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Abstract

Introduction  Odontoid diameter in some individuals may
not be large enough to accommodate two 3.5-mm cortical
screws for anterior odontoid fracture fixation. The study
was performed to evaluate, in a Brazilian population, the
diameter of the odontoid process and the feasibility of
using two 3.5-mm cortical screws for anterior odontoid
fracture fixation.
Materials and methods Computed tomographic (CT)
scans of 88 adult patients (aged 18-78 years) were
analyzed; 40 patients (45%) were male (mean age:
43.08 years) and 48 (55%) were female (mean age:
43.39 years). The minimum external and internal antero-
posterior and transverse diameters of the odontoid process
on sagittal and coronal planes were measured on CT
multiplanar reconstructions of the cervical spine.

Results The mean value of the minimum external
anteroposterior diameter was 10.83 + 1.08 and 7.53 +
1.10 mm for the minimum internal anteroposterior diam-
eter. The mean value of the minimum external transverse
diameter was 9.19 & 0.91 and 6.07 & 1.08 mm for the
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minimum internal transverse diameter. The mean AP
diameter was significantly larger than the mean transverse
diameter; 57 (65%) individuals had the minimum external
transverse diameter >9.0 mm that would allow the inser-
tion of two 3.5-mm cortical screws with tapping, and five
(6%) individuals had the minimum internal transverse
diameter >8.0 mm that would allow the insertion of two
3.5-mm cortical screws without tapping.

Conclusions The insertion of two 3.5-mm cortical screws
was possible for anterior fixation of odontoid fracture in 57
(65%) individuals of our study, and there was no statistical
difference between males and females.

Keywords Odontoid process - Dens - Quantitative
computed tomography - Spiral computed -
Fracture fixation - Internal - Orthopedic fixation devices

Introduction

The anterior fixation of odontoid fractures is the treatment
of choice in selected patients with type II and III fractures
according to Anderson and D’Alonzo classification [1],
depending on fracture type, patient, and technical factors
[2, 8]. This technique involves placement of one or two lag
screws through the anterior inferior margin of the body of
axis, directed superiorly into the dens and across the
fracture side [3, 9]. Odontoid screw fixation enables a
direct osteosynthesis of the fracture [3, 8, 9], spares
atlantoaxial rotation, and provides optimum conditions for
bone fusion with high fracture union rates [2, 7, 8].

The anterior odontoid screw fixation technique was
originally described with two screws [3, 5]. However, there
has been debate over whether one or two screws is optimal
for fracture fixation [7, 12] and whether it is always
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possible to use two screws for anterior odontoid fixation
[10, 14]. Insertion of two screws is difficult or even risky in
certain patients [14]. As screws are placed side by side in
the coronal or the transverse orientation, the transverse
diameter is the critical anatomical dimension of the
odontoid process for this technique [9, 10]. Nucci, based on
mathematical calculations defined the smallest external
transverse diameter of the odontoid process that would
allow the introduction of two 3.5-mm cortical screws with
tapping is 9.0 and 8.00 mm without tapping [10].

As the anatomic dimensions are critical factors in
odontoid internal fixation with two screws, studies con-
cerning the anatomical measurements of the odontoid in
different populations were performed [10, 14]. Despite
anterior odontoid screw fixation reports in the Brazilian
population and the difficulty of inserting two screws in
some patients [11, 12], morphology of the odontoid process
has received little attention in morphometric studies to
quantify aspects of the odontoid process related to the
anterior odontoid screw fixation.

The goal of the study was to evaluate the diameter of the
odontoid process and to observe the feasibility for anterior
internal fixation of odontoid fractures using two 3.5-mm
cortical screws with and without tapping.

Materials and methods

The local institutional review board (IRB) approved the
study. Eighty-eight consecutive computed tomographic
(CT) scans of cervical spine were used in the study based
on volumetric data acquisition and isotropic multipla-
nar reconstructions. None of them had any problems
related to the upper cervical spine. The presence of tumor,
infection, severe degenerative disease, fractures, and
congenital malformation were considered as exclusion
criteria.

