Volume: 27, Issue:1, January 2016 pp: 13-17

ORIGINAL ARTICLE / ORJINAL MAKALE

CRANIOVERTEBRAL JUNCTION MORPHOMETIC
EVALUATION WITH RECONSTRUCTIVE COMPUTED
TOMOGRAPHY

“e

.l wrkish REKONSTRUKTIF BILGISAYARLI TOMOGRAFI ILE

KRANIOVERTEBRAL BILESKENIN MORFOMETRIK

INCELEMESI
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. T3 Objective: The aim of the study is to evaluate information from reconstructive computed
Sinem GERGIN 3 tomography parameters of the craniovertebral junction(CVJ) in asymptomatic individuals.
Hanife Giilden DUZKALIRY, Materials and Method: We inspected 98 consecutive CVJ reconstructive computed
Recep BASARAN?, tomography scans obtained in adult patients who were admitted to our hospital for
Ali Haluk DUZKALIRS emergency treatment of non-CVJ conditions retrospectively.

’ ; Results: 98 patients (46 females, 46.9 %, and 52 males, 53.1 %) were included in the study.
Cumhu{ Kaan YALTIRIK ) Accordingly, mean age was 51.7 = 18.7 years, mean Chamberline-Odontoid Distance was
Selguk OZDOGAN? 2.5 = 1.2 mm, mean Grabb-Oakes was 6.8 = 1.4 mm, mean Atlantodental Interval was 1.4
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+ 0.5 mm, mean Foramen Magnum AP was 34.3 + 3.2 mm, and mean Foramen Magnum
Lat-Lat, Coronal was 30.0 £ 2.7 mm. When the measurements were compared between
females and males, it was found that only foramen magnum anterior-posterior(AP) distance
was significantly different between genders (33.1 £ 2.6 mm in females, 35.4 £ 3.4 mm in
males, p=0.011), and males had larges foramen magnum AP distance values. Age (p=0.960),
Chamberline-Odontoid Distance (p=0.952), Grabb-Oakes (p=0.068), Atlantodental Interval
(p=0.680), and Foramen Magnum Lat-Lat Coronal (p=0.741) were similar between females
and males.

Conclusions: When evaluating CVJ malformations, surgeons should take into account the
normal ranges based on computed tomography scan instead of those obtained from plain
radiographs.

Key Words: Craniovertebral junction, reconstructive computed tomography, craniovertebral
junction morphometry

Level of Evidence: Morphgometric analysis, Level lll

OZET:

Amag: Bu calismanin amaci asemptomatik eriskinlerde rekonstriiktif bilgisayarli tomografi ile
kraniovertebral bileskenin degerlendirilmesidir.

Materyal ve Metod: Acil servise kraniovertebral bileske patolojisi haricinde sebeplerle
basvurmus 98 hastanin rekonstriiktif bilgisayarli tomografi gortintileri retrospektif olarak
incelenmistir.

Sonuglar: Calismaya 98 (46 kadin, % 46.9, ve 52 erkek, % 53.1) hasta dahil edildi. Ortalama yas
51.7 £ 18.7, ortalama Chamberline-Odontoid mesafesi 2.5 + 1.2 mm, ortalama Grabb-Oakes
mesafesi 6.8 + 1.4 mm, ortalama Atlantodental mesafe 1.4 £ 0.5 mm, ortalama Foramen
Magnum AP mesafesi 34.3 + 3.2 mm ve ortalama Foramen Magnum koronal yan mesafesi
30.0 + 2.7 mm olarak bulundu. Olciimler kadin ve erkekler arasindaki fark karsilastirildiginda
sadece foramen magnum capi istatistiksel olarak anlamli bulundu (kadin 33.1 + 2.6, erkek
35.4 + 3.4 mm, p=0.011). Yas (p=0.960), Chamberline-Odontoid mesafesi (p=0.952), Grabb-
Oakes mesafesi (p=0.068), Atlantodental aralik (p=0.680) ve Foramen Magnum yan koronal
(p=0.741) erkek ve kadinlar arasinda benzer olarak bulunmustur.

Cikarim: Kraniovertebral bileske anomalilerini degerlendirirken, cerrahlar diz
radyografiler yerine rekonstriiktif bilgisayarli tomografi 6lctimlerini tercih etmelidir.

Anahtar kelimeler: Kraniovertebral bileske, rekonstriktif bilgisayarli tomografi,
kraniovertebral bileske morfometrisi.

