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Three-dimensional computed tomography analysis
of the atlanto-dental interval in a healthy Karachi
population: a single-center retrospective cross-

sectional study

Anum Sultan, FCPS?, Sanobar Bhugio, MD?, Omer A. Shaikh, MBBS", Faizan S. Swaleh, MBBS?,
Komal Subhash, MBBS®, Yameena N. Khan, MBBS®, Ali Mala, MBBS®, Md. Al Hasibuzzaman, MBBS, MPHIL**

Background: The atlantoaxial joint has a complex anatomical configuration and has a wide range of mobility. Traumatic, \
inflammatory, and neoplastic joint pathologies frequently affect this joint. The aim of this retrospective cross-sectional study was to
evaluate the atlanto-dental intervals (ADI) in patients who underwent computed tomography (CT) scans of the neck and cervical spine
in at a Tertiary Care Hospital in Karachi, Pakistan.

Methods: This was a retrospective cross-sectional study conducted at a tertiary care hospital in Karachi between 1 January 2021
and 31 December 2021, following approval from the hospital ethical review committee. Patients above the age of 15 who underwent
CT scans were included, while individuals with a history of cervical trauma, infection, rheumatoid arthritis, or congenital anomalies, as
well as those younger than 15 years old, were excluded. CT scans were performed using a multidetector scanner utilizing a
standardized protocol. Sagittal and coronal images were reconstructed. ADI measurements, including anterior ADI (AADI), posterior
ADI (PADI), and lateral ADI (LADI) on both sides, were determined using appropriate bone window settings. A radiologist with a
minimum of 3 years of experience analyzed the CT scans.

Results: The mean age of the patients was 49.3+17.7 years (age range: 16-85 years). The mean AADI was 1.4 +0.4 mm, with a
range of 0.0-2.1 mm. The mean PADI was 19.1 +1.9 mm, with a range of 13.8-24.6 mm. The mean left LADI measurement was
3.3+ 1.2 mm with a range of 1.2-10.0 mm, and the mean right LADI measurement was 3.2 + 1.1 mm with a range of 1.2-6.3 mm.
Conclusion: Our study examined the ADI in patients who underwent CT scans of the neck and cervical spine in Karachi. The
findings provide valuable insights into the relationship between ADI measurements, age, and sex. These results contribute to our
understanding of the anatomical variations in this region, which may aid in the diagnosis and management of cervical spine disorders.
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I Cross-sectional Study

Introduction
HIGHLIGHTS

e The atlantoaxial joint has a complicated anatomical
structure and a large range of motion. This joint is
commonly affected by inflammatory, traumatic, and neo-
plastic joint diseases, which may cause widening of the

The atlantoaxial joint is the bi-axial pivot joint between the atlas
(C1) and axis (C2) cervical vertebral bodies that allows for a wide
range of mobility at the cranio-cervical junction. This is attrib-
uted to the complex anatomical shape and articulation of the C1
and C2 vertebral bodies. The atlantoaxial joint comprises one

medial and two lateral atlanto-dental constructing partst' =31, The
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anterior and lateral atlantoaxial distance further causing it
to be highly prone to instability.

e The present research aimed to investigate the relationship
between the normal atlanta-dental interval (ADI) and its
correlation with age and sex in an asymptomatic Pakistani
population.

e The results of the study determined a significant correlation
between age and ADI. While no significant relation could
be identified with sex.

e The normal values of ADI were established in the Pakistani
population for future reference.

dens of the C2 vertebral body is bounded at its anterior and lat-
eral aspects by the atlas vertebra. It is stabilized by the transverse
ligament posteriorly, which restraints the atlas up to 3 mm and
limits its anteroposterior movement. Lateral rotation of the dens
is limited by alar ligaments, which extend from the apex of the
dens up to the lateral occipital condyles!®>!.,
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Due to the extensive range of movement of the head, the
atlantoaxial joint is highly prone to instability!. Trauma,
arthropathies, and neoplastic lesions frequently affect the atlan-
toaxial joint’®!. The most common cause of atlantoaxial
instability (AAI) is trauma leading to the disruption of the
transverse odontoid ligament. Over the past few decades, there
have been an increasing prevalence of connective tissue, inflam-
matory, and hereditary disorders such as rheumatoid arthritis,
systemic lupus erythematosus, Ehlers-Danlos syndrome, anky-
losing spondylitis, mucopolysaccharidoses, which also contribute
to AAT®!.

The instability at the atlantoaxial joint can be ascertained by
measuring the atlanto-dental distance, which was defined by
Hinck and Hopkins in 1960!”). Measurements of the anterior
atlanto-dental interval (AADI), posterior atlanto-dental interval
(PADI), and lateral atlanto-dental interval (LADI) are frequently
used to detect atlantoaxial dislocation secondary to trauma!®”!,
Diameters of AADI and PADI are of diagnostic significance in
patients having neurological symptoms in rheumatoid arthritis'”.
This is due to the subluxation of the AADI due to erosion of the
apical, transverse, and alar ligaments, as well as the dens of the C2
vertebra in extreme cases. This results in a narrowing of the spinal
canal with reduced PADI causing compression over the spinal
cord, nerves, and intraspinal arteries'!.

