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Abstract Considerable controversy exists regarding the

optimal management of elderly patients with type II

odontoid fractures. There is uncertainty regarding the

consequences of non-union. The best treatment remains

unclear because of the morbidity associated with prolonged

cervical immobilisation versus the risks of surgical inter-

vention. The objective of the study was to evaluate the

published literature and determine the current evidence for

the management of type II odontoid fractures in elderly. A

search of the English language literature from January 1970

to date was performed using Medline and the following

keywords: odontoid, fractures, cervical spine and elderly.

The search was supplemented by cross-referencing

between articles. Case reports and review articles were

excluded although some were referred to in the discussion.

Studies in patients aged 65 years with a minimum follow-

up of 12 months were selected. One-hundred twenty-six

articles were reviewed. No class I study was identified.

There were two class II studies and the remaining were

class III. Significant variability was found in the literature

regarding mortality and morbidity rates in patients treated

with and without halo vest immobilisation. In recent years

several authors have claimed satisfactory results with

anterior odontoid screw fixation while others have argued

that this may lead to increased complications in this

age group. Lately, the posterior cervical (Goel–Harms)

construct has also gained popularity amongst surgeons.

There is insufficient evidence to establish a standard or

guideline for odontoid fracture management in elderly.

While most authors agree that cervical immobilisation

yields satisfactory results for type I and III fractures in the

elderly, the optimal management for type II fractures

remain unsolved. A prospective randomised controlled trial

is recommended.
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Introduction

In most countries, the elderly are the most rapidly growing

segment of society, and it is estimated that by 2025, almost

a fifth of the population will be over the age of 65 [33]. In

this review, we have arbitrarily considered patients above

65 years as elderly. Patients in this age group are vulner-

able to cervical spine injuries with the upper cervical (C0–

C2) spine being involved in more than 50% of the time

[34, 49, 60, 61, 63, 67, 80]. Fracture of the odontoid

process of the axis is commonest with majority being

Anderson and D’Alonzo type II fractures. Cervical spine

fractures in the elderly are potentially life threatening, and

it has been reported that following traumatic spinal cord

injury, the in-hospital as well as 1-year mortality rates in

patients above 65 years is up to eightfold higher [16, 22,

40, 41]. In spite of the relative frequency of odontoid

fractures (OF) in the elderly, there is lack of agreement

regarding the optimal management especially with type II

fractures with no published standards or guidelines to date.

A Medline search of the English language literature for all

published articles on odontoid fractures in the elderly after

1970 was performed. Studies in patients aged greater than

65 years and with follow-up of at least 12 months were
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included. Case reports and review articles were excluded

although some were referred to in the discussion. The aim

of this article was to review the literature and summarise

the evidence for and against each treatment option for the

management of OFs in patients above 65 years.

Aetiology and classification

Although fractures of the odontoid occur in all age groups,

younger patients often sustain these injuries after motor

vehicle accidents while older patients present after low-

energy falls and are less likely to have severe neurological

deficits [10, 32, 60, 63, 68]. The mechanism responsible for

odontoid fractures is generally agreed to be hyperflexion or

hyperextension of the cervical spine [60]. Moradian [58]

and Doherty [18] demonstrated in biomechanical studies

that type II OFs result from lateral bending and extension

forces. Neurological injury is averted by the relatively

larger diameter of the cervical spinal canal at this level [10,

36, 80]. However, when present, it can be fatal due to the

high level of spinal cord injury.

In 1974, Anderson and D’Alonzo [2] proposed a clas-

sification system of odontoid fractures based on fracture

pattern. Type I fractures were described to be near the tip

of the odontoid process, above the transverse ligament and

were considered stable. Type II fractures occur at the base

of the odontoid, between the level of the transverse liga-

ment and the body of the axis. They are the commonest

type and are considered unstable. Type III fractures extend

into the vertebral body and are relatively stable unless

significantly displaced. Although this is the most widely

accepted classification, two limitations of this classification

have been highlighted. First is the difficulty in precise

differentiation between a low type II and a high type III

fractures; the second is the lack of distinction between

fractures in terms of fracture line obliquity, displacement

and comminution which has an impact on subsequent

management. To address the first limitation, Hadley et al.

