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with Arcuate Foramen and Vertebral Artery
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Background: The arcuate foramen is a complete or partial bony bridge over the vertebral artery groove of atlas. The
mechanism of the arcuate foramen is not clearly understood. Omission of the arcuate foramen sometimes causes
lethal iatrogenic injury during spinal surgery.

Case Presentation: We describe a patient who was diagnosed with multiple fractures of the cervical vertebrae, arcu-
ate foramen, and right vertebral artery occlusion based on clinical and radiological exams. After conservative treat-
ment, he resumed a normal and productive life.

Conclusions: Arcuate foramen is a common variation that causes symptoms such as dizziness, headache, and
migraine. If the patient does not develop severe symptoms, conservative treatment can achieve very good results with-
out the necessity to remove the bone bridge. When serious symptoms occur, surgical treatment to resect the bony
ridges can relieve the symptoms dramatically.
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Introduction

The arcuate foramen (AF) is a complete or partial bony
bridge over the vertebral artery groove of atlas. The

mechanism of variation in the pathology is not clearly
understood. The overall pooled prevalence of a complete AF
was 9.1% and that of an incomplete AF was 13.6%1. Some
patients show symptoms, including dizziness, headache,
migraine, neck pain, shoulder–arm pain, vertebrobasilar
insufficiency, neurosensory-type hearing loss, and bow
hunter’s syndrome2–4. When serious symptoms occur, surgi-
cal treatment to resect the bony ridges has been deemed an
acceptable solution to the problem.

We describe a 52-year-old man who fell from a high
place and then felt dizziness and neck pain. This patient was
diagnosed with multiple fractures of the cervical vertebrae,
arcuate foramen, and right vertebral artery occlusion based
on clinical and radiological exams. There are many excellent

reviews in the literature reporting research on the arcuate
foramen. Unfortunately, no studies have reported the inci-
dence of a atlas posterior arch fracture combined with bilat-
eral arcuate foramen and right vertebral artery occlusion.
The aim of this article is to report on a patient with arcuate
foramen, multiple fractures of the cervical vertebrae, and
right vertebral artery occlusion. Besides, we made a compre-
hensive and detailed analysis of the literature of arcuate
foramen.

Case Presentation
A 52-year-old man fell from a 3-metre-high ladder, his head
hit the floor, and he then felt dizziness and neck pain, with-
out slipping into a coma. The physical examination showed
that manual muscle testing (MMT) of the arms and legs was
grade V, and muscle tension was normal, without any sen-
sory disorders or pathological reflexes. X-ray and three-
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dimensional (3D) computed tomography (CT) showed mul-
tiple complex fractures of atlantoaxial vertebrae comprised of
left posterior arch fracture of the atlas, comminuted fracture
of the epistropheus, left laminae fracture of the epistropheus,
dens fracture, and bilateral arcuate foramen (Figs 1 and 2).
3D computed tomography angiography (CTA) revealed the
running position of the vertebral artery, which passed under
the bony bridges on the posterior arch of the atlas. The
severe problem affecting our treatment plan was right verte-
bral artery occlusion (RVAO), and the isolated left vertebral
artery was dominant (Fig. 3A). Magnetic resonance imagin-
ing (MRI) indicated no obvious compression or hydropic
degeneration of the cervical spinal cord (Fig. 3B). Fortu-
nately, the patient did not present with significant symptoms

of cervical spinal cord compression or cerebral ischaemia,
and the bony fragments had not moved into the canalis
vertebralis. Surgery or interventional operation may cause
vasospasm or injury of the left vertebral artery, which was
the only blood supply to the brain. For fear of this fatal con-
dition, our medical team chose the expectant treatment,
including jaw-occipital belt traction with a 4-kg weight, anti-
coagulation, and clinical observation of sensory-motor func-
tion and respiratory conditions. During the 6-week expectant
treatment period, the patient did not experience any cervical
spinal cord compression or cerebral ischaemia. The results of
the physical examinations were normal, and CTA showed
that the fracture line was blurred due to bone formation, but
RVAO existed (Fig. 4). He was informed of the necessity for
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Fig. 1 (A) X-ray showed fractures of

epistropheus (arrows). (B) 3D-CT also

showed a dormant variation of bilateral AF

(arrows).
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strict restriction of neck movement, received 6 weeks of
cervicothoracic orthosis, and periodically returned to the
hospital for medical examinations. Telephone follow-ups at
3 and 6 months showed that the patient resumed a normal
and productive life with his family and in his workplace.

