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Abstract

Purpose Odontoid fractures are the most common cer-

vical spine fractures in the elderly. As the population ages,

their incidence is expected to increase progressively. The

optimal treatment of this condition is still the subject of

controversy. The objective of this review is to summarize

and compare the outcome of surgical and conservative

interventions in the elderly (C65 years).

Methods A comprehensive search was conducted in nine

databases of medical literature, supplemented by reference

and citation tracking. Clinical status was considered the

primary outcome. Fracture union and stability rates were

considered secondary outcomes.

Results A total of nineteen studies met the inclusion

criteria. All studies were performed retrospectively and

were of limited quality. There was insufficient data, espe-

cially from direct comparisons, to determine the difference

in clinical outcome between surgical and conservative

interventions. Osseous union was achieved in 66–85 % of

surgically treated patients and in 28–44 % of conserva-

tively treated patients. Fracture stability was achieved in

82–97 % of surgically patients and in 53–79 % of con-

servatively treated patients.

Conclusions There was insufficient data to determine a

potential difference in clinical outcome between different

treatment groups. Surgically treated patients showed higher

osseous union rates compared to conservatively treated

patients, possibly because of different selection mecha-

nisms. The majority of patients appears to achieve fracture

stability regardless of the applied treatment. A prospective

trial with appropriate sample size is needed to identify the

optimal treatment of odontoid fractures in the elderly and

predictors for the success of either one of the available

treatments.

Keywords Odontoid fractures � Elderly � Surgical

treatment � Conservative treatment � Systematic review

Introduction

Odontoid fractures account for 9–18 % of all cervical spine

fractures and are most frequently caused by either hyper-

extension or hyperflexion [5, 14, 20, 22, 34, 37]. In the

elderly, odontoid fractures are the most common cervical

spine fractures [17, 18, 20, 22, 29, 30, 35]. Moreover, as

the population ages, these fractures will become increas-

ingly relevant to clinical practice [37]. The optimal treat-

ment of odontoid fractures in the elderly is, however, still

subject to controversy. This age group typically suffers

from an increased risk of operation complications when

treated surgically as well as from an increased risk of non-

union and prolonged treatment duration when treated

conservatively.

The treatment for patients with fractures of the odontoid

process should be based on fracture pattern (such as

defined by Anderson and D’alonzo [1]), patient age, neu-

rological deficits and the patient’s medical condition [20].

Many factors have to be taken into account to find the right

balance between fracture healing and treatment complica-

tions. Based on these factors, the decision for either sur-

gical or conservative treatment is made.
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Surgical intervention is in most cases performed by

anterior odontoid screw fixation or posterior atlantoaxial

arthrodesis. The general presumption is that a surgical

intervention leads to a stable cervical spine. However, the

condition of the patient may deteriorate by undergoing

(major) cervical spine surgery. Especially in the very old

patient (C80 years of age), a surgical intervention leads to

significant risks for the patient.

An alternative to surgical stabilization is conservative

treatment, involving rigid or non-rigid immobilization.

Such treatment is often proposed to avoid the complica-

tions that may accompany spine surgery. However, this

may result in non-union and prolonged fracture instability,

requiring secondary surgery. This unnecessarily lengthens

treatment duration and, worse, can cause significant dete-

rioration of the cervical spine anatomy.

The objective of this review is to summarize and com-

pare the outcome of surgical and conservative treatments

for type II and III odontoid fractures in the elderly

(C65 years), focusing primarily on clinical outcome and

secondarily on fracture union and stability rates.

Methods

Search methods for identification of studies

A comprehensive and systematic search was conducted in

nine databases of medical literature: MEDLINE,

EMBASE, Cochrane Central Register of Controlled Trials,

Web of Science, CINAHL, Academic Search Premier,

ScienceDirect, PEDro and RCT-registers up to April 2012.

The MEDLINE search strategy is given in Table 1. The

search strategy was adapted for the other databases. No

restriction was made with regard to language or date. ‘Os

odontoideum’ was included in the search, as this term is

sometimes incorrectly used to describe odontoid fractures.

