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ABSTRACT

BACKGROUND: The aim of this study is to contribute to the literature by determining the morphometric reference values of the
bony structures in the craniovertebral junction (CV]) from computer tomography (CT) images of the pediatric age group.

METHODS: In this study, CT’s of |51 simple trauma patients aged between 3 and |5 years between 2016 and 2020 were evaluated.
All CT examinations were performed using a 32-slice CT and included images of the skull base and CI-C2 junction. A total of 10
measurements were obtained from these images, including Wachenheim clivus canal angle (WCA), Welcher basal angle (WBA), Cran-
iocervical tilt angle (CCT), power ratio (PR), Atlantodens interval, McRae Line (MRL), McRae - Dens distance, basion-dens interval
(BDI), basion-axis interval (BAl), and atlantooccipital measurement (AOM).

RESULTS: In comparison between gender groups, MRL (p=0.011) and AOM (p<0.001) measurements were found to be significantly
higher in males. McRae-Dens distance, BDI, and AOM were significantly higher in patients aged 3—-9 years (respectively, p=0005,
p=0.003, p<0.001), and BAI (p=0.001) was significantly higher in patients aged 10—15 years. The McRae - Dens distance (p=0.119)
was similar between patients with and without terminal ossicle in odontoid apex. But BDI of patients without terminal ossicle was
significantly higher (p=0.048). All parameters, except the WCA, WBA, CCT, and PR, were statistically significantly correlated with the
patient age (respectively, p=0.21, p=0.13, p=0.70, p=0.99).

CONCLUSION: In this study, the morphometric reference values of the bone structures at the CV] were determined from the CT
images of the pediatric age group.
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INTRODUCTION flatter contour of the occipital condyles than adults have.['?!
These factors make children more predisposed to atlantooc-
Injuries to the pediatric cervical spine are significantly differ-  cipital dissociation injuries than their adult counterparts.[']

ent from those encountered in the adult population.' Chil-
dren have relatively weaker cervical musculature, a larger  Imaging of the upper cervical spine after trauma is crucial
head size relative to the body, more ligamentous laxity, anda  for injury detection and anatomical description, given the po-
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tential for dire neurological consequences of a missed bone
or discoligamentous injury.[*®l Besides, mobility from liga-
mentous laxity, epiphyseal variation, unique vertebral archi-
tecture, and incomplete ossification of the pediatric cervical
spine may further cloud the symptoms of a pathological state
after trauma.l!

Although after the age of 10—12 years, the clinical sequelae
of adult and pediatric cervical spine trauma are similar; adult
criteria for instability following upper cervical spine trauma
have been inappropriately extrapolated to that of the pedi-
atric age group, possibly because of the familiarity with their
radiographic measurement techniques.’! These measure-
ments, although accurate in defining relationships between
anatomical structures, do not take into account the complex-
ity and peculiarity of the pediatric spine, especially in very
young children.1!

In the literature, there are many radiography studies covering
the occipitocervical region made from past to present. Nor-
mal boundaries were tried to be defined with these studies.
B-131 Then the same or quite similar studies were done with
computer tomography (CT).l'*'® Very few studies with CT
include the pediatric population.!'4!

The present study aims to contribute to the literature by
determining the morphometric reference values of the bony
structures in the craniovertebral junction (CV]) from CT im-
ages of the pediatric age group.

MATERIALS AND METHODS

Patient Group

In this study, CTs of 151 simple trauma patients aged between
3 and |5 years between 2016 and 2020 were evaluated. Mea-
surements were made in patients who were admitted for sim-
ple trauma, whose osseous and soft tissue structures were
evaluated as normal. Those with cervical pathology previously
detected due to trauma or other reasons (basilar invagination,
Chiari malformation, etc.) were excluded from the study. Ar-
tifact CTs that did not have the optimal feature was not taken
into consideration. Patients who were evaluated radiologically
and clinically as normal at the time of presentation but who
subsequently developed persistent neck pain and were treated
for this reason were excluded from the study.

Method for the CT of the Cervical Spine

CT measurements were performed simultaneously with a
collaborative radiologist and a neurosurgeon (M.K,, E.Y.) and
all results were recorded. While all data were recorded, the
images were taken from the hospital automation system and
recorded in another data file. In this way, a systematic review
of the study was ensured, while reproducibility was ensured
in the previous measurements in case of a possible disagree-
ment during the measurements.
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All CT examinations were performed using a 32-slice CT
(Model: Somatom Go Now, SIEMENS) and included images
of the skull base and C1-C2 junction. Helically acquired axial
images were reconstructed in the sagittal and coronal planes.
The linear measurement palette in our picture archiving and
communications system (CARS) was automatically rounded
to the nearest 0.1 mm.

Measurement

In this study, a total of ten measurements were obtained:
Wachenheim clivus angle (WCA), Welcher basal angle
(WBA), Craniocervical tilt angle (CCT), Power’s ratio (PR),
atlantodens interval (ADI), McRae line (MRL), McRae - Dens
distance, basion-dens interval (BDI), basion-axis interval
(BAI), and atlantooccipital measurement (AOM).

WCA

It was obtained by measuring the angle between the line
passing through the upper surface of the clivus and the line
extending from the back of the odontoid protrusion to the
cervical canal (Fig. la).

WBA

It was obtained by measuring the wide angle between the
straight line drawn from the nasion tuberculum sellae and the
straight line drawn from the basion tuberculum sellae (Fig. 1a).