Discussion

Although the arcuate foramen has been intensively inves-
tigated, the mechanism of variation in the pathology is

not clearly understood2, 5–7. Previous studies have examined
the arcuate foramen as a rare variation, but the prevalence
has increased in recent years as clinicians and radiologists
have placed a large focus on this anomaly. Due to the differ-
ent reference populations, the prevalence of the arcuate fora-
men is highly variable (Table 1). A study from Japan
analyzed 153 CTA images and showed a prevalence of
12.0%8. Four studies that focused on Korean individuals
demonstrated a prevalence of 7.1%–26.0% in the CT scan
group and 6.96%–14.0% in the X-ray group, and the arcuate

foramen was more prominent on the left side and in male
patients. Moreover, Hong et al. inferred that age might be
related to the formation of the bony bridge3, 9–11. Two
Indian studies of different populations showed a wide varia-
tion between 15.8% and 60.0%12, 13. Three studies in Turkey
on different populations also showed wide variations, which
were 9.4%, 14.3%, and 43%. However, one of them was a
cadaver study, and another focused on orthodontic
patients14–16. Another study that investigated180 3D-CT
images showed incidences of 5.8%, 14.2%, and 5.0% in Chi-
nese, Indian, and Malaysian populations, respectively17. A
study of 221 X-ray images from Northern Italian orthodontic
patients showed a prevalence of 9.0% for a partial AF and
7.7% for a complete AF18. Ahmed et al. analyzed 2917
patients from the north-eastern United States and found a
prevalence of 22.5%, and the most common classification
was a complete bony bridge on both sides19. A meta-analysis
estimated that the overall pooled prevalence of a complete
AF was 9.1% (95% CI, 8.2%–10.1%) and that of an
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Fig. 2 CT and 3D-CT showed

multiple complex fractures of

atlas and epistropheus (arrows).
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incomplete AF was 13.6% (95% CI, 11.2%–16.2%)1. After
reviewing these articles, we found a wide variation in the
prevalence of the AF, and it is necessary to conduct further
large-scale survey-based epidemiological studies.

The mechanism of the variation is not clearly under-
stood. Based on the literature, ossification of the connective
tissue surrounding the vertebral artery or the lower edge of
the atlanto-occipital membrane might be one of the possible
reasons for the variation2, 5. Some researchers believe that
the arcuate foramen seems to be produced by the persistence
of a vestigial structure lost during hominoid evolution. The
disappearance of the bony bridge on the posterior arch of
the atlas was the result of natural selection7. Consanguinity
might play an important role in the presence of the AF5.

At present, there are still few reports on the treatment
of AF, and clinical features and treatment weight needs to be
studied further. We had reviewed the reports on the clinical
features and treatment methods of AF (Table 2). Some
patients show symptoms including dizziness, headache,
migraine, cervico-genic headache, neck pain, shoulder–arm
pain, vertebrobasilar insufficiency, neurosensory-type hearing
loss, bow hunter’s syndrome, Barre–Lieou syndrome, eye
pain, and photophobia2, 4, 12, 20, 21. When serious symptoms
occur, surgical treatment to resect the bony ridges has been
deemed a solution to the problem2, 20, 21. Victor et al.
reported a patient complained of continuous dizziness and
losing consciousness while rotating her head to the left. CTA
revealed the formation of ponticulus posticus and ponticulus
lateralis with acute-angled С-shaped kinking of the vertebral
artery. After minimally invasive surgery to resect these bony
ridges, the patient’s symptoms resolved2.

After reviewing the previous literature, we found that
no study reported the presence of a left altas posterior arch
fracture combined with bilateral arcuate foramen and right
vertebral artery occlusion. Juan et al. declared that the AF
resulted in thickened cortical bone and the avoidance of frac-
ture4. This article is the first to report this rare and complex
clinical case, and the successful treatment experience may
provide a reference for such cases that may occur in the
future. We suspect that movement of the vertebral artery is
restricted by the AF when cervical vertebrae are injured,
which may cause fatal vertebral artery injury, and patients
may die before reaching the hospital for further medical
examinations.

Through this case and literature review, we summarize
several suggestions. When patients have unknown symp-
toms, such as headache or the other symptoms mentioned
above, doctors should not omit the existence of the
AF. When patients are suspected to have an AF and when
the X-ray is negative, 3D-CT should be performed actively.
When AF is discovered, CTA is mandatory, as it can show
the vertebral artery course and vertebral artery occlusion.
Although patients had no symptoms, primary physicians
must inform patients of the existence of the AF and the
resulting symptoms so that patients can tell specialists when
seeking medical treatment. When patients have atlas fracture
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Fig. 3 (A) 3D-CTA showed right vertebral artery occlusion (arrows), and

the isolated left vertebral artery was dominant. (B) MRI indicated no

obvious compression or hydropic degeneration of the cervical spinal

cord (arrows).

Fig. 4 CTA of 6 weeks after injury showed that the fracture line was

blurred due to bone formation, but RVAO existed (arrows).
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and the appearance of neurological symptoms, physicians
should distinguish between the occurrence of spinal cord
compression and vertebral artery occlusion.
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