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Radiological study of foramen arcuale: implicaƟons for screw inserƟon via
posterior arch for fixaƟon of C1 vertebrae in atlantoaxial instability using
plain radiograph
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ABSTRACT

IntroducƟon: Foramen arcuale is an osseous structure
forming a bridge from the superior arƟcular process of the
atlas that completely or parƟally encircles the vertebral
artery. We retrospecƟvely reviewed plain cervical radio-
graphs as suggested by neurosurgeons, neurologists and
orthopaedic surgeons for evaluaƟon of cervical spine prob-
lems. When foramen arcuale is present, it creates a false
impression of a broad posterior arch and can pose a risk
during neurosurgery. The aim of this study is to invesƟgate
the prevalence of foramen arcuale in the Jalgaon & BaramaƟ
populaƟon.

Materials and Methods: 1255 lateral cervical spine
radiographs were obtained from the radiology department,
GMC, Jalgaon & GMC BaramaƟ. The paƟent of which 655
(59.04%) were males and 600(31.42%) were females. Cases
were classified as an incomplete and complete bony ridge.

Results: Overall prevalence of Foramen arcuale was
8.36%, with complete lesions in 3.50% and incomplete
lesions in 4.86%. We noted an increasing percentage of
paƟents with Foramen arcuale from the younger to the
adolescent age group, with significantly greater prevalence
in paƟents aged 15-30 years compared with the younger
groups. Lesions weremore common inmales (59.04%) com-
pared with females (31.42%), but no staƟsƟcally significant
difference between genders was detected for complete as
well as incomplete foramen arcuale (p=0.95).

Conclusion: The foramen arcuale is a relaƟvely common
osseous structural variant therefore; surgeons should con-
sider the risk of the presence of an FA prior to procedures
on the atlas in each paƟent. So we suggest the idenƟficaƟon
of this variant by preoperaƟve lateral radiograph as a start-
ing point for C1 lateral mass for screw fixaƟon via the poste-
rior arch for atlantoaxial instability. If foramen arcuale is sus-
pected or confirmed on a radiograph, 3D CT scanning should
be considered for variaƟons in size and shape of foramen

arcuale and the possibility of injury to the vertebral artery.

KEYWORDS: Foramen arcuale (FA), Vertebral artery, Atlas,
Atlantoaxial instability, Lateral cervical radiograph, Lateral
mass screw

INTRODUCTION

EvaluaƟon of anatomical landmarks is of immense impor-
tance for radiologists because any changes in these struc-
tures may be indexed to the underlying disease processes.
VariaƟons of such landmarks are common and oŌen confus-
ing. Extensive variaƟons in the craniocervical juncƟons are
very much common. [1, 2]Foramen arcuale is a bony promi-
nence formed over the sulcus on the posterior arch of the
atlas vertebra for the vertebral artery. It is an anatomical
variant, when present the FA may parƟally or completely
encircles the suboccipital nerve, vertebral venous plexus,
and third segment of vertebral artery as it leaves the trans-
verse foramen. [3]Therefore they must be studied with care
to ensure adequate differenƟaƟon it fromdisease processes.

The Foramen arcuale is an abnormal small osseous bridge
situated in posterior porƟon of the superior arƟcular process
and the posterolateral porƟon of the superior margin of the
posterior arch of the atlas. In 1 to 15% of the populaƟon,
a bony bridge may form thereby converƟng this groove into
a foramen through which these structures pass. This bony
arch is known as the foramen arcuale. [2]UnƟl the surgical
significance of the inserƟon of screws into the lateral mass
of the atlas was recently reported, foramen arcuale had not
been a topic of concern for spine surgeons. Young et al
reported that during C1 lateral mass screw placement, the
foramen arcuale can be mistaken for a broad posterior arch
of the atlas could cause injury to the vertebral artery. [4]

Previous research provided an extensive list of names that
have been used to describe this variaƟon, which includes:
arcuate foramen, foramen retroarƟcular, foramen sagiƩale,
Kimmerle anomaly, Kimmerle deformity, pons posƟcus, pos-
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terior atlantoid foramen, posterior glenoid process, poste-
rior glenoid speculum, atlas bridging, canalis arteriae verte-
bralis, foramen atlantoideum posterior ponƟculus, retroar-
Ɵcular ring, and retrocondylar bony foramen. [5–8]FA has
beenwidely invesƟgated in cadaveric [9] radiographic (lateral
radiographs) [10]and CT studies. [11]CT provides high-quality
imaging of bony structures, such as vertebrae allowing for
accuracy of assessment similar to that obtained in cadaveric
studies. [12, 13]However, lateral radiographs are less accurate
and cannot fully assess the anatomical characterisƟcs of an
FA when it is present [12, 13], but can become baseline inves-
ƟgaƟon.