References from the included studies were also screened in

order to identify additional primary studies not previously

identified. Two review authors (JH, WJ) working inde-

pendently from one another examined titles and abstracts

from the electronic search. Full articles were obtained if

necessary. The third review author (CV) was consulted, if

consensus was not reached.

Criteria for considering studies for this review

References were selected if they met all of the following

inclusion criteria:

• The study design was either a randomised controlled

trial, a non-randomised study with (concurrent or

historical) control group or a case series

• A minimum of ten subjects was included

• The patients included suffered from acute, isolated type

II or III odontoid fractures with or without associated

luxation

• The patients included were at least 65 years old or their

data could be extracted separately from studies that also

involved younger subjects

• The criteria for inclusion were explicit (e.g. age range

given, co-morbidity)

• Number of patients deceased or lost to follow-up

reported or included in appropriate statistical analysis

• The study evaluated the results of any surgical and/or

conservative treatment

• Results were given for each distinct treatment in the

study

• The outcome(s) evaluated included at least one of the

main clinically relevant outcome measures (e.g. using

NDI, Smiley-Webster scale, CSOQ) and/or radiologi-

cally assessed union or stability data

• Patients were not treated for odontoid fractures in the

past that were unrelated to the reporting study

• Patients did not suffer from systemic co-morbidity (e.g.

rheumatoid arthritis)

• The follow-up period was at least 2 weeks

• The paper was published in a peer-reviewed journal

Clinical status was considered the primary outcome. The

Neck Disability Index (NDI) was expected to be the most

commonly used tool to assess clinical outcome. Therefore,

the minimal clinically important difference (MCID/MCIC)

for the NDI was predetermined to be 7.5 [6, 8, 38, 39].

Fracture union and stability rates were considered the

secondary outcomes.

Assessment of risk of bias for the included studies

Two review authors (JH, CV) working independently of

each other conducted the risk-of-bias assessment and data

extraction. Risk of bias of the individual studies was

assessed with methodology scores based on the type of

study concerned: Cochrane form II for RCTs [9], Cochrane

Table 1 The MEDLINE search strategy

(‘‘Odontoid fractures’’ OR ‘‘Odontoid fracture’’ OR ‘‘Os

odontoideum’’ OR ‘‘c2 fracture’’ OR ‘‘c2 fractures’’ OR ‘‘c-2

fracture’’ OR ‘‘c-2 fractures’’ OR ‘‘dens fracture’’ OR ‘‘dens

fractures’’ OR ((Fractures OR fracture OR fracture* OR injury OR

injuries OR ‘‘Spinal Injuries’’[mesh]) AND (odontoid OR odontoid*

OR dens)) OR ‘‘Odontoid Process/injuries’’[mesh]) AND

(‘‘Aged’’[mesh] OR Aged OR ‘‘Aged, 80 and over’’[mesh] OR

Elderly OR Old* OR Elder* OR Geriatric*) NOT (‘‘child’’[mesh]

NOT ‘‘aged’’[mesh])
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form III for cohort studies [10], Cochrane form IV for

patient control studies [11] and a self-designed appraisal

form for uncontrolled case series based on three other

studies [7, 12, 36]. The criteria for risk-of-bias assessments

of case series are given in Table 2. Items were scored as

positive if they fulfilled the criterium, negative when bias

was likely or marked as inconclusive if there was insuffi-

cient information. Differences in the scoring of the risk-of-

bias assessment and data extraction were discussed during

a consensus meeting. If an item was scored positive, one

point was awarded. The number of positively scored items

was summated per study.

