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ABSTRACT 

 

Background 

The axis has superior and inferior articular facets that facilitate cervical mobility. The 

superior facets articulate with the inferior facets of the atlas for head rotation, whereas the 

inferior facets connect with the superior facets of C3 for neck movement. Trauma or 

degeneration can cause atlantoaxial instability. The articular facet of the odontoid process 

forms the median atlantoaxial joint with the anterior arch of C1, enabling head rotation. Dens 

fractures represent 50-60% of axis fractures, with type II being the most common. Treatment 

includes anterior screw fixation or posterior stabilization, which requires careful 

consideration because of the proximity of the vertebral artery. 

Methods 

A cross-sectional study was conducted using 52 dry adult human axis vertebrae with 

unspecified age and sex. This study aimed to investigate the shape and morphological 

differences between the superior and inferior articular facets and the atlanto-odontoid facet. 

All facets were measured using a digital vernier caliper. Data were statistically analyzed 

using IBM SPSS Version 21. 

Results 

The length and width of the superior articular facet were 16.67±1.26 mm and 15.14±1.42 mm 

on the right side, and 16.76±1.71 mm and 15.23±1.51 mm on the left side.  The length and 

width of the inferior articular facet were 11.46±1.45 mm and 9.74±1.28 mm on the right side, 

and 11.51±1.40 mm and 9.50±1.15 mm on the left side, respectively.  The height and width 

of the articular facets of the dens were 9.67±1.43 mm and 7.86±0.90 mm, respectively. 

conclusion 

These measurements help surgeons navigate the axis vertebra and minimize vertebral artery 

damage, given the relationship between the superior articular facet and vertebral artery. 

Understanding the articular facet dimensions is essential for safe screw placement. This study 

will help surgeons perform surgical procedures on the axis and safely apply new orthopedic 

techniques. 

Keywords: Atlanto-Odontoid Facet, Axis Vertebra, Inferior Articular Facet, Morphometry, 

Odontoid Process, Superior Articular Facet. 
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INTRODUCTION 

The axis, known as the second cervical vertebra, is uniquely shaped to facilitate a wider range 

of motion at the atlantoaxial joints, serving as a pivot for the atlas to rotate, thereby 

supporting the head.[1,2] The axis vertebra acts as a pivot or axle for the rotation of the atlas 

and the head around the strong dens.[3] It functions as a central point for the rotation of the 

atlas and head around the robust dens (odontoid process), which extends upward from the top 

surface of the vertebral body.[4] The Odontoid Process, or Dens, is a prominent, blunt, tooth-

like projection that rises approximately 1.5 cm above the axis body.[5] 

The axis vertebra possesses unique superior and inferior articular facets that play 

crucial roles in the mobility and stability of the cervical spine. The superior articular facets 

were large, oval, and faced upward and laterally, articulating with the inferior articular facets 

of the atlas (C1). This articulation allows for the rotational movement of the head. The 

inferior articular facets of the axis are smaller, flatter, and face downward and forward, 

articulating with the superior facets of the third cervical vertebra (C3). This arrangement 

facilitates neck flexion, extension, and lateral bending. 

Clinically, these articular facets are significant in several ways. Trauma or 

degenerative changes to these facets can lead to atlantoaxial instability, potentially causing 

spinal cord compression and neurological deficits. Additionally, abnormalities in the shape or 

orientation of these facets may predispose individuals to cervical spondylosis or increase the 

risk of vertebral artery compression during neck rotation. The role of the articular facets in 

spine biomechanics influences the treatment approaches for various cervical spine disorders. 

Understanding the anatomy and function of these articular facets is essential for diagnosing 

and treating various cervical spine disorders and performing safe surgical interventions in this 

region. 

The articular facet on the odontoid process, also known as the dens, is a crucial 

anatomical feature of the second cervical vertebra (C2). The dens is a blunt tooth-like process 

measuring 1.5 to 2 cm, projecting upwards from the superior surface of the body of the axis 

vertebra (4, 5). This smooth, oval-shaped surface is located on the anterior aspect of the 

odontoid process and articulates with the posterior surface of the anterior arch of the atlas 

(C1). This articulation forms the median atlantoaxial joint, which is responsible for 

approximately 50% of the head’s rotational movement. The articular facet is covered with 

hyaline cartilage and surrounded by a synovial capsule, allowing smooth and lubricated 

movement. 