CCT
Chandra et al.l'! defined the craniocervical tilt angle as the

(a) (b)

WBA WCA

(<)

(c)

| ) /'

L

Figure 1. Major craniometric lines drawn on sagittal illustration. (a)
Wachenheim clivus angle (WCA): It turns tangentially at the level
of the sellar ridge and clivus, reaching the basion; Welcher basal
angle: The angle between the straight line drawn from the nasion
tuberculum sella and the straight line drawn from the basion tuber-
culum sella; McRae Line (MRL): Basion to opisthion. (b) Power
ratio: The distance between the tip of the basion and the spino-
laminar line of the atlas and the midpoint of the posterior aspect of
the anterior arch of the anterior arch of the C1 vertebrae between
the tip of the opisthion; Craniocervical tilt angle: Angle between the
anterior border of the axis and the anterior border of the clivus. (c)
McRae-Dens distance: The length of the vertical line drawn from
the MRL closest to the dens.
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angle between the line drawn upward from the anterior side
of the odontoid protrusion and the line drawn from the ante-
rior border of the clivus. The angle between the anterior bor-
der of the axis and the anterior border of the clivus (Fig. 1b).

PR

The PR was calculated by dividing the distance between the
tip of the basion and the spinolaminar line of the atlas by the
distance between the tip of the opisthion and the midpoint of
the posterior aspect of the anterior arch of the Cl vertebra
(Fig. 1b).' No measurement was performed in cases where
the CI vertebra anterior or posterior arch was not ossified
or partially ossified. (This measurement was not performed if
the anterior or posterior arches of C| were not visualized in
the midsagittal plane either because of lack of ossification of
the anterior arch of Cl or, less likely, because of incomplete
fusion of the posterior neural arches.).

ADI was measured in cases where C| anterior arch was os-
sified. The distance between the middle of the posterior side
of the CI anterior arch and the anterior side of the dens was
measured (Fig. 2a).

MRL

The line drawn from the lower end (basion) of the clivus to
the posterosuperior of the foramen magnum (opisthion).
Basion to the opisthion (anteroposterior dimension of the
foramen magnum is shown in Fig. la).

McRae-dens (Odontoid Process [OP]) Distance
The length of the vertical line drawn from the MRL closest
to the OP (Fig. Ic).

BDI

BDI was obtained by measuring the highest point where
dens could be seen from the basion (Fig. 2a). In cases where
the OS terminal was visualized, the measurement was made
considering the upper point of the OS terminal closest to
the basion and in cases where it could not be visualized, the

measurement was made from the closest point of the axis to
the basion.

BAI

BAI was measured in this study, taking Harris’ fundamental
principles for radiography (1994) into account (Fig. 2a). It is
the perpendicular distance between the basion and the ros-
tral extension of the posterior cortical margin of the body of
the axis. The posterior axial line is a line drawn along the pos-
terior cortex of the body of the axis and extended cranially.
The basion—axial interval is the distance between the basion
and this line. It was measured in the midsagittal plane.®!

AOM

AOM was obtained by measuring the line between the lower
side of the occipital condyle and the upper side of the Cl
mass after confirming the midlines of the occipital condyle
and Cl lateral masses in the sagittal and coronal planes (Fig.
2b). The mean of the four readings was obtained for both the
sagittal and coronal images of each side.

Statistical Analysis

Descriptive statistics were presented as mean and standard
deviation, and the upper limit of 95% confidence interval for
continuous variables, and frequency and percent for categor-
ical variables. Continuous variables were evaluated regarding
normal distribution characteristics. The Mann—Whitney U
test was used for the comparisons of non-normally distrib-
uted parameters between independent study groups. Corre-
lation between the patient age and the radiographic measure-
ments were analyzed using the Spearman’s Rho test. A Type-I
error level of 5% was considered as the statistical significance
cut-off. All analyses were performed using the SPSS 21| soft-
ware (IBM Inc., Armonk, NY, USA).

RESULTS

A total of 152 patients were included in the study. Of these
patients, 101 (66.4%) were male and 51 (33.6%) were fe-

(b)

L
(4D 4“ /i ;b?

Figure 2. (a) Atlantodens interval: Distance between C1 front arch and front of dens; Basion-dens interval: it was obtained
by measuring the highest point where a dens could be seen from the basion; Basion-axis interval: It is the perpendicular
distance between the basion and the rostral extension of the posterior cortical margin of the body of the axis; (b) atlantooc-
cipital measurement: The distance the midline of the occipital condyle and C1 lateral mass in the sagittal and coronal

planes (red arrows).
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Table |I. Radiographic measurements in all patients
All patients
Mean SD 95% ULCI

Wachenheim clivus (°) 156.8 9.9 176.6
Welcher basal angle (°) 1334 8.0 149.4
Craniocervical tilt angle (°) 56.7 11.0 787
Power’s ratio (%) 0.7 0.1 0.9
ADI (mm) 2.7 0.7 42
McRae (mm) 36.2 29 42.1
McRae - Dens distance (mm) 4.7 1.7 82
BDI (mm) 6.0 1.6 9.2
BAI (mm) 6.1 25 1.2
AOM (mm) 0.2 0.1 0.4

ULCI: Upper limit of Confidence Interval; SD: Standard deviation; ADI: Atlanto-
dens interval; BDI: Basion-dens interval; BAI: Basion-axis interval; AOM: At-
lantooccipital measurement.

male. The radiographic measurements of all patients were
presented in Table |. The comparisons between the gender
groups are shown in Table 2. The comparisons of the indexes
between males and females revealed that MRL (p=0.011,
Table 2), and AOM (p<0.001, Table 2) measurement were
significantly higher in males. Of the patients, 85 (55.9%) were
aged 3-9 years, and 67 (44.1%) 10—15 years. Comparisons of
selected indexes between the age groups revealed that all but
the craniocervical tilt angles were significantly different be-
tween the groups (p=0.656, Table 3). Accordingly, MRe-Dens
distance, BDI, and AOM were significantly higher in patients
aged 3-9 years (respectively, p=0005, p=0.003, p<0.00I,

Table 3), and BAI (p=0.001, Table 3) was significantly higher in
patients aged 10—15 years (Table 3).

