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Efficacy of anterior odontoid screw fixation in the elderly patient:
a CT-based biometrical analysis of odontoid fractures
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Abstract In the elderly population, reported union rates
with anterior odontoid screw fixation (AOSF) for odontoid
fracture (OF) treatment vary between 23 and 93% when
using plain radiographs. However, recent research revealed
poor interobserver reliability for fusion assessment using
plain radiographs compared to CT scans. Therefore, union
rates in patients aged >60 years treated with AOSF have to
be revisited using CT scans and factors for non-union to
be analysed. Prospectively gathered consecutively treated
patients using AOSF for odontoid fracture with age
>60 years were reviewed. Medical charts were assessed
for demographics, clinical outcomes and complications.
Patients’ preoperative radiographs and CT scans were
analysed to characterize fracture morphology and type,
fracture displacement, presence of atlanto-dental osteoar-
thritis as well as a detailed morphometric assessment of
fracture surfaces (in mmz). CT scans performed after a
minimum of 3 months postoperatively were analysed
for fracture union. Those patients not showing CT-based
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evidence of completely fused odontoid fracture were
invited for radiographic follow-up at a minimum of
6 months follow-up. Follow-up CT-scan were studied for
odontoid union as well as the number of screws used and
the square surface of screws used for AOSF and the related
corticocancellous osseous healing surface of the odontoid
fragment (in %) were calculated. Patients were stratified
whether they achieved osseous union or fibrous non-union.
Patients with a non-union were subjected to flexion—
extension lateral radiographs and the non-union defined as
stable if no motion was detected. The sample included 13
male (72%) and 5 female (18%) patients. The interval from
injury to AOSF was 4.1 &+ 5.3 days (0-16 days). Age at
injury was 78.1 & 7.6 years (60-87 years) and follow-up
was 75.7 £+ 50.8 months (4.2-150.2 months). 10 patients
had dislocated fractures, 14 had Type II and 4 “shallow”
Type III fractures according to the Anderson classification,
2 had stable Cl-ring fractures, 8 had displayed atlanto-
dental osteoarthritis. Fracture square surface was 127.1 +
50.9 mm? (56.3-215.9 mm?) and osseous healing surface
was 84.0 £ 6.8% (67.6-91.1%). CT-based analysis
revealed osseous union in 9 (50%) and non-union in 9
patients (50%). Union rates correlated with increased
fracture surface (P = 0.02). Statistical analysis revealed a
trend that the usage of two screws with AOSF correlates
with increased fusion rates (P = 0.06). Stability at C1-2
was achieved in 89% of patients. CT scans are accepted as
the standard of reference to assess osseous union. The
current study offers an objective insight into the union rates
of odontoid fractures treated with AOSF using CT scans in
consecutive series of 18 patients >60 years. Literature
serves evidence that elderly patients with unstable
OF benefit from early surgical stabilization. However,
although using AOSF for unstable OF yields segmental
stability at C1-2 in a high number of patients as echoed in
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the current study, our analysis stressed that using follow-up
CT scans in comparison to biplanar radiographs dramati-
cally reduces osseous union rates compared to those
previously reported for AOSF.

Keywords Odontoid fracture - Elderly patient -
Anterior odontoid screw fixation - CT scan -
Osseous fusion

Introduction

Odontoid fractures (OF) are the most common cervical
spine fracture in patients aged older than 70 years and even
the most common spinal fracture of patients aged older
than 80 years [1-5]. Treatment of OF yields for stable
osseous fusion to avoid the risk of late neurologic deteri-
oration due to instability at C1-C2.

Previous studies served evidence for increased risk of
pseudoarthrosis with OF treatment in the elderly [6-11]
correlating with the different techniques available and their
related morbidity [12]. Accordingly, the decision making
process regarding the ideal method remains challenging.