[31] introduced a type IIA fracture subclass to the classi-

fication, defined as a type II fracture complicated by an

additional chip-fracture fragment at the anterior or pos-

terior aspect of the base of the odontoid. In order to address

the second limitation of the Anderson and D’Alonzo

classification, Grauer et al. [28] further classified type II

fractures into three subtypes (Fig. 1) based on fracture line

obliquity, displacement and comminution into IIA, B and C

to guide treatment options. Type IIA was defined as a

minimally or non-displaced fracture with no comminution

which could be treated with external immobilisation. Type

IIB was a displaced fracture extending from anterior–

superior to posterior-inferior, or a transverse fracture which

are amenable to anterior screw fixation if reducible

assuming adequate bone density. Type IIC was a fracture

extending from anterior–inferior to posterior superior or a

fracture with significant comminution which are generally

treated with posterior stabilisation. Prospective application

of this classification system is yet to be performed.

Fracture classification systems fulfil many roles, pre-

diction of outcome and categorisation for research being

but two. A generic critique of classifications is that they do

not consider clinically relevant factors such as bone min-

eral density, physiological age rather than chronological

age and co-morbidity that might influence treatment

selection. All systems should be subject to inter and intra

observer error studies to validate the reliability of a clas-

sification system.

Management options

When considering the optimal treatment for a type II OF in

the elderly, several factors need to be taken into consider-

ation including associated injuries, medical co-morbidities

[American Society of Anaesthesiologists (ASA) grade],

healing potential of fracture, anticipated tolerance of the

halo vest (HV) or surgery and patients wishes [3, 6, 34, 37,

46, 63, 70]. Treatment options remain controversial because

of the risks of operative intervention versus the morbidity

associated with prolonged cervical immobilisation. In the

literature, four separate treatment options are described

including rigid and non-rigid immobilisation, anterior screw

fixation of the odontoid and posterior fusion of the C1/2

complex. However, in most studies, the number of patients

is limited, and often more than one treatment option has

Fig. 1 Schematic diagram for type II odontoid fractures
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often been used. The presence of radiological osseous union

has been used as a standard to determine the optimal

treatment outcome [59]. However, some authors have

argued that a stable fibrous union in an asymptomatic

patient above 65 years may well be acceptable [34, 49, 59,

68]. The various treatment options in the elderly and the

pros and cons of each as mentioned in the published English

literature are discussed below.

Non-rigid external immobilisation

The use of non-rigid external immobilisation using a

hard cervical collar is a recognised form of treatment for

type II odontoid fractures in the elderly. In an earlier

study from our institution on ‘Cervical spine injuries in

the elderly’ in 1994 [49], we mentioned that the ‘aims of

treatment are very different in the young and elderly’.

We also stated that bony union is not always necessary

in the elderly, and that stable fibrous union may be an

acceptable result. In this study, majority of the 11

patients with type II OF were treated with a rigid collar,

and all achieved stable union. Although the number of

patients in this study was too low to make any conclu-

sion, we believe it raised an important point which has

also been addressed by other authors [34, 49, 59, 63,

68]. Hannigan et al. [34] concluded that in the elderly,

fibrous union of the odontoid is an adequate goal, and

that a rigid collar provides sufficient immobilisation.

Ryan et al. [68] reported on 29 patients with type II OFs

treated with external immobilisation ranging from collar

to HV (rigid immobilisation). Although there was a 77%

non-union rate, no evidence of late neurological deteri-

oration was evident on follow-up. They mentioned that

‘‘vigorous attempts to secure both primary union and a

sound arthrodesis for non-union were questionable in the

elderly except in unusual circumstances’’. They con-

cluded that myelopathy was a rare consequence of non-

union, and that a good functional outcome in this age

group was less dependent on radiographic criteria for

union and more dependent on return to pain-free, inde-

pendent living, regardless of union rate. Pepin et al. [63]

described 19 elderly patients with OF, and supported the

use of a rigid collar. Muller et al. [59] treated 19 stable

type II OF with a mean age of 59.1 years in a hard

cervical collar, and reported a 77% osseous union. When

stable, asymptomatic fibrous union was included as a

favourable outcome, the success rate increased to 92%.