Data collection and analysis

Data was extracted onto separate, pre-developed forms

depending on the type of study concerned. From each

study, both demographic/descriptive data (e.g. study

population, types of treatment, types of outcomes assessed,

sample size, age, gender) and quantitative data regarding

primary and secondary outcomes were extracted. With

sufficient clinically and statistically homogeneous and

comparable reported outcomes, data was planned to be

pooled with the aid of Revman 5 for studies with control

group and Excel for case series. To identify publication

Table 2 Criteria for risk-of-bias assessment (scored as ‘yes’, ‘no’, ‘inconclusive’ or ‘not applicable’)

Criteria for ‘yes’

Key criteria

Clear study objective (B) Goal of the study mentioned and motivated

Criteria for inclusion explicit (B) Inclusion criteria mentioned

Fractures appropriately described (B) Classification system and radiological tools used mentioned

Distinction type II/III appropriate (B) Classification system and radiological tools used mentioned

Mean age (range) (B) Mean age and age range reported or computable

Selection bias ruled out Methods for patient selection and inclusion mentioned

Mean follow-up (range) (R) Follow-up data reported or computable

Surgical treatment(s) specified (B) Types of performed surgical interventions described

Conservative treatment(s) specified (B) Types of performed conservative interventions described

Clear criteria for measuring outcomes (B) Outcome measures mentioned

Clinically relevant outcomes (e.g. NDI, Smiley-Webster Scale,

CSOQ) (B)

Clinical outcome systematically evaluated

When clinical outcome reported: Is pre-treatment neurol status stated (B) Pre-treatment status reported for comparison to post-treatment

status

Results for surgical/conservative treatment separately given (R) If applicable; results for treatments separately reported

Selective loss-to-follow-up ruled out (R), scored as:

‘yes’ (2 pt)

‘no, l.t.f.u. \20 %, but may not be a selective’ (1 pt)

‘no, l.t.f.u. [20 %’ (0 pt) ? exclusion criterium

‘too little information/not described’ (0 pt)

Number of patients lost to follow-up reported including its causes

Other criteria

Valid statistical analysis undertaken (R) Statistical analyses carried out; if impossible: ‘NA’

Number of men and women given (B) Gender distribution of included patients reported or extractable

Clinical evaluation independent of treating physician (R) Evaluation carried out by independent party

Radiological evaluation independent and blinded to clinical results (R) Evaluation carried out by independent party

Independence of investigators stated (R) Independence specifically stated (no vested interest)

Quantification of outcomes (R), scored as:

‘yes, [5 scale-classification (3 pt)

‘yes, \5 scale-classification (2 pt)

‘yes, descriptive’(1 pt)

‘no’ (0 pt)

‘too little information’ (0 pt)

Categorized according to the scale used for outcome measures

B Concerning baseline data

R Concerning results

Eur Spine J (2013) 22:1–13 3
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bias, funnel plots were planned to be examined. Secondary

analysis was to be carried out based on fracture union and

stability rates. Subgroup analysis was planned to be carried

out based on fracture type.

Results

Search and selection results

The initial search yielded 1,487 unique references; 159

studies were either discussed during the consensus meeting

or a full-text version of the article was obtained. Addi-

tionally, reference and citation tracking were carried out

that yielded no further references. A total of 22 studies was

initially identified. Three of these studies were subse-

quently excluded [28, 31, 32]. The study by Platzer et al.

[31] was excluded because the patient cohort in this study

was believed to overlap with the patient cohort described in

the other study by Platzer that was used for this review

[30]. The study by Reinhold et al. [32] was excluded

because loss-to-follow-up was 49 %, which was considered

to induce too much bias. The study by Müller et al. [28]

was excluded as the outcome was not adequately described

and relevant data could not be extracted.

A total of 19 studies (all were case series) was eventu-

ally identified for this review, 5 with control groups

(Fig. 1). Of these 19 studies, 11 systematically reported

clinical outcome and hence were primarily included. The

other eight studies that only reported union and stability

rates were secondarily included. Only five studies com-

pared outcomes for surgical treatment to conservative

treatment in the elderly; in two of these studies, clinical

outcome was assessed, four studies reported union data and

all five reported data regarding fracture stability. Seventeen

studies were published in English, one in French and one in

German. The main characteristics of the included studies

are given in Table 3. The results of the data extraction are

given in Tables 4 and 5.