Anterior odontoid screw fixation (AOSF) has been pro-
ven to be a valuable method in the elderly population. First
described by Bohler [13], several studies also reported on
technical details, surgical outcomes and complications [2, 6,
14-25]. AOSF allows osteosynthesis of reduced OF through
a non-traumatic standardized surgical approach if compared
to the posterior approach [26] and can preserve atlantoaxial
motion. Contraindications such as remote or compound
fractures have to be respected for successful surgery [6, 27].
Using AOSF, overall fusion rates were reported with up to
84-96% [14-25] and 23-93% in the elderly population
[6-11, 28, 29]. The impact of patients’ age at index surgery
on outcome was discussed controversially. While it was
shown to have significant impact on union rates in several
studies [6—10, 30], other authors did not find a significant
correlation between age and union rates [15, 18, 20, 31].
Besides age, the number of screws used for AOSF might
have significant impact on union rates, too. However, while
biomechanical studies supported the use of AOSF using
single screws only based on axial torque stiffness mea-
surements [22, 32, 33] and most clinical studies so far have
shown no significant advantage by placing two screws
[18, 20, 34], a recent clinical study indicated that usage of
two screws in the elderly patient might be beneficial [28].

Notably, assessment of union in previous outcome
studies on AOSF in the elderly [6-11, 28] was based
on radiographs only, while a recently published study
demonstrated that reliability of OF union assessment is
moderate using radiographs only if compared to CT scans
as the standard of reference [35].
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Because osseous union is an important outcome anchor
in benchmark studies concerning the ideal treatment of OF
in the elderly, aim of this study was to evaluate the union
rate of odontoid fractures treated with AOSF in patients
aged >60 years using CT scans for fusion assessment and
the identification of biometrical and technical risk factors
for non-union.

Methods

The institutional database of prospectively gathered
patients treated for cervical spine injuries was reviewed.
Patients treated with AOSF for OF were included into the
study if they fulfilled the following criteria: age 60 years or
greater at time of index surgery, preoperative biplanar
radiographs and reformatted CT scans, CT scans available
as digital DICOM data sets, AOSF performed within
10 days after trauma, patients with or without a stable non-
displaced Cl-ring fracture without transverse ligament
incompetence, no evidence of subaxial spinal injury, no
second or third grade skull and brain injury, no history of
failed non-surgical OF treatment, and patients that had
complete radiographic follow-up which was defined as
having a follow-up CT scan at least 3 months after the
index surgery showing a solid fusion of the OF or a CT
scan of at least 6 months postoperatively showing a non-
union on CT-scans. In the presence of a non-union with CT
scans, flexion—extension films had to be performed for
stability assessment of the non-union.

The database analysis revealed 32 patients older than
60 years of age who were treated with AOSF for OF.
During the follow-up period, 10 patients died due to rea-
sons not related to the OF and index treatment. 13 patients
had complete clinical and radiographic follow-up. 5
patients were invited to complete radiographic follow-up in
terms of CT scanning. Four patients who lived abroad
could not be tracked successfully and invited for follow-up.
Hence, 18 patients had complete radiographic follow-up,
full-filled eligibility criteria and were included in the final
analysis.

Patients’ charts were reviewed for demographics, injury
characteristics, number and diameter of screws used at
index surgery and any perioperative complication or revi-
sion surgery. We documented the time period a semi-rigid
cervical collar was applied postoperatively.

Radiographic assessment using biplanar radiographs and
reformatted injury CT scans before index surgery were
analysed for fracture displacement greater than 2 mm,
presence and classification of associated C1-ring injury and
classification of the fracture type according to Anderson
and D’ Alonzo [36]. Furthermore, CT scans were analysed
regarding atlanto-dental osteoarthritis which was defined as
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narrowed atlanto-dental joint space with osteophytosis
[37].

In the current study, the biometrical characteristics of
odontoid fractures at the time of injury were analysed for
the first time. For that purpose, injury CT scans were
revised and three parameters evaluated:

(a) Square fracture surface (in mmz): Axial images of the
preoperative CT scans were analysed for the diameter
of the proximal fragment and the square fracture
surface (Fig. 1, la, 1b) was calculated using the
following formula: A = r*r.