He could not find any correlation between radiological

findings and clinical outcome, and concluded that non-

union of the odontoid could be stable, without clinical

symptoms, and therefore, do not necessarily imply a poor

clinical outcome.

Rigid external immobilisation

The HV was first developed by Perry and Nickel [64] for

stabilisation of patients with poliomyelitis. Over the last

few decades it has undergone several modifications in

design and materials with consequent expansion of its

indications. Presently it offers an advantage over all other

cervical orthosis in terms of limitation of movement in the

upper cervical spine. Johnson et al. [44] estimated that

without restriction, in flexion and extension at the C1–C2

level, there was movement of 13.4� compared to 8.5� in the

Philadelphia collar and 3.4� with the HV. Several authors

have proposed immobilisation by HV as the treatment of

choice for type II OFs in the elderly [19, 21, 51, 52, 69, 71,

73] while others have suggested a more cautious approach

for its use in this age group quoting morbidity and mor-

tality figures of up to 51 and 40%, respectively [25, 34, 39,

49, 50, 55, 60, 63, 77, 80]. There is considerable variability

in the literature with acceptable fusion rate ranging from

less than 50 to 90% [6, 12, 31, 45, 47, 48, 59, 68, 79].

In the first published series of complications of the use

of HV in the patients aged 70 years or more, Horn et al.

[39] reported a combined morbidity of 52% and mortality

of 19%. Amongst the 42 patients in their series, there were

23 patients with OFs (Anderson and D’Alonzo classifica-

tion of the fractures not specified), and halo brace was

applied in a total of 21 patients. Tashijan et al. [77]

reviewed 78 patients greater than 65 years (mean age

80.7 years) with odontoid fractures. There were 50 type II

OFs in their study. Thirty-eight patients were treated with

HV while 27 had collar and 13 were operated. There was

no difference in injury severity score (ISS) or baseline

medical conditions within the HV and non-HV patients.

The mortality and morbidity rates in HV patients were 42

and 66% while that in the non-HV patients were 20 and

36%, respectively. Majercik et al. [55] claimed that the use

of HV in the elderly was similar to a ‘death sentence’. They

retrospectively reviewed the use of the HV in elderly

patients with cervical spine injuries. In this study, the

fracture types were not described. They divided patients

into two groups with similar ISS and co-morbidities within

the subgroups: old ([66 years, n = 129) and young

(18–65 years, n = 289). They found that following cervi-

cal spine trauma, older patients died at nearly four times

the rate of their younger counterparts (21 vs. 5%). In

addition, old patients with HV had a much higher mortality

than young patients with HV (40 vs. 2%, p \ 0.001) as

well as compared to old patients treated with surgery or

collar (6 and 12%). However, in a recent prospective

cohort study of complications associated with HV immo-

bilisation for cervical spine injuries, Van Middendorp et al.

[78] claimed lower rates of mortality (8%) and pneumonia

(4%) amongst elderly patients. It is difficult to identify
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reasons for this large difference in mortality and morbidity

in comparison to other published studies. The ASA grades

were not stated precisely making direct comparison with

other published papers impossible.

Amongst the 239 patients in this study, there were 79

patients aged more than 65 years. Isolated HV was offered

to 61% and the remaining had HV supplemented with

surgery. Although the total number of minor complications

were substantial, the authors claimed that ‘awareness of

and responsiveness to minor complications can prevent the

subsequent development of serious morbidities and perhaps

reduce mortality’.

