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Image measurements of os odontoideum in children
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Background: Conservative therapy is used for children with odontoid fracture; however, when the
odontoid fracture is complicated by significant displacement and unstable, surgery is required. Anterior
cervical hollow lag screw fixation has been successfully used in adult patients, but until now, there has not
been any relevant image measurement research in children with os odontoideum. The aim of the present
study was to identify the morphometric changes of normal os odontoideum in children of different ages and
to discuss parameters for screw fixation.

Methods: Computed tomography (CT) scanning data of normal os odontoideum in 120 children of
different ages were measured. The parameters were as follows: transverse and vertical diameters of cancellous
bone and cortical bone in os odontoideum basilar part, angle and distance from simulation screw insertion
point (anterior mid-point of C2 vertebral body) to os odontoideum anterior angle as well as posterior angle,
the optimal insertion angle, and the optimal screw length.

Results: The basilar part of normal os odontoideum was roughly round, and vertical diameter was slightly
larger than transverse diameter. All parameters measured in the present study increased with age. The
safety screw insertion angle range was 16-36°, and the optimal insertion angle ranged from 19° to 22°. The
safety screw path length ranges in the 3-5-, 6-9-, and 10-14-year groups were 8-14, 10-16, and 12-21 mm,
respectively, and the optimal screw length ranges were 13-14, 15-16, and 19-20 mm, respectively. The
height of the axis showed a growing dimension followed by the advancing age in all groups. In each group,
the height of the axis of the male is greater than the female.

Conclusions: For children undergoing odontoid screw fixation for the treatment of type II odontoid
fracture, it is important to select the appropriate screw diameter, length, and direction according to

parameter changes of os odontoideum based on their age.
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Introduction is mainly caused by traffic accidents (4,5). Anterior cervical
hollow lag screw fixation has been successfully used in adult

Approximately 40-60% of spine injuries in children occur patients, as well as in children worldwide (6-8). However,

in the cervical spine, with odontoid fractures being the there are anatomical differences in children with normal

most common (1,2). In children under 7 years of age, 75% odontoid based on age and sex. In the present study, we

of cervical spine injuries occur in the odontoid (3), which used 2D computed tomography (CT) reconstruction
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Figure 1 Measurement of odontoid cancellous bone diameter
(A1BI) and odontoid cancellous bone longitudinal diameter

(C1D1).

technology to identify the morphometric differences of
normal os odontoideum in children of different ages, and
discuss the parameters for screw fixation.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/tp-20-416).

Methods
Materials

CT scans of Chinese children who were treated at the
Second Affiliated Hospital and Yuying Children’s Hospital
of Wenzhou Medical University between January 2014
and December 2019 were analyzed. Children aged
3-14 years were chosen through a stratified random
sampling method from The Second Affiliated Hospital and
Yuying Children’s Hospital of Wenzhou Medical University.
A total of 120 children (60 boys and 60 girls) with no spinal
abnormalities (congenital deformity, trauma, and primary
or secondary tumor) were excluded. According to the
stage of development, the following groups were created:
group 1: 3-5 years old, group 2: 6-9 years old, and group 3:
10-14 years old. Each group had 20 boys and 20 girls.

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved
by Ethics Committee of the Second Affiliated Hospital
of Wenzhou Medical University (No.: 2021-K-09-01).
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Figure 2 Measurement of odontoid cortical bone diameter (A2B2)
and odontoid cortical bone longitudinal diameter (C2D2).

Individual consent for this retrospective analysis was waived.

Measurement methods

Axial CT images of each child were taken using a General
Electric CT scanner (Philips Secura 16-slice; Philips
Medical Systems, Eindhoven, the Netherlands). Scan
parameters were as follows: 120 kV, 180 mA, 512x512
matrix, slice thickness: 2 mm, and pitch: 1.0. Multiplanar
reconstructions were used to attain odontoid images of
the cross-section and the median sagittal plane and to
measure the parameters with using the picture archiving
and communication system of The Second Affiliated
Hospital and Yuying Children’s Hospital of Wenzhou
Medical University as follows: (I) odontoid cancellous bone
diameter (A1B1): the narrowest coronal vertical distance
at the base of the odontoid cancellous bone (Figure I); (1I)
odontoid cancellous bone longitudinal diameter (C1D1):
the narrowest sagittal vertical distance at the base of the
odontoid cancellous bone (Figure 1); (III) odontoid cortical
bone diameter (A2B2): the narrowest coronal vertical
distance at the base of the odontoid cortical bone (Figure 2);
(IV) odontoid cortical bone longitudinal diameter(C2D2):
the narrowest sagittal vertical distance at the base of the
odontoid cancellous bone (Figure 2); (V) simulation nail
point to odontoid anterior horn length angles, posterior
horn length angles, and optimal length: the median sagittal
plane odontoid diagonal length),which was considered

the best angle (the cobb of BOE, the included angle of
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Figure 3 Measurement of simulation nail point to odontoid
anterior horn length angle, posterior horn length angle, optimal
length (OE), and axial height (AH) and the cobb of BOC, the
included angle of hanging line by simulating nail point with
the odontoid anterior horn and the cobb of BOD, the included
angle of hanging line by simulating nail point with the odontoid
posterior horn and the cobb of BOE, the included angle of hanging
line by simulating nail point with the odontoid angle bisector
optimal length of the simulation nail point to odontoid anterior

horn and posterior horn.

hanging line by simulating nail point with the odontoid
angle bisector optimal length of the simulation nail point to
odontoid anterior horn and posterior horn. at the median
sagittal plane) (Figure 3); and (VI) axial height: the vertical
distance of the odontoid tip to the odontoid anteroinferior
edge (Figure 3).

