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Abstract Anterior screw fixation of Type II odontoid
fractures has been recommended. Only few publications
analyse the mechanism of failure in geriatric patients. We
reviewed 18 male and 15 female patients aged 65 and
above for parameters that influence the development of
postoperative loss of correction, delayed union or non-
union. Patients were stratified in two groups: 21 cases in
Group A (union) and 12 patients in Group B (loss of cor-
rection, delayed union, non-union, revision surgery). Sta-
tistically significant correlation (p < 0.05) could be
detected between failure to heal and: (1) degenerative
changes in the atlanto-odontoid joint, (2) severity of oste-
oporosis in the odontoid process, (3) posterior oblique
fracture type, (4) suboptimal fracture reduction, (5) sub-
optimal position of implant following demanding intraop-
erative conditions, (6) quality of fracture compression and
(7) severity of fracture comminution. The overall morbidity
and mortality rates were 29.0 and 8.6%, respectively. Our
results indicate that these factors should be addressed
regarding the selection of the operative treatment method
in the geriatric patient.
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Introduction

Type II odontoid fractures are frequent in the elderly
population. The prevalence of these injuries is expected to
progressively increase. Concomitant diseases cause high
perioperative morbidity and mortality and compromise the
outcome in geriatric patients. Various studies have
addressed the ideal management of these injuries [1-6].
Others covered the outcome following anterior screw fix-
ation of Type II odontoid fractures and recommended the
surgical strategy [4, 7-10]. Both younger and elderly
patients revealed similar clinical results [4]. Nevertheless,
recent publications reported that insufficient bony healing
results from osteoporosis and diminished bone quality [,
3, 4, 11]. Clinical routine confirms that fracture re-dislo-
cation and healing disturbances are more common than
preferable.

The purpose of this study was to determine influencing
parameters for intra- and postoperative complications and
fusion rates and to analyse the clinical outcome in patients
aged 65 and above who underwent anterior screw fixation
of Type II odontoid fractures. We, therefore, retrospec-
tively tried to validate the presumption that concomitant
cervical spine degeneration, fracture pattern, osteoporosis
and suboptimal compression of the fracture gap may impair
the development of union.

Materials and methods

Between February 2000 and July 2010 we performed 46
direct anterior screw fixations of unstable Type II odontoid
fractures at our hospital on 35 patients aged 65 years or
above. Two patients died within 2 weeks after surgery from
heart failure and respiratory insufficiency following
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pneumonia, respectively, leaving a total of 33 patients who
were enrolled in this study. For the collection of preoperative
variables and the calculation of morbidity and mortality
rates, the two patients that had deceased after surgery were
included. Depending on specific fracture complications
leading to re-operation, patients were stratified into two
study groups: Group A (union) included 21 patients with an
uneventful healing process. Group B (non-union) contained
12 patients with non-union, implant failure, secondary loss
of correction and obligatory revision surgery. The separation
was based on recent reports in literature, indicating a higher
complication and non-union rate in the elderly and on the
hypothesis that certain factors may influence an uncompli-
cated bony consolidation process. Clinical and radiographic
records of all patients were reviewed on average 5.6 years
(range 0.8—10.7 years) after operation.

We obtained pre- and postoperative CT scans and plain
radiography with transoral and lateral views in all patients.
Collected variables included age, gender, mechanism of
injury, fracture type, fracture dislocation, presence of
neurologic deficits, associated injuries, pre-existing sys-
temic disease and surgical risk factors, method of surgical
treatment, duration of operative procedure, demanding
intraoperative conditions and difficulties (reduced cervical
length and protruding thorax), severity of osteoporosis and
cervical spine degeneration and radiographic outcome after
surgery. The type of fracture was assessed according to the
classification systems of Anderson and D’Alonso and of
Roy-Camille. The severity of degenerative changes of the
upper cervical spine was evaluated for the atlanto-odontoid
joint, the atlanto-occipital joint and the lateral atlanto-axial
joints (Table 1). Concomitant ankylosis was also docu-
mented. Severity of osteoporosis of the axis was graded at
the dens-body junction and in the odontoid process as
suggested by Lakshmanan et al. [2] (Table 1). Postopera-
tive CT scans and plain radiographs were analysed for
compression of the fracture gap and classified according to
the correctness of fracture reduction achieved during sur-
gery. Fracture reduction and compression were graded as
correct (1), moderate (2) or poor (3). Primary dislocation
and size of the fracture gap were measured in millimetres.
The angulation between odontoid process and peripheral
fragment was recorded and the amount of fracture com-
minution was graded none (1), minor (2) or severe (3).
Clinical and radiographic follow-up examinations were
reviewed for secondary loss of correction, implant mal-
position and implant failure as well as for patient satis-
faction and limitations. Clinical results were assessed
according to the Smiley-Webster functional outcome scale
in patients with a minimum follow-up period of 24 months.
Postoperative monitoring of the patients consisted of fol-
low-up visits at 6, 12 and 24 weeks and further at 12 and
24 months after surgery.
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Table 1 Grading of degeneration and osteoporosis