The precise shape and orientation of this facet are essential for maintaining the 

stability of the upper cervical spine while permitting a wide range of rotational motion. 

Fractures of the dens of the axis represent 50-60% of all axis (C2) fractures and 7-27% of all 

cervical spine fractures.[6,7] Anderson and D Alonzo categorized odontoid fractures into three 

types, identifying type II as the most prevalent, occurring in 65-74% of cases.[8] Surgical 

interventions for odontoid fractures and other pathological conditions include anterior and 

posterior stabilization methods, odontoid screw fixation, and transoral odontoidectomy. 

Recently, anterior screw fixation has become the preferred approach for treating odontoid 

fractures.[5] Surgery in these areas is particularly hazardous because of the intricate 

relationship with the vertebral artery. A good knowledge of the morphometric anatomy of the 

odontoid process is essential for evaluating several clinical conditions.[9] 

 

 

MATERIALS AND METHODS 

A cross-sectional study was conducted at the Department of Anatomy, Konaseema Institute 

of Medical Sciences and Research Foundation, Amalapuram, India. The study involved 50 

dry adult human axis vertebrae of unspecified age and sex, which were obtained from the 
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bone bank of the Anatomy Department. Vertebrae that were damaged or deformed were 

excluded from the study. This study focused on examining the shape and morphological 

variations of the superior and inferior articular facets, as well as the atlanto-odontoid facet 

present on the ventral surface of the odontoid process. Using a digital vernier caliper with a 

precision of 0.01 mm, measurements were taken for the superior and inferior articular facets 

and the atlanto-odontoid facet of the axis vertebra. The following parameters were measured, 

as shown in figures 1, 2, 3, and 4. 
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1. Shape of the superior articular facet: It was recorded as oval, pear-shaped, round, 

triangular, or rectangular. 

2. Superior articular facet length: This was measured as the maximum anteroposterior 

diameter of the superior articular facet. 

3. Superior articular facet width: It was measured as the maximum transverse diameter of 

the superior articular facet. 

4. Shape of the inferior articular facet: It was recorded as oval or round. 

5. Inferior articular facet length: This was measured as the maximum anteroposterior 

diameter of the inferior articular facet. 

6. Inferior articular facet width: It was measured as the maximum transverse diameter of the 

inferior articular facet. 

7. Shape of the atlanto-odontoid facet of the axis vertebra: recorded as elliptical or oval. 

8. Atlanto-odontoid facet height: The vertical diameter of the atlanto-odontoid facet of the 

axis vertebra was measured. 

9. Atlanto-odontoid facet width: The transverse diameter of the atlanto-odontoid facet of the 

axis vertebra was measured. 
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Statistical analysis of the data obtained was performed using a paired t-test (p < 0.05 

was considered significant). The software used was IBM SPSS Version 21. The results 

obtained in the current study were compared with those reported by various authors in their 

previous studies. 

 

 

RESULTS 

The results obtained from the examination of the superior and inferior articular facets and the 

atlanto-odontoid facet of the dens of 52 dry human axis vertebrae are listed in Tables 1 and 2. 

 

Parameter Shape of the facet Right ( % ) Left ( % ) 

Superior Articular 

Facet 

Oval 17 (32.69%) 16 (30.77%) 

Round 24 (46.15%) 24 (46.15%) 

Pear-shaped 6 (11.54%) 5 (9.62%) 

Triangular 5 (9.62%) 7 (13.46%) 

Inferior Articular Facet 
Oval 24 (46.15%) 32 (61.54%) 

Round 28 (53.85%) 20 (38.46%) 

Atlanto-odontoid facet 
Oval 38 (54.28%) 

Round 14 (45.72%) 

Table 1: Prevalence of different shapes of articular facets of axis vertebrae 

 

Parameter 
Right 

Mean±SD (mm) 

Left 

Mean±SD (mm) 
P-Value 

Length of the Superior Articular Facet 16.67±1.26 16.76±1.71 0.664 

Width of the Superior Articular Facet 15.14±1.42 15.23±1.51 0.185 

Length of the Inferior Articular Facet 11.46±1.45 11.51±1.40 0.103 

Width of the Inferior Articular Facet 9.74±1.28 9.50±1.15 0.491 

Height of the atlanto- odontoid facet 9.67±1.43 --- 

Width of the atlanto- odontoid facet 7.86±0.90 --- 

Table 2: Mean and standard deviation of various parameters of articular facets of axis 

vertebrae 

 

1. The shapes of the superior articular facets observed on the right side were oval (17), 

round (24), pear-shaped (6), and triangular (5), whereas on the left side, they were oval 

(16), round (24), pear-shaped (5), and triangular (7). 