Surgical fixation

As a result of the unacceptably high mortality and mor-

bidity rates of HV immobilisation, several authors have

recommended early surgical stabilisation in elderly

patients with type II OFs [1, 6, 7, 13, 23, 46, 48]. Over the

last few decades, there has been an evolution of posterior

arthrodesis techniques ranging from C1/2 wiring described

by Gallie [24] to transarticular screws described by Magerl

[53] and to the more recent C1 lateral mass and C2 pars

interarticularis screw introduced by Goel [26, 27] and

modified by Harms and Melcher [33]. Amongst the sur-

gical options, posterior fixation techniques of the C1/2

complex had been previously suggested as the most

effective option. The posterior wiring technique for OFs

has been shown to achieve fusion rates of 80–100% [5, 54]

as compared to 23–82% for non-operative treatment of

type II fractures [2, 12, 59, 63, 68, 73]. Most studies have

used HV concurrently. The transarticular screw fixation

offers a much more stable construct than wiring with

fusion rates approaching 100% [4, 13, 17, 18, 42]. The

procedure is technically demanding and carries the risk of

vertebral artery injury [75, 80]. Goel [26] in 1994 descri-

bed the use of C1 lateral mass and C2 pedicle screw for

posterior atlanto-axial fixation. Subsequently, Harms and

Melcher [35] in 2001 reported a modification of this

technique using polyaxial screws and rod. This Goel/

Harms C1/2 fixation is comparable to the transarticular

screw fixation in terms of fusion but with lower vascular

and neurological risks [35, 75, 81]. The superior and

medial placement of the C2 pars screw involves less risk to

the vertebral artery. Regarding C1 lateral mass screw

placement, there is a risk of damaging the internal carotid

artery and the hypoglossal nerve, if anterior surface of C1

lateral mass is penetrated as reported by Currier [15] and

Ebraheim et al. [20]. Tan et al. [76] suggested screw

insertion through the posterior arch of C1 avoiding injury

to the venous plexus by Goel’s insertion technique through

the caudal base of C1 posterior arch.

Unfortunately, posterior arthrodesis eliminates approxi-

mately 50% of cervical rotation [4] which led to the

development of an alternative stabilisation technique for

type II odontoid fractures, namely, direct stabilisation with

anterior screw fixation which was first described by Bohler

[8, 9]. This procedure offers immediate spinal stability,

preserves normal C1/2 rotation and is associated with a

high fusion rate without the need for concurrent HV

immobilisation. It also offers rapid patient mobilisation and

what many authors believe, the best anatomical and func-

tional results for the treatment of OFs in the elderly. The

use of one or two screws has been debated [29]. However,

no significant differences between the two techniques have

been found either in biomechanical stability [56] or in

fusion rates [43]. However, concerns have been raised

regarding the feasibility of this technique in elderly patients

with osteoporosis. Diminished bone quantity, poor bony

healing from osteoporosis, advanced patient’s age and

increased anaesthetic risks leading to a higher failure rate

with this technique in the elderly has been claimed [3, 30,

70]. Other authors believe that as osteoporosis is mainly a

cancellous disease and since the technique of anterior

odontoid screw fixation is dependent on the distal tip of

screw purchasing the dense cortical bone, it may not sig-

nificantly affect the manner of screw purchase [8]. Wolf-

gang et al. [11] performed a case–control study of 27

patients with type II OFs to determine whether patients

above 70 years have less favourable outcome than younger

patients with this technique. They demonstrated that the

procedure can be successfully performed in the elderly and

with low mortality and morbidity.

Discussion

Due to lack of class I studies, no definitive conclusions can

be drawn regarding the optimal treatment of type II OFs in

the elderly. Table 1 lists some of the recent published

studies on the management of type II odontoid fractures in

elderly. The majority of the data is class III evidence, and

unfortunately due to the heterogeneous nature of these

studies with regard to patient selection, co-morbidities,

lack of clear definition of fracture subtype with age as well

as combinations of treatment offered in different studies; a

systematic analysis of the each treatment outcome is dif-

ficult. Treatment remains controversial due to the high rate

of non-union. Anderson and D’Alonzo [2] suggested that

when fractures were treated non-surgically, type II pro-

duced late non-union more often than type III fractures.

Several theories exist to explain this [45]. The presence of

a watershed zone (between two vascular arcades) as well as

a synovial capsule within the dens that does not receive

periosteal blood, the relative predominance of cortical over
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Table 1 Some of the published studies in the last 15 years on type II odontoid fractures in elderly

Author
& year

Level of
evidence

Description of study Outcome

[72] III A retrospective cohort study of operative versus non-
operative treatment of isolated type II OF in the
octogenarian population. 72 patients with mean age of 85
years without neurologic deficits were included. 32 patients
received operative (10 anterior and 22 posterior) and 40
patients received nonsurgical treatment. The acute in-
hospital outcome was determined.