(b) Fracture length (in mm): Horizontal fracture surface
was measured on coronary plane of CT scans at its
widest expansion from point A to B (Fig. 1, 2a, 2b).

(c) Osseous healing surface (in %): The ratio between the
square surface of the fracture (a) and the square
surface of screws used (A = m/4 x screw diameter
d) was calculated and expressed as a percentage.

On follow-up CT scans we defined odontoid union and
non-union. Osseous union was defined with bone- and
trabecular bridging on at least three CT slides in the cor-
onary and sagittal planes (Fig. 2). In the absence of osseous
healing and solid fusion, the overall segmental stability at
C1-C2 was assessed through flexion—extensions films with
angulations greater than 4° [12] delineating an unstable
non-union (Figs. 2, 3).

Fig. 1 Description of
measurement reference points:
Square fracture surface (1a, 1b)
was calculated at the base of
fracture on an axial CT-slice
with the formula A = r*7.
Horizontal fracture surface was
measured on coronary CT scans
at its widest expansion from
point A to B (2a, 2b)

Reformatted follow-up CT scans were assessed for
technical failures, e.g., threads of lag screws within the
fracture trace, incomplete reduction, lack of fracture gap
compression, and others, as well as the presence of osseous
odontoid union and the number of screws used.

All radiographs were taken on a digital X-ray system
(Vertix 3D-III unit, Siemens, Germany) and radiographs
were stored digitally (PACS Magic View VC 42, Rel A,
Siemens, Germany). All cervical spine CT scans were
performed on a four-row helical CT scanner (SOMATOM
Volume Zoom, Germany) using a 14—18 cm field of view
with 4 x 1 mm collimation and overlapping axial slice
thickness of 1 mm.

With regards to the surgical technique, all AOSF were
performed using an anterior retropharyngeal approach,
fluoroscopy controlled drilling and placement of one or two
3.5 or 4.0 mm diameter lag screws according to the sur-
geons discretion. Further details of the technique used were
published elsewhere [13].

Statistical analysis included descriptive statistics such as
mean values, standard deviations, correlations and cross-
tabulation tables as well as independent two-sided Stu-
dent’s ¢ test and tests for Pearson’s correlation coefficient.
A P value less than 5% was considered to indicate a sta-
tistically significant effect. All analyses were done using
Statistica 6.1 (StatSoft, Tulsa) and SPSS 11.0 (SPSS Inc,
Chicago).
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Fig. 2 Illustrative case 1, union: 87-year-old female patient after fall from stairs, non-displaced OF treated with anterior double-screw fixation.

CT scan at 12 months follow-up revealed osseous union

Fig. 3 Illustrative case 2, non-union. 78-year-old male patient after a motor vehicle accident, displaced OF treated with single anterior screw

fixation. CT scan at 14 months follow-up displayed odontoid non-union

Results

18 patients with complete sets of preoperative and follow-up
CT scans were included in the study. The sample comprised
13 male (72.2%) and 5 female (17.8%) patients with a mean
age of 78.1 & 7.6 years (60-87 years) at injury. Mean
radiological follow-up with CT scans as outcome anchor was
75.7 £ 50.8 months (6.2-150.2 months). The interval from
injury to AOSF was 4.1 + 5.3 days (0-10 days). 10 patients
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(55.6%) revealed a fracture dislocation greater than 2 mm.
According to the Anderson classification, 14 (77.8%)
patients had Type II and 4 (22.2%) had high Type III frac-
tures (“shallow” Type III). In 2 cases an associated stable
Cl-ring fracture was found and 8 patients (44.4%) displayed
atlanto-dental osteoarthritis.

We identified 4 cases (22.2%) with evidence of a tech-
nical failure. In all of these cases, the threads of lag screws
were within the fracture trace. These patients had a
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non-union. Average duration of external orthosis applica-
tion was 6.3 weeks (4-10 weeks). 15 patients (83.3%)
were treated with a double-screw fixation, while in 3 cases
(16.7%) 1 screw was used.

