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Background: Based on standard computed tomography (CT) and micro-CT scan
axis images, our study aims to analyse the incidence of variation of non-fusion
ossification centre in the base of the odontoid and its anatomical structure char-
acteristics, to compare ossification centre images and analyse the possible features
of the ossification centre that can influence adult odontoid fractures.

Materials and methods: Fifty cases were selected for standard cervical CT of the
normal axis bone (second cervical) anatomy to calculate the incidence of variation
of the non-fusion ossification centre in the base of the odontoid and the indexes
of associated anatomical structure. In addition, five dry bone samples with the
odontoid were chosen for micro-CT to analyse the clear anatomic structure of
the trabecular bone in the ossification centre.

Results: Incidence of variation of non-fusion ossification centre in the base of the
odontoid was 28%. In the non-ossification group, the mean sagittal diameter of the
base of odontoid (SDBO, mm) was 7.64 + 1.29 mm, the mean transverse diameter of
the base of odontoid (TDBO, mm) was 7.14 + 1.55 mm, and the SDBO:TDBO ratio
was 1.1 = 0.22. In the ossification group, the mean SDBO was 7.7 + 1.15 mm, the
mean TDBO was 7.38 = 1.32 mm, and the SDBO:TDBO ratio was 1.07 = 0.21. There
was no significant difference in the associated indexes between the ossification and
non-ossification groups (p > 0.05). Micro-CT revealed the micro-structure of trabecular
bone in the ossification centre and the close relationship between the trabecular bone
and the odontoid. One existing non-ossification centre in the base of the odontoid
was found in the five odontoid images. The trabecular bone indexes chosen in the
target area of the ossification centre were weaker than those in other areas.
Conclusions: The variation rate of the non-fusion ossification centre in the base
of the odontoid is relatively high and may be an important factor in the aetiology
of type Il and Il odontoid fractures. (Folia Morphol 2020; 79, 1: 141-147)
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Figure 1. Computed tomography scan images of the normal adult odontoid. The red area shows there exits non-fusion ossification centre;
a1, b1. Sagittal position; a2, b2. Coronal position, a3, b3. Horizontal position.

INTRODUCTION

The axis (C-2) is the second cervical vertebra. There
are upwardly protruding finger-like protrusions on
the vertebral body, which are called odontoid and it
is associated segments behind the anterior arch of the
atlas. The atlantoaxial ligament is composed of the
cusp ligament, the pterygopalatine ligament and the
transverse ligament of the atlas. The adult odontoid
vegetative artery are basal artery and apical artery,
which are anatomised and denser at the base. The
axis is by far the most intricate of the upper vertebral
bodies, and plays an integral role in atlantoaxial joint
mobility, as well as stability of the cranio-cervical junc-
tion and upper cervical spine, while the odontoid is the
central anatomical structure of upper cervical spine ro-
tation, and its fracture can cause atlantoaxial instabil-
ity characterised by occipital and posterior neck pain,
especially with mild paraplegia and neuralgia, which
contributes to difficulty in diagnosis and treatment
[5, 10, 12, 19]. The incidence of odontoid fractures is
high and this results from relatively complex influential
factors and uncertain mechanisms. Type Il odontoid
fractures are the variety most frequently seen, and the
special features of the anatomy of the odontoid may
contribute to this finding [20]. The odontoid or dens
develops from a primary mesenchymal ossification
centre, and the epiphyseal plate of the ossification
centre lies between the odontoid and the anterior
body of the axis. Normally, the primary ossification
centre of the odontoid will fuse with the axial anterior
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body around at 6 years of age. If the ossification cen-
tre fails to fuse, it can form a potential mechanically
weak area, but the reason for non-fusion is still unclear
[14]. Based on standard computed tomography (CT)
and micro-computed tomography (micro-CT) scan
images of the axis, the aim of our study is to analyse
the incidence of variation of non-fusion ossification
centre and its micro-CT imaging characteristics [16,
18, 21], and to provide evidence for accurate infor-
mation about the relationship between the structure
of the ossification centre and type Il and Il odontoid
fractures, and its epidemiology.