2. The shapes of the inferior articular facets observed on the right side were oval (24) and 

round (28), whereas on the left side, they were oval (32) and round (20). 

3. The shapes of the atlanto-odontoid facet of the dens were oval (38) and round (14). 

4. The length and width of the superior articular facet were 16.67±1.26 mm and 15.14±1.42 

mm on the right side, and 16.76±1.71 mm and 15.23±1.51 mm on the left side, 

respectively. 

5. The length and width of the inferior articular facet were 11.46±1.45 mm and 9.74±1.28 

mm on the right side, and 11.51±1.40 mm and 9.50±1.15 mm on the left side, 

respectively. 

6. The height and width of the articular facets for the dens were 9.67±1.43 mm and 

7.86±0.90 mm, respectively. 

7. No statistically significant differences were observed between the right and left side 

measurements, as the p-values observed for all parameters studied were greater than 0.05. 
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DISCUSSION 

The axis is developed from the anterior halves of the first and second spinal sclerotomes and 

the posterior dense half of the first spinal sclerotome. It ossifies from five primary and two 

secondary centers. The vertebral arch contains two primary centers, whereas the centrum has 

one center, similar to a typical vertebra. Sexual dimorphism has been documented in the axis 

vertebrae,[10,11] and racial variations have also been reported. The superior articular facets of 

the axis vertebra are distinct from those of other cervical vertebrae in two key aspects, 

making this area particularly susceptible to vertebral artery injury during screw fixation. First, 

these facets in the axis are positioned closer to the body than other vertebrae, where they are 

situated closer to the lamina. Second, the foramen transversarium of the axis is partially or 

entirely located on the lower surface of the superior articular facet, whereas in other cervical 

vertebrae, this foramen is closely associated with the transverse process.[12] The results 

obtained for the length and width of the superior articular facet in the current study were 

compared with those reported by various authors in their previous (Table 3). 

 

Author 

Length of the SAF Mean±SD 

(mm) 

Width of the SAF Mean±SD 

(mm) 

Right Left Right Left 

Sengul et al[13] 17.5±1.4 17.5±1.5 14.1±1.6 14.0±1.5 

Gomez-Olivencia et al[14] 17.7±1.2 18.1±1.4 16.4±1.3 16.3±1.4 

Kaur Jasveen et al[15] 17.42±1.73 17.64±1.51 15.31±1.44 15.17±1.48 

Mukesh Singla et al[16] 16.61±1.33 16.70±1.79 14.92±1.76 14.79±1.95 

Shilpa N Gosavi et al[17] 16.64±1.54 16.66±1.76 14.44±1.65 14.64±1.42 

Present study 16.67±1.26 16.76±1.71 15.14±1.42 15.23±1.51 

Table 3: Comparison between the measurements of the length and width of the superior 

articular facet in the current study and those reported by various authors in previous 

studies 

 

The results obtained in current study for length of the superior articular facet are 

similar to those observed by Mukesh Singla et al., and Shilpa N Gosavi et al. in their previous 

research but lower than the values obtained by Sengul et al., Gomez-Olivencia et al., and 

Kaur Jasveen et al. The results obtained in current study for width of the superior articular 

facet are similar to those observed by Kaur Jasveen et al., and Mukesh Singla et al. in their 

previous research but higher than the value observed by Sengul et al. and  Shilpa N Gosavi et 

al. whereas lower than the values obtained by Gomez-Olivencia et al. 

The results obtained for the length and width of the inferior articular facet in the 

current study were compared with those reported by various authors in their previous studies 

(Table 4). 

