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The Importance of Arcuate Foramen, A Variation of the Atlas:
A Microsurgical Cadaveric Study and Review of the Literature
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Introduction: Arcuate foramen (AF) is an osseous variation
located on the vertebral artery (VA) groove (sulcus arteriae
vertebralis) at the posterior arch of the atlas. Its prevalence
may vary due to regional and ethnic factors. Although it is
thought that it causes compression of the structures inside AF
and causes vertebrobasilar insufficiency, there are not enough
cadaver studies to explain this clinical condition.

Methods: To evaluate the incidence of AF variation and
its relationship with VA, 20 sides of 10 randomly selected
and silicone injected cadaveric heads were examined
by microsurgical method at the University of Wisconsin
Neuroanatomy Laboratory.

Results: Complete AF variation in atlas was detected in 30% of
the samples. This variation was unilateral on the right side in
two cases and bilateral in one case. The mean dimensions of
AF were D1=6 mm and D2=5.5 mm on the right, and D1=7.5
mm and D2=6.5 mm on the left. The mean pre-foraminal,
foraminal and post-foraminal diameters of VA were 4 mm, 2.5
mm and 3 mm, respectively, on the right, and 6 mm, 4 mm and
5 mm, respectively, on the left. In all cases, the suboccipital
nerve was accompanying VA in the AF.

Conclusion: Being aware that this variation may have a high
incidence may help to determine surgical strategy before
craniocervical junction surgery and prevent life-threatening
arterial injuries. In addition, although the dimensions of the
AF is adequate for the passage of VA, presence of arterial
compression due to other structures passing through the
foramen may explain the reason for the relief of most cases
with foramen decompression.

Keywords: Arcuate foramen, atlas, cadaver study, osseous
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Amag: Arkuat foramen (AF) atlasin posterior arkindaki
vertebral arter (VA) olugunda (sulkus arteriae vertebralis)
bulunan, prevalansi bolgesel ve etnik faktorler nedeni ile
degisebilen osseoz bir varyasyondur. AFnin icindeki yapilara
basi olusturarak vertebrobaziler yetmezlik bulgularina neden
oldugu dusunulse de bu klinigi aciklayacak yeterli sayida
kadavra calismasi yoktur.

Yontemler: AF varyasyonun insidansini ve icinden gecen VA ile
olan iliskisini degerlendirmek icin renkli silikon enjekte edilmis
ve rastgele olarak secilmis 10 kadavranin 20 tarafi Wisconsin
Universitesi Noroanatomi Laboratuvar’'nda mikrosiriirjikal
yontem ile incelendi.

Bulgular: Orneklerin %30’unda atlasta komplet tipte AF
varyasyonu saptandi. Bu varyasyon iki olguda sagda tek
tarafli iken bir olguda bilateraldi. AFnin ortalama boyutlari
sagda D1=6 mm, D2=5,5 mm, solda D1=7,5 mm, D2=6,5
mm, VA'nin ortalama capi ise foramen oncesi, foramen ici ve
foramen sonrasi sirasi ile sagda 4 mm, 2,5 mm ve 3 mm, solda
6 mm, 4 mm ve 5 mm idi. Olgularin hepsinde suboksipital sinir
AF icerisinde VAya eslik ediyordu.

Sonug: Bu varyasyonun yiksek insidansinin olabileceginin
bilinmesi kraniyoservikal bileske ameliyatlarindan o6nce
ameliyat stratejisinin  belirlenmesini ve hayati tehlike
yaratabilecek  arter  yaralanmalarinin  engellenmesini
saglayabilir. Ayrica, AF boyutlarinin VA'nin rahatlikla gecisine
uygun olmasina karsin foramen icinden gecen diger yapilar
nedeni ile arteryel basi olusturdugunun gorilmesi foramen
dekompresyonu ile olgularin cogunun rahatlama nedenini de
aciklayabilir.