All patients were adults aged 18-78 years (mean:
43.08 £ 13.83). There were 40 men (aged 19-69, mean:
42.47 £ 15.56) and 48 women (aged 18-78, mean:
43.39 + 12.31) (Table 1). CT scans were performed using
a multiple row-detector helical scanner (SOMATOM
Emotion 6—Siemens Medical System, Inc, Iselin, NJ). All
measurements were performed in the multiplanar recon-
struction (MPR) in the sagittal and the coronal planes. All
the measurements were made perpendicular to the long
axis of the odontoid process.

On the coronal and the sagittal planes, the minimum
external and internal transverse and anteroposterior diam-
eters were the selected parameters for evaluations (Figs. 1,
2). Measurements of the selected parameters for the study
were performed manually with a digital cursor in the
multiplanar reconstructions (MPR).

The minimum external transverse diameter (METD) of
the odontoid process was defined as the smallest external
dens measurement in the coronal plane (Fig. 1a). The min-
imum internal transverse diameter (MITD) was the smallest
dens measurement in its internal cortex in the coronal plane
(Fig. 1b). The minimum external anteroposterior diameter
(MEAD) was the smallest external diameter in the sagittal
plane (Fig. 2a), and the minimum internal anteroposterior
diameter (MIAD) is the smallest measurement in its internal
cortex in the sagittal plane (Fig. 2b).

Statistical comparisons between variables within gender
were tested using Student’s ¢ test after verifying that the
distribution of the variables was normal (p < 0.05 is sig-
nificant). Fisher’s exact test was used to examine the sig-
nificance of the association between sex and METD
smaller than 9 and 8 mm (Statistical Package for Social
Sciences—SPSS Version 11.0).

Results

The mean values of AP diameters (MEAD) were signifi-
cantly larger than those of transverse diameters (METD)
(p = 0.007). The mean values of MEAD and MIAD were
significantly larger in men (p < 0.001).

The mean values of METD were larger but not statis-
tically significant in men (p = 0.101), while that of MITD
was larger and statistically significant in men (p < 0.016).

Table 1 outlines all the minimum external and internal
transverse and anteroposterior diameters. Table 2 outlines
the mean values, standard deviation, range, and statistical
comparison between the minimum external and internal
transverse and AP diameters of all individuals and between
men and women.

Minimum external transverse diameter (METD) bigger
than 9.00 mm and suitable for placement of two 3.5-mm
cortical screws with tapping [9] was observed in 57 (65%)
of the individuals. 29 (72.5%) were males and 28 (58%)
females, and there was no statistical difference between
men and women (p = 0.186) (Figs. 3, 4).

The minimum internal transverse diameter bigger than
8.00 mm and suitable for placement of two 3.5-mm corti-
cal screw without tapping was observed in 5 (6%) of the
individuals. 4 (10%) individuals were male, 1 (2%) female,
and there was no statistical significance between males and
females (p = 0.172) (Fig. 5).

Discussion
There is no high- or moderate-quality evidence to guide

surgical management of unstable type II odontoid fractures.
The treatment has been recommended based on the
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Table 1 Individual values of the minimum transverse and anteroposterior diameters of the odontoid process