Mortality (15%) in the non-operative & operative groups
were 15% & 12.5% respectively. This was not statistically
significant (P[0.05).

The percentage of patients experiencing at least one
significant complication was higher in the operative group
than the non-operative group (62% vs. 35%, respectively,
P\0.05). Type II OF in the octogenarian population are
associated with substantial morbidity/mortality, irrespective
of management method.

Koech
2008

III One of the largest studies to date. To investigate the
functional outcome after non-operative management of
type II OF in elderly. Retrospective analysis from a
prospective database. 42 patients with median age 80
years–10(collar) & 32(HV) followed up for mean 24
months.

Osseous union- 50%(collar) & 37.5%(HV). Fracture
stability- 90%(collar) & 100%(HV). No difference in
outcome between osseous & stable fibrous union. The latter
may be an adequate aim in the elderly.

[72] III This study examined trends in surgical management of
acute type II OF in the past 20 years at a regional spinal
cord injury centre. 75 patients with a mean age of 82 years
were included. Among other analyses, the type of surgical
procedure and distribution of surgical technique over time
were determined.

Logistic fit of surgical technique by year indicated a
significant increase (P\.05) in the use of C1 lateral mass
and C2 isthmus/pedicle constructs, no significant change in
the use of transarticular (Magerl) fixation and a decline in
the use of odontoid screws. Patients undergoing the latter
procedure were significantly more likely to develop
swallowing or vocal cord problems compared to the other
surgical procedures (P\.01)

[65] III A case-control study analysing retrospective data from a
prospective database examining 90 patients with a mean
age of 69 years who had undergone non-operative treatment
for OF. To determine the long-term results after rigid
immobilization using a HV and to identify specific risk
factors for failure of halo immobilization. The followup
was for at least 2 years.

Overall fusion rate noted was 84%. 83% returned to preinjury
level within 1 year. The Smiley-Webster scale showed an
overall functional outcome score of 1.64. Therefore
satisfactory outcome with HV.

Nonunion was found significantly more often in older
patients and in those with displaced OF. Secondary loss of
reduction & delay of treatment were further risk factors for
nonfusion.

[23] III Retrospective analysis of posterior transarticular C1/2
fixation of OF in elderly in 27 patients with mean age of
85 years. Comparison of outcome with that reported for HV
in published literature.

95% fusion rate within 3 months. Combined and
perioperative mortality of 21% and 11% which was much
lower than that reported for HV (42-52%)

Platzer
2006

III Retrospective analysis of functional and radiographic
results after anterior screw fixation for type II OF
between young (\ 65 years) and elderly patients with a
follow up of at least 2 years.

Morbidity 22% in elderly and 8% in young. Mortality 9% in
elderly and 1% in young.

Nonunion rate of 12% & 4% in elderly and young.

[77] III Review of a series of OF in elderly patients and evaluation
of in-hospital morbidity/mortality between those treated
with and without HV with similar injury severity scores
and medical condition in either group.

Mortality- HV(42%); non HV(20%). Morbidity- HV(66%);
non HV(36%)

[55] III To evaluate the outcome in young and elderly with cervical
spine fractures treated with HV, collar & surgery. 129
old([ 79 years) & 289 young(\ 38 years) recruited. Study
period of 80 months.

Very poor outcome of HV in elderly

Mortality with HV- elderly(40%); young(2%)

Mortality within the elderly subgroup: surgery(6%);
collar(12%)

[59] III Retrospective analysis of the outcome of non-rigid
immobilization for stable OF treated over a 15 year period.
19 type II & 7 type III fractures included. The mean age of
the patients was 59 years.