The square surface of fractures at time of injury aver-
aged 127.1 £ 50.9 mm? (56.3-215.9 mm?) and, if put into
perspective of diameter of screws inserted, the osseous
healing surface averaged 84.0 & 6.8% (67.6-91.1%).
Mean fracture length in the coronary plane was 12.25 mm,
ranging from 7.9 to 17.62 mm.

Analysis of follow-up CT scans revealed solid osseous
union in 50% (n = 9) while the remaining 50% (n = 9)
had a non-union. 2 (11%) showed symptomatic, unstable
odontoid non-union indicating instrumented posterior
fusion of C1-C2, while in 7 cases (39%) no signs of
fracture instability in flexion—extension films were detected
and, thus indicated stable fibrous union without radio-
graphic signs of osseous union.

Osseous healing was observed in all 4 Type III fractures
(100%), osseous union rate among patients with Type II
fractures was 36.6% (n = 5). Overall, segmental stability
at the fracture site and at C1-2 either through osseous
fusion or through fibrous union was achieved in 89%
(n = 16)

Statistical analysis showed that the union rate significantly
correlated with increased square fracture surface (in mmz) as
with fracture length (in mm). Patients with osseous union had
a square fracture surface of 153.2 mm? (107.9-215.9 mm?)
and a mean fracture length of 13.2 mm (10.25-17.62 mm)
while those with non-union averaged 100.9 mm?* (56.3—
1964 mm?) and 11.1 mm (7.9-13.94 mm), respectively.
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Fig. 4 In patients with osseous union we found a mean horizontal
fracture length in the ap-view of 13.2 mm (10.25-17.62 mm) while
those with non-union averaged 11.1 mm (7.9-13.94 mm), the differ-
ence was significant at P = 0.02

The difference yielded significance for both measurements
(P = 0.02; Figs. 4, 5).

The square surface of screws with double AOSF
compared to single AOSF was significantly greater
(P > 0.0001). Evaluated osseous healing surface, calcu-
lated as the ratio between screw diameter and square
fracture surface, had no statistically significant impact on
union rate. Although usage of two screws reduced the
osseous healing surface, trend was towards increased union
rates with usage of two screws, although analysis failed to
yield statistical significance (P = 0.06). No patient treated
with single AOSF (n = 3) showed CT scan-verified osse-
ous union.

In addition, patients with longer interval from injury to
postoperative CT scans were found more likely to succeed
to osseous union. Patients with osseous union had mean of
101 months (ranging from 12 to 150.2 months) interval,
while those with non-union had 42.4 months interval
(ranging from 6 to 136 months; P = 0.01, see also Fig. 6).

Statistically, the development of osseous union was not
influenced by age or sex of the patient, the interval from
injury to index treatment, the presence of fracture dislo-
cation >2 mm or concomitant C1 fracture, the presence of
atlanto-dental osteoarthritis, or by the amount of osseous
healing surface, the diameter of screws used (3.5 or
4.0 mm) and presence of a technical failure.

Analysis of perioperative complications identified one
patient (5.5%) that had a gastrointestinal haemorrhage after
intubation and subsequent gastric tube application. No
patient in the current series suffered from neurovascular
injury (Table 1).
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Fig. 5 Patients with osseous union had a square fracture surface of
153.2 mm? (107.9-215.9 mmz), those with non-union averaged
100.9 mm? (56.3-196.4 mm?), P = 0.02
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Fig. 6 Statistical analysis of differences in fusion rates regarding the
interval from trauma to follow-up CT scan yielded significance at a
P =0.01

