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ABSTRACT 

Historically, the apical ligament has been described as providing stability merely because of its attachments between 
the odontoid process and the base of the skull. Additionally, it has long been said to possess notochord remnants and 
was cited as the site of origin for chordoma formation at the skull base. In this paper, the apical ligament will be 
reviewed in regard to its anatomy, embryology, biomechanics and imaging with updated studies shedding more light 
on its biomechanical and embryological significance. The Spine Scholar 1:9-12, 2018 
 

INTRODUCTION  

   
Anatomy  
 
 The apical ligament of the dens spreads out from the apex of the dens toward the anterior margin of the 
foramen magnum between the alar ligaments (Standring, 2016). For most of its extent, it is divided from the anterior 
atlanto-occipital membrane and cruciform ligament by pads of fatty tissue, though it blends with their attachments at 
the foramen magnum, and with the alar ligaments at the apex of the dens. Tubbs et al. (2000) have investigated the 
area around the ligament for anatomical clarity. They found an area routinely filled with connective tissue, fat, and a 
small venous plexus between the apical ligament and the superior crus of the cruciform ligament when they 
examined the region (Tubbs et al., 2000). The apical dental ligament is approximately 2-5 mm wide and 2-12 mm 
long (Lang, 1993). Tubbs et al. (2000) reported in twenty formalin-fixed adult human cadavers that five of them 
contained no apical ligament pointing to the fact that it probably bears no important structural function (Tubbs et al., 
2000). Of the apical ligaments that were present, the length ranged from 3 to 11 mm (mean 7.5 mm), and the width 
ranged from 1.5 to 10 mm (mean 5.1 mm) (Tubbs et al., 2000). The ligament was found to be longer than it was wide. 
The ligament was in the midline between the basion and tip of the odontoid process in almost all cases (Tubbs et al., 
2000). In terms of anatomy, blood vessels destined for the odontoid have been described as traveling in the apical 
ligament (Schatzker et al., 1975). Visualization of the apical ligament on magnetic resonance (1.5 tesla) and 
computerized tomography imaging has been quite conflicting and (Daniels et al., 1983; Schweitzer et al., 1992; 
Grabb et al., 1999). 
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Figure 1: 
Drawing showing the posterior view of the craniocervical junction. A: Apical ligament. B: Alar ligament. C: Cruciform ligament (cut ends of the superior 

crus). D: Tectorial membrane 
 

 
 
 
Embryology 
 
 The major ligaments of the craniovertebral junction are the transverse atlantal and alar ligaments (Contreras 
et al., 2014). Some authors point out that these two ligaments have a common mesenchymal origin in the tip of the 
primitive odontoid process (Contreras et al., 2014). Contreras et al. (2014) reported that in 20 mm embryos, the 
transverse and alar ligaments share the mass of mesenchymal tissue with the future dens of the axis (Contreras et 
al., 2014).  

The notochord can also be seen at this stage going through the future odontoid process of the axis and 
reaching the midpoint of the anterior rim of the foramen magnum, eventually revealing the structure of the apical 
ligament. The notochord is the defining structure of the chordates and has essential roles in vertebrate development. 
It is the source of midline signals that pattern surrounding tissues and serves as a major skeletal element of the 
developing embryo (Stemple, 2005). It is widely known that embryos fail to elongate without a fully differentiated 
notochord (Stemple, 2005). Contrary to what has been suggested in the past, the apical ligament perhaps might not 
contain notochord after all. Recent studies by Fisahn et al. (2017) found that the apical ligament did not contain 
notochordal remnants in any of their fifteen apical ligament samples (Fisahn et al., 2017). In humans, the apical 
ligament is essentially considered rudimentary and indeed shows very little increase in its size in adults when 
compared to its initial size in fetuses (Hecker, 1922).  
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Figure 2: 

Drawing depicting the midsagittal view of the craniocervical junction. A: Apical ligament. B: Anterior atlantooccipital membrane. C: Superior crus of the 
cruciform ligament. D: Tectorial membrane. 

 
 
Biomechanics 
 
 The apical ligament has been often cited as contributing to and actually being essential in craniocervical 
stability (Hecker, 1922; Pick et al., 1977; Ebraheim et al., 1998; Grabb et al., 1999). At the same time, there have 
been conflicting reports as to its function (Hecker, 1923; Schaeffer, 1953). After careful examination of the apical 
ligament, it is difficult to believe that functionally it contributes much, if anything, to craniocervical stability. Evaluation 
of the results shown by Tubbs et al. (2000) suggests that any degree of flexion or extension beyond maximum 
tautness, with the cadaver in the prone or supine position, will evidently avulse the apical ligament taking into 
consideration the weight of the normal adult head, which is approximately 6 kg (David et al., 1998). In addition, no 
tubercles of the basion or odontoid tip have been found in specimens studied by Tubbs et al. (2000) that would 
indicate chronic pull by the ligament. 

