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~—ABSTRACT ~

Aim: In this intriguing review, the authors dive into the complex world of atlas stenosis and its clinical
impact on cervical myelopathy. The authors shed light on the origins of atlas stenosis, highlighting how
congenital abnormalities of the atlas are a result of failures in embryological development. Furthermore,
diagnosis and treatment methods are described.

Materials and method: Utilizing a detailed search of the literature in the PubMed database, the authors
have compiled a comprehensive analysis of the anatomical and biological basis of this condition. After
applying the exclusion criteria, 25 papers were deemed appropriate for the present review.

Results: With the help of computed tomography (CT) and magnetic resonance imaging (MRI) scans,
diagnosis becomes possible, but the authors emphasize the importance of using special tests for a more
accurate assessment. When it comes to treatment, surgical decompression with laminectomy or laminoplasty
is the suggested approach. This highlights the severity of atlas stenosis and the need for intervention to
alleviate the symptoms and prevent further neurological damage. What sets this review apart is its focus on
the clinical profile of atlas stenosis. The authors discuss how the obstruction of cerebrospinal fluid flow can
lead to neurological disorders and headaches. This sheds light on the broader impact this condition can have
on patients’ lives beyond simply the anatomical implications.

Conclusion: In the conclusion, the authors emphasize the susceptibility of the spinal cord to injuries
even with mild mechanical pressure or instability due to aging in patients with atlas stenosis. Additionally,
the instabilities caused by anatomical abnormalities of the atlas further highlight the importance of
considering atlas stenosis in cases of cervical trauma. Ouverall, this review provides a fascinating insight
into the connection between atlas stenosis and cervical myelopathy. By exploring the anatomical, biological,
diagnostic, and treatment aspects of this condition, the authors have contributed to the understanding of
this complex and often overlooked topic.
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INTRODUCTION

n this expert review, the authors take a

deep dive into the rare but significant con-

dition of spinal canal stenosis at the C1

level, also known as atlas hypoplasia (1).

The review highlights the two main causes
of this condition, including congenital abnorma-
lities (0.69-4% (2) and acquired abnormalities,
and provides valuable insights into the mecha-
nisms and consequences of this stenosis. The au-
thors present a comprehensive overview of the
topic, discussing the impact of reduced diameter
at the C1 vertebrae on the spinal cord and dura
mater, and its correlation to symptomatic spinal
canal stenosis. Spinal canal stenosis is one of the
most common mechanisms that leads to cervical
myelopathy (3). The rarity of the condition, with
its occurrence below the C2 level, is intriguing
and stimulates further interest in understanding
its etiology. The review delves into the numerous
factors contributing to the compression of the
spinal cord and dura mater, including ossifica-
tion of ligaments, osteophytes, and other degene-
rative factors. The authors effectively communi-
cate the potential outcomes of these
compressions, such as cervical myelopathy and
circulation problems of cerebrospinal fluid,
which engages in the pathomechanisms of the
headache (4). The authors highlight the discre-
pancy between the prevalence of pain and the
expression of other symptoms in patients with
cervical myelopathy caused by C1 stenosis, pro-
viding valuable insights for physicians in diagno-
sing and treating this condition. Remarkably,
50% of patients with atlas stenosis report pain
(5), while spasticity and walking issues seem to
be the main symptoms (6). The brief mention of
positive surgical outcomes for C1 stenosis pa-
tients adds further significance to the importance
of timely diagnosis and intervention.

One of the strengths of this expert review lies
in the use of relevant references from the litera-
ture, primarily case reports. This contributes to the
credibility of the information presented. Howe-
ver, the limited availability of such literature fur-
ther emphasizes the rarity of this condition and
underscores the need for further research.

The review concludes by emphasizing the
significance of considering C1 stenosis as a po-
tential diagnosis in patients with myelopathy
symptoms or mild neck trauma (7). The authors’

suggestion to perform a thorough literature
search while referencing normal anatomy and
development of the atlas enhances the clinical
applicability of the present review. Overall, this
expert review offers a well-researched and com-
prehensive overview of C1 spinal canal stenosis
and its implications for cervical myelopathy.