No. of patients Sex Age Minimum transverse diameter (mm) Minimum anteroposterior diameter (mm)
External (METD) Internal (MITD) External (MEAD) Internal (MIAD)
1 M 33 10.04 5.93 11.27 7.43
2 M 55 10.02 7.09 10.85 8.06
3 M 36 1091 7.67 12.44 9.48
4 M 69 8.80 6.92 12.61 9.14
5 F 28 9.11 4.92 11.58 6.95
6 F 45 9.68 5.02 10.38 8.05
7 M 24 9.45 6.73 11.44 7.05
8 F 28 9.13 5.13 10.15 6.76
9 F 43 9.15 5.37 9.20 5.99
10 M 46 7.51 3.54 11.13 7.84
11 F 41 8.88 6.95 11.36 8.66
12 M 22 11.19 8.03 12.00 9.28
13 F 31 9.34 5.92 10.14 6.48
14 F 45 8.59 5.26 8.88 6.47
15 F 53 8.74 4.60 11.36 7.34
16 M 52 8.25 5.37 10.19 6.22
17 F 51 9.45 6.34 10.87 8.08
18 F 45 8.44 5.19 9.44 6.85
19 F 41 9.20 5.85 10.96 7.00
20 M 41 9.01 5.73 10.82 7.74
21 F 73 9.37 6.70 11.30 8.15
22 F 62 9.26 5.92 10.50 7.39
23 F 78 8.96 5.93 9.39 6.44
24 F 37 9.30 6.41 10.07 6.76
25 M 37 9.55 6.26 11.18 8.06
26 M 61 9.64 7.01 12.08 8.05
27 M 68 10.35 8.19 11.27 8.40
28 F 43 8.82 5.83 8.56 5.63
29 M 51 9.19 5.90 13.38 9.95
30 M 49 9.83 7.16 12.18 8.82
31 M 23 8.21 6.24 11.98 9.33
32 M 22 10.22 6.90 11.90 7.71
33 M 50 8.68 5.83 10.64 791
34 M 50 9.98 5.99 12.30 6.80
35 F 39 9.55 6.71 9.95 6.48
36 F 45 9.59 6.88 11.30 7.62
37 M 63 9.11 5.39 10.56 6.78
38 F 63 9.34 4.80 11.10 6.73
39 M 44 9.27 6.18 9.60 6.22
40 F 32 10.07 5.92 10.81 8.24
41 M 19 9.75 6.40 12.19 9.16
42 M 22 7.16 4.16 11.55 8.46
43 M 22 8.57 5.59 11.12 7.40
44 F 41 8.00 5.58 10.99 7.23
45 M 58 9.63 6.85 10.40 7.73
46 M 55 9.06 6.96 12.57 8.51
47 F 57 11.24 8.56 10.63 6.86
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Table 1 continued
No. of patients Sex Age Minimum transverse diameter (mm) Minimum anteroposterior diameter (mm)
External (METD) Internal (MITD) External (MEAD) Internal (MIAD)
48 M 20 9.73 7.08 10.91 8.26
49 F 27 8.20 5.46 11.41 7.62
50 F 40 9.12 6.91 10.36 7.53
51 F 54 9.55 6.88 9.39 6.40
52 F 51 9.43 4.85 10.09 6.58
53 F 57 9.11 7.22 10.26 7.76
54 F 24 9.74 5.60 12.11 8.56
55 F 43 8.77 5.61 10.68 8.47
56 F 47 8.27 5.69 9.50 6.60
57 F 41 8.57 4.73 9.73 6.45
58 F 57 7.23 4.78 9.85 6.48
59 F 44 9.13 6.68 9.05 5.96
60 F 49 9.14 6.35 9.38 6.39
61 F 38 8.65 4.32 9.05 443
62 F 22 8.28 5.60 9.89 6.90
63 M 39 8.66 5.04 11.45 7.84
64 F 56 8.51 5.05 10.11 7.56
65 M 34 10.82 7.41 12.48 8.54
66 F 48 9.45 6.95 12.09 8.21
67 M 65 9.77 6.52 11.23 7.23
68 M 51 5.90 3.58 11.26 8.27
69 F 18 8.20 5.43 9.46 5.88
70 M 30 11.56 8.60 11.37 8.00
71 M 45 9.81 6.98 12.15 9.38
72 M 28 9.16 6.03 11.45 8.48
73 M 26 9.37 7.49 12.10 8.59
74 F 44 8.26 5.01 9.74 6.89
75 F 33 9.08 5.69 10.49 7.77
76 M 24 10.32 6.79 12.12 8.28
77 M 48 8.26 5.41 11.51 8.81
78 F 46 10.65 7.19 10.32 6.43
79 F 35 9.20 5.24 8.90 5.71
80 M 60 9.09 5.76 12.40 8.35
81 F 35 8.80 5.45 9.63 9.90
82 F 51 9.23 5.10 10.79 6.26
83 F 42 9.22 7.25 9.75 6.81
84 F 26 8.77 5.84 9.03 6.04
85 M 68 7.80 4.26 11.81 7.43
86 F 34 8.15 4.47 9.46 6.03
87 M 54 9.99 8.28 12.19 9.62
88 M 35 10.78 7.40 11.36 8.21