The overall fusion rate was 73.7% (type II) & 85.7% (type
III). Clinical outcome did not correlate with the radiological
findings. Stable type II and type III fractures of the
odontoid can be successfully treated with non-rigid
immobilisation

[11] III To determine whether patients aged 70 years or older with
Type II OF have a less favorable outcome than younger
patients with anterior odontoid screw(AOS) fixation. Case-
control study of 27 patients —15 patients [ 70 years
(Group 1) and 12 patients \ 70 years (Group 2). Mean
follow-up was 16.6 months.

Fusion rates : 73% in Group 1 & 75% in Group 2. Additional
dorsal stabilization was performed in 13% of cases in
Group 1 & 17% of cases in Group 2. Complications
occurred in 20% of cases in Group 1 and 8% of cases in
Group 2. Outcome after AOS fixation is not affected by
patient age. Slightly higher rates of medical complications
did not reach statistical significance.
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cancellous bone at the base of the dens and the distraction

provided by the apical ligaments that create a physical gap

are factors that retard bone healing. Other specific factors

that have been debated to contribute to non-union include

patients age, degree and direction of dens displacement

([4–6 mm), dens angulation greater than 10�, fracture

malalignment during follow-up and delayed treatment [20,

30, 31, 48, 51, 68]. Most authors have noted a significant

difference in fracture healing when analysing the effect of

age on outcome while some have found this not to be the

case [22, 70].

One of the controversies regarding the treatment of type

II OFs is whether a stable non-union is an acceptable

outcome in the elderly patients. Osseous union is an easily

defined measurable outcome and arguably the ideal goal of

treatment. It is defined by evidence of bony trabeculae

crossing the fracture site, absence of motion on dynamic

flexion/extension views and absence of sclerotic borders

adjacent to the fracture site [67]. Fine-cut CT scans with

helical reconstruction can be obtained if the adequacy of

bony fusion is unclear on standard X-rays. In contrast, a

stable non-union or fibrous union is described when clini-

cally the patient is asymptomatic, and in the absence of

osseous union, dynamic X-rays show no instability at the

site of fracture [38, 49, 59, 65, 68]. The views of several

authors that stable fibrous union may be an adequate

functional aim of treatment in the elderly has to be seri-

ously considered in the light of the published results [34,

49, 59, 68]. One of the arguments against this is the

development of delayed myelopathy in patients with

established non-union of the odontoid [2, 14]. Although

this is a recognised risk, the actual risk of progression is

unknown and may take several years [57, 74]. Even in

younger, more active patients, myelopathy may not occur

Table 1 continued

Author
& year

Level of
evidence

Description of study Outcome

[48] II Case controlled study to evaluate age as a risk factor for
failure of HV in treatment of type II OF. 33 patients
selected- 11 cases and 22 controls.

Odds ratio of data indicated that risk of HV immobilization
was 21 times greater in patients aged 50 years or more

[37] III A retrospective review of 10 patients with a mean age of 80
years withtype II OF who underwent anterior odontoid
screw fixation were reviewed. All patients were placed in a
rigid external orthosis (five halos and five collars) after
surgery.

Nine patients were alive at a mean of 10 months post surgery.
Dynamic radiographs demonstrated stable fusion in 8/9
patients. Peri-operative morbidity and mortality was 20% &
10% respectively. Authors commented that odontoid screw
fixation is safe in elderly patients

[46] III A retrospective review to investigate the role of surgical &
nonsurgical treatment in elderly patients with Type II OF
who were consecutively admitted to a single medical center
over a 5-year period. 20 patients included with mean age of
80 years. 8 offered surgery and 12 nonsurg. 3 patients
crossed over to the surgical group later. The mean follow
up was 14 months.

Nonsurgical treatment with a HV(7), Minerva brace (3) or
collar (2) resulted in a 50% early failure rate (six of 12
patients) with 10% morbidity & 10% mortality, whereas
surgery was well tolerated, resulting in a 9% early failure
rate with 9% morbidity & mortality respectively..

[60] III Retrospective analysis of fractures of the odontoid in
patients over 70 years of age with regard to the aetiology,
natural history and the treatment of fractures of the dens in
this age group. This data was then compared to those of a
contemporary series of patients less than 70 years of age. 23
patients with a mean age of 80 years and 54 patients with a
mean age of 47 years were included. Followup was for 44
months.