Anahtar Kelimeler: Arkuat foramen, atlas, kadavra calismasi,
osseoz anomali, vertebral arter, vertebrobaziler yetmezlik
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Introduction

Arcuate foramen (AF) is an osseous variation on the vertebral artery
groove (sulcus arteriae vertebralis) at the posterior arch of the atlas.
The vertebral venous plexus, perivascular sympathetic plexus and
suboccipital nerve pass along with the vertebral artery (VA) and it is
defined by more than one name in the literature (1,2) (Appendix 1).
This foramen, which is normally found in the first cervical vertebrae of
primates and other lower vertebrates, has been reported in complete
or incomplete types in humans, and its prevalence ranges from 5% to
68% (1-18).

Cadaver studies are an important method in elucidating the
ethiopathogenesis of diseases and determining the treatment. It is
thought that AF causes Barre Lieou syndrome, which also includes
vertebrobasilar insufficiency (VBI) findings, by compressing the
structures within AF, therefore foramen decompression is performed
in its treatment (19,20). However, only one study was found in the
literature in English (18).

In this study, we investigated the incidence of AF and the effect of this
foramen on VA in colored silicon injected cadavers.

Methods

Between August 2018 and February 2019, 20 sides of 10 randomly
selected cadavers (50-80 years, 8 males, 2 females) who were injected
color silicone in University of Wisconsin Neuroanatomy Laboratory were
incised with a reverse U-shaped incision applied behind the ear in prone
position. Muscles in the craniovertebral junction were dissected, and
occipital region and upper cervical vertebrae up to (3 were revealed.
OPMI Neuro/NC 4 surgical microscope was used for dissection. AF
dimensions (D1=horizontal length of AF, D2=vertical length of AF),
and pre-foraminal (a), intra-foraminal (b) and post-foraminal (c) VA

Appendix 1. Various nomenclatures used to identify arcuate
foramen

Arcuate foramen

Ponticulus posticus

Kimmerle’s anomaly/variant/deformity
Atlas bridging

Posterior ponticle of the atlas

Foramen atlantoideum posterius/vertebrale
Foramen retroarticular superior
Foramen sagittale

Canalis arteria vertebralis

Pons posticus

Posterior atlantoid foramen

Posterior glenoid process

Posterior glenoid spiculum
Retroarticular canal

Retroarticular VA ring

Retroarticular vertebral ring
Retrocondylar bony foramen
Retrocondylar VA ring

VA: vertebral artery
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diameters were measured in all cases (Figure 1A, 1B). Measurements
were made with digital caliper. Descriptive statistical methods were
used in the study. Data were saved to Microsoft Excel and mean values
were calculated.

Since our study was conducted on cadavers, ethics committee approval
was not obtained and the privacy of the cases was preserved in the
pictures.

Results

AF variation was found in three of 10 cadavers examined and this
variation was complete in all cases (Figure 2). All three patients were
male, and AF was unilateral on the right side in two patients and bilateral
in one patient (Tables 1, 2). The mean pre-foraminal, intra-foraminal and

Figure 1. A) Arcuate foramen dimensions, D1=Horizontal length,
D2=Vertical length. B) a: pre-foraminal, b: foraminal, c: post-foraminal
parts of the sulcal vertebral artery

Figure 2. Complete arcuate foramen variation in the right atlas (arrow)

Table 1. Demographic characteristics of arcuate foramen

Case number AF number
Male 3 4
Female 0 0

AF: arcuate foramen



post-foraminal V3 diameters were 4 mm, 2.5 mm, 3 mm on the right,
respectively, and 6 mm, 4 mm, 5 mm on the left, respectively. The mean
dimensions of AF were D1=6 mm and D2=5.5 mm on the right, and
D1=7.5 mm and D2=6.5 mm on the left (Tables 3, 4). Left AF dimensions
were approximately 1-1.5 mm wider than the right. Although AF
dimensions were wider than the pre-foraminal VA, it was noted that
the diameter of the V3 was narrowed at the AF level and widened again
starting from the AF exit (Figure 3). In all cases, the VA was accompanied
by suboccipital nerve inside the AF (Figure 4).