The terminal ossicle was present in 52 patients (34.2%) among
patients aged 3-9 years. The MRe - Dens distance (p=0.119,
Table 4) was similar between patients with and without ter-
minal ossicle in odontoid apex. But BDI of patients without
terminal ossicle was significantly higher (p=0.048, Table 4). The
correlations of radiographic measurements with patient age
were presented in Table 5. All parameters, except the WCA,
WBA, CCT and PR, were statistically significantly correlated
with the patient age (respectively, p=0.21, p=0.13, p=0.70,
p=0.99, Table 5, Fig. 3). Accordingly, there was a positive and
moderate correlation between patients’ age and MRL (r=0.44,
p<0.001, Table 5, Fig. 4), and BAI (r=0.39, p<0.001, Table 5,
Fig. 4). These indexes were increased when the patient’s age
increased. Meanwhile, patient’s age was negatively and moder-
ately correlated with ADI (r=—0.39, p<0.001, Table 5, Fig. 5)
and AOM (r=-0.55, p<0.001, Table 5, Fig. 5), and negatively and
weakly correlated with MRe-Dens distance (r=—0.29, p<0.001,
Table 5, Fig. 5) and BDI (r=-0.24, p<0.00l, Table 5, Fig. 5).
These indexes were decreased when patient’s age increased.

DISCUSSION

Few measurement norms have been established for the pedi-
atric upper cervical spine based on CT scans.? In pediatric
spinal injuries, the same measurement and normal-abnormal
threshold values are used, ignoring the anatomical and biome-
chanical differences of the pediatric spine from those of adult
individuals."! Since there are normal variants such as incom-
plete ossification, synchondrosis, and pseudosubluxation in
pediatric ages, it is especially difficult to detect abnormalities
in trauma.tl

Table 2. Radiographic measurements according to gender groups
Gender p
Male (n=101) Female (n=51)
Mean SD Mean sD
Wachenheim clivus (°) 157.33 10.17 155.76 9.33 0.440
Welcher basal angle (°) 134.14 7.23 132.15 9.10 0.251
Craniocervical tilt angle (°) 56.42 10.38 57.26 12.17 0.554
Power’s ratio (%) 0.72 0.06 0.72 0.07 0.459
ADI (mm) 2.8l 0.74 2.60 0.65 0.079
McRae (mm) 36.59 3.07 35.55 2.53 0.011
McRae - Dens distance (mm) 473 1.69 4.77 1.89 0.997
BDI (mm) 6.09 1.67 6.18 1.74 0.630
BAI (mm) 5.96 2.69 6.50 2.12 0.346
AOM (mm) 0.24 0.07 0.19 0.07 <0.001

SD: Standard deviation; ADI: Atlantodens interval; BDI: Basion-dens interval; BAI: Basion-axis interval; AOM: Atlantooc-

cipital measurement.

1000

Ulus Travma Acil Cerrahi Derg, July 2022, Vol. 28, No. 7



Kaya et al. Measuring the shape and dimensions of normal the bony structures in the CVJ from CT images of the pediatric age group

Table 3.

Comparisons of indexes between age groups

Age Group P

3-9 years (n=85)

10-15 yeas (n=67)

Mean SD Mean SD
Craniocervical tilt angle (°) 56.77 10.66 56.62 I1.46 0.656
McRae - Dens distance (mm) 5.09 1.68 4.30 1.76 0.005
BDI (mm) 6.50 1.52 5.64 1.77 0.003
BAI (mm) 5.56 2.55 6.88 2.30 0.001
AOM (mm) 0.25 0.07 0.18 0.07 <0.001

SD: Standard deviation; ADI: Atlantodens interval; BDI: Basion-dens interval; BAIl: Basion-axis interval; AOM: Atlantooc-

cipital measurement.

Table 4. Comparisons of indexes according to the presence of terminal ossicle
Odontoid apex (ossiculum terminale) p
- (n=32) + (n=53)
Mean SD Mean SD
McRae - Dens distance (mm) 5.51 1.61 4.78 1.61 0.119
BDI (mm) 6.86 1.49 6.02 1.29 0.048

SD: Standard deviation; BDI: Basion-dens interval.

The published plain radiographic normal values are larger
than the values obtained for CT images. Thus, the use of
plain radiographic normal values could result in failure to
identify pathologically increased measurements and subse-
quently missed injuries. Magnification in standard plain radio-
graphic technique and limitations in the accuracy of radio-

Table 5. Correlations of radiographic measurements with
patient age
Age

v P
Wachenheim clivus (°) -0.102 0.21
Welcher basal angle (°) 0.14 0.13
Craniocervical tilt angle (°) -0.03 0.70
Power’s ratio (%) 0.00 0.99
ADI (mm) -0.39 <0.001
McRae (mm) 0.44 <0.001
McRae - Dens distance (mm) -0.29 <0.001
BDI (mm) -0.24 0.003
BAI (mm) 0.39 <0.001
AOM (mm) -0.55 <0.001

ADI: Atlantodens interval; BDI: Basion-dens interval; BAI: Basion-axis interval;
AOM: Atlantooccipital measurement.