Grading of severity of degenerative changes in the CO-C2 joints
(according to Lakshmanan et al. [2])

None (1): normal joint space with no osteophyte formation
Mild (2): narrowed joint space or normal joint space with
osteophyte formation
Moderate (3): obliterated joint space with or without osteophyte
formation
Severe (4): completely obliterated joint space, ankylosis or fusion
of the joint

Grading of severity of osteoporosis in C2 (according to
Lakshmanan et al. [2])
None (1): normal trabecular pattern with normal cortical
thickness

Mild (2): decrease in the amount of trabeculae with no areas of
holes and normal cortical thickness

Moderate (3): absent trabeculae (holes) involving less than 25%
of the transverse diameter of the bone with cortical thinning

Severe (4): absent trabeculae (holes) involving more than 50% of
the transverse diameter of the bone with cortical thinning

Statistical analysis

Pre-, intra- and postoperative variables were compared
between the two groups. To compare quantitative data, we
performed the Wilcoxon Sum-of-Ranks test. For categori-
cal data the Fisher Exact test was used. Statistical signifi-
cance was defined as p < 0.05.

Results

18 male and 15 female patients with an average age of
79.6 years (range 65.1-94.0 years) were enrolled in the
study. Solid bony union was achieved in 21 patients, who
entered study Group A. A total of 12 patients (36.4%)
presented with early re-dislocation, unstable delayed
unions or non-unions and were included in Group B. The
injuries resulted from low energy falls in 26 patients
(74.3%), traffic accidents in 4 patients (11.4%), falls from a
considerable height in 4 patients (11.4%) and from other
causes in 1 patient (2.9%). According to the classification
of Anderson and D’Alonso all patients had sustained a
Type II odontoid fracture. Using the system of Roy-
Camille we found 17 patients (48.6%) with a horizontal
fracture and 18 patients (51.4%) with a posterior oblique
fracture. Initial displacement was slight (<2 mm) in 10
cases and significant (>2 mm) in 25 cases. The average
displacement before surgery was 3.20 mm (range
0-9 mm). On Comparing between the two study groups,
we found no statistically significant difference regarding
trauma mechanism and amount of initial fracture dis-
placement (Table 2). Regarding to the fracture type we



Eur Spine J (2011) 20:1915-1920

1917

observed a statistically significant accumulation of poster-
ior oblique fractures in study Group B (p < 0.05). The size
of the fracture gap averaged to 2.51 mm (range
0.3-50 mm) in Group A and to 2.48 mm (range
0.5-4.9 mm) in Group B. Fracture angulation was on
average 15.7° (range 0°-38°) in Group A and 15.3° (range
3°-38°) in Group B (Table 2). Severe fracture comminu-
tion was more frequent in study Group B (p < 0.05).

12 patients presented with associated injuries. Four
patients had a severe head or thorax injury, three patients
sustained significant fractures of the extremities and five
patients presented with minor injuries of head, thorax or
extremities. None of the patients showed neurologic defi-
cits at the time of admission to the hospital, corresponding
to grade E in the ASIA classification. Postoperative dete-
rioration of the neurologic status was never recorded. Pre-
existing systemic diseases were found in 42.9% of the
patients (chronic cardiac insufficiency in eight, chronic
renal insufficiency in seven, obstructive pulmonary disease