Computed tomography (CT) scan has superseded the radio-
graphs in the evaluation of the atlantoaxial joint and provides the
greater resolution to delineate the anatomic relationships as well
as definitive bony landmarks for atlanto-dental interval (ADI)
measurement!®!, Moreover, three-dimensional CT has a higher
resolution in diagnosing atlantoaxial facet dislocation!'”).

Considering that there are a wide spectrum of diseases and
associated therapeutic implications, a comprehensive discussion
on the subject is mandatory. Our objective is to evaluate the
reference ranges for the AADI, PADI, and LADI in asymptomatic
adult patients of the Pakistani population on multidetector
computed tomography and to analyze the relationships of these
measurements with age and sex.

Methods

Our study is a retrospective cross-sectional study conducted at
Karachi from 1st January 2021 to 31st December 2021 after
obtaining approval from the hospital ethical review committee.
All the patients above the age of 15 who underwent CT scans of
the neck and cervical spine were included in this study. Patients
younger than the age of 15, having a history of cervical trauma,
infection, rheumatoid arthritis, and patients with congenital
anomalies were excluded from the study. All examinations were
performed on a multidetector Asteion 16 (Toshiba, Japan). The
CT protocol included scanning from the base of the skull to the
lung apices. Axial slices were obtained with a slice thickness of
2 mm, the pitch of 2, at 120 kvp, 250 mAs, and a medium field of
view. The sagittal and coronal images were reconstructed. CT
scans were analyzed by a radiologist having at least 3 years of
experience. The AADI, PADI, and LADI on either side were
measured using appropriate bone windows settings which were
taken as follows:

AADI: horizontal distance between the anterior arch of the
atlas and the odontoid process of the axis on a midsagittal CT
image',

PADI: distance between the posterior surface of the dens and
the anterior margin of the posterior arch of the atlas on a mid-
sagittal CT image'!.

LADI: distance between the lateral mass of the C1 vertebra at
its mid part and dens measured in the coronal plane on both right
and left sides!"").

Data was recorded and analyzed using IBM SPSS Statistics for
Windows, Version 25.0 (IBM Corp.). The division of patients
according to their ages and sex was established. Frequency and
percentage for age and sex, and means and SD for AADI, PADI,
as well as LADI on the right and left sides were calculated. The
correlation of AADI, PADI, and right and left LADI with age and
sex was also determined. The Pearson correlation coefficient was
used to calculate the relationship between age and ADIs, and the
independent samples #-test was used to compare ADIs in males
and females. A P-value of less than 0.05 was considered sig-
nificant. Our study has been reported in line with the STROCCS
criterial'?),

Results

A total of 103 patients were included in this study. There were 67
(65.0%) males and 36 (35.0%) females. The mean age of patients
was 49.3+17.7 years (age range: 16-85 years). The measurement
of AADI ranges from 0.0-2.1 mm with an overall mean of
1.4+ 0.4 mm. The mean AADI in males was 1.4+ 0.3 mm and in
females, it was 1.3£0.4 mm. The PADI ranges from
13.8-24.6 mm with an overall mean of 19.1+ 1.9 mm. In males,
the mean PADI was 19.2+1.8 mm while in females, it was
19.0£2.1 mm. The right LADI ranges from 1.2-6.3 mm with an
overall mean of 3.2+ 1.1 mm. The mean right LADI in males and
females was 3.2+ 1.1 mm and 3.1+1.0 mm, respectively. Left
LADI ranges from 1.2-10.0 mm with an overall mean of
3.3+1.2 mm. In males, the mean left LADI was 3.5+1.4 mm
while in females it was 3.0+£0.9 mm. There is a significant sta-
tistical correlation of AADI with age (P= 0.000). No statistical
significance was noted between PADI, right LADI, and left LADI,
and the age of the patient. There was no statistical difference
between AADI, PADI, and right LADI when comparing males
and females. However, there is a statistically significant difference
between left LADI in males and females (P=0.03). The mea-
surement ranges, means, and SD of the ADIs are given in Table 1.
Figure 1 shows AADI, PADI, and right and left LADI.

