients showed

motor deficits, 3 patients

incurred sensory deficits,

9 patients had motor and

sensory deficits; postoper-

atively, 2 patients showed motor

deficits, 3 patients had sensory

deficits, 1 patient incurred motor

and sensory deficits

4%

Platzer et al. [32] (2007) Anterior screw fixation;

posterior cervical fusion.

Neurologic deficits in 9 6% (4/56): 1 cardiac arrest,

2 severe pneumonia,

pulmonary embolism
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Table 3. Fusion rate and complications

Study Healing rate/fusion rate Complications

Aebi et al. [1]

(1989)

13/17 (76.5%: healing rate) 1 postoperative hematoma, 1 screw fracture, 2 fracture

redisplacement, screw breakage in the dens in 1 patient

Alfieri [2] (2001) Transient dysphagia in one patient

Apfelbaum et al. [5]

(2000)

99/117 (85%: healing rate) in recently

fractured patients, 4/16 (25%: healing

rate) in late managed group

Postoperative hardware-related complications occurred in 10 patients

(9%); two (2%) suffered superficial wound infections; in the late

management group, hardware-related problems in 4 patients (25%);

1 patient (6%) had a small esophageal leak at C5–C6

Berlemann and

Schwarzenbach

[8] (1997)

16/18 (88.9%: healing rate) 1 hematoma, 1 patient suffered from postoperative episodes of apnea

Borm et al. [9]

(2003)

11/15 (73%: healing rate) [ 70 years

and 9/12 (75%: healing rate)

\ 70 years

20% of patients [ 70 years and 8% of patients \ 70 years

Borne et al. [10]

(1988)

9/9 (100%: healing rate)

Campanelli et al.

[11] (1999)

7/7 (100%: fusion rate) 1 patient with transient respiratory failure from pulmonary edema.

1 patient experienced vertebral artery injury during placement

of the left transarticular screw

Chang et al. [12]

(1994)

12/12 (100%: healing rate)

Crockard et al. [15]

(1993)

1 patient developed local pharyngeal infection, a cerebrospinal fluid

leak, and meningitis

Etter et al. [18]

(1991)

20/22 (90.9%: healing rate) Major complication rate of 17.8% (4/23): 1 death, 2 posterior fracture

redisplacements, a single screw fracture that evolved into a

nonunion

Minor complications: 1 inconsequential intrafragment screw fracture,

2 wound hematomas (3/23, 13%)

Fujii et al. [19]

(1988)

22/26 (84.6%: fusion rate)

Geisler et al. [20]

(1989)

7/7 (100%: healing rate) 1 patient died for adult respiratory distress syndrome (1 secondary to

pulmonary hemorrhage during a bronchoscopic examination, a

broken drill bit was retrieved from the body of C2); 1 patient

developed an occipital decubitus from cervicothoracic

postoperative bracing (halo vest)

Harrop et al. [24]

(2000)

8/9 (88.9%: healing rate) 1 patient developed postoperative pneumonia and myocardial

infarction, 1 patient died of pneumonia that developed

3 weeks after surgery

Omeis et al. [30]

(2009)

6/16 (37.5%: healing rate) for anterior

screw fixation, 4/14 (28.5%: fusion

rate) for posterior fixation

Perioperative complications occurred in 3 patients (10.3%):

intraoperative cardiac arrest with successful resuscitation (during

extubation after C1–C2 fusion), reoperation for screw backout

(after odontoid screw fixation), tracheostomy and percutaneous

endoscopic gastrostomy for prolonged intubation (in an old man

with fixation for Type II dens fracture)

Platzer et al. [33]

(2007)

102/110 (93%: healing rate) Failures of reduction and fixation in 12 patients (11%); general

intraoperative or postoperative complications occurred in

16/117 patients, leading to an overall morbidity rate of 14%; in the

nongeriatric patients, morbidity rate of 8%; in the geriatric patients,

the incidence of intraoperative or postoperative complications 22%

Platzer et al. [32]

