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Abstract
Purpose  During routine dissection of the anterior craniocervical junction (CCJ), a variant ligament just anterior to the 
articular capsule of the atlantooccipital joint was observed. To our knowledge, no literature has previously described this 
ligament. Therefore, the aim of this study was to clarify the anatomy, incidence, and biomechanics of this undescribed 
structure of the anterior atlantooccipital joint.
Methods  Twenty-six sides from 13 fresh-frozen adult cadavers were used for this study and the morphology of the variant 
ligament examined. When present, its length, width, thickness, and the angle from the midline of the CCJ were measured.
Results  The variant ligament identified, when present, is distinct and located anterior to the atlantooccipital joint capsule 
traveling between the occipital bone and the transverse process of the atlas. The ligament was found on 12 of 26 sides (46.2%). 
The mean length of the ligament was 32.0 ± 5.5 mm. The ligament became taut with contralateral lateral flexion and the 
ipsilateral rotation of the atlantooccipital joint.
Conclusions  We propose that this ligament may be termed the lateral oblique atlantooccipital ligament. To date, this structure 
has not been described in any textbooks or reports in the extant medical literature. Although its function is not clear, based 
on its course and connections, it might function as a secondary stabilizer of the atlantooccipital joint. As the stability of the 
craniocervical junction is of paramount importance, knowledge of normal and variant anatomical structures in this region 
is important for the surgeon treating patients with pathology of this region.
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Introduction

The craniocervical junction (CCJ) consists of the occipital 
bone, atlas, axis, and associated ligaments and membranes 
[1, 2]. The CCJ includes the atlantooccipital and lateral and 
median atlantoaxial joints, and is related to various cranial 
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nerves and the spinomedullary junction [3–5]. This junction 
between the upper cervical spine and skull base allows for 
complicated movements such as the rotation, flexion, and 
extension of the neck, while its ligaments protect regional 
neurovascular structures [4–8]. The transverse and alar liga-
ments, which are the most significant ligaments, have been 
well studied [9–13]. Other ligaments, such as the apical, 
accessory atlantoaxial, Barkow’s, and lateral atlantooccipital 
ligaments have been studied less so.

During the routine dissection of the CCJ, we observed 
a thin but distinct ligament superficial to the capsule of the 
atlantooccipital joint. Therefore, to better elucidate this 
structure, the present anatomical study was performed using 
fresh-frozen cadavers.

Materials and methods

Twenty-six sides from thirteen fresh-frozen adult cadavers 
(12 Caucasian and 1 Asian, five males and eight females) 
were dissected for this study. The age at death ranged from 
57 to 101 years with a mean of 81.7 ± 12.6 years. In the 
supine position with the neck hyperextended, the prever-
tebral tissues were removed. The longus capitis and rectus 
capitis anterior on both sides covering the occiput and atlas 
were removed, and the anterior surface of the atlantooccipi-
tal joint was observed. When the ligament, which we termed 
the lateral oblique atlantooccipital ligament (LOAOL), was 
identified, its length, width (proximal, middle, and distal 
parts), and thickness were measured using a microcaliper 
(Mitutoyo, Kanagawa, Japan). Additionally, the angle of the 
LOAOL from the midline of the CCJ was measured with a 
goniometer. No gross disease or signs of previous surgery to 
the area dissected were observed in any specimen.

All quantitative measurements were presented as the 
mean ± SD. One-way analysis of variance was applied 
to compare data with Scheffé’s post hoc test and Fisher’s 
exact test. Statistical significance configured at P < 0.05. No 
approval by our ethical committee was needed as this was a 
cadaveric study. The study was conducted according to the 
requirements of the Declaration of Helsinki (64th WMA 
General Assembly, Fortaleza, Brazil, October 2013).

Results

The LOAOL was identified on 12 sides (46.2%) in seven 
specimens, derived from three males and four females 
(Table 1). Of these, two specimens had the ligament uni-
laterally. When present, the LOAOL was located as a 
distinct structure just deep to the rectus capitis anterior 
(Fig. 1) and superficial to the joint capsule and anterior 

atlantooccipital membrane (AAOM). This structure always 
ran obliquely between the occipital bone and the trans-
verse process of the atlas (Fig. 2). The ligament attached 
to the basilar part of the occipital bone widely and tapered 
distally at its attachment onto the transverse process of the 
atlas. The mean length of the LOAOL was 32.0 ± 5.5 mm 
(range 25.9–43.3 mm). The mean width of the LOAOL 
was 14.7 ± 1.9 mm (range 11.6–16.9 mm) at its proximal 
part, 10.2 ± 3.2 mm (range 4.7–14.8 mm) at its middle 
part, and 9.0 ± 2.3 mm (range from 4.0 to 11.2 mm) at 
its distal part, respectively. The thickness of the LOAOL 
was 0.3 ± 0.1 mm (range from 0.2 to 0.4 mm). This liga-
ment traveled diagonally at an angle of 29°–44° (mean 
36.8° ± 5.0) from the midline. There was no significant 
difference between the right and left sides for all meas-
urements (Table 2). With lateral flexion, the contralateral 
LOAOL became taut. With ipsilateral rotation of the atlan-
tooccipital joint, the ligament also became taut. Flexion 
of the CCJ resulted in the LOAOL becoming lax, while 
hyperextension made the ligament taut.

Table 1   Incidence of the LOAOL

Specimens (n = 13) (%) Sides (n = 26) (%)

Presence 7 (53.8) 12 (46.2)
Bilaterally 5 (38.5) 10 (38.5)
Unilaterally 2 (15.4) 2 (7.7)
Right 1 (7.7) 1 (3.8)
Left 1 (7.7) 1 (3.8)

Fig. 1   Anterior view of the anterior craniocervical junction in a 
cadaver. The LOAOL (highlighted with the purple color) is located 
deep to the rectus capitis anterior (asterisk). Note the rectus capitis 
anterior is slightly moved laterally to show the ligament. LOAOL, lat-
eral oblique atlantooccipital ligament
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Discussion

Our study identified a variant ligament of the atlantooc-
cipital joint, the lateral oblique atlantooccipital ligament 
(LOAOL). The ligament was constantly located anterior 
to the atlantooccipital joint capsule and traveled obliquely 
from the occiput to the transverse process of the atlas. This 
thin structure was occasionally identified unilaterally. The 
incidence of the LOAOL was 53.8% of all cadavers, and 
it may be a common variant in this region. The LOAOL 
has not been described previously probably due to the dif-
ficulty in dissecting the anterior craniocervical junction.

As seen in our anatomical study, the movements of the 
atlantooccipital joint might be slightly restricted by the 
LOAOL when it is present [4, 8, 14, 15]. When absent, other 
more standard ligaments such as the anterior atlantooccipital 

membrane (AAOM) and atlantooccipital capsular liga-
ments serve this purpose [4, 16, 17]. The AAOM runs from 
the anterior arch of the atlas to the basiocciput and resists 
extension [17, 18]. These anterior ligaments, including the 
LOAOL, when present, play a role as secondary stabilizers 
of the CCJ which may limit its movement and protect the CCJ 
from the injuries [18–21]. Knowledge of the detailed anatomy 
and potential anatomical variations of this region is important 
for those treating patients with injury to this area [22–26].

Conclusion

The present study identified a previously unreported variant 
ligament of the craniocervical junction. Further studies are 
now needed to clarify its function and clinical implications.
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