Ulus Travma Acil Cerrahi Derg, July 2022, Vol. 28, No. 7

graphic measurements are probably the causes of the bulk
of the differences between the two techniques.!'! Performing
CT-based measurements reduces misdiagnosis in pediatric
spinal trauma cases. There are many published studies on
this subject.?'"2! However, the normal value measurements
of the pediatric age group and the number of patients with
pathological measurements done are quite limited. Moreover,
instead of the “normal” imaging, some measurements defin-
ing the upper range of the normal value measurements have
been based on pathological analyses.?*]

BDI

BDI was first described on X-ray images by Wholey et al.*®!
in 1958. This measurement was investigated in many studies
in the following years.['253% Lee et al.I'l stated that a BDI
value higher than |15 mm in adults and 12 mm in children
could be interpreted as atlantooccipital dislocation and these
criteria would provide a reliable diagnosis for atlantooccip-
ital dislocation. Lee made this work necessary with direct
radiography measurements. Gonzalez et al.*! stated in mea-
surements on CT that this value, >9 mm, likely indicated the
possibility of the traumatic disruption of the CV]J. In his study,
Gonzalez found the mean value as 4.7+1.7 mm in adults, and
as 11.94£3.2 mm in limited numbers of pediatric cases.

Vachhrajani et al.! state that since the tip of the odontoid
does not ossify until the age of 12 years, applying the adult
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Figure 3. Correlation of Wachenheim clivus angle (a), Welcher basal angle (b), Craniocervical tilt angle (c) and power ratio (d) with patient age.
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Figure 4. Correlation of McRae Line (a) and Basion-axis interval (b) with patient age.
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Figure 5. Correlation of correlation of atlantodens interval (a), atlantooccipital measurement (b), McRae-Dens distance (c), and basion-

dens interval (d) with patient age.

definition of BDI to the immature pediatric cervical spine may
result in an overdiagnosis of distraction injuries and a high
incidence of false-positive results. They found the mean BDI
as 7.28 mm and determined a 0.02 mm reduction in BDI with
each monthly increase of age.

Bertozzi et al.l'l obtained more precise results by separat-
ing the patient population into those at whom the ossiculum
terminale is present and those at whom it is absent. They
found that the age range of patients with ossification of the
ossiculum terminale was between 21 months and 10 years
(n=81), whereas the age range of patients without ossifica-
tion was between 6 months and 4 years (n=36). In patients
with ossification of the ossiculum terminale, the maximum
value obtained was 9.9 mm, and the mean value was 6.2+ 1.66
mm. In those patients at whom the ossiculum terminale is
not yet ossified, the maximum value obtained in their study
was || mm, and the mean value was 7.8+1.90 mm.

In the measurements made in the present study, BDI was

found to be 6.0£1.6 mm. There was no difference between
the genders.

Ulus Travma Acil Cerrahi Derg, July 2022, Vol. 28, No. 7

Comparisons of selected indexes between age groups re-
vealed that it was significantly different between groups. Ac-
cordingly, BDI was significantly higher in patients aged 3-9
years (p=0.003, Table 3), (id est., when the age groups of 3-9
and 10-15 were compared).

In the measurements performed, the ossiculum terminal was
found to be ossified in all patients over |0 years of age. Com-
paring the patients with and without the ossiculum termi-
nale, BDI was found to be more extended in the non-ossified
group (p=0.048, Table 4).

ADI

ADI, also known as the predental space, is very small and
maintained by the transverse atlantal, alar, and atlantodental
ligaments. Therefore, an abnormally widened ADI indirectly
indicates CV] ligament injury and particularly transverse at-
lantal ligament injury ADI in children are 3—6 mm on plain
radiographs.B% Any ADI measurement >6 mm in children
suggests ligamentous rupture. However, this value may be
excessive (>6 mm) in children with ligament laxity (down
syndrome etc.) without any clinical signs. In a CT-based
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study, the instability threshold value was reported as 3 mm.!!
Menezesl®'! defined the presence of a predental interval >3
mm in patients under the age of 8 and 5 mm in patients over
the age of 8 as the instability configuration in the CV].B In
the measurements made in the present study, ADI was found
to be 2.7+0.7 mm (Table 1). It was calculated that the interval
decreased with increasing age (r=—0.39, p<0.001, Table 5).

AOM

Pang et al.’% found the mean value as 1.28 mm in their CT-
based occipital condyle-Cl1 interval in 89 children with minor
trauma and no trauma history. The same group of authors
reported that this measurement had 100% sensitivity in at-
lantooccipital dissociation injuries.!'”*2 The structure called
“synchondrosis intraoccipitalis anterior” previously defined
as wedge-shaped depression in the atlantooccipital joint
surface interval was detected during the measurements per-
formed in the present study.?*** In accordance with the lit-
erature, measurements were not made over wedge-shape to
avoid incorrect values in the measurements. (It is important
to note this structure and refrain from including this depres-
sion in measurements of the atlantooccipital interval because
doing so would falsely increase the value obtained.) In the
AOM performed, the mean value was found to be 0.2+0.1
mm (Table 1). It was significantly wider in the male gender
(p<0.001, Table 2), and the 3-9 age group compared to the
10-15 age group (p<0.00l, Table 3). It was calculated that
AOM decreased with increasing age (r=-0.55, p<0.001, Table
5, Fig. 5b).

PR

This ratio was first described by Powers in 1979.'8l PR is
the most widely used method for the diagnosis of anterior
atlantooccipital dislocation.® A PR >| should be inter-
preted in favor of atlantooccipital dislocation. PR could not
be calculated in children due to the challenges in identifying
the opisthion on direct radiographs.l'! It is easier to detect
landmarks in CT-based measurements. PR measurements are
difficult when CI anterior and posterior arches are not ossi-
fied. In adult patients, PR were found to be compatible with
direct radiography measurements (<0.9). Rojas et al.*® found
it compatible with direct radiography measurements in pedi-
atric cases and gave an average value of <0.9. The value of the
PR increased slightly with age. The values of all patients were
within the normal range (<0.9).B¢! The average value in the PR
measurements required in the current study was measured as
0.7£0.1 mm (Table ).