Table 2 Comparison of results between the study groups

Group A Group B p value

Low energy trauma 71.4% 83.3%
Fracture type (Roy-Camille)
Posterior oblique 33.3% 83.3% p < 0.01040
Initial displacement
Slight 23.8% 33.3%
Significant 76.2% 66.7%
Fracture gap (mm) 2.51 2.48
Angulation (°) 15.7 15.3
Severe comminution 50.0% 13.3% p < 0.04544
Severity of osteoporosis 247 3.00 p <0.02435
Severity of osteoarthritis
Atlanto-dental 2.38 3.25 p < 0.00661
Atlanto-occipital 2.20 2.33
Atlanto-axial 2.13 2.08
Ankylosis 6.3% 25.0%
Number of screws
2 85.7% 58.3%
1 14.3% 41.7%
Demanding surgical 9.5% 25.0%
conditions
Duration of surgery (min) 79.7 71.6
Delay of treatment (days) 6.8 6.0
Optimal fracture compression  81.0% 25.0% p < 0.00629
Optimal fracture reduction 85.0% 41.6% p < 0.03075
Optimal implant positioning 90.1% 41.6% p < 0.00460
Associated injuries 33.3% 33.3%
Pre-existing diseases 38.1% 41.6%
Morbidity 23.8% 16.7%

in four, cardiac arrhythmia in five and diabetes mellitus in
three cases). Comparing the two study groups, no statisti-
cally significant difference regarding associated injuries or
pre-existing diseases could be detected (Table 2).

All patients underwent operative treatment on average
6.1 days (range 0-28) after the trauma. Three patients were
initially treated with a halo fixateur but, as they did not
tolerate the external fixation, were submitted to an opera-
tion within 4 weeks. Operation time averaged to 79.1 min
(range 35-188). 26 patients received a single, 9 patients a
double lag screw fixation. Postoperative immobilisation
was routinely accomplished by a soft collar for 6 weeks.
The interval between trauma and operation, the number of
implants and the duration of surgery were distributed
similarly between the two study groups without statistically
significant differences (Table 2).

Eight cases underwent revision surgery with posterior
atlanto-axial fusion in seven and occipito-cervical CO-C4
fusion in one patient on average 51.4 weeks (range
4.9-268.9 weeks) after the initial operation. All of them
had developed unstable delayed union or non-union with
redislocation. Occipito-cervical fusion was performed in a
patient with a concomitant fracture of the posterior arch of
the atlas. Five patients developed non-unions with absence
of bony consolidation after 6 months leading to a total non-
union rate of 15.2%. Secondary loss of correction within
12 weeks after screw fixation was documented in seven
patients, leading to an early postoperative complication
rate of 21.2%. Loosening or cut-out of the implants was
found in 13 patients (39.4%). Four patients in Group A and
nine patients in Group B presented with a loosening of the
implant. In 27.3% of the cases a malposition of the screws
was documented on postoperative radiographs and CT
scans. Fracture reduction was classified as poor in two
cases and moderate in eight cases. Fracture compression
was sufficient in 20 patients, moderate in 12 patients and
poor in 1 patient.

Malposition of the implants, suboptimal or incorrect
fracture reduction as well as insufficient fracture com-
pression revealed a statistically significant influence on the
development of non-union and secondary loss of correction
(p < 0.05, Table 2).

Degenerative changes and osteoporosis of the upper
cervical spine were present in all patients. Severity of
osteoporosis averaged to 2.47 in Group A and to 3.00 in
Group B (p < 0.05). The average severity of degeneration
in the atlanto-odontoid joint was graded 2.38 in Group A
and 3.25 in Group B (p < 0.05). Degeneration of the atl-
anto-axial and the atlanto-occipital joint and the presence
of ankylosis of the upper cervical spine did not show any
relevant influence on the postoperative outcome (Table 2).

Demanding intraoperative conditions and anatomical
variations were recorded in six patients (18.2%) without
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any significant difference in distribution between the study
groups.

General complications occurred in ten patients (cardiac
failure in 4, respiratory failure in 6, pneumonia in 5 and
renal failure in 7 cases), leading to an overall morbidity
rate of 29.0%. Three patients died on average 9 days (range
6-13) after the operation. The causes of death were cardiac
arrest in two cases and pneumonia with respiratory insuf-
ficiency in one case. The overall mortality rate was 8.6%.
Comparing the two study groups, we found no statistically
significant influence on fracture healing with regard to
morbidity and mortality rates (Table 2).