Discussion

In our study, we found that there was 30% AF variation in the atlas,
which is six times the incidence of AF in cadavers reported by Tubbs et
al. (18). In addition, this variation was four times higher in males than in
females, although there were studies reporting no statistically significant
difference between the genders (Tables 1, 2) (7). Again, unlike Elliott and
Tanweer’s (7) meta-analyzes, AF was complete in all cases. This may be
due to ethnic differences of the cases or the fact that most of the other
studies were performed on dry atlas or by radiological examination. As
a matter of fact, it has been reported that there are various types of
AF variation, that its prevalence varies according to regional and ethnic
groups, and that it is seen most frequently in the Middle East and North
America, at least in Indians, and can be overlooked in radiological
examination (1,2,8,13,17,21). In our study, the high incidence of AF may
be related to the fact that we conducted this study in North America.

Table 2. Characteristics of arcuate foramen

Case number 3
Bilateral 1
Unilateral 2
Only on the right 2
Only on the right ()
Complete 4
Incomplete ()

Table 3. Mean length and height of the arcuate foramen in
cadavers

Dimensions Mean
Length

Right 6 mm
Left 7.5 mm
Height

Right 5.5mm
Left 6.5 mm

Table 4. Mean diameter of V3 in the sulcal piece of vertebral
artery in cadavers

Diameter Pre-foraminal Foraminal Post-foraminal
Right 4 mm 2.5 mm 3 mm
Left 6 mm 4 mm 5mm

Keser et al. Cadaveric Study of Arcuate Foramen

It has been reported that the only advantage of this variation is the low
risk of fracture, and it has also been reported that it usually leads to
dissection by stretching the VA, vertebrobasilar ischemia during strong
interventions in the cervical spine, complications in cases where C1-C2
stabilization is required, and Barre Lieou syndrome mostly by causing
neurovascular compression (1,5,7,14,15,18,19,22-27).

Anatomical studies in stained cadavers are important not only because
of demonstrating the variation itself, but also the relationship between
neighboring vascular and neural structures. In this way, it can be easier
to understand the etiology of the pathology due to variation and to find
solutions against this pathology.

In the literature, the portion of VA between (2 and foramen magnum
is called the third segment (V3) and left VA is reported to be generally
wider than the right (3,28). In our cases, the left VA was wider than the
right (Table 4). In addition, although the dimensions of AF on both sides
were larger than the pre-foraminal diameter of VA, V3 compression was
observed at the foramen level (Table 3). Tubbs et al. (18) also reported
compression of VA, however, Afsharpour et al. (29) reported that there
was no compression of VA at the level of AF. This different result in the
second study may be related to the fact that the AF variation in the cases
is bilateral (lateral and dorsal) on both sides (29).

Not only V3, but also vertebral venous plexus, perivascular sympathetic
plexus and suboccipital nerve pass through the AF located on the

Figure 3. Unilateral arcuate foramen, vertebral artery narrowing at the
foramen level (arrow)

Figure 4. Suboccipital nerve in the arterial groove of the atlas (arrow)
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sulcal part of the atlas (1,2). The fact that AF contains all these other
neurovascular structures causes pressure on VA within the foramen. As
a matter of fact, AF decompression is applied in these cases considering
that VBI Clinic in Barre Lieou syndrome is formed by this mechanism
(19,20). However, although clinical improvement was achieved in most
of the cases with foramen decompression, 13.33% of young patients
without cervical arthrosis also reported not to respond completely to
treatment (19).

In order to fully understand the incidence of AF variation and the
ethiopathogenesis of Barre Lieou syndrome, more detailed studies
on cadavers of different ethnic backgrounds in different geographical
regions are required. In the first stage of cadaver studies, it is difficult to
obtain a large series of cases. The publication of these studies may lead
to the acquisition of large series over time.

Conclusion

In our study, we encountered 30% AF variation in cadavers. The high
incidence of AF variation in the interventions to the craniovertebral
junction should be remembered and a detailed examination of
this region should be performed before the intervention. Thus, by
determining the treatment strategy, the possibility of life-threatening VA
injury can be reduced. In our study, we also found that AF dimensions
are suitable for the passage of VA easily, but that the suboccipital nerve
passes through this foramen and may cause arterial compression.
Although this finding suggests that foramen decompression is required
in the treatment of Barre Lieou syndrome, further cadaver studies are
needed to elucidate the ethiopathogenesis of patients who do not
respond to this treatment.
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