CCT

Chandra et al.l'l defined it as the angle between the line
drawn from the anterior border of the clivus of the line
drawn upward from the anterior face of the odontoid pro-
trusion. They found the sagittal inclination angle as 60.2+9.2°
in the control group, and the basilar intussusception and at-
lantoaxial dislocation as 84.0£15.1°. Tanrisever et al. found it
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as 126.98°+12.24° similar to Chandra et al.*'"l In the current
study, the CCT angle was found to be 56.7°+11.0° (Table ).

MRL

The MRLs line is the line drawn from the lower end (basion)
of clivus and to the posterosuperior of the foramen magnum
(opisthion). No part of the odontoid should be above this line
and it gives the correct result in the diagnosis of basilar im-
pression. MRLs line is generally longer than 30 mm in normal
individuals. A diameter of <25 mm is almost always associated
with neurological symptoms.’”1 Al Kaissi et al.*® measured
the MRL as 19.6 mm in a 5 year-old male child diagnosed with
arthrogryposis multiplex congenital, who had severe central
nervous system dysfunction. According to a study by Dash
et al.l'"¥! (conducted in adults), the MR was found to be 36.48
mm in males and 35.97 mm in females. In the study by Tanri-
sever et al.l’ the minimum MRL was found to be 29.60 mm
in measurements in adults. Lee et al.*® found that the MRL
value increased from 31.7 mm in the 0-2 years, 33.4 mm in
2-5 years with statistical significance; however, the value did
not increase statistically significantly after 5 years.

In the present study, the MRL was measured as 36.2+2.9 mm
(Table I). This value was measured statistically significantly
higher in males (36.59+3.07 mm, p=0.011, Table 2). There
was a positive and moderate correlation between patients’
ages and MRL (r=0.44, Table 5, Fig. 4a).

McRae-dens (OP) Distance

OP located above the McRae is considered pathologic and it
is indicative of basilar invagination."! In the literature, there
are many studies that evaluate the McRae-Dens where none
of the individuals had the tip of the OP above. In the previous
studies (all conducted in adults), the mean value of OP-McRae
in the control group was reported in a range of 4.60-5.80
mm.P”'*171 L ee et al.’! made CT measurements in 247 chil-
dren. They measured the McRae-OP distance in children aged
0-2 years, 2-5 years, and over 5 years. The mean McRae-OP
line was 8.5 mm in 0-2 years, 8 mm in 2-5 years, and 7.5 mm
over 5 years. They reported that this value decreased mod-
erately with age. In our measurements, McRae-Dens length
was measured as 4.7£1.7 mm (Table ). The 3-9 age group
was significantly higher compared to the 10-15 age group
(p=0.005, Table 3). When patients with positive and negative
ossiculum terminal were compared, there was no significant
difference between the two Groups (p=0.119, Table 4).

WBA

It is the angle formed by the line extending from the nasal
tubercle to the tuberculum sellae and the line passing paral-
lel from the basion to the clivus. WBA increased when the
skull base is abnormally flattened with or without basilar im-
pression.[) WBA should normally be <140°. In the literature,
there are many studies that evaluate the WBA.!54141 | the
literature review, no pediatric measurements were found
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in the studies. Measurement results in the present study
(133.4°£8.0°, Table 1) increased with age, but the relationship
between age and increase was found to be very weak (r=0.14,
Table 5, Fig. 3b).

WCA

WCA was first described by Bundschuh et al.l*! The clivus
spinal canal angle is the angle that is formed at the junction
of Wackenheim’s line (along the dorsal surface of the clivus)
and the posterior vertebral body line. The clivus canal angle
normally ranges from 150° in flexion to 180° in extension,
and if this angle is <150° the angle is considered to be patho-
logical and may result in spinal cord compression in the gen-
eral population.[*’## In the present study, it was measured as
156.8°+9.9° (Table I).

Limitation of Study

Due to the dynamic nature of the CVJ, measurements to be
made will differ depending on the degree of extension or
flexion of the neck. For this reason, our evaluation with CT
taken only in the neutral position of the head constituted an
important limitation for our study in most of the measure-
ments. In our study, other factors such as race and height that
may affect CV] craniometry were not discussed, but we think
that this issue should be taken into account in future studies.

Conclusion

We reported the results of our study on normal CVJ val-
ues obtained from cervical CT of |51 children (3—15 years
old) with simple trauma. The data we obtained may be useful
for the comparative evaluation of childhood CV] pathologies
with normal parameters. In addition, our study highlights the
need for surgeons to consider normal ranges based on CT
scanning rather than data from plain radiographs.

Ethics Approval

All procedures performed in the studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and national research committee and with
the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards.

Ethics Committee Approval: This study was approved
by the Sakarya University Faculty of Medicine Non-Interven-
tional Research Ethics Committee (Date: 03.01.2022, Deci-
sion No: 92656).

Peer-review: Internally peer-reviewed.

Authorship Contributions: Concept: MK, D.C, TK;
Design: M.K,, D.C.; Supervision: D.C.; Resource: M.K;; Ma-
terials: MK, Y.G., EK,; Data: E.Y.B, O.K.K; Analysis: EK,
Y.C.; Literature search: M.K,, E.K.; Writing: D.C., EK., M.K;
Ciritical revision: T.K.

Conflict of Interest: None declared.

Ulus Travma Acil Cerrahi Derg, July 2022, Vol. 28, No. 7

Financial Disclosure: The authors declared that this study
has received no financial support.