Table 1
Measurement range of AADI, PADI, and right and left LADI, their
overall mean, SD, and sex stratified mean, SD, and P-values

Overall Males Females
Mean + SD Mean + SD Mean + SD
Range (mm) (mm) (mm) (mm) P
AADI 0.0-2.1 1.4+04 1.4+0.3 1.3+04 0532
PADI 13.8-24.6 191+19 19.2+1.8 19.0+21  0.483
Right LADI  1.2-6.3 3.2+141 32+11 31+1.0 0.609
Left LADI 1.2-10.0 33+12 35+14 3.0+09 0.032

AADI, anterior atlanto-dental interval; LADI, lateral atlanto-dental interval; PADI, posterior atlanto-
dental interval.
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Figure 1. CT scan axial (A), sagittal (B) and coronal (C) bone window images showing AADI (green arrow), PADI (yellow arrow) and right and left LADI (blue arrows).
AADI, anterior atlanto-dental interval; CT, computed tomography; LADI, lateral atlanto-dental interval; PADI, posterior atlanto-dental interval.

Discussion

It is important to identify cervical instability in clinical practice,
for which imaging plays a crucial role. Apart from trauma and
congenital etiologies causing AAI, vitamin deficiency, malnutri-
tion especially related to protein deficiency and excessive alcohol
consumption can also lead to AAI'"?, In clinical practice, nar-
rowing of the PADI does not necessarily mean that there is a
neurological deficit or compromise but there is a great risk of
vascular compromise of vital vessels like the vertebral artery in
the absence of neurological compromise. If there is no neurolo-
gical compromise, the joint instability may be reversed!. The
most reliable tool for the displacement of the atlantoaxial joint is
AADI as determined by the study conducted by Coutts in
1934131, Concerning the LADL if it persists even after correction,
then this implies rotatory fixation of the atlantoaxial joint!"*l.
Due to the complexity of the atlantoaxial junction, CT has been
widely used for proper assessment as conventional radiography
in this regard is insufficient!”!, This study determines the variation
of ADI related to age on MDCT, which is highly accurate as we
take measurements from cortex to cortex and there are no pro-
blems of magnification as encountered in X-rays"’!. To our
knowledge, the AADI, PADI, and LADI have not been measured
in the Pakistani population.

Previous studies by Chen et al."*! and Omercikoglu et al."’!
showed a statistically significant difference in measurements of
AADI between males and females. According to Chen ef al.,
AADI was significantly greater in males than in females with a
P-value of 0.05. Their study showed the 95% CI for AADI was
1.2-2.7 mm in male and 1.1-2.3 mm in females; however, no
statistical significance is noted between sex when comparing right
and left LADI'*. Another study by Liu et al.'"®! mentioned that
sex has no effect on the measurements of ADI. Interestingly, while
our study shows no statistically significant difference in AADI,
PADI, right LADI between males and females in concordance
with other published studies, it differs from the available litera-
ture by showing a statistically significant difference in left LADI
between males and females.

Studies by Liu et al."® and Osmotherly et al."”! found a
negative correlation between ADI and age. According to the
results of the study by Osmotherly et al., the AADI tends to

decrease from 2.07 to 0.85 mm with increasing age (P <0.01);
however, various disorders such as rheumatoid arthritis,
trauma, and degeneration also tends to increase the AADIM,
The results of our study, however, showed that there was a
positive correlation between age and AADI. In our study, the
mean AADI in males was 1.4 + 0.4 mm and in females, it was
1.3 +0.4 mm.

This may be attributed to the cervical spine degeneration
leading to pannus formation with the advancing age of the patient
as described by Joyce et al.'®!. However, further research for the
measurement of AADI in the elderly population is needed as our
study includes a small sample of elderly patients.

There was slight asymmetry in measurements of right and left
LADI in our study; however, it shows an insignificant P-value of
0.81 and 0.09, respectively, between males and females. This
asymmetry in right and left LADI may be attributed to normal
congenital variation as described by Harty et al.l'”! who states
that 32% of patients has asymmetrical LADI. Studies by Lee
et al.*%! Ellis GLY, and Sutherland et al.**! has also described
that asymmetry in LADI may present as a normal radiographic
finding and is not necessarily indicative of cervical instability if it
is unrelated to trauma. However, careful evaluation of LADI is
mandatory in post-traumatic patients since it may be the only
indicator of cervical injury leading to instability and extensive
evaluation of cervical ligaments with an MRI examination is vital
in such cases.

Our study had several limitations, which must be acknowl-
edged. Foremost amongst these is our small sample size, which
may impact the confidence with which we can report our results.
Our patients were also not stratified according to ethnic groups,
which prevented us from accurately reporting the variations in
ADIs across our diverse patient population. Moreover, our study
was conducted at a single center, which also limits the variation in
patient population with respect to patient ethnicity and socio-
economic background.

Despite these limitations, our study still provides important
insights into the variations in the measurements of the atlan-
toaxial joint in our patient population, where the patient demo-
graphic widely differs from other parts of the world.
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Conclusion

There was no significant difference between males and females in
the measurements of AADI, PADI, and right LADI; however, our
results showed a significant difference between males and females in
left LADI. Furthermore, increasing age has a significant correlation
with increasing AADI. Further studies need to be conducted in the
Pakistani population to establish the veracity of our results.
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