The articulations between the odontoid process, atlas, and transverse ligament are generally described as 
one joint. In reality, there are two joints quite separate from one another, though the synovial sac of the posterior is 
not quite distinct, as it does communicate with the joints between the occiput and atlas (Morris, 1879). The 
movements that occur are like those between the head of the radius and the ulna; but instead of the pivot filling the 
ring and rotating in contact with it all around, it is in apposition only at two spots, and elsewhere ligamentous fibers 
pass through between the pivot and the ring. The movements rather than the anatomy of the joint require it to be 
classed as a trochoid joint (Morris, 1879). In relation to the apical ligament, Tubbs et al. (2000) discovered that the 
range for tautness with flexion of the cervical spine was 12 to 35° (mean 22.4°) and that with extension of the cervical 
spine was 15 to 40° (mean 29.4°) when they flexed and extended the necks of the cadavers to determine when and 
at what degree the apical ligament became taut. In their study, Tubbs et al. (2000) clarified that for flexion, mild 
tautness was initiated with just enough flexion to remove any redundancy from the ligament and maximized with the 
aforementioned values. In contrast, tautness on extension was not achieved until aforementioned values had been 
reached (Tubbs et al., 2000). Once tautness was achieved in extension or once maximum tautness was obtained in 
flexion, the apical ligament would rupture (Tubbs et al., 2000). They also reported that they flexed and extended the 
necks of the cadavers extremely slowly in order to not avulse the apical ligament. Pathologically, research has shown 
that the apical ligament has remained intact whenever cases of os odontoideum have been described (Menezes, 
1999).  
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CONCLUSION 
 
 The apical ligament is best labeled as a vestigial structure that gives no significant added stability to the 
craniocervical junction. Clinically, this data can guide physicians who often view images or manage craniocervical 
junction-related problems to focus on other ligaments in this area that actually have proven functions in limiting 
motion and providing mechanical integrity instead of giving more importance and attention to the apical ligament 
(Tubbs et al., 2000). The apical ligament plays no role in the anomaly that is os odontoideum. Finally, larger studies 
will need to be undertaken to find any notochordal remnants in the apical ligament if any are present at all, from what 
has been described in past textbooks. 
 
 
 
REFERENCES 
 
Bassett F, Goldner JL. 1968. Aplasia of the odontoid process. J Bone Joint Surg 50A:833-4. 
Contreras FH, Roda O, et al. 2014. Embryonic and Early Fetal Period Development and Morphogenesis of Human Craniovertebral Junction. Clin Anat 

27:337-45. 
Daniels DL, Williams AL, Haughton VM. 1983. Computed tomography of the articulations and ligaments at the occipito-atlantoaxial region. Radiology 

146:709-716. 
David KM, McLachlan JC, Aiton JF, et al. 1998. Cartilaginous development of the human craniovertebral junction as visualized by a new three-

dimensional computer reconstruction technique. J Anat 192:269-277. 
Ebraheim NA, Lu J, Yang H. 1998. The effect of translation of the C1-C2 on the spinal canal. Clin Orthop 351:222-229. 
Fisahn CC, Schmidt C, Rostad S, Li R, et al. 2017. Adult Apical Ligament of the Dens Lacks Notochordal Tissue: Application to Better Understanding 

the Origins of Skull Base Chordomas. World Neurosurgery 101, p 42-46. 
Grabb BC, Frye TA, Hedlund GL, et al. 1999. MRI diagnosis of suspected atlanto-occipital dissociation in childhood. Pediatr Radiol 29:275-281. 
Gwinn J, Smith J. 1962. Acquired and congenital absence of the odontoid process. AJR 88:424-31. 
Hecker P. 1922. Appareil ligamenteux occipito-atloido-axoidien etude d’anatomie comparee. Archives d’Anatomie, d’Histologie et d’Embryologie 1:419. 
Lang J. 1993. Clinical Anatomy of the Cervical Spine. New York: Thieme Medical Publishers, Inc. p 74. 
McHugh BJ, Grant RA, Zupon AB, DiLuna ML. 2012. Congenital os odontoideum arising from the secondary ossification center without prior fracture. J 

Neurosurg Spine 17:594-7. 
Menezes AH. 1999. Pathogenesis, dynamics, and management of os odontoideum. Neurosurg Focus 6(6): Article 2. 
Morris H. 1879. The Anatomy of the Joints of Man. Volume 6.28. London: J & A Churchill. p 54. 
Perdikakis E, Skoulikaris N. 2014. The odontoid process: various configuration types in MR examinations. Eur Spine J 23:1077-83. 
Pick TP, Howden R. 1977. Gray’s Anatomy. 11th Ed. New York: Bounty Books. 
Schaeffer JP. 1953. Morris’ Human Anatomy. New York: Blackiston. 
Schatzker J, Rorabeck CH, Waddell JP. 1975. Non-union of the odontoid process. An experimental investigation. Clin Orthop 108:127-137. 
Schweitzer ME, Hodler J, Cervilla V, et al. 1992. Craniovertebral junction: normal anatomy with MR correlation. AJR 158: 1087-1090. 
Standring S. 2016. Gray’s Anatomy: The Anatomical Basis of Clinical Practice. 41st Edition. Elsevier. p 738. 
Stemple DL. 2005. Structure and function of the notochord: an essential organ for chordate development. Development 132:2503-12.  
Tubbs RS, Grabb P, Spooner A, Wilson W, et al. 2000. The apical ligament: anatomy and functional significance. J Neurosurg 2:197-200. 
 
 
 
 
 

 
 
 

 
 