combination of expert opinion, patient and surgeon choice,
and the best available evidence [2, 4, 8, 11, 14]. The
anterior or the posterior surgical decision-making should
be based on parameters related to the fracture, bone quality
of the patient, and technical factors [2, 4, 8, 11, 14].

Anterior screw fixation has been the method of choice
for unstable type II and cephalad type III odontoid fractures
[2, 4,5, 8, 11]. Initially, it was proposed using the 2-screw
technique considering that it would provide superior
mechanical stability [2, 3]. Odontoid diameters of some
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Fig. 1 Minimum external (a) and internal (b) transverse diameter of the odontoid process

Fig. 2 Minimum external (a) and internal (b) anteroposterior diam-
eter of the odontoid process
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Fig. 3 Percentage of individuals with minimum external transverse
diameter <9.0 mm

individuals may not be large enough to accommodate two

3.5-mm cortical screws. Insertion of two screws is difficult
or even risky in certain patients. Although this technical
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Fig. 4 Scattergraph demonstrating the minimum external transverse
diameter (METD) of the odontoid process in the male and the female
groups. The points below the line represent the 11 individuals in
whom the odontoid was too small to accommodate two 3.5-mm
screws

difficulty has not been emphasized in the initial reports, it
probably occurred with the use of the technique in different
regions and was the motivation to perform quantitative
morphometric studies related to the fixation of odontoid
process [10, 14].

The smallest diameter of the odontoid process in the
sagittal and coronal plane is located in the region of
transverse ligament of the atlas [13]. The reported AP
diameter of odontoid process is significantly larger than the
transverse diameter [13, 14], and we also have observed
this result. However, external AP diameter smaller than
9.00 mm was not observed in other studies [10, 14], and we
had three females with MEAD smaller than 9 mm. The
transverse diameter of the dens is the smallest diameter and
is the critical diameter for the placement of two screws as
they are placed side by side in the coronal or the transverse
plane [10]. The smallest transverse diameter of the odon-
toid process for the placement of two 3.5-mm cortical
screws is 9.0 mm with tapping and 8.0 mm without tapping
[10]. The critical value of 9.0 mm considered that the inner
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Table 2 Values of the parameters studied and comparison between men and women

MEAD (mm) MIAD (mm)

METD (mm) MITD (mm)
Male (40) 9.36 £ 1.12 (5.9—11.56) 6.37 £ 1.20 (3.54—8.6)
Female (48) 9.04 £ 0.67 (7.23—11.24) 5.82 + 0.90 (4.32—8.56)
Total (88) 9.19 £ 0.91 (5.59—11.56) 6.07 £ 1.08 (3.54—8.6)

p = 0.101 p = 0.016%

11.59 + 0.76 (9.6—13.38)
10.20 £ 0.88 (8.56—12.11)
10.83 £ 1.08 (8.56—13.38)

8.17 £ 0.89 (6.22—-9.95)
7.0 £ 0.97 (4.43-9.9)
7.53 £ 1.10 (4.43-9.9)

* Means statistical difference between men and women groups

cortex of the odontoid process is tapped, leaving at least
0.5 mm of cortical bone outside the screws and a minimum
of 1.0 mm of spacing between the implants. However, if
the inner cortex is not tapped, the intramedullary diameter
must be at least 8.0 mm to accommodate two Screws,
considering that the two implants lie up against the lateral
cortex with 1.0 mm of distance between them [10].