MATERIALS AND METHODS

Standard CT data and scan indexes

We retrospectively analysed the CT scan images
of the cervical spine with no odontoid structure var-
iation in 50 consecutive patients who were selected
for cervical CT scan of the normal central axis in the
affiliated hospital from January to September 2018.
In this cohort, there were 24 male and 26 female
patients with ages ranging from 31 to 78 (mean age:
58) years. This type of study does not require formal
consent of the patients (Fig. 1). The Z-axis flying focal
spot technique was used to collect 64-row images
using normal CT (Siemens CT, Siemens AG, Munich,
Germany) with scan scope ranging from the skull
base to the neck, scan index of 0.625 mm collimation
value, and the following imaging parameters: slice
thickness 0.75 mm, reconstruction interval 0.5 mm,
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Figure 2. Computed tomography scan images of the measurement non-fusion ossification centre the indexes; A. TDBO, TDOC, DBOOC,
DBAQC; B. SDBO, SDOC; C. TDOC, SDOC. Abbreviations — see text.

kilovolt A 140 kV, current 104 mA, kilovolt B 100 kV,
and current 104 mA. The Digital Imaging and Com-
munications in Medicine (DICOM)-data with lossless
compression were used to store the CT images.

All the standard CT images were imported into the
Mimics 16.0 software (Materialise, Belgium, Digital
Medical centre of the Inner Mongolia University) to
reconstruct the three-dimensional CT scan images
for observation and measurement of the incidence
of variation of non-fusion ossification centre and the
following indexes:

— sagittal diameter of the base of odontoid (SDBO)
(in the connection plane of the odontoid and the
vertebral body);

transverse diameter of the base of odontoid
(TDBO);

the transverse diameter of non-fusion ossification
centre (TDOC, mm);

the sagittal diameter of non-fusion ossification
centre (SDOC, mm);

the diameter of the base of odontoid and non-fu-
sion ossification centre, (DBOOC, mm);

the diameter of the bottom of the axis and non-fu-
sion ossification centre (DBAOC, mm).

All the above indexes were selected and meas-
ured by three experienced CT radiologists using the
bone age grading standard of CT based on Kellinghaus
etal. [11], and each above index was measured twice
to obtain a mean value, with data accuracy of 0.1 mm
and permitted error range = 0.1 mm (Fig. 2).

This study was conducted in accordance with the
declaration of Helsinki. This study was conducted with
approval from the Medical Ethics Committee of Inner
Mongolia Medical University.

Micro-CT data, scan indexes and key rectification
technique of imaging reconstruction

According to the anthropological skeleton identi-
fication standards, 5 dry bone samples with integral
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axial structure (provided by the Anatomy Teaching
and Research Section of the Inner Mongolia Medical
University) were chosen for the experiment.

After filtration and air correction of Micro-CT
(Siemens Inveon MM PET/CT, Siemens AG, Munich,
Germany), the bone samples were put on the ob-
jective table to perform a high-resolution scan and
image collection using the optimal scan protocol
(Siemens Inveon MM PET/CT Bin1 & High). Micro-CT
was applied with the following unified setting index-
es: voltage 40 kV, current 500 uA, and magnification
on high-power mode.

Transverse images of samples were obtained with
scan resolution ratio 40 um, reconstruction interval
16.7 um, slice thickness 16.7 um, and scanning slice
number 1024 pixels. The image data were imported
into Inveon Research Workplace software workstation
as DICOM data. Choosing all the trabecular bone in
the ossification centre area of the transverse image
as the target area, each index of bone trabecula was
calculated by the built-in programme (MultiModal
3D visualisation) of the workstation.

The indexes that were measured in the non-fusion
ossification group were: trabecular bone volume/
/total volume (BV/TV, %) that may decrease during
osteoporosis, bone surface area/bone volume (BS/BV,
mm-') that may decrease during bone formation
increase, and bone trabecular thickness (Tb.Th, mm),
which was the average thickness of trabecular bone,
which may decrease during osteoporosis.

Statistical analysis

All data were recorded in Excel and data analysis
was performed using SPSS 17.0 software. Descriptive
results were expressed as mean * standard deviation
(X = s). The non-paired samples were analysed by
independent t test. The test level was set as a = 0.05,
and the threshold for statistical significance was set
at p < 0.05.
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Figure 3. The micro-computed tomography images of the base odontoid; A. Ossification centre of coronal section (red arrow); B. Non-ossifi-
cation centre of coronal section (red arrow, the green of region of interest); C. The three-dimensional image of non-fusion ossification centre.

RESULTS

Standard CT scanning

In 50 standard CT images of the odontoid, there
were 14 cases of non-fusion ossification centre with
incidence rate of 28%. In bone CT images, the base
of the normal odontoid showed approximately the
same density of cancellous bone, while the base of
non-ossification odontoid showed significantly higher
density of cancellous bone. The non-fusion ossifica-
tion centre contained the cavities formed by absorbed
trabecular bones (Fig. 1).