MATERIAL AND METHODS

literature search in the PubMed database

was conducted in order to investigate the
topic at hand. The authors diligently applied
exclusion criteria to ensure that all articles selec-
ted for analysis were of high quality and rele-
vance. By excluding articles about animals, those
with paid full-text access, and those focusing
solely on surgical techniques, the researchers en-
sured that only the most pertinent information
would be considered. Additionally, articles re-
lated to genetic syndromes and C1 stenosis as
part of C2 pathology were excluded, further nar-
rowing down the scope of the review, focusing
on relevant aspects of the topic. The researchers
only included literature sources published during
the past five years. However, publication date as
an exclusion criterion limited the available refe-
rences to such a large extent that a detailed re-
view and of the topic would be impossible. Con-
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sequently, publication date was not considered
an exclusion criterion.

The researchers implemented a two-step
search process using specific keywords. The first
search yielded 31 results, but upon closer exa-
mination, 11 cases were excluded for not me-
eting the established criteria. Subsequently, a se-
cond search was conducted using different
keywords, resulting in 36 initial results. However,
after eliminating duplicates and applying the
exclusion criteria once more, a total of 25 rele-
vant references were ultimately included in the
review. By selecting only the most relevant arti-
cles and focusing on key sections such as the con-
clusion and discussion, the reviewers aimed to
provide valuable insights and perspectives. The
searching method is briefly shown in Figure 1. O

DISCUSSION

mbryological development. Congenital atlas

anomalies can occur as a result of failures du-
ring embryogenesis. Understanding the normal
developmental process of the atlas is crucial in
comprehending the mechanisms behind these
anomalies. During the seventh week of intraute-
rine life, three ossification centers give rise to the
atlas (3, 6, 8-13). These centers form the anterior
tubercle, anterior arch, posterior arch, and po-
sterior tubercle. The posterior arch is nearly
complete at birth, with only a small amount of
cartilage remaining. Fusion of the posterior arch
is typically completed between the ages of 3 and
10 years, while fusion of the anterior and lateral
centers occurs between the ages of 5 and 9 years.
In a small percentage of the population, a fourth
ossification center forms the posterior tubercle.
The presence of this fourth center, alongside fai-
lures in cartilage formation, can lead to anoma-
lies in the posterior arch (12).

Posterior arch hypoplasia, or underdevelop-
ment, is often caused by premature fusion or in-
sufficient lengthening of the lateral center. This
results in a smaller posterior arch in which two
segments may fail to fuse, causing a midline cleft.
In other cases, the atlas may be underdeveloped
but still have a complete arch, leading to com-
pression of the spinal cord. Mesenchymal de-
fects during development can also lead to carti-
lage failure and various deformities. However, it
is important to note that posterior arch defects
are primarily a result of abnormalities in cartilage

formation rather than ossification defects. The
most common defect is a midline split of the
posterior arch, which accounts for more than
90% of all posterior arch defects (8). Interesting-
ly, these clefts may actually increase the available
space for the spinal cord and may not always re-
sult in myelopathy. Connective tissue fills the gap
and provides stability to the arch. The exact rea-
sons for these defects are still unknown, but ge-
netic factors are believed to play a significant
role (8, 13). Further research is needed to fully
understand the mechanisms behind these ano-
malies and to develop effective treatment.

Diameter variations at the C1 level. Atlas ste-
nosis, a condition characterized by narrowing of
the spinal canal at the C1 level, requires a com-
plete understanding of the normal and pathologic
diameters of the canal. The spinal canal is natu-
rally larger at the C1 level, becoming smaller at
lower levels before widening again at the C6 and
C7 levels. However, the C4 level is considered the
most critical for spinal canal stenosis (1).

The "Rule of Thirds," proposed by Steel in
1968 (3), suggests that the spinal cord, the dens
and the cerebrospinal fluid space should each
occupy one-third of the spinal canal's diameter
atthe C1 level. The average dural sac diameter is
10-12 mm at this level, while the normal sagittal
spinal canal diameter ranges from 16-25 mm. A
sagittal diameter below 14 mm can cause severe
cord compression, and below 10 mm can result
in symptoms of myelopathy (10, 11, 14-16).
These findings are supported by Yamahata et al
(16), who measured the spinal canal diameter in
213 patients and found a mean diameter of
18.6+1.9 mm in males and 17.6 = 1.6 mm in
females. Yamahata et al (16) also discovered that the
cross-sectional area (CSA) of C1 (639%75 mm?
in males and 57460 mm? in females) and the
inner  anteroposterior ~diameter  (IAP)  of
C1(30.7£2.0 mm in males and 28.5+1.6 mm in
females) could indicate C1 smallness. The au-
thors noted that C1 size increased with height
and weight, emphasizing the importance of
considering physiological data in determining
normal and pathologic diameters. Kelly et al (17)
conducted a cadaveric study with 543 speci-
mens and found an inner sagittal diameter of
30.8+2.4 mm. They defined hypoplasia as an
inner sagittal diameter below 28.1 mm, repre-
senting the lower 2.5% of measurements after
considering size and radiographic magnification.
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These results closely align with the previously
mentioned findings. Kelly et al (17) also observed
that, in 10% of cases, the dens occupied more
than 40% of the C1 spinal canal, which was vio-
lating the “Rule of Thirds”. Interestingly, Musa
et al (7) reported different findings, with a sagittal
inside diameter of 37.1+£2.6 mm in males and
34.4=2.4 mm in females. They defined hypo-
plasia as a measurement two standard deviations
below the standard. However, the measure-
ments performed by Kelly et al (17) and the bone
window CT scans conducted by Yamahata et al
(16) appear to be more accurate due to their di-
rect measurements in bony specimens.