REFERENCES

1. Bertozzi JC, Rojas CA, Martinez CR. Evaluation of the pediatric cranio-
cervical junction on MDCT. AJR Am ] Roentgenol 2009;192:26-31.

2. Baker C, Kadish H, Schunk JE. Evaluation of pediatric cervical spine in-
juries. Am ] Emerg Med 1999;17:230—4. [CrossRef ]

3. Lustrin ES, Karakas SP, Ortiz AO, Cinnamon ], Castillo M, Vaheesan
K, et al. Pediatric cervical spine: Normal anatomy, variants, and trauma.
Radiographics 2003;23:539—-60. [CrossRef]

4. Vachhrajani S, Sen AN, Satyan K, Kulkarni VA, Birchansky SB, Jea
A. Estimation of normal computed tomography measurements for the
upper cervical spine in the pediatric age group. ] Neurosurg Pediatr
2014;14:425-33. [CrossRef]

5. Harrison DE, Harrison DD, Cailliet R, Troyanovich SJ, Janik T], Hol-
land B. Cobb method or harrison posterior tangent method: Which to
choose for lateral cervical radiographic analysis. Spine 2000;25:2072-8.

6. Hilibrand AS, Tannenbaum DA, Graziano GP, Loder RT, Hensinger
RN. The sagittal alignment of the cervical spine in adolescent idiopathic
scoliosis. ] Pediatr Orthop 1995;15:627-32. [CrossRef]

7. Loder RT. The sagittal profile of the cervical and lumbosacral spine in
scheuermann thoracic kyphosis. ] Spinal Disord 2001;14:226-31.

8. Troyanovich SJ, Stroink AR, Kattner KA, Dornan WA, Gubina I. Does
anterior plating maintain cervical lordosis versus conventional fusion
techniques? A retrospective analysis of patients receiving single-level fu-
sions. J Spinal Disord Tech 2002;15:69—-74. [CrossRef]

9. Tanrisever S, Orhan M, Bahsi I, Yal¢in ED. Anatomical evaluation of the
craniovertebral junction on cone-beam computed tomography images.
Surg Radiol Anat 2020;42:797-815. [CrossRef]

10. Harris JH, Carson GC, Wagner LK. Radiologic diagnosis of traumatic
occipitovertebral dissociation: 1. Normal occipitovertebral relation-
ships on lateral radiographs of supine subjects. AJR Am ] Roentgenol
1994;162:881—6. [CrossRef ]

11. Lee C, Woodring JH, Goldstein SJ, Daniel TL, Young AB, Tibbs PA.
Evaluation of traumatic atlantooccipital dislocations. AJNR Am J Neu-
roradiol 1987;8:19-26.

12. Yoon K, Cha SW, RyuJA, Park DW, Lee S, Bin JK. Anterior atlantoden-
tal and posterior atlantodental intervals on plain radiography, multidetec-
tor CT, and MRI. J Korean Soc Radiol 2015;72:57-64. [CrossRef]

13. Bailey DK. The normal cervical spine in infants and children. Radiology
1952;59:712-9. [CrossRef]

14. Cronin CG, Lohan DG, Mhuircheartigh JN, Meehan CP, Murphy ],
Roche C. CT evaluation of Chamberlain’s, McGregor’s, and McRae's
skull-base lines. Clin Radiol 2009;64:64—9. [CrossRef]

15. Dash C, Singla R, Agarwal M, Kumar A, Kumar H, Mishra S, et al.
Craniovertebral junction evaluation by computed tomography in asymp-
tomatic individuals in the Indian population. Neurol India 2018;66:797—
803. [CrossRef]

16. Kwong Y, Rao N, Latief K. Craniometric measurements in the assess-
ment of craniovertebral settling: Are they still relevant in the age of cross-
sectional imaging?. AJR Am ] Roentgenol 2011;196:W421-5. [CrossRef]

17. Mzumara SS, Kimani NM, Onyambu CK. Evaluating chamberlain’s,
McGregor’s, and McRae's skull-base lines using multi detector comput-
erised tomography. East Afr Med ] 2012;89:272-7.

18. Powers B, Miller MD, Kramer RS, Martinez S, Gehweiler JA. Traumatic
anterior atlanto-occipital dislocation. Neurosurgery 1979;4:12-7.

19. Chandra PS, Goyal N, Chauhan A, Ansari A, Sharma BS, Garg A. The

1005


https://doi.org/10.2214/AJR.08.1058
https://doi.org/10.1016/S0735-6757(99)90111-0
https://doi.org/10.1148/rg.233025121
https://doi.org/10.3171/2014.7.PEDS13591
https://doi.org/10.1097/00007632-200008150-00011
https://doi.org/10.1097/01241398-199509000-00015
https://doi.org/10.1097/00002517-200106000-00007
https://doi.org/10.1097/00024720-200202000-00013
https://doi.org/10.1007/s00276-020-02457-z
https://doi.org/10.2214/ajr.162.4.8141013
https://doi.org/10.3348/jksr.2015.72.1.57
https://doi.org/10.1148/59.5.712
https://doi.org/10.1016/j.crad.2008.03.012
https://doi.org/10.4103/0028-3886.232288
https://doi.org/10.2214/AJR.10.5339
https://doi.org/10.1097/00006123-197901000-00004

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

Kaya et al. Measuring the shape and dimensions of normal the bony structures in the CV] from CT images of the pediatric age group

severity of basilar invagination and atlantoaxial dislocation correlates
with sagittal joint inclination, coronal joint inclination, and craniocervical
tilt: A description of new indexes for the craniovertebral junction. Neuro-
surgery 2014;10:621-9. [CrossRef]