Discussion

Treatment options for OF include external orthosis fixation
or surgical stabilization. Regardless of the increasing prev-
alence of OF among senior patients, the ideal treatment
remains controversial. Since several authors reported on a
morbidity and mortality of geriatric patients following
external cervicothoracic immobilization of OF equalling that
of surgical treatment [38—40], we also prefer surgical treat-
ment of unstable and/or dislocated Type II and III OF for the
purpose of faster recuperation and better clinical results. In

the light of significant non-union rates of up to 93% [2, 4, 7,
10, 11, 41-51] and a fourfold higher risk to suffer from
pulmonary or cardiac complications for an elderly patient
immobilized in a Halo Thoracic Vest (HTV) for OF treat-
ment [39], a semi-rigid cervical collar is recommended as
non-surgical treatment of stable and non-displaced OF or if
surgical treatment is not contrivable due to the general state
of health. Recently, usage of the semi-rigid cervical collar
was shown to confer a comparable capacity in limiting
motion at C1-2 if compared to the HTV [12].

In view of distinct surgical and medical aspects, litera-
ture serves sufficient evidence that surgical treatment of
displaced OF is beneficial [3, 39, 40, 45, 52, 53]. The
current rigid techniques for the treatment of OF include an
instrumented posterior fusion of C1-2 or AOSF. While
posterior fusion was so far considered to have higher rates
of osseous union of C1-2 in elderly patients of up to 100%
[54], rather discouraging outcome reports after AOSF
among elderly patients with non-union rates of as much as
77% [10] were published. Reason for high non-union rates
is thought to be, e.g., a consequence of extensive posterior
dislocation in Type II fractures (here 88% [10]) [7-9, 11,
41-43, 55]. Julien et al. [14] reviewed a mean overall union
rate of 85.5% with posterior instrumented fusion of C1-2,
while the fusion rates after AOSF were reported with 95,
90% for Type II and 100% for Type III. The results were
echoed in several other studies with fusion rates ranging
84-96% [14-25].

In the current study, we obtained an osseous union rate
of 50% while fractures succeeded to a stable union either

Table 1 Results after AOSF in

elderly patients Osseous fusion Non-union LoS
Fracture type (n = 18) n.s
Type 11 5 9
Type 111 0
No. of screws (n = 18) P = 0.06
Single 0 3
Dual 9 6
Fracture surface (mm, coronary) 13.2 (10.25-17.62) 11.1 (7.9-13.94) P =0.02
Fracture surface (mm?, axial) 153.2 (107.9-215.9) 100.9 (56.3-196.4) P =0.02
Time to FU-CT (months) 101 (12-150.2) 42.4 (6-136) P =0.01
Osseous healing surface (%) 86.5 (82.2-91.1%) 81.4 (67.6-90.7%) n.s.
ADOA (n = 18) n.s.
Yes 1 5
No 8 4
Technical failure n.s
Yes 0 4
No 9 5
Dislocation >2 mm n.s
LoS level of significance, ADOA Yes 6 4
atlantodental osteoarthritis, n.s. No 5 3

not significant
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through osseous fusion or through fibrous union in 89% of
cases.

The meaningful variety of reported union rates follow-
ing treatment of OF in the literature and compared to our
study result from our follow-up protocol. Previous studies
used dynamic and/or biplanar radiographs as outcome
anchor only.

Osseous union in the current study was confirmed using
CT scans as an outcome tool and only 50% of patients
showed solid union; therefore, lower than in most preced-
ing series. However, we found stability of the fracture site
through either osseous or stable fibrous union in 89% of
cases. This number is comparable to other studies where
distinction between osseous union and stable fibrous union
was limited by the use of radiographs only at follow up
[35].

Unquestioned remains the loss of 50% of normal C1-2
rotatory motion and 10% of flexion—extension capacity
associated with posterior fusion as compared to AOSF
although normal axial rotation is not gained after AOSF
[56, 57]. Posterior cervical fusion is furthermore associated
with increased approach-related morbidity than AOSF
[26]. Platzer et al. [54] found even significant better
functional outcome after AOSF with excellent-to-good
results compared to patients after posterior fusion with an
average outcome of good-to-fair results in the Smiley-
Webster scale and clearly better clinical results regarding
daily life activities and pain after AOSF.