Statistical methods

SPSS 17.0 software (IBM, Armonk, NY, USA) was used
for statistical analysis of the data. Statistical analysis was
performed using independent samples #-test. P<0.05
represented statistical significance.

Results

The basilar part of the odontoid was roughly circular, and
vertical diameter was slightly larger than the transverse
diameter. Diameters showed that, in each group, the height
of the axis of the male is greater than the female.

General results of research object: there were no
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significant differences between male and female patients
in the 3-5-year group (P>0.05), but there were significant
differences in the 6-9-year and 10-14-year groups (P<0.05)
(Tible 1).

Analysis of restrictive factors of screw diameter and
screw angle: Simulation nails points to odontoid tip anterior
and posterior horn angle showed no significant differences
between male and female patients at each level (P>0.05);
safety angle range was 16-36° and the optimal angle range
was 19-22° (Tuble 2).

For the simulation nails points to odontoid tip anterior
and posterior horn distance. There were no significant
differences between male and female patients at each level
(P>0.05), but there were significant differences in age
groups (P<0.05). The safety screw path length ranges were
as follows: 3-5-year group, 8-14 mm (optimal length was
13-14 mm); 6-9-year group, 10-16 mm (optimal length
was 15-16 mm); and 10-14-year group, 12-21 mm (optimal
length was 19-20 mm). There were significant differences
between male and female patients at each level (P<0.05),
and in age groups (P<0.05) (Table 3).

Discussion

Bailey and Jagannathan et /. found that there are five
original axial ossification centers as follows: 1 in the
vertebral body, 2 in the odontoid, and 2 in the arch (9,10).
Vertebral ossification centers generally appear in the
fifth month of gestation, the arch in the seventh month
of gestation, and integration in the first 2-3 years of life.
Odontoid ossification centers appear in the fifth month of
gestation, and the odontoid (which at this stage is separated
into 2 parts), combines in the seventh month of gestation.
The odontoid apex secondary ossification center appears
at s 3-6 years of age, and odontoid integration occurs at
12 years of age.

The hollow lag screw diameter depends on the minimum
distance of the os odontoideum cross-section. According
to our research, the odontoid cross-sectional transverse
diameter is less than the longitudinal diameter, so the
diameter of the screw depends on the os odontoideum
transverse diameter. Nucci et #/. demonstrated that
odontoid inner diameter could reach 9mm after expanding
by surgical instruments, it can be screwed into two 3.5-
mm screws, which are better able to achieve the fixed effect
against the rotation (11). Our measurement results showed
that the cancellous bone average transverse diameters in
the 3 groups were as follows: 3.53, 4.21, 4.86 mm for boys,
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Table 1 Cancellous cortical bone diameter and longitudinal diameter value (mm, xxs)

3-5-year age group 6-9-year age group 10-14-year age group

Parameters

M FM t P value M FM t P value M FM t P value
A1B1 3.53+0.89 3.41+0.56 0.905 0.371 4.21:+0.54 3.89+0.56 2.519 0.029 4.86+0.68 4.46+0.90 1.582 0.022
C1D1 4.44+0.73 4.33:0.65 3.016 0.055 4.99:+0.76 4.38+0.69 2.231 0.318 5.33+0.62 4.96+0.47 5.665 0.000
A2B2 5.34+0.62 5.25+0.57 0.894 0.377 5.50+0.80 5.31+0.69 2.162 0.043 5.94+0.68 5.62+1.03 2.037 0.049
C2D2 6.40+0.93 6.08+0.98 3.036 0.054 6.56+0.98 6.21+0.58 2.09 0.049 7.20+0.71 6.86+0.72 2.82  0.008

A1B1, odontoid cancellous bone diameter; A2B2, odontoid cortical bone diameter; C1D1, odontoid cancellous bone longitudinal diameter;
C2D2, odontoid cortical bone longitudinal diameter;

Table 2 Simulation nail points to odontoid tip angle (°, xs)

3-5-year age group 6-9-year age group 10-14-year age group

Parameters

M FM t P value M FM t  Pvalue M FM t  Pvalue
BOC 17.16+1.18 16.77+1.08 -0.152 0.371 16.99+1.54 16.73+1.54 1.834 0.074 16.77+1.07 16.60+1.38 0.098 0.922
BOD 36.30+0.89 35.74+3.87 0.340 0.055 36.63+3.69 35.97+4.29 2.834 0.057 36.81+3.47 35.89+1.80 -0.753 0.456
BOE 22.72+3.35 19.36+3.24 1.078 0.054 22.80+4.57 19.46+2.62 1.971 0.056 22.98+2.21 19.58+1.40 0.421 0.676

The cobb of BOC, the included angle of hanging line by simulating nail point with the odontoid anterior horn; The cobb of BOD, the
included angle of hanging line by simulating nail point with the odontoid posterior horn; The cobb of BOE, the included angle of hanging
line by simulating nail point with the odontoid angle bisector optimal length of the simulation nail point to odontoid anterior horn and
posterior horn.