(2007)

44/48 (92%) (combined fusion-

healing rate)

Specific (9, or 16%): nonunion in 4, incorrect reduction in 3,

secondary loss of reduction in 2, malpositioning of implants in 2,

implant loosening in 1, reoperation in 3 (5%)

General: cardiac failure in 1, respiratory failure in 2, pneumonia in 4,

severe infection in 1, thromboembolism in 2, death in 4 (6%,

1 cardiac arrest, 2 severe pneumonia, pulmonary embolism)
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Fifth, any search will invariably miss some published

studies, and it is unlikely any review is definitive. Our

initial search involved a high number of abstracts. Indeed,

because we limited our interest to articles published in

English, Spanish, French, Portuguese, and Italian, we may

have missed articles published in other languages. Sixth,

we excluded many studies (Fig. 1) because the postopera-

tive status was reported for combined populations of

Types I, II, and III odontoid injuries. Seventh, none of the

studies mentioned compliance with the rehabilitation pro-

tocol. We do not know whether this might influence the

outcome. Eighth, all selected studies were retrospective.

Retrospective studies are simpler to perform, take less time

to conduct, and are cheaper [21] but are prone to various

sorts of biases, including selection and recall, not to men-

tion missing data. Ninth, the studies we did identify lacked

uniformity in pre- and postsurgical management and

assessment of pre- and postoperative neurologic status and

undertook clinical and imaging followup at variable times

and for variable periods. Finally, most studies in our

investigation included relatively few patients assessed at

short-term followup, but long-term prospective studies of a

large size are difficult to perform and are expensive in

terms of money and time [29].

Although many Type I and III fractures can be treated

using simple collar immobilization, Type II fractures

continue to cause controversy. Several surgical options are

available, but there is no consensus on the best treatment

for these fractures. Several authors have suggested more

than 4 to 6 mm of dens displacement [6, 22], increasing

age ([40–65 years) [6, 16], posterior odontoid subluxation

[16], and comminution of the base of the dens [22] would

predict lower rates of fracture union. Therefore, patients

with one or more of these criteria or who refuse external

immobilization are considered surgical candidates by some

surgeons [5]. We found an association between bone union

rates at imaging and the methodology score. The retro-

spective design of all selected studies did not allow us to

correlate the methodology score with the level of evidence

rating. The methodology score correlated positively with

the year of publication, showing the methodologic quality

of published studies has improved over the years. Although

posterior fusion was associated with a lower fusion rate

and decreased cervical rotatory and segmental flexion–

extension motion, the poor data did not allow us to com-

pare anterior and posterior surgical management. Based on

the data extracted from the studies identified, we could not

establish any correlation between bone healing/fusion rates

or mortality and preoperative displacement status. How-

ever, comparing pre- and postoperative neurologic and

imaging status, there is evidence of postoperative

improvement in neurologically impaired patients. Accord-

ing to the available data, the reported postoperative

complications and death rates after surgery seem to

decrease over time. This finding appears difficult to inter-

pret, given the increased frequency with which the

operation has been performed over the past 20 years and

likely changes in the characteristics of patients undergoing

surgery, but it is possible concentration of patients in

specialist centers and subspecialization may play a role.

In conclusion, reported mortality, bone healing rate, and

risk of complications due to surgical management for

Type II odontoid fractures are heterogeneous. Much of the

variability arises from differences in study methodology, in

particular related to performed outcome assessment mea-

sures. The utility of surgical management cannot be

properly assessed without randomized clinical trials, but

reported results suggest benefits are likely to be consider-

able. Randomized controlled trials are required in this field,

especially when comparing operative and nonoperative

treatment. When a randomized controlled design is not

feasible, the study should be at least prospective, taking

into account as many of the features of a randomized

controlled trial as possible. Although the available litera-

ture does not allow determination of the best surgical

approach to Type II odontoid fractures, the overall bone

union, mortality, and complication rates were in line with

current recommendations for surgery.
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