Kanit Diizeyi: Morfometrik analiz, Diizey IlI
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INTRODUCTION:

The craniovertebral junction (CV]) is the union of the
occiput, atlas and axis. Morphological studies on the normal
craniometry of the craniocervical junction can be helpful
in improving the precision of such diagnosis criteria and
improving the classification of CV] anomalies®”.

Bone structures are superimposed on the plain radiographs
so, for the evaluation of all CV]J anomalies and diseases we
must use of modern diagnostic imaging methods such as CT
scan with reconstruction or MRI™. CV] could be well layed
out with reconstructional 3-dimensional (3D) thin-layered
computed tomography. This latter technique requires a large
number of overlapping, thin-section axial images and an
extremely cooperative patient. The craniometric parameters
of the CV] are of paramount importance to understand and
propose adequate treatments for the different diseases that

affect the region'>".

We performed a craniometrical evaluation of an asymptomatic
population, with the purpose of gathering information on
the normal reconstructional CT parameters of the CV] in
asymptomatic individuals.

MATERIALS AND METHODS:
We inspected 98 consecutive CV] CT scans obtained in adult

patients who were admitted to our hospital for emergency
treatment of non-CV] conditions retrospectively. Inclution
criterias for patients in the study are, patients had to be older
than 17 years and have undergone a complete 3D-CT scan
of the CV] for causes other than an investigation of a CV]J
malformation or congenital anomaly. Patients were excluded
if their radiological examinations were not sufficient for the
proposed measurements, if they had undergone only a dynamic
CT scan that would preclude some of the measurements, if
they were undergoing mechanical ventilation at the time
of the CT scan, or if they were known to have pathological
conditions of the CV].

MEASUREMENTS:

1) The distance from the tip of the odontoid to the
Chamberlain line was determined as follows. A line was drawn
from the posterior hard palate to the tip of the opisthion
(the Chamberlain line) on a sagittal CT image (Figure-1).
A perpendicular line was then traced through the tip of the
odontoid, and the length of this line was recorded as well as
whether the odontoid tip was above or below the Chamberlain
line.

2) The amount of ventral cervicomedullary encroachment by
the odontoid the measurement proposed by Grabb-Oakes
measured in a sagittal

Figure-1. The distance from the tip of the odontoid to
the Chamberlain line was determined as follows. A line
was drawn from the posterior hard palate to the tip of the
opisthion (the Chamberlain line) on a sagittal CT image.

CT image as the distance to a line traced from the most
posterior region of the dura mater covering the dens to the
line that goes from the inferior surface of the basion to the

posterior inferior aspect of the C-2 vertebral body (Figure-2).

Figure-2. The amount of ventral cervicomedullary
encroachment by the odontoid the measurement proposed
by Grabb-Oakes measured in a sagittal CT image as the
distance to a perpendicular line traced from the most
posterior region of the dura mater covering the dens to
the line that goes from the inferior surface of the basion to
the posterior inferior aspect of the C-2 vertebral body.
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Figure-3. The atlantodental interval was measured as the
distance between the posterior border of the anterior C-1
arch and the anterior margin of the odontoid process on a
midline sagittal CT image.

3) The atlantodental interval was measured as the distance
between the posterior border of the anterior C-1 arch and the
anterior margin of the odontoid process on a midline sagittal
CT image (Figure-3).

4) The anteroposterior and latero-lateral diameters of the
foramen magnum were measured as the greatest distance
between the anterior and posterior rims of the foramen
magnum (Figure-4) and the greatest distance from its left
lateral surface to its right lateral (Figure-5).

STATISTICAL ANALYSIS:

Descriptive data were presented as frequencies and percent
for categorical variables, and as mean and standard deviation
for numerical variables. Independent group comparisons
between both genders were performed with Mann-Whitney
U test. P values lower than 0.05 (Type I error level of 5%)
was considered as statistically significant result. All analyses
were performed by using IBM SPSS Statistics for Windows,
Version 21.0 (Armonk, NY: IBM Corp.).

Figure-4. The anteroposterior and latero-lateral
diameters of the foramen magnum were measured as the
greatest distance between the anterior and posterior rims

of the foramen magnum

Figure-5. The greatest distance from its left lateral surface
to its right lateral.