Risk-of-bias assessment

The results of the risk-of-bias assessment are given in

Table 6. All studies were retrospective case series, with their

associated limitations (such as missing data and variability

in outcome assessment). Most baseline demographic data

Fig. 1 Flow chart for inclusion

of studies
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were adequately described in all studies, with scores ranging

from 7 to 10 on a 11-point scale. However, baseline data

regarding clinical status were poorly reported. Only six of

the primary included studies systematically reported base-

line clinical status and they all applied different tools for the

pre- and post-treatment measurements. Data concerning the

results of the studies were less extensively reported than

baseline data. Scores ranged between 3 and 8 on a 11-point

scale.

Clinical outcome

A variety of tools was used to assess clinical outcome. The

NDI, which was expected to be widely applied, was used in

only two of the included studies. The Smiley-Webster scale

was the most commonly applied tool to assess clinical

outcome, used in five studies. The Cervical Spine Out-

comes Questionnaire was used in one study, as were the

Robinson’s criteria, Rankin score and a self-designed pain-

and-activity scoring scale. These variations made it

impossible for statistical analyses to be carried out and

limited the comparisons that could be made.

Surgery versus conservative care in individual studies

Of the eleven studies reporting clinical outcome, only two

studies compared surgical to conservative treatment

[25, 33]. However, these two studies applied different tools

to assess clinical outcome, using the Rankin score [25]

(0 = without symptoms; 5 = major handicap) and Smiley-

Webster (SW) scale [33] (1 = excellent; 4 = poor),

respectively, and hence could not adequately be compared.

One of these studies [25] showed statistically less mor-

bidity in the surgery group (p = 0.037), but no significant

difference in non-union at fracture site (p = 0.64) except

for type II fractures (p = 0.028) [25]. However, this was a

very small study, which makes these estimates unstable.

The other study showed a slightly better clinical outcome

in surgically compared to conservatively treated patients

(average Smiley-Webster score 1.25 and 1.92, respec-

tively). Statistical analysis of these results could not be

performed due to the limited number of patients involved

(n = 17) [33].

Outcome compared between studies

In the two studies applying the NDI, groups were evidently

different; patients in one group had C50 % odontoid dis-

placement and were treated surgically [26], those in the

other group had B50 % odontoid displacement and were

treated by external immobilization [27], still showing a

slightly better outcome for surgically treated patients (18.1

and 15.7, respectively). This difference was, however, not

clinically relevant. In the five studies evaluating the clinical

outcome using the Smiley-Webster scale, both surgically

and conservatively treated patients had an intermediate

outcome [18, 22, 29, 30, 33]. The SW score for surgically

treated patients averaged at 1.71, the SW score for con-

servatively treated patients averaged at 2.02. The remain-

ing studies all used different instruments to assess outcome

and hence could not be compared.

Osseous union

In eighteen studies reporting extractable union rates, four

compared surgical to conservative treatment. In these four

studies, union was achieved in 85 % (29/34) of the surgi-

cally treated patients and in 44 % (16/36) of the conser-

vatively treated patients [2, 15, 24, 25]. The results were

mainly based on X-ray data. In the individual studies no

statistical analysis could be performed due to the small

number of patients. In a comparison of all patients included

in the eighteen studies, union was achieved in 66 % (225/

343) of surgically treated patients and 28 % (58/204) of

conservatively treated patients. When patients whose out-

come was unclear are left out of the calculation, union was

achieved in 78 % (225/290) of surgically treated and in

36 % (58/160) of conservatively treated patients. Again, in

the individual studies no statistical analysis could be car-

ried out because of the limited number of patients included.

Fracture stability

All nineteen studies reported extractable stability rates,

showing fracture stability in the majority of patients regard-

less of their treatment. Stability was in most studies assessed

with dynamic X-ray. In five studies comparing surgically to

conservatively treated patients, stability was achieved in

97 % (35/36) and 79 % (37/47) of cases, respectively [2, 15,

24, 25, 33]. In a comparison of all patients included in the

nineteen studies, stability was achieved in 82 % (268/325) of

surgically treated patients and in 53 % (117/222) of conser-

vatively treated patients. When patients whose outcome was

unclear were left out of the calculation, stability was achieved

in 95 % (268/281) of surgically treated patients and in 77 %

(117/151) of conservatively treated patients.