The presence of an FA has been implied to have clinical
significance. Tubbs et al [3] found that gross compression
of the intraforaminal part of vertebral artery in cadavers
when foramen arcuale present. The compression of
vertebral artery may play a role in blood flow disturbances
[14] thus contribuƟng to the prevalence of neurological
pathologies such as verƟgo [11], migraine [14] or Barré-Lieou
syndrome. [14]

Goel and Laheri introduced the C-1 lateral mass screw
(C1LMS) inserƟon technique to treat atlantoaxial instability.
In C-1 lateral mass screw (C1LMS) inserƟon, an approach is
to start inserƟng a screw from the superior aspect of the
posterior arch in proximity of the vertebral artery, venous
plexus, and nerves to it. The presence of an FA can pose a
risk for neurosurgeons by providing a false impression of a
broader posterior arch when viewed dorsally. [15] Young et
al reported that mistaking the foramen arcuale for a broad
posterior arch of the atlas during C1 lateral mass screw
placement could cause injury to the vertebral artery. [4]The
surgeonmay use large screws for inserƟon into the posterior
arch, thus increasing the risk of injuring the vertebral artery,
when the FA is not acknowledged. [3]

Considering the growing clinical importance of this enƟty,
Comprehensive knowledge regarding the anatomy of the
FA is criƟcal for neurosurgeons to prevent damage to the
vertebral artery during the C1LMS procedure. [3] The aim
of this study was to provide the most comprehensive
assessment to date of the prevalence of FA and its clinical
significance. We retrospecƟvely reviewed the cervical plain
radiograph, which has been ordered by neurosurgeons
and orthopaedic surgeon for evaluaƟon of cervical spine
problems, to invesƟgate the prevalence of foramen arcuale
in the BaramaƟ populaƟon

MATERIALS & METHODS

This study was approved by the insƟtuƟonal review board
of our medical colleges. We retrospecƟvely reviewed
1455 cervical plain radiograph images of 1455 consecuƟve
paƟents over 10 years of age who had visited our hospital
due to cervical problems from April 2017 to August 2022.
There were 655 men and 600 women, and the overall mean
agewas 28.36± 12.25 years (range; 10 - 54). The age ofmale
paƟents ranged from 10 to 52 years (mean age ± standard

deviaƟon; 26.50 years ± 12.52) and from 9 to 55 years in
females (24.60 years ± 13.70). The study was carried out
at the Department of Radiology, GMC, Jalgaon & BaramaƟ.
Lateral cervical radiographswere retrieved from the archives
of the Department of radiology and examined for foramen
arcuale. In Lateral cervical radiographs, 200 images with
poor visualizaƟon of the posterior arch of the atlas due
to overlapping of the mastoid process or the occiput and
radiographs with lateral inclinaƟon of the posterior arch of
the atlas were excluded. PaƟents with congenital anomalies
such as cleŌ palate and lip were not included in the study.

PaƟents with a history of injury or surgery in the cervical
spine region were also excluded from the study. Cases with
foramen arcuale were divided into two groups incomplete
and complete bony ridge and the prevalence of lesions for
age and sex group were determined. StaƟsƟcal analysis:
Data were collected regarding the paƟents’ gender and age
grouping as determined in the paƟents’ electronic records.
DescripƟve staƟsƟcs such as mean, standard deviaƟon and
percentage were used to display the data. For determining
the significance of differences in the prevalence of complete
and incomplete foramen arcuale between age groups and
gender chi-square test was used.

RESULTS

Among the 1455 lateral cervical plain radiographs exam-
ined, 44 has complete (Figure. 1) and 61had incomplete (Fig-
ure.2) bony ridge formaƟon. Of the 44 complete bony ridges,
29 (65.90%) were males and 15 (34.09%) were females. Fur-
ther, of the 61 incomplete bony ridges, 43 (70.49%) were
males and 18 (29.50%) were females. A significant differ-
ence was found between age groups (x 2 =26.71, p<0.0001),
as listed in Table 1Table 1.