Treatment offered in elderly was operative in 21.7% (5 ant
screw)& non-opearative in 78.3% (15 collar and 3 HV). In
younger group 31.5% were operated and 78.5% managed
conservatively. The overall complication rate was
significantly higher in elderly (52.2% vs. 32.7%), with an
in-hospital mortality of 34.8%. Elderly patients with a
fracture of the odontoid are a high-risk group with a high
morbidity /mortality.

[70] III To determine by age and fracture type which treatment
regimen provided the best functional outcome in young
and old patients with dens fractures. 37 Type II and 20
Type III fractures. 29 patients were under & 28 over 60
years age. Treatment offered were post C1-2 fixation(6);
HV(46) & collar(5). The follow up duration was 2.4 years.

Older patients treated surgically did not have a statistically
better functional outcome score than those treated non-
operatively (P \ 0.8).

The surgical group did not have a statistically improved
outcome than the non-operative group.

[66] III Retrospective analysis of Philadelphia collar vs. HV for
management of OF. 57 patients included–36 type II(20
HV, 16 collar) & 18 type III(18 HV, 5 collar). For type II
OF, median age : collar(69 yrs), HV(44 yrs). Mean follow
up was 8 months.

No statistical advantage shown by either treatment in terms
of stability, fracture healing or need for late surgical repair.
Suggested that either treatment could be used equivalently

[68] III Retrospective review of the outcome of 30 patients [ 60
years age with type II OF. 29 were managed conservatively
with collar or HV and 1 underwent surgery. The mean
follow-up was 21 months.

The non-union rate was 77%. Myelopathy as a late
complication of non-union was not observed. The data
suggested that vigorous attempts to secure both primary
union and a sound arthrodesis for non-union are
questionable in the elderly except in unusual circumstances.

200 Eur Spine J (2011) 20:195–204

123



till 13.5 years of post-injury [62]. Thus, a fibrous non-

union in the elderly population is probably acceptable in

functional terms and not associated with significant risk of

myelopathy.

Bohler [8] emphasised that non-union of the odontoid is

an absolute indication for surgery. However, successful

non-operative management of stable non-union in the

elderly has also been described. Hart et al. [38] followed a

series of elderly patients with chronic, mobile odontoid

non-union without myelopathy with non-operative treat-

ment. None of the patients developed myelopathic symp-

toms during the follow-up period (4 years and 7 months).

Unless gross instability is present, many authors have

favoured the role of external immobilisation either with a

collar or HV. In a recent biomechanical in vivo analysis of

atlanto-axial motion in a group of 20 young normal adults

immobilised with the HV or Philadelphia collar, the

authors demonstrated that under extremes of flexion and

extension, there was no significant difference in restriction

of sagittal motion at C1–C2 when using the collar instead

of the HV [47]. They concluded that the use of the Phila-

delphia collar is sufficient for the treatment of stable

odontoid fractures. The reported fracture union rates after

conservative treatment of type II OFs vary between 23 and

82% [2, 12, 59, 63, 73]. In the only study directly com-

paring the outcomes of OFs treated with HV and collar by

Polin et al. [66], no statistically significant difference was

found between the two treatment modalities although a

trend towards higher fusion rate was found with HV (47 vs.

26%). The authors emphasised that this difference was

probably as a result of the significant age difference

between the two groups (44 years with the HV and

68 years in the collar subgroup).

In the last two decades, the problems with HV in the

elderly have been increasingly highlighted by several

authors with complication rates of up to 51%. The risks of

pneumonia (up to 34%) as well as cardiac arrest (up to

26%) have been especially worrying. In one of the few

class II studies on OFs, Lennarson et al. [48] evaluated age

as a risk factor for failure of halo immobilisation in patients

with type II OF. The odds ratio of their data indicated that

the risk of failure of halo immobilisation was 21 times

higher in patients aged 50 years or more. However, in their

recent study, Van Middendorp et al. claimed much lower

rates of mortality (8%) and pneumonia (4%) during HV

immobilisation. At the same time, one cannot ignore the

complications associated with the HV in the long lists of

published studies from several institutions to date. In

summary, HV remains an alternative treatment option in

selected patients, but may be associated with higher risk of

complications compared with hard collar in the elderly.