Pang D, Nemzek WR, Zovickian J. Atlanto-occipital dislocation-Part 2:
The clinical use of (occipital) condyle-C1 interval, comparison with other
diagnostic methods, and the manifestation, management, and outcome
of atlanto-occipital dislocation in children. Neurosurgery 2007;61:995—
1015. [CrossRef ]

Bapuraj JR, Bruzek AK, Tarpeh JK, Pelissier L, Garton HJ, Anderson
RC, Nan B, et al. Morphometric changes at the craniocervical junction
during childhood. J Neurosurg Pediatr 2019;24:227-35. [CrossRef]
Frank JB, Lim CK, Flynn JM, Dormans JP. The efficacy of magnetic reso-
nance imaging in pediatric cervical spine clearance. Spine (Phila Pa 1976)
2002;27:1716-9. [CrossRef ]

Keenan HT, Hollingshead MC, Chung CJ, Ziglar MK. Using CT of the
cervical spine for early evaluation of pediatric patients with head trauma.
AJR Am ] Roentgenol 2001;177:1405-9. [CrossRef |

Sun PP, Poffenbarger GJ, Durham S, Zimmerman RA. Spectrum of oc-
cipitoatlantoaxial injury in young children. ] Neurosurg 2000;93:28-39.
Wholey MH, Bruwer AJ, Baker HL. The lateral roentgenogram of the
neck; with comments on the atlanto-odontoid-basion relationship. Radi-
ology 1958;71:350-6. [CrossRef]

Gonzalez LE, Fiorella D, Crawford NR, Wallace RC, Feiz-Erfan I,
Drumm D, et al. Vertical atlantoaxial distraction injuries: Radiological
criteria and clinical implications. ] Neurosurg Spine 2004;1:273-80.
Omercikoglu S, Altunbas E, Akoglu H, Onur O, Denizbasi A. Normal
values of cervical vertebral measurements according to age and sex in CT.
Am ] Emerg Med 2017;35:383-90. [CrossRef]

Osmotherly PG, Rivett DA, Rowe LJ. The anterior shear and distraction
tests for craniocervical instability. An evaluation using magnetic reso-
nance imaging. Man Ther 2012;17:416—-21. [CrossRef ]

Radcliff KE, Ben-Galim P, Dreiangel N, Martin SB, Reitman CA, Lin
JN, et al. Comprehensive computed tomography assessment of the upper
cervical anatomy: what is normal? Spine ] 2010;10:219—-29. [CrossRef]
Rojas CA, Bertozzi JC, Martinez CR, Whitlow J. Reassessment of the
craniocervical junction: Normal values on CT. AJNR Am ] Neuroradiol
2007;28:1819-23. [CrossRef]

Menezes AH. Decision making. Childs Nerv Syst 2008;24:1147-53.
Pang D, Nemzek WR, Zovickian J. Atlanto-occipital dislocation: Part
1-normal ccipital condyle-C 1 interval in 89 children. Neurosurgery
2007;61:514-21. [CrossRef]

Nemzek WR, Brodie HA, Hecht ST, Chong BW, Babcook CJ, Seibert
JA. MR, CT, and plain film imaging of the developing skull base in fetal
specimens. AJNR Am ] Neuroradiol 2000;21:1699-706.

Tillmann B, Lorenz R. The stress at the human atlanto-occipital join-

1006

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

t-I. The development of the occipital condyle. Anat Embryol (Berl)
1978;153:269-77. [CrossRef]

Li G, Passias P, Kozanek M, Shannon BD, Li G, Villamil E et al. Interob-
server reliability and intraobserver reproducibility of powers ratio for as-
sessment of atlanto-occipital junction: Comparison of plain radiography
and computed tomography. Eur Spine ] 2009;18:577-82. [CrossRef

Lee HJ, Kim JT, Shin MH, Choi DY, Hong JT. Quantification of pe-
diatric cervical spine growth at the Cranio-Vertebral junction. ] Korean
Neurosurg Soc 2015;57:276—82. [CrossRef]

Tassanawipas A, Mokkhavesa S, Chatchavong S, Worawittayawong
P. Magnetic resonance imaging study of the craniocervical junction. J
Orthop Surg (Hong Kong) 2005;13:228—31. [CrossRef]

Al Kaissi A, Kalchhauser G, Grill F, Klaushofer K. Arthrogryposis mul-
tiplex congenital in a child manifesting phenotypic features resembling
dysosteosclerosis/ osteosclerosis malformation complex; 3DCT scan
analysis of the skull base. Cases J 2008;1:56. [CrossRef]

Mcrae DL. Bony abnormalities in the region of the foramen magnum:
Correlation of the anatomic and neurologic findings. Acta Radiol
1953;40:335-54. [CrossRef |

Smoker WR. Craniovertebral junction: Normal anatomy, craniometry,
and congenital anomalies. Radiographics 1994;14:255—77. [CrossRef ]
Batista UC, Joaquim AFE Fernandes YB, Mathias RN, Ghizoni E,
Tedeschi H. Computed tomography evaluation of the normal cranio-
cervical junction craniometry in 100 asymptomatic patients. Neurosurg
Focus 2015;38:E5. [CrossRef]

Frade HC, Fran¢a CC, do Nascimento JJ, de Almeida Holanda MM, da
Silva Neto EJ, Aratijo Neto SA. Cranio-vertebral transition assessment
by magnetic resonance imaging in a sample of a northeast Brazilian pop-
ulation. Arq Neuropsiquiatr 2017;75:419—-23. [CrossRef]

Koenigsberg RA, Vakil N, Hong TA, Htaik T, Faerber E, Maiorano T, et
al. Evaluation of platybasia with MR imaging. AJNR Am ] Neuroradiol
2005;26:89-92.