Discussion

The studies identified for this review were all performed

retrospectively, mostly without the use of a control group.

Due to the small numbers of patients and the rather poor

quality of the acquired data, no strong recommendations

can be made with regard to the optimal treatment. A variety

of tools was used to assess clinical outcome. The Smiley-
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Webster scale, the only instrument used in multiple studies,

showed a slightly better outcome for surgically treated

patients than for conservatively treated patients. However,

pre-treatment status was poorly reported and the grounds

for starting specific treatments are unknown. Osseous union

in surgically treated patients was twice as high as in con-

servatively treated patients, but if non-union leads to sta-

bility (e.g. fibrous union), fracture stability is a more

important and relevant parameter to evaluate. The results of

this review indicate that fracture stability can be achieved in

the majority of patients, regardless of the applied treatment

or presence of osseous union. Adverse effects were com-

mon in both treatment groups, with mortality rates as high

as 20 %. Complications related to the operation, such as

screw misplacement, were the most common complications

in surgically treated patients. Device-related complications,

such as ulcerations, were the most common complication in

patients treated conservatively.

Patient age in the included studies was more or less

comparable. Mean age for surgically treated patients was

78.9 years. Mean age for conservatively treated patients

was 80.0 years. In all but two studies, patients over 65 or

70 years old were included. Two studies included only

patients aged over 80 years of age (in one of these studies,

patients were treated surgically, in the other, patients were

treated both surgically and conservatively). Surgically and

conservatively treated groups described in the included

studies may, however, not be comparable due to potential

differences in a variety of other patient characteristics (i.e.

co-morbidity, osteoporosis, severity of comminution).

Outcome diversification per age group amongst the elderly

was absent and needs further study. It is often postulated

that treatment outcome depends on patient age [20]. Other

factors must, however, play a role as well, as different

studies have shown different outcomes for the same treat-

ment, which cannot be explained by patient age alone (e.g.

in the studies by Koech and Molinari [22, 27]).

No consensus exists as to the exact goal of treatment

(debate remains as to whether it should be osseous union,

fracture stability, or clinical outcome), nor as to how out-

come should be measured. Many studies used osseous

union rates as primary outcome, fibrous union was under-

exposed and the correlation with clinical outcome or

fracture stability was not properly studied. The results of

this review show no evidence that clinical outcome corre-

lates better to fracture union than to fracture stability (i.e.

that the quality of union, whether it be osseous or fibrous, is

influential on clinical outcome).

Strengths and limitations

The limited number and poor quality of the included

studies limits the strength of the results found in this

review. Furthermore, type II and III fractures were ana-

lysed as one group. However, an evident type II fracture is

more often treated surgically, whereas an evident type III

fracture is most often treated conservatively. This may

have flattened the findings. This choice was made as dif-

ferentiation of these types is often difficult to make and

would even further reduce the amount of data that could be

used for this review, as this differentiation was also not

made in all of the included studied. As a result, the sub-

group analysis that was planned to be carried out based on

fracture type has also lapsed.

Conclusions

Implications for clinical practice

Different treatment options for this condition have been

extensively reported and their efficacy debated. Based on

this review, the following conclusions can be drawn based

on the three main outcome parameters.

1. Clinical outcome: There is insufficient data available

to determine a potential difference in clinical outcome

between surgical and conservative interventions in the

elderly with isolated odontoid fractures

2. Osseous union: Surgically treated patients appear to

show higher osseous union rates compared to conser-

vatively treated patients, although selection mecha-

nisms, especially regarding fracture type, might

explain this difference

3. Stability: The majority of patients appears to achieve

fracture stability regardless of the applied treatment

Implications for research

A prospective study with appropriate sample size is nec-

essary to identify the optimal treatment of odontoid frac-

tures in the elderly and predictors for the success of either

one of the available treatments.
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