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ABSTRACT
Introduction: Atlas is the first cervical vertebra. Foramen tranversarium transmits vertebral vessels and sympathetic plexus. An 
additional foramen on the transverse process has been named foramen of Arcuale or Arcuate foramen. 
Aim: To find incidence and clinical correlation of foramen of Arcuale. 
Methodology: 32 atlas vertebrae from various colleges of Maharashtra were studied in the present study for presence of variant 
foramen. 
Results: Foramen of Arcuale was seen bilaterally in 3 atlas vertebrae giving a incidence of 9.37%. There were no other abnor-
malities in the bones. 
Conclusion: The course of the vertebral artery may be distorted with this extra foramen. This variation has been a known con-
traindication for C1 lateral mass screw fixation procedures. Knowledge of this variation will prove helpful for radiologists during 
CT and MRI and neurosurgeons during cervical surgery.
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INTRODUCTION

Atlas is the first cervical vertebra. It is a ring shaped verte-
bra with anterior and posterior arch but no body. Normally 
we see a single foramen transversarium bilaterally on the 
transverse process. It transmits vertebral artery, vertebral 
vein and sympathetic plexus. The third part of the vertebral 
artery leaves the foramen transversarium on its way to the 
cranial cavity. It grooves the superior surface of the poste-
rior arch of atlas vertebra, just behind the superior articular 
facet. The groove is called the groove for vertebral artery or 
sulcus arteria vertebralis. It transmits vertebral artery and 
suboccipital nerve. Sometimes the groove is converted into 
a foramen by an osseous bridge called foramen of Arcuale 
or Arcuate foramen. It has also been named as Kimmerle’s 
anomaly, foramen sagittale, foramen atlantoideum, foramen 
retroarticulare superior, canalis vertebralis. [1] [2] The Aim of 

this study is to investigate the incidence of extra foramina 
in the Atlas vertebrae and to discuss its clinical importance.

MATERIAL AND METHODS

32 atlas vertebrae from various medical and dental colleges 
of Maharashtra were studied for variations in foramen trans-
versarium. Any Variation in number and position of foramen 
transversarium were noted

RESULTS  

Extra foramen on transverse process were seen bilaterally in 
3 atlas vertebrae  giving an incidence of 9.37% . No “incom-
plete canal for vertebral artery” or “retrotransverse foramen” 
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were observed. No other abnormality was seen in each of 
these bones. The foramina were situated at the lateral part of 
the posterior arch behind the lateral mass as seen in Figures 
1 and 2.

Figure 1: Atlas Vertebra vertical view

Figure 2: Atlas vertebra lateral view.   

Showing A – Foramen transversarium and B – Foramen of 
Arcuale

DISCUSSION

When the groove for vertebral artery (while arching over the 
posterior arch of atlas vertebra), gets converted into an osse-
ous tunnel by formation of a bony arch over it, the so formed 
foramen through which the artery now traverses is called as 
arcuate foramen. Such a foramen can be a complete foramen 
or it can be in form of an incomplete arch.  [3,4].

Patel et al [5] in a study of atlas vertebra in Gujarat region give 
a 13% incidence of foramen of Arcuale which is higher than 
9.37% incidence reported by present study. Krisnamurthy A 

et al [1] give a 8.33%  incidence of foramen of Arcuale in atlas 
vertebra. This incidence coincides with present study. They 
conclude that this variation should be considered in patients 
with symptoms of vertebrobasilar insufficiency like shoulder 
pain vertigo and headache.