Nascimento JJ, Neto EJ, Mello-Junior CE Valenga MM, Aratjo-Neto SA,
Diniz PR. Diagnostic accuracy of classical radiological measurements for
basilar invagination of type B at MRI. Eur Spine ] 2019;28:345-52.
Netto DS, Nascimento SR, Ruiz CR. Metric analysis of basal sphenoid
angle in adult human skulls. Einstein (Sao Paulo) 2014;12:314-7.
Bundschuh C, Modic MT, Kearney E Morris R, Deal C. Rheumatoid
arthritis of the cervical spine: Surface-coil MR imaging. AJR Am ]
Roentgenol 1988;151:181-7. [CrossRef]

Brouwer PA, Lubout CM, van Dijk JM, Vleggeert-Lankamp CL. Cervical
high-intensity intramedullary lesions in achondroplasia: Aetiology, preva-
lence and clinical relevance. Eur Radiol 2012;22:2264~72. [CrossRef |
Erbengi A, Oge HK. Congenital malformations of the craniovertebral
junction: Classification and surgical treatment. Acta Neurochir (Wien)
1994;127:180-5. [CrossRef ]

Ulus Travma Acil Cerrahi Derg, July 2022, Vol. 28, No. 7


https://doi.org/10.1227/NEU.0000000000000470
https://doi.org/10.1227/01.NEU.0000290897.77448.1F
https://doi.org/10.3171/2019.4.PEDS1968
https://doi.org/10.1097/00007632-200206010-00008
https://doi.org/10.2214/ajr.177.6.1771405
https://doi.org/10.3171/spi.2000.93.1.0028
https://doi.org/10.1148/71.3.350
https://doi.org/10.3171/spi.2004.1.3.0273
https://doi.org/10.1016/j.ajem.2016.11.019
https://doi.org/10.1016/j.math.2012.03.010
https://doi.org/10.1016/j.spinee.2009.12.021
https://doi.org/10.3174/ajnr.A0660
https://doi.org/10.1007/s00381-008-0604-x
https://doi.org/10.1227/01.NEU.0000290897.77448.1F
https://doi.org/10.1007/BF00315929
https://doi.org/10.1007/s00586-008-0877-5
https://doi.org/10.3340/jkns.2015.57.4.276
https://doi.org/10.1177/230949900501300303
https://doi.org/10.1186/1757-1626-1-56
https://doi.org/10.1177/028418515304000226
https://doi.org/10.1148/radiographics.14.2.8190952
https://doi.org/10.3171/2015.1.FOCUS14642
https://doi.org/10.1590/0004-282x20170071
https://doi.org/10.1007/s00586-018-5841-4
https://doi.org/10.1590/s1679-45082014ao2933
https://doi.org/10.2214/ajr.151.1.181
https://doi.org/10.1007/s00330-012-2488-0
https://doi.org/10.1007/BF01808763

Kaya et al. Measuring the shape and dimensions of normal the bony structures in the CVJ from CT images of the pediatric age group

ORIJINAL CALISMA - 0Z

Pediatrik yag grubunun bilgisayarli tomografi goriintiilerinden kraniyovertebral
bileskedeki normal kemik yapilarin gekil ve boyutlarinin 6l¢iilmesi
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AMAC: Bu galisma, pediatrik yas grubunun bilgisayarli tomografi (BT) goriintilerinden kraniyovertebral bileskedeki kemikli yapilarin morfometrik
referans degerlerini belirleyerek literatiire katkida bulunmayr amaglamaktadir.

GEREC VE YONTEM: Bu galismada, 2016-2020 yillari arasinda yaslari 3—15 arasinda degisen, 151 basit travmali gocuk hastanin servikal BT leri
degerlendirildi. Tum BT incelemelerinde 32-kesitli bir BT kullanilarak, kafa tabani ve C|-C2 bileskesinin gortintiileri degerlendirildi. Bu gorintilerden
Wachenheim clivus kanal agisi (WKA), Welcher bazal agisi (WBA), kraniyoservikal tilt agisi (KST), Power orani (PO), Atlantodens intervali (ADI),
McRae Line (MRL), McRae - Dens mesafesi, Bazion-Dens araligi (BDA), Bazion-aksis araligi (BAA), Atlantooksipital mesafe (AOM) olmak tizere
toplam 10 Slglim elde edildi.

BULGULAR: Cinsiyet gruplari karsilastirildiginda MRL (p=0.01 1) ve AOM (p<0.001) Slgtimleri erkeklerde anlaml olarak yliksek bulundu. McRae-
Dens mesafesi, BDA ve AOM 3-9 yas arasi hastalarda anlamli olarak daha yiiksekti (sirasiyla, p=0005, p=0.003, p<0.001) ve BAA (p=0.001)
anlamli olarak 10—15 yasindaki hastalarda daha yiiksekti. McRae - Dens mesafesi (p=0.1 19) odontoid apeksinde terminal kemikgik olan ve olmayan
hastalar arasinda benzerdi. Ancak terminal kemigi olmayan hastalarda BDA anlamli olarak daha yiiksekti (p=0.048). WKA, WBA, KST ve PO disin-
daki tiim parametreler; hasta yasi ile istatistiksel olarak anlamli sekilde iliskiliydi (sirasiyla, p=0.21, p=0.13, p=0.70, p=0.99).

TARTISMA: Bu galismada, pediatrik yas grubunun BT gérintilerinden kraniyovertebral bileskedeki kemik yapilarinin morfometrik referans deger-
leri belirlendi.

Anahtar sozclikler: Bilgisayarli tomografi; kraniovertebral bileske; kemik yapilar; pediatrik yas.
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