Table 3 Axial height and distance from simulation nail points to odontoid tip (mm, xxs)

3-5-year age group 6-9-year age group 10-14-year age group

Parameters

M FM t P value M FM t  Pvalue M FM t P value
oC 14.20+2.14 14.15+2.20 0.463 0.646 16.59+1.73 16.46+2.74 2.016 0.062 21.31+2.05 19.65+2.48 -0.221 0.826
oD 8.90+2.39 8.46+2.07 -0.477 0.636 11.45+2.71 10.75+2.85 1.345 0.187 12.92+1.63 12.87+2.07 1.454 0.154
OE 13.97+2.37 13.78+1.48 -0.002 0.999 16.22+1.75 15.97+1.90 1.739 0.090 20.05+1.85 19.50+2.22 0.997 0.325
AH 14.37+£3.12 12.90£2.50 2.292 0.041 18.18+3.07 15.40+3.40 2.127 0.048 20.28+5.59 18.23+5.07 2.423 0.037

AH, the length of the hanging line of the simulating nail point to the OS odontoideum; OC, the length of the simulating nail point to the
odontoid anterior horn; OD, the length of the simulating nail point to the odontoid posterior horn; OE, the odontoid angle bisector length of
the simulation nail point to odontoid anterior horn and posterior horn.

and 3.41, 3.89, 4.46 mm for girls; the cortex bone average
transverse diameters were: 5.34, 5.50, 5.94 mm for boys,
and 5.25, 5.31, 5.62 mm for girls. These measurements
show that the children odontoid cannot hold two screws. So
for 3-5-year-old children, we recommend using a 2.5-mm
or 3-mm screw diameter; for 6-9 year-old children, a 3-mm
or 3.5-mm screw diameter; and for 10-14-year-old children,
a 3.5-mm screw diameter. Biomechanical studies have
confirmed that there is no significant difference with single-
and double-screw fixations in shear stiffness (bending) and

© Translational Pediatrics. All rights reserved.

torsional stiffness (11-13). The 2 fixation methods provide
similar stability in odontoid fractures.

The angle of screw implantation is important. A small
angle could easily lead to cortical bone splitting, and it is
difficult to achieve fixed effect. A large angle could lead
to front fracture separation, which will penetrate the
rear of the odontoid and damage the spinal cord. The
implant angle should be selected according to the odontoid
retroversion angle and the diagonal angle of the odontoid
median sagittal plane. We chose the atlantoaxial vertebral
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anterior-inferior edge middle as the nail entry point. The
safety angle range should be between the front and rear
odontoid tip. Our findings of our study indicate that the
simulation nail point to the odontoid anterior horn and
posterior horn was not significantly different between the
boys and the girls. The screw security range was 16-36°,
and the best angle range was 19-22°. This measurement
is less than the angle of the normal adult. Therefore, for
children, anterior odontoid fracture hollow screw fixations
need to be within the safety range.

Hollow lag screw length depends on the axial height,
that is, the axial height provides the screw fixed length. We
used the diagonal of the odontoid median sagittal plane
to simulate the nail channel, that is the odontoid angle
bisector optimal length of the simulation nail point to
odontoid anterior horn and posterior length angles, and its
length could be selected as the reference for screw length.
The findings of the present study showed that the axial
heights in groups 1-3 were as follows for the boys: 14.37,
18.18, 20.28 mm, respectively, and the average lengths
of the simulation screw channel were 13.97, 16.22, and
20.05 mm, respectively. For the girls, the axial lengths
were 12.90, 15.40, and 18.32 mm, respectively, and the
average lengths of the simulation screw channel were
13.78, 15.97, and 19.50 mm, respectively. Screw length
was much longer than the axial trabecular bone height, and
the screw must drive into the odontoid cortex bone. This
was the only way to ensure that the screw was firmly fixed.
Therefore, we recommend a 13-14-mm screw length for
3-5 years, 15-16 mm for 6-9 years old, and 19-20 mm for
10-14 years old.

Conservative therapy is used for children with
odontoid fracture; however, when the odontoid fracture
is complicated by significant displacement and unstable,
surgery is required. Hollow screw fixation is an effective
treatment for type II odontoid fractures, and could improve
the convergence range of odontoid fractures, prevent
atlantoaxial fusion disadvantages, and has good clinical
efficacy. Based on our os odontoideum measurement results,
it is important to select the appropriate screw diameter,
length, and direction according to parameter changes of os
odontoideum in children of different ages.
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