. Significantly more male (59.04%) paƟents were idenƟ-
fied with foramen arcuale (31.42%) than females (p=0.014)
but no staƟsƟcally significant difference between genders
was detected for complete as well as incomplete foramen
arcuale (x 2=0.003, p=0.95), as shown in Table 2. Table 2

Age Total sample Complete
FA

Incomplete FA

<15 101 03 (2.97%) 07 (6.93%)

16-30 410 15 (3.65%) 22 (5.36%)

31-45 455 17 (3.73%) 25 (5.49%)

46-60 289 9 (3.11%) 7 (2.42%)

Table 1: Prevalence of variant by age group

Lateral cervical spine radiograph: showing normal spine
with vertebrae

Lateral cervical spine radiograph: showing complete
foramen arcuale
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Gender Total sample Complete FA Incomplete FA Total variant

Male 655 29 (4.42%) 43 (6.56%) 62 (9.46%)

Female 600 15 (2.5%) 18 (3.00%) 33(5.50%)

Total 1255 44 (3.50%) 61 (4.86%) 105 (8.36%)

Table 2: Prevalence of variant sex-wise

Figure 1: Lateral cervical spine radiograph: showing complete foramen arcuale

Lateral cervical spine radiograph: showing Incomplete
foramen arcuale

DISCUSSION

The presence of an FA is of clinical significance to
radiologists, neurosurgeons and neurologists. The vertebral
artery runs under this bony bridge and supplies blood to
the brainstem and the cerebral cortex. The region of the
FA is also the place where lateral mass screws are placed
to treat atlantoaxial instability. [4, 16] When such a variant
is not recognized, may give the neurosurgeon a pseudo
impression of a widened posterior arch of the atlas, which
can lead to arterial injury, stroke, and a fatal outcome. [4]The
FA can be differenƟated from a normal posterior arch
during anatomical dissecƟon—the FA broadens in the lateral

direcƟon and extends cranially, as compared to the normal
posterior arch. However, during operaƟon on the posterior
arch of the atlas, it is not easy to disƟnguish between the
FA and a wide posterior arch. Thus, a comprehensive study
of the anatomy of the FA was much needed to expand the
current knowledge base.

The area of complete FA was found to be smaller than
the area of the transverse foramen of the atlas on the same
side throughwhich the vertebral artery traverses. [3]Thismay
cause compression of the vertebral artery when the com-
plete FA is present. Various studies have reported An asso-
ciaƟon between a complete FA and neurological symptoms
such as verƟgo, migraine and Barré-Lieou syndrome, involv-
ing symptoms such as headache, retro-orbital pain, nau-
sea and disturbances of phonaƟon, swallowing, and vision,
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Figure 2: Lateral cervical spine radiograph: showing Incomplete foramen arcuale

Figure 3: [11]Diagram showing C1 lateral mass screw fixaƟon via posterior arch A : A: Atlas withoutan FA (superior view).
B: Atlas with a completeFA (superior view). C: Atlas without an FA (lateral view). D: Atlas with a complete FA (lateral view).

has been reported in various studies, thus suggesƟng com-
pression of the vertebral artery. [13, 17, 18]Moreover progres-
sive improvement in symptoms has been noted aŌer surgical
removal of the bony bridge around the vertebral artery. [13]

Screening for the presence of a complete FA in cases inwhich
neurological symptoms suggesƟve of compression of the
vertebral artery without other explanaƟon is recommended.

Earlier studies on dry atlas vertebrae and lateral plain cer-
vical radiographs showed inconstant data on the detecƟon
of foramen arcuale. [14, 19, 20]However, foramen arcuale has
become an important enƟty thatmay be encountered during
lateral mass screw fixaƟon in treaƟng atlantoaxial instability.

SomeƟmes it may be a difficult procedure, as the region con-
tains venous plexuses as well as the greater occipital nerve.
To overcome these difficulƟes, some neurosurgeons have
recommended that, if a broad posterior arch is present on
the atlas, the inserƟon of the screw preferably be started
from the dorsal aspect of the posterior arch instead of, at the
juncƟon of the posterior arch and the lateral mass or at the
base of the lateral mass. The best indicaƟon for this modi-
fied screw trajectory into the posterior arch is the broad dor-
sal arch. The surgeon may make the mistake of considering
the foramen arcuale as a broad dorsal arch and may insert
the screw into the foramen arcuale damaging the vertebral
artery. This can result in an injury to the vertebral artery,
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and lead to stroke or even death by thrombosis, embolism,
or arterial dissecƟon. [4]