According to the mentioned parameters, 65% of the
individuals of our study had odontoid diameter suitable for
two 3.5-mm cortical screw fixation with tapping. Higher
percentages were observed in Caucasians (95%) [10] and
Malaysians (72%) [14]. The smallest value of METD of
our study was 5.59 mm (male), and it was lower than the
smallest value observed in Malaysians and Caucasians [9,
10, 14]. Similar to our results, in both studies, there were
no difference between males and females [9, 10, 14].

In our study, almost all (96%) the patients had MITD
smaller than 8.00 mm, showing that the vast majority of
the population does not accommodate two screws without
tapping. In Caucasians, 67% of the population present this
characteristic [10]. In both populations, there were great
variabilities in cortical thickness. One possible reason for
the smaller values found in our study compared to the lit-
erature [10, 14] may be that the measurements were per-
formed based on the reconstructions in the sagittal and the
coronal planes, which ensures that these values are actually
the lowest in those planes. In other studies, measurements
were made on axial slices [10, 14].

The minimum external and internal transverse diameter
of odontoid process for insertion of two 3.5-mm cortical
screw with or without tapping was proposed by Nucci et al.
[10] and has been used as a reference value in other studies
[14]. The critical value for two 3.5-mm cortical screw
insertion with tapping was proposed considering the height
of the odontoid fracture, the length of the screw, and the
amount of lateral cortex penetration. The critical transverse
diameter can be even bigger in patients with relative
smaller odontoid height or more proximal odontoid frac-
tures. The individual anatomy of the odontoid process and
fracture localization should be considered in the preoper-
ative patient evaluation.

The critical value of 8 mm of the internal transverse for
insertion of two 3.5-mm cortical screws without tapping

p < 0.001* p < 0.001%*
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Fig. 5 Scattergraph demonstrating the minimum external transverse
diameter (METD) of the odontoid process in the women’s group. The
points below the line represent the 20 patients in whom the odontoid
was too small to accommodate two 3.5-mm screws

assumes that screw lie up against the lateral cortex. The
percentage of individuals in our series was much smaller
than values reported [10, 14], and the difference could be
related to the method used to measure the internal diame-
ter. The internal transverse diameter is actually the intra-
medullary odontoid canal, which is influenced by the thick
irregular odontoid cortices [10, 13]. The odontoid process
does not have a circular intramedullary canal, and the
thickness and irregular areas of the transverse inner cortical
diameter may lead to differences and lower values
observed in our series. However, the smallest diameter
observed in our series was 3.58 mm, and it would be fea-
sible for one 3.5-mm cortical screw insertion.

The anterior fixation of odontoid process is a safe and
effective method for the treatment of fractures, and good
results are directly related to its correct indication [5, 6, 8]
and correct performance of the surgical technique [2] so
that the biomechanical principles can be correctly applied.
Proper instrumentation of the odontoid fracture requires the
screw acting as a lag screw pulling the fractured odontoid
fragment against the body of axis. One or two screw
techniques have been advocated [2, 7, 11, 12], and the
results of our study indicate that in about one-third of
patients, the dimensions of the odontoid process do not
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allow the placement of two implants. An alternative for
these patients is to use two screws of smaller diameter or a
single screw. Two-screw fixation provides better stability
in rotation and extension, but there are no significant dif-
ferences in the union rate [7, 8, 12].

Considering the percentage of individuals observed
in our study with odontoid diameter unsuitable for two
3.5-mm cortical screw insertion, in Brazilians, the preop-
erative evaluation of the odontoid process transverse
diameter, mainly the external transverse diameter, should
be performed to evaluate the safety and the feasibility of
two-screw fixation technique. The surgeon should be aware
and prepared to use an alternative technique instead of a
two 3.5-mm cortical screw anterior odontoid fixation for
surgical treatment of odontoid fractures.

Conclusions

About one-third of the patients in our population had the
minimum external transverse diameter less than 9 mm,
indicating impossibility for the introduction of the second
implant within the odontoid process and the need for
proper preoperative planning.
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