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   :الملخص

ا أ من  ل قا النقئحف القح ي فوو اللمور ال قر  غير نمطية في شككككككخصائ ها ككككككئل ككككككائ المورفولو ية( C2فقرة المحور ) الخلفية: الهدف من .  هتشككككككخا   يت

بئسككناماا الأشككلة المقطلية هققئرنة ننئله الد المراسككة قف ننئله المراسككئ  الأار   القيئس الطول هالأقطئر اللرضككية لونوي اليككوي قا المنرررما الصي ييالدراسةةة: 

صورة الميح الضولي ثم اانيئرام بشخا 161رراسة هص ية بأثر ر لي قا الال قرا لة  اسنامقتالطريقة: سخئن. الني ل راائ قؤل يا قانص يا في قانصف الإ

. المرضككي اللما ملئنون قا 9112برما إلا موليو إعشككوالي قا رعو