Atlas anomalies associated with stenosis.
Anomalies in C1 development are often leading
to anatomical variations in C1, which can poten-
tially be harmful to the individual. These abnor-
malities are more commonly found in the poste-
rior arch, with 4% occurring in the posterior arch
and 1% in the anterior arch, based on anecdotal
cases (18). These variations in C1 do not typi-
cally affect the stability of the C1 joints and are
mostly asymptomatic. However, Pacheco et al
(2) propose a new classification of C1 abnorma-
lities, continuing Currarino’s classification and
highlighting two types. Type A is characterized
by hypertrophy of the posterior tubercle, where
a fourth ossification center is present, alongside
with premature fusion of the lateral sections of
the posterior arch. This results in the formation
of a hypoplastic C1, with the hypertrophied pos-
terior arch possibly causing compression of the
spinal cord (19). Type B is the most common de-
fect in the posterior arch, occurring in 3-4% of
the general population and represents over 90%
of posterior arch defects (10). It is characterized
by a midline cleft where the two hemiarches fail
to fuse. Although this defect is generally asymp-
tomatic (18), the abnormal thickening and kno-
bby edges of the incomplete bone can lead to
cord compression by incurring towards the spi-
nal canal (20). This can be caused by the traction
of muscles and ligaments attached to C1 or a
possible pseudarthrosis. Types C and D are as-
sociated with unilateral and bilateral clefts, re-
spectively. On the other hand, type E is the com-
plete absence of the posterior arch, with only the
posterior tubercle remaining, and type F is the
absence of both the posterior arch and the pos-
terior tubercle. Types E and F rarely cause com-
pression as they tend to increase the available
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space for the cord. However, isolated hypoplasia
is quite rare and can be accompanied by syn-
dromic diseases such as Down syndrome, Turner
syndrome, Morquio disease, achondroplasia,
and degenerative changes due to aging such as
cysts and ligament ossifications. Moreover, ste-
nosis at the C1 level can occur due to abnormal
fusion between the odontoid process of C2 and
the anterior tubercle of C1. However, this condi-
tion is considered to be an abnormality of the C2
vertebra and is beyond the scope of this review.

Diagnosis. The diagnosis of C1 stenosis can
be easily made by skilled doctors using MRI to
detect possible compression of the spinal cord at
the C1 level. Additionally, CT scans can be per-
formed to identify any bone defects, such as en-
largements or cracks, which may contribute to the
condition. Oshima et al (3) proposed a screening
test for C1 stenosis that involves assessing the po-
sition of the ventral plate of the atlas in relation to
the line of the spinal plate. This test has demon-
strated high sensitivity (100%) and specificity
(80%) in detecting tight spaces that can be treated
with wiring. Therefore, it is regarded as an accu-
rate method for diagnosing possible C1 stenosis
using standard lateral radiographs.

Symptoms of C1 stenosis are often similar to
those experienced in cervical spondylopathy
due to compression of the spinal cord at lower
levels of the spine. These symptoms tend to be
neurological in nature and include sensory and
motor disturbances, unsteadiness, difficulty
walking, and sphincter dysfunction (3). It is im-
portant to note that even mild mechanical com-
pression associated with C1 stenosis can increase
the risk of spinal cord injury (7). In some cases,
patients with C1 stenosis may also experience
spasticity, dizziness, paresthesia (tingling or
numbness) of the limbs, and difficulties with at-
tention. Remarkably, there have been reports of
tetraplegia in children with this condition, un-
derscoring the severity of the impact on neuro-
logical function (21). Additionally, Gutmann et al
(4) reported cases of headaches related to dural
compression of the C1 short posterior arch. The
mechanical stenosis can hinder the flow of cere-
brospinal fluid, leading to rapid and irregular
changes in intracranial pressure, which can cause
headaches. In a study conducted by Liliang et al
(21), biomechanical abnormalities were identi-
fied in 119 patients, with 19 cases featuring
combined abdominothoracic compression and



11 cases exhibiting C1 posterior arch shortening
out of the total abnormalities observed. These
findings highlight the significance of identifying
and addressing these abnormalities early on to
prevent further complications.