 

Author 

Length of the IAF Mean±SD 

(mm) 

Width of the IAF Mean±SD 

(mm) 

Right Left Right Left 

Sengul et al. 11.7±1.7 11.4±1.3 9.6±1.7 9.4±1.5 

Gomez-Olivencia et al. 10.1±1.4 10.1±1.4 11.2±1.2 11.2±1.5 

Kaur Jasveen et al. 11.54±1.66 12.14±1.58 9.23±1.70 9.41±1.61 

Mukesh Singla et al. 11.75±2.33 12.02±2.29 11.40±1.76 11.42±1.92 

Shilpa N Gosavi et al. 9.87±1.72 9.61±1.79 9.93±1.49 9.92±1.58 

Present study 11.46±1.45 11.51±1.40 9.74±1.28 9.50±1.15 
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Table 4: Comparison between the measurements of the length and width of the inferior 

articular facet in the current study and those reported by various authors in previous 

studies 

 

The results obtained in current study for length of the inferior articular facet are 

similar to those observed by Sengul et al., Kaur Jasveen et al. and Mukesh Singla et al.  in 

their previous research but higher than the values obtained Gomez-Olivencia et al., and 

Shilpa N Gosavi et al. The results obtained in current study for width of the inferior articular 

facet are similar to those observed by Sengul et al., and Kaur Jasveen et al. in their previous 

research but lower than the values obtained by Gomez-Olivencia et al., Mukesh Singla et al., 

and Shilpa N Gosavi et al. 

The odontoid process, also known as the dens, is a tooth-like, blunt projection that 

extends from the superior surface of the body of the axis vertebra. It is located at the center of 

the atlas and consists of a thick head and narrow neck. The anterior surface of the odontoid 

process, which features an oval articular facet, articulates with the anterior arch of the atlas to 

form the median atlanto-axial joint.  

The results obtained for the height and width of the atlanto-odontoid facet on dens in 

the current study were compared with those reported by various authors in their previous 

studies (Table 5). 

 

Author 

Height of the atlanto-

odontoid facet Mean±SD 

mm 

Width of the atlanto-

odontoid facet Mean±SD 

mm 

Francis[18] 10.60±1.9 8.70±1.3 

Mazzara and Fielding[19] 11.00±2.4 8.70±1.4 

Naderi et al[20] 10.50 8.80 

Monika Lalit et al[21] 8.87±1.77 7.89±1.15 

Shilpa N Gosavi et al. 9.39±1.95 7.47±1.29 

Raghavi N et al[22] 11.7±1.7 8.01±0.76 

Present study 9.67±1.43 7.86±0.90 

Table 5: Comparison between the measurements of the height and width of the atlanto-

odontoid facet in the current study and those reported by various authors in previous 

studies 

 

The results obtained in the current study for the height of the atlanto-odontoid facet 

are similar to those observed by Shilpa N Gosavi et al. in their previous research but higher 

than the values obtained Monika Lalit et al. whereas lower than values observed by Francis, 

Mazzara and Fielding, Naderi et al., and Raghavi N et al.  The results obtained in current 

study for width of the atlanto-odontoid facet are similar to those observed by Monika Lalit et 

al., Shilpa N Gosavi et al. and Raghavi N et al. in their previous research but lower than the 

values obtained by Francis, Mazzara and Fielding, Naderi et al. 

Gaining insight into the differences in the morphological and morphometric 

characteristics of the articular facets of the axis vertebrae can be advantageous for orthopedic 

and neurosurgeons, neurologists, radiologists, and practitioners in manipulative and physical 

therapy. 

 

 

CONCLUSION 

Articular process hypertrophy and asymmetry can significantly limit cervical movement. The 

measurements presented in this study are intended to assist surgeons in navigating the axis 
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vertebra, minimizing the risk of damaging critical structures such as the vertebral artery, 

given the important relationship between the superior articular facet of the axis and the 

vertebral artery. Understanding the anteroposterior and transverse dimensions of the articular 

facets is crucial for safely planning screw placement. This study is expected to aid orthopedic 

and spine surgeons in performing procedures on the axis and in the effective and safe 

application of new orthopedic intervention techniques. A preoperative CT scan is 

recommended to avoid complications arising from anatomical variations. 
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