RESULTS:

98 patients (46 females, 46.9 %, and 52 males, 53.1 %) were
included in the study. General characteristics of patients
were presented in Table-1. Accordingly, mean age was 51.7
+ 18.7 years, mean Chamberline-Odontoid Distance was
2.5 + 1.2 mm, mean Grabb-Oakes was 6.8 + 1.4 mm, mean
Atlantodental Interval was 1.4+0.5 mm, mean Foramen
Magnum AP was 34.3 + 3.2 mm, and mean Foramen Magnum
Lat-Lat Coronal was 30.0 + 2.7 mm.
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Table-1. General characteristics of patients |

n %

Gender
Female 46 46.9%
Male 52 53.1%

Mean SD

(mm) (mm)
Age 51.7 18.7
Chamberline-Odontoid Distance 2.5 1.2
Grabb-Oakes 6.8 1.4
Atlantodental Interval 1.4 0.5
For. Magnum AP 34.3 3.2
For. Magnum Lat-Lar Coronal 30.0 2.7

When the measurements were compared between females and
males, it was found that only foramen magnum ap distance
was significantly different between genders (33.1 + 2.6 mm
in females, 35.4 + 3.4 mm in males, p=0.011), and males had
larges foramen magnum AP distance values. Age (p=0.960),
Chamberline-Odontoid Distance (p=0.952), Grabb-Oakes
(p=0.068), Atlantodental Interval (p=0.680), and

Foramen Magnum Lat-Lat Coronal (p=0.741) were similar
between females and males. Comparisons between genders are

presented in Table-2.

DISCUSSION:

Understanding and evaluation of CV] relationships can

be simplified by identification of relatively few anatomic

constituting the CV]J (occiput, atlas, and axis), and application

of some simple craniometnic measurements>*¢”.

Rojas et al. assessed normal anatomical relationships of the
CV] on CT scans obtained in 200 patients who underwent
imaging as part of a trauma protocol and were found to have
no osseous or soft tissue abnormality (11). The values differed
significantly from the classic values based on standard plain
radiographs. The authors reported that 95 % of their patients
had an ADI less than 2 mm, smaller than the historical value
of 3 mm previously reported in studies from the 1960s as the

normal upper limit'.

Batista et al. reported that the mean distance from the tip of
the odontoid process to the line proposed by Chamberlain
was -1.55 mm (below the line)*?. Of note, some patients
had the tip of the odontoid 2 mm or even 5 mm above the
Chamberlain line, both levels that have been proposed as
diagnostic criteria for basilar invagination. Based on their
findings they evaluated that due to anatomical variations, some
asymptomatic individuals would have the diagnosis of basilar
invagination. Based on a normal distribution, the normal
accepted range of the distance of the tip of the odontoid
process in their population was from 5.9 mm below to 2.9
mm above the Chamberlain line'. Patients with the tip of the
odontoid extending more than 2.9 mm past the Chamberlain
line would be considered abnormal in their study population®.
When analyzing the amount of ventral cervicomedullary
encroachment by the odontoid, a measurement proposed by
Grabb et al., the mean distance from the most posterior region
of the dura mater covering the tip of the odontoid process
to the line that goes from the inferior surface of the basion
to the inferior aspect of the C-2 body was 6.7 mm, and only

1 asymptomatic patient had a value above 9 mm for this

landmarks, basic knowledge of the development of structures = measurement®.
Table-2. Comparisons of measurements between genders
Female Male
Mean (mm) SD (mm) Mean (mm) SD (mm) P

Age 51.4 18.4 51.9 19.4 0.960
Chamberline-Odontoid Distance 2.5 0.9 2.5 1.5 0.952
Grabb-Oakes 6.5 1.4 7.2 1.4 0.068
Atlantodental Interval 1.4 0.4 1.5 0.6 0.680
For. Magnum AP 33.1 2.6 35.4 3.4 0.011
For. Magnum Lat-Lar Coronal 29.8 2.6 30.2 2.8 0.741
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Our study is limited by the lack of intra- and inter-reliability
assessment for the presented CVJ] measurements. Further
studies addressing the reliability of CT scan measurement of
the normal CV] craniometry are necessary. Additionally, CV]
craniometry may be influenced multifactors such as patient
race height and among others. Our study did not address these
issues, but they should be taken into account in future research

in this field.

We reported our
values obtained from modern 3D reconstructions in 100

results on normal craniometrical
asymptomatic individuals. These studies can be useful for
evaluating anomalies of the CV] in comparison with normal
parameters. We believe that the precise landmarks obtained
with CT reconstructions should improve the reproducibility
of CVJ craniometry compared with measurements obtained
with simple plain radiographs. When evaluating CV]
malformations, surgeons should take into account the normal
ranges based on CT scan instead of those obtained from plain

radiographs.
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