In the western subject, the prevalence of foramen arcuale
has been reported to be between 5.1% and 37.8%. [4]In
our study, the results (complete 6.8% + Incomplete 8.02%)
were by Kendrick and Biggs [19] (complete + incomplete
15.8%), Pyo and Lowman et al [20] (complete + incomplete
12.7%) studies. Dugdale et al reported a higher frequency of
Complete (14.8%) and incomplete (11.7%) foramen arcuale
as compared to present and former studies. [21] The lower
detecƟon rate of the complete foramen arcuale in lateral
cervical spine radiographs may be due to difficulƟes in
visualizaƟon. Cederberg et al [22] studied foramen arcuale
in 255 subjects using lateral cephalograph and found it
in 11% of the cases. V Sharma et al [23] found the
prevalence of foramen arcuale as 4.3% and also found
male (5.33%) predominance over female (3.76%) in the
populaƟon studies. In our study, complete foramen arcuale
is seen in 9.12% of males and 4.38% of females. The
difference could be assigned to the different origins of the
populaƟon in both studies. We found increasing percentages
of paƟents with Foramen arcuale from the youngest to the
adolescent age group, with significantly greater prevalence
in paƟents aged 15-30 years compared with the younger
groups. In children older than 15 years a significantly greater
number of complete bridges compared with incomplete
foramen arcuale were found. This finding is suggesƟve of
parƟal bridges progress may progress to complete lesions as
age advances. [24]

other authors [25]have proposed that a regressive loss
of the middle part of the complete bridge may lead to
a parƟal or incomplete bridge. [26] Our results suggest
that the presence of the foramen arcuale is a condiƟon
independent of age, as there is no staƟsƟcally significant
associaƟon between age and foramen arcuale so this
variant should not be considered a pathological calcificaƟon
or ossificaƟon of the lateral segment of the posterior
atlantooccipital ligament. An ossificaƟon of funcƟonal
significance, developed in other primates (Krishnamurthy et
al., 2007) [9] to protect the vertebral artery, which may be
suscepƟble to being damaged or compressed as a result of
craniocervical dynamics.

CONCLUSION

The FA is a common osseous anatomical variant structure.
Awareness of the presence of the complete variant before
the surgical procedure involving atlas vertebrae in each
paƟent is essenƟal. We suggest preoperaƟve baseline
screeningwith lateral radiographs for detecƟng the presence
of the FA. Clinicians should also look for the presence of the
foramen arcuale in a paƟent with neurological symptoms
suggesƟve of vertebral artery compression with no other
explanaƟons.

REFERENCES

1. Wysocki J, Bubrowski M, Reymond J, Kwiatkowski
J. Anatomical variants of the cervical vertebrae and
the first thoracic vertebra in man. Folia Morphol.
2003;62:357–363.

2. Ghanayem AJ, Paxinos O. FuncƟonal anatomy of joints,
ligaments and disc. Philadelphia: LippincoƩ Williams
and Wilkins. 2005;p. 46–54.

3. Tubbs RS, Johnson PC, Shoja MM, Loukas M, Oakes WJ.
Foramen arcuale: anatomical study and review of the
literature. J Neurosurg Spine. 2007;6:31–34.

4. Young JP, Young PH, Ackermann MJ, Anderson PA, Riew
KD. The foramen arcuale: implicaƟons for screw
inserƟon into the first cervical lateral mass. J Bone Joint
Surg Am. 2005;87:2495–2498.

5. Yochum TR, Rowe LJ. EssenƟal of Radiology. 3rd ed.
BalƟmore: LippincoƩ Williams and Wilkins; 2005.

6. Minor L, Trost JM, O. Bony parƟcles of the atlas (C1)
over the groove for the vertebral artery in humans and
primates:polymorphism and evoluƟonary trends. Am J
PhysAnthropol. 2004;125(1):16–29.

7. CroweHS. The foramen arcuale of the atlas vertebra and
its significance. Upper CervMonogr. 1986;4(1):1–5.

8. Mitchell J. The prevalence and dimensions of the
retroarƟcular canal of the atlas vertebra. Acta Anat.
1998;163:113–120.

9. Krishnamurthy A, Nayak SR, Khan S. Arcuate foramen of
atlas: prevalence, phylogeneƟc and clinical significance.
Rom J MorpholEmbryol. 2007;48:263–266.
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