Rates of major perioperative complications after AOSF
in the recent literature ranged from 1 to 9% [15-18, 20, 28,
58, 59] which is comparable with our rate of 5.5%.

In light of the existing literature without clear evidence
for a preferable technique [18, 22, 25, 28, 34, 43, 60-62],
the decision regarding the number of screws in our cohort
was taken by the surgeon depending on individual pref-
erence. Bohler [13] advocated a two screw fixation, thus
theoretically increasing rotational stability and construct
strength. While this opinion was supported by several
authors [4, 13, 19, 60, 63], in the cadaveric model [33]
this effect of increased stability through a dual screw
system was not confirmed. However, this study did not
address the BMD of the specimen and thus, the relevance
of this study for elderly patients with poor bone quality
remains questionable. Dailey et al. [28] recently found
significantly increased union rates in elderly patients
using a two-screw construct and also our results, though
not significant (P = 0.06) indicated similar. A remarkable
finding of our study was a significant higher union rate
through an increased fracture footprint, explainable
through the endostal healing process of the odontoid, and
explaining higher healing rates of Type III OF. Consid-
ering this, it was surprising that diminishing the osseous
healing surface significantly using two instead of one

screw did not lead to lower union rates in patients treated
with a two-screw construct. This finding might be
explainable through the observed prolonged osseous
healing process of the OF in the elderly patient [28], with
a second screw adding rotational stability in the osteo-
porotic bone until fusion matures, thus increasing the
overall chance of fusion. Finally, our study with CT scans
at follow-up stressed that technical details during AOSF
can have an impact non-union rate. Meticulous care has to
be taken with screw threads engaging only the distant
odontoid fragment.

Limitations

Sample number of this present study was limited to 18
patients with OF. Further prospective comparative studies
assessing the outcome following AOSF in the light of the
presented results with larger sample number and specific
questions regarding the outcome especially among older
patients are required to confirm these findings. The results
and data are reported in detail and suitable for data pooling
for meta-analysis research. However, CT-based compari-
son will be decisive for future study on OF.

Conclusion

This is the first CT-based biometrical analysis of odontoid
fracture characteristics. In contrast to previous studies
dealing with this clinically relevant topic [1, 6, 9, 10, 15,
31, 64], all patients included in this study were subject to
not only pre- but also postoperative CT-scans, providing
valuable data regarding fracture properties and factors
influencing osseous union rates. Our findings confirmed
that AOSF in the recent reducible OF represents a safe
alternative to posterior fusion in the appropriately selected
elderly patient and fracture.

Even though osseous healing is supposed to happen
within the first 6 months after surgical stabilization, we
showed that through prolonged follow-up osseous fusion
rates significantly increased over time, indicating pro-
longed healing process in the elderly patient due to poor
bone quality. In the absence of pathologic motion pattern in
dynamic radiographs, we therefore recommend prolonged
follow-up without the need of intervention since this pro-
cess usually reflects a stable fibrous union with potential
for secondary osseous healing.

Though not statistically significant, we observed
increased fusion rates by the use of two screws which
might add stability especially in the setting of poor bone
quality with prolonged healing process. We therefore rec-
ommend the use of a double-screw construct whenever
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technically possible especially since no adverse factors
negatively influencing osseous healing were observed.

Although using AOSF for unstable OF yields stability at
the C1-2 junction in a high number of patients, our study
stressed that using follow-up CT scans dramatically redu-
ces radiological osseous union rates after AOSF compared
to previous, rather enthusiastic, reports on AOSF. For
comparative analysis, e.g. posterior fusion versus AOSF,
the current study emphasizes the need for follow-up CT
scans in future studies using fusion status as endpoint
anchor in outcome analysis of OF.

This study has been approved by the Institutional
Review Board and all human subjects gave informed
consent to participate in the study.
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