Treatment principles. In the realm of treat-
ment principles, surgical intervention is the reco-
mmended course of action for individuals expe-
riencing symptomatic C1 stenosis. The two primary
treatments for this condition are C1 laminectomy
and C1 laminoplasty (22). C1 laminectomy in-
volves the complete removal of the lamina in the
area of compression. This traditional technique
has proven effective in creating additional space
for the spinal cord and achieving notable neuro-
logical improvement. However, it is important to
note that C1 laminectomy is only suitable when
there is no or minimal atlantoaxial subluxation.
This is due to the potential risk of exacerbating
joint instability, which can further complicate mat-
ters. In cases where atlantoaxial subluxation is a
contributing factor (as is often the case with symp-
tomatic atlas canal stenosis), C1 laminoplasty
emerges as a more efficient technique. This
operation involves cutting and opening the lami-
na like a door, thereby creating more space for the
spinal cord. To support this door-like structure, ti-
tanium miniplates are utilized. Additionally, au-
togenous iliac bone grafts are placed in the ope-
ning. It is worth noting that C1 laminoplasty is
specifically performed in the cervical part of the
spine to relieve neurological symptoms. In the
majority of instances, C1 stenosis necessitates a
combined approach of decompression and stabi-
lization. As such, C1-C2 fusion is required in con-
junction with C1 laminoplasty. However, achie-
ving C1-C2 fusion poses challenges when using
C1 laminectomy, as there is often insufficient
bony material available for fusion.

To support the efficacy of C1 laminoplasty and
C1-C2 fusion, a study conducted by Chen et al
(22) demonstrated positive outcomes. The study
included 16 patients who underwent these pro-
cedures, ultimately leading to full decompression
of the cord and a notable decrease in neck pain.
Notably, the inner sagittal diameter increased
from 26.3+£2.6 mm to 34.9+2.9 mm after the
operation. With an average follow-up period of
24.9 months, all patients experienced significant
improvement in neurological symptoms.

In summary, when addressing symptomatic
C1 stenosis, surgical intervention is crucial for
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preventing the aggravation of neurological symp-
toms. While C1 laminectomy provides substan-
tial neurological improvement, it is essential to
consider atlantoaxial subluxation and potential
joint instability. In cases where subluxation is
present, C1 laminoplasty offers a more efficient
treatment option. Moreover, the combination of
C1-C2 fusion and C1 laminoplasty is crucial for
achieving decompression and stabilization. The
study conducted by Chen et al (22) further sup-
ports the positive outcomes of these procedures,
showcasing the significant improvement in neu-
rological symptoms among patients. U

CONCLUSIONS

n the fascinating world of anatomy, the atlas

takes center stage as a crucial vertebra that
plays a vital role in supporting the weight of our
skull and protecting our delicate spinal cord. But
just like in any great production, sometimes er-
rors occur during the development process,
leading to interesting abnormalities in this ring-
shaped bone. Embryonic mishaps and endo-
chondral hyperplasia can cause the atlas to
exhibit conditions such as hyperossification, fis-
sures, or even loss of certain parts. While many
of these abnormalities may go unnoticed, there
are cases where they can have a significant im-
pact on our health. When the spinal canal's di-
ameter is greatly reduced due to these abnor-
malities, the spinal cord can become compressed,
resulting in the development of myelopathy
symptoms. But that is not the only twist in this
tale; abnormal changes in intraventricular pres-
sure can also lead to pounding headaches, ad-
ding yet another layer of complexity.

Luckily, modern medical advancements offer
us a way to unlock the secrets of C1 stenosis.
Through the power of magnetic resonance ima-
ging (MRI) and computed tomography (CT),
healthcare professionals can examine soft tissue
compression and bony irregularities and dia-
gnose atlas stenosis. When it comes to treatment,
innovative techniques such as C1 laminoplasty
with C1-C2 fusion take the stage. This tried and
tested method has proven its effectiveness in im-
proving neurological symptoms, offering hope to
those affected by C1 stenosis. 1
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