The association of elevated non-union rates with con-

servative treatment and the morbidity and mortality

associated with HV in the elderly led to a trend towards

operative fixation of type II OFs, especially unstable

fractures based on evidence that early surgery in neuro-

logically intact elderly patients leads to decreased mor-

bidity and mortality [6, 48]. The technique of anterior

odontoid screw has gained wide acceptance over the years

with osseous union rates of 88–100% [1, 7, 11], and has

been claimed by several authors to be the procedure of

choice for treatment of type II OFs. Apart from immediate

stabilisation of the fracture site, its principal advantage is

the near preserved range of neck motion due to the sparing

of the C1–C2 joint. Nevertheless, some authors have

reported complication rates using this technique in the

elderly [3, 28, 70]. Smith, Vaccaro and colleagues [72]

recently reviewed the trends in the surgical management

for type II OFs at a regional spinal cord injury centre. The

mean age of their cohort was 82.3 years. Over a 20-year

period, they noted an evolution of surgical technique from

posterior cervical wiring to posterior transarticular fixation

and more recently C1 lateral mass and C2 pedicle/isthmus

screw (Goel–Harms) constructs. The increase in the use of

the Goel–Harms technique relative to other posterior fixa-

tion methods was statistically significant. In their cohort,

posterior methods for fixation were used much more fre-

quently than anterior odontoid screw fixation. The latter

was associated with a significantly higher rate of postop-

erative pneumonia and swallowing dysfunction compared

with posterior instrumentations. In a retrospective cohort

study of operative versus non-operative treatment of iso-

lated type II odontoid fractures in patients aged 80 years or

more, Smith et al. [71] noted a similar overall mortality

rate between the surgical and conservatively managed

patients (12.5 vs. 15%). However, the morbidity rate was

much higher in the surgical group (62 vs. 42%) although

this was not statistically significant. They concluded that

the management of type II odontoid fractures in the octo-

genarian population are associated with substantial mor-

bidity and mortality, irrespective of the management

method.

Caution has to be exercised in the interpretation of the

literature regarding surgery for OF. There is inherently a

publication bias towards reported good outcomes, with a

relative paucity of patients in the 65–80? years group. If

the latter are included, an uniform adjuvant description

of the performance index, ASA status and co-morbidities

are lacking. These factors are potentially more important

in determining outcome from OF treatment than the

surgical procedure per se. This lack of detail makes

comparison between studies very difficult. Notwith-

standing the above, interpretation of the data suggests

that surgery for the grossly unstable type II OF is

probably worthwhile provided that the patient is fit and

has few co-morbidities.
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Conclusion

Several articles have addressed the treatment of odontoid

fractures in elderly. The definition of elderly has been dif-

ferent, and the separation of type II OFs according to age

groups have not been uniform in most studies. In this article,

we have tried to summarise the views of various authors on

this controversial subject focussing on the pros and cons of

each treatment option. The ideal treatment for type II OFs in

the elderly is that which would provide the best possible

functional outcome with least associated risk and not simply

the best radiological outcome alone. While it is true that

osseous union is a measurable absolute outcome measure,

the views of several authors that stable fibrous union may be

an adequate aim of treatment in the elderly cannot be

ignored. It is evident that each treatment option has a role,

and that management has to be individualised. Non-rigid

hard collar is a low risk option for the conservative treatment

in the elderly, particularly if there is significant co-morbidity

that might preclude operative treatment. HV immobilisation

in the elderly does have a significant potential complication

rate. Its use should be carefully considered in this group with

significant co-morbidities and prior poor performance index.

Surgery is indicated in a limited group of patients with

unstable fractures. There are no comparative studies pro-

spectively comparing surgical options. A multicentre pro-

spective randomised controlled trial would clarify some of

the uncertainty to better inform treatment options. Until

better evidence is available, practical wisdom and judge-

ment in the treatment of individuals with this injury permits

a variety of acceptable treatment options.
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