A study of 60 atlas vertebra by Ozgur Ckmak et al in Turkey 
give a 11.6 % incidence of arcuate foramen which is more 
than incidence of our study. They state that patients with ar-
cuate foramen have many complaints which may be due to 
compression of the sympathetic plexus around the vertebral 
artery. So presence of arcuate foramen should be considered 
in patients of vertigo, headache, shoulder pain and neck pain. 
A cervical spine radiography is indicated in such cases.[6]

Brown and Verheyden [7] have described a case of a 1 year 
old boy who underwent surgery for cleft palate and suffered 
“posterior fossa infarction” following the surgery. A three-
view cervical spine radiographic series showed no fracture 
or subluxation, with the disk spaces appearing normal.  A 
questionable calcific density was however observed superior 
to the posterior arch of C1. This could be because of pos-
sible presence of a arcuate foramen. They stated that some 
surgeons prefer to operate on cleft palate with the neck in 
full extension. In this position it is possible that the extension 
of the neck in presence of an arcuate foramen, could lead to 
bilateral occlusion of the vertebral arteries resulting in “pos-
terior fossa infarction”. They have therefore suggested that 
during such surgeries the neck be extended only as far as is 
necessary to perform the procedure, rather than extending it 
more to make the repair easier on the surgeon.

Cushing K et al [8] give a relation between tethering of ver-
tebral artery in the foramen of arcuale and dissection of the 
artery from repetitive trauma during neck movements.

P Potaliya et al [9] gave a 13.33 % incidence of accessory 
foramen transversarium .They state that this finding could be 
helpful to orthopedic surgeons, neurosurgeons and radiolo-
gists to avoid misdiagnosis in their clinical practice.

A qualitative analysis of atlas vertebra by C. Gupta et al 
gives a Incidence of 5.7%. Presence of bridges to form fo-
ramen on the groove may indicate ossification of posterior 
atlanto occipital membrane. This variation may predispose 
to vertebrobasilar insufficiency and cervicogenic syndromes 
on strenuous neck movements.[10]

S.S. Baeesa et al in a study of Saudi population gave a 16 
% incidence of foramen of Arcuale. They attributed various 
cases of stroke, subarachnoid bleeds, vertebrobasilar insuf-
ficiency to presence of foramen of Arcuale. They state that 
theories on formation of the foramen are controversial and 
that some authors have reported presence of this foramen 
even in fetuses and children where it was present in carti-
laginous form indicating a congenital origin. Another theory 
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stated that the foramen could develop as a result of degenera-
tive calcification of atlanto-occipital membrane. The verte-
bral artery accompanied by venous plexus, periarterial sym-
pathetic plexus, suboccipital and 1st cervical nerves passes 
through the bony foramen arcuale. The canal can therefore 
compress any or all of these structures as the neck rotates. So 
radiographic study is indicated in cases of spine surgery and 
screw fixation in the atlas vertebra.[3]

Michael J Huang and John Glaser state that C1 lateral mass 
screw fixation is contraindicated in patients with foramen 
of arcuale. Preoperative radiographs are indicated to avoid 
endangering the vertebral artery during screw fixation. Also 
the foramen of arcuale is known to be an associated factor in 
cases of migraines and vertebrobasilar artery stroke.[11]

In a study of south Indian population, R Agrawal et al give an 
incidence of 10.7 % for foramen of Arculae. This incidence 
coincides with present study (9.37%). They opine that this 
abnormal foramen can cause compression of vertebral artery 
resulting in compromised blood flow.[12]

Kwaiatkowska et al did a morphometric study of foramen 
transversarium in Poland. Vertebral and basal arteries sup-
ply blood directly to the brain and the spinal arteries. Any 
abnormality in course of vertebral arteries may hence lead to 
deficient blood supply to the cerebellum and the brainstem 
posing a threat to the vascular-cerebral system.[13]

CONCLUSION

Vertebral artery passes through the foramen transversarium 
of atlas before entering foramen magnum. An extra foramen 
will cause additional external pressure on the artery. Pres-
ence of foramen of Arcuale have been noted by studies in 
various countries giving a incidence from 8 to 16 %. We 
found a incidence of 9.37% .Presence of foramen of Arcuale 
should be considered in patients of vertigo, headache, mi-
graine, shoulder and neck pain. Cervical spine radiography 
is indicated in cases of C1 lateral mass screw fixation and 
other spine surgeries to avoid damage to the vertebral artery. 
Excess extension of neck should also be avoided during sur-
gery to avoid compression and resulting tethering of 3rd part 
of vertebral artery in case of presence of foramen of Arcuale.
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