Clinical results were obtained in 25 patients (75.8%)
with a complete follow-up of at least 2 years after the
initial operation (average 6.2 years, range 2.7-10.7 years).
The Smiley-Webster functional outcome scale, grading the
results from excellent (1) to poor (4), averaged to 1.65 for
all patients. We found a return to pre-injury activity levels
in 71.4%. Cervical spine movement was normal in 57.1%.
10.7% of the patients complained a restriction of cervical
range of motion of more than 30%. None of the patients
presented with neurologic deficits, regular pain or severe
symptoms. A bony fracture union, documented by plain
transoral and lateral radiographs, was achieved in 18 of
these patients (72.0%) on average 7.5 weeks (range
5.1-11.0 weeks) after the operation (Fig. 1).

Conclusion

The technique of direct anterior screw fixation has been
widely accepted as the treatment of choice for Type II
fractures of the odontoid process. Other options, available
for the management of these injuries, include atlantoaxial
fusion with posterior transarticular screw fixation of C1 and
C2 and combination with interlaminar bone grafting, pos-
terior fusion utilizing a screw-rod-system in C1 and C2 and
direct anterior transarticular screw fixation [12—-16, 19-23].

Several authors have suggested posterior cervical fusion
as the method of choice for the treatment of odontoid
fractures in elderly patients, whereas others found suc-
cessful results using anterior screw fixation [1, 4, 12, 16,
19-23].

The influence of determining factors that may compro-
mise fracture healing in geriatric patients remains a con-
troversial issue. The most recent study on this topic was
published by Cho et al. [17], who found a statistically
significant correlation between fusion failure and delayed
surgery (>1 week) and a fracture gap >2 mm, whereas no
association with patient age and fracture displacement was
detected. This confirms the observation of Koivikko et al.
[18], who reported a significant correlation between non-
union and a fracture gap size >1 mm, a posterior
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displacement >5 mm and a delayed start of treatment
>4 days in conservatively treated patients. In our study,
initial displacement, fracture angulation and size of the
fracture gap tended to be larger.

The correlation shown in our study suggests an associ-
ation between fracture type, severity of fracture commi-
nution, postoperative quality of fracture compression,
severity of concomitant osteoporosis and degeneration of
the atlanto-odontoid joint. Anatomical variations in cervi-
cal length and construction of the anterior thoracic wall
present demanding intraoperative preconditions that may
further negatively impair effective fracture healing.

Hypothetically, the avoidance of a rigid fixation of the
atlanto-axial joint by posterior or anterior fusion techniques
to preserve cervical spine movement without noticeable
restrictions, may not necessarily imply a crucial benefit on
geriatric patients’ subjective outcome [13].

With physiological cervical spine motion, osteoporotic
bone promotes the formation a cone-shaped excavation
around the screw shank that may reduce the anchorage of
the screw at dens-body junction (Fig. 2). These conditions
may facilitate an oscillating movement of the odontoid
fragment and the implants related to the axis body which
interferes with fracture compression and fixation (Fig. 3).

Demographical data, association to additional injuries,
fracture type, displacement of the fracture after trauma and
pre-existing diseases were distributed similar to previous
reports in literature. The functional outcome assessed by the
Smiley-Webster scale was only slightly poorer compared to
results in recent publications. If bony consolidation occurs,
our clinical results are comparable to literature [4].

Fig. 1 Fracture reduced and compressed after anterior screw fixation.
Mild osteoarthritic changes at CO-C2 levels. Signs of mild osteoporosis
in axis body and odontoid process. Uneventful bony consolidation
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Fig. 2 Odontoid non-union with anterior screw in situ. Screw thread
anchored in sclerotic bone at apex. Cone-shaped excavation at axis
body and dens-body junction opening into fracture gap

Fig. 3 Odontoid non-union after anterior screw fixation. Obliteration
of atlanto-odontoid joint space and calcification of the apical and
transverse odontoid ligaments. Cone-shaped excavation at axis body
and dens-body junction

The number of patients included in our study is small,
the retrospective approach to an intuitive presumption
might be problematic but, nevertheless, we believe that our
data support the results of previous investigations in liter-
ature as well as might serve as a useful basis for the
selection of the operative treatment method in geriatric
patients.

Our study suggests that failure to heal following direct
anterior screw fixation of the odontoid process is associated
to (1) suboptimal fracture reduction, (2) suboptimal posi-
tion of implant following demanding intraoperative con-
ditions and (3) quality of fracture compression. We prefer
primary posterior atlanto-axial fusion in cases with (1)
moderate degenerative changes in the atlanto-odontoid
joint, (2) moderate osteoporosis in the odontoid process, (3)
posterior oblique fracture type and (4) severe fracture
comminution.

Conflict of interest None.
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