Micro-CT scanning

Through micro-CT scan, clear odontoid structure
images were obtained, and one sample non-ossifica-
tion centre in the base of the odontoid was found in
each of the 5 odontoid images (Fig. 3).

The normal absorbed rod-shaped trabecular bone
can form a complex mesh structure with the trabecu-
lar bone in other areas by transverse or oblique con-
nection, which is distributed in the whole vertebral
body. The trabecular bone of those CT images with
non-fusion ossification centres showed high density
and clear stratified images. The non-fusion ossifica-
tion centre connected with other normal trabecular
bones and the structure of the inner edge was very
loose, containing low-density images of the partly
absorbed trabecular bones or the cavities formed
by absorbed trabecular bones. The trabecular bone
indexes chosen in the target area of the non-fusion os-
sification centre were significantly weaker than those
in the other areas of the vertebral body, combined
with CT images, which indicated that the non-fusion

ossification centre structure in the base of odontoid
exist specialty [3, 17, 23].

Standard CT scanning measurement indexes

In the non-ossification group, the mean SDBO
was 7.64 = 1.29 mm, the mean TDBO was 7.14 =+
+ 1.55 mm, and the SDBO:TDBO ratiowas 1.1 = 0.22.
In the ossification group, the mean SDBO was 7.7 =
+ 1.15 mm, the mean TDBO was 7.38 = 1.32 mm,
and the SDBO:TDBO ratio was 1.07 + 0.21. There was
no significant difference between the two groups
(p > 0.05; Table 1). In the non-ossification group, the
mean SDOC was 5.34 = 0.97 mm, the mean TDOC
was 8.02 = 1.64 mm, the mean DBOOC was 8.05 +
+ 1.57 mm, the mean DBAO was 11.85 = 1.48 mm,
and the ratio of SDOC:TDOC and DBCOC:DBAOC was
0.68 (Table 2).

Micro-CT scanning measurement indexes

Each index of the non-fusion ossification centre,
fusion ossification centre and the odontoid trabecular
bone was individually calculated by the built-in pro-
gramme (MultiModal 3D visualisation) of the worksta-
tion. The measured indexes of the non-fusion ossifica-
tion group were: BV/TV 0.287%, BS/BV 23.647 mm™,

Table 1. The indexes comparison of the base of odontoid (X + s,
n = 50)

Groups SDBO[mm] TDBO[mm] SDBO/TDBO
Non ossification 764129 7.14+155 11+£022
Ossification* 1.7+1.15 738 £1.32 1.07 = 0.21

*Compared with non-ossification group: p > 0.05. Abbreviations — see text.

Table 2. The anatomic structure indexes of ossification centre (X = s, n = 14)

SDOC [mm)] TDOC [mm]

DBOOC [mm]

DBAOC [mm] SDOC/TDOC DBCOC/DBAOC

Non-fusion ossification group 5.34 £ 097 8.02 + 1.64

8.05 + 1.57

11.85 + 1.48 0.68 = 0.15 0.68 = 0.12

Abbreviations — see text.
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Table 3. The comparison of micro-computed tomography
indexes in the base of odontoid (X =+ s)

BV/TV[%] BS/BV[mm™]  Th.Th [mm]
Non-fusion ossifi- 0.287 23.647 0.086
cation centre
Fusion ossification ~ 0.45+0.05 1233+1.79 0.15+0.02
centre
Odontoid 060+009 1012+133 0.22+0.02

Abbreviations — see text.

Th.Th 0.086 mm. The measured indexes of the fusion
ossification group were: BV/TV 0.45 + 0.05%, BS/
BV 12.33 = 1.79 mm™, Tb.Th 0.15 = 0.02 mm. The
measured indexes of the average of odontoid were:
BV/TV 0.60 + 0.09%, BS/BV 10.12 = 1.33 mm™, Tb.Th
0.22 + 0.02 mm (Table 3).

DISCUSSION

Odontoid fracture accounts for 9% to 15% of
cervical spine injuries. Anderson and D’'alonzo classi-
fication is one of the most important types of odon-
toid fractures. As introduced by Anderson et al. [1],
odontoid fractures are classified into three groups,
among which type Il and type Ill odontoid fractures
account for 95%. Type | fracture is an oblique fracture
of the tip of the odontoid ligament. Type Il fractures
occur through the base of the odontoid, and type Ill
fractures extend into the C-2 vertebral body. But
the Anderson evaluation system [1] has obvious lim-
itations; it cannot accurately distinguish between
different types of odontoid fractures, if the fracture
images are intermediate between the type Il and the
type Ill appearances. Subsequently, Grauer et al. [7,
15] proposed a modified new evaluation system for
the Anderson type Il odontoid fracture, which clas-
sified the type Il fractures are those that are located
between the inferior aspect of the anterior C1 ring
and do not extend into the superior articular facets of
C2. Fractures that are oblique in the anterior/posterior
dimension may extend into the C2 vertebral body and
still be considered type Il fractures as long as there
is no involvement of the superior C2 facets. If either
of the superior C2 facets is involved, a fracture is
considered a type lll fracture. Aydin and Cokluk [2]
researched the fusion of the cartilage ossification
centre in the base of a child’s odontoid based on mag-
netic resonance images. They found that the lower
boundary of the odontoid is far lower than the plane
connecting the highest point of the bilateral articular
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surface, and the real boundary lies in the neural part
of the cartilaginous ossification centre in the base of
the odontoid; this fact should be considered in the
classification of odontoid fractures. However, the
magnetic resonance images cannot clearly display
the path of the trabecular bone in the ossification
bone. With the development of a high-definition
image technique, clearer micro-architecture images
of the base of odontoid might be possible, and the
definition and boundary of the base of the odontoid
might be updated.

Through comparison of the standard CT images
and the micro-CT images, we found that it is im-
portant to investigate the relationship between the
non-fusion ossification centre and the type Il and llI
odontoid fractures, because the variation rate of the
non-fusion ossification centre in the base of odontoid
is relatively high. Normally, the primary ossification
centre of the odontoid will fuse with the axial anterior
body around 6 years of age, which will fuse well with
the vertebral body without remnants of the vestig-
es of the ossification centre. The trabecular bone
formed by a normal absorbed ossification centre is
homogeneous with that of the rest of the vertebral
body, which shows medium-low images with a con-
sistent CT value, and no anatomical weak area exists
(Fig. 2A). In the presence of a non-fusion ossification
centre, the clear structure can be displayed by the
micro-CT images. Through comparison of trabecular
bone indexes of the non-fusion ossification area, we
found that the trabecular bone structure indexes of
the non-fusion ossification centre were significant
weaker than those of the other areas, which indicated
that the anatomical structures of non-fusion ossifi-
cation centres could be mechanically weaker than
the normal trabecular bone of other parts (Fig. 2B).

The ossification centre lies in cancellous bone of
the vertebral body of the axis, which connects with
the lower edge of the odontoid, and if its location is
lower than the plane connecting the highest point of
the bilateral articular surface, it can be considered to
be the lower edge of the base of odontoid. Hence, the
type Il odontoid fracture should be redefined as one
at the junction of the odontoid and the neural part of
axial vertebral body [4, 24]. Through observation and
measurement of adult odontoid standard CT images,
we found that the base of the normal odontoid is
relatively wide. In view of this, we speculated that the
larger the diameter of the base of the odontoid, the
more stable the connection of the odontoid and axial
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vertebral body, the smaller the percentage volume of
the ossification centre in the odontoid and the vertebral
body, the less the contribution of the ossification centre
to development of basal fracture of the odontoid; the
lower the location of ossification centre, the smaller
the effect of the ossification centre on the base of the
odontoid [6, 8, 9]. If the odontoid bears forces in any
direction from the head, the energy can converge and
transmit to the weakest trabecular bones of the inner
ossification centre, which can cause precession avul-
sion of these areas, and the energy will transmit to the
surrounding area along the avulsed trabecular bone;
if the energy is relatively low, fractures of the base of
odontoid will occur, which can form a type Il odontoid
fracture; if the energy is high enough, it can damage
the unilateral or bilateral articular surface and result in
a type Il fracture [13] (type Il odontoid fractures are
fractures of the vertebral body of the axis involving the
articular surface).

The reason for the failure of closure of the ossi-
fication centre of the odontoid process is unknown.
It may be related to the influence of factors such as
embryo development disorder, trauma, or infection.
Further research should be targeted at working out
how the micro-environment of bone might enhance
pathways that promote cell differentiation, and the
mechanisms by which this process is regulated [22].

CONCLUSIONS

The variation rate of the non-fusion ossification
centre in the base of the odontoid is relatively high
and may be the most important factor in the aetiology
of type Il and Ill odontoid fractures. More accurate
studies are based on standard CT and micro-CT scans
of large specimens of the axis (C-2) bone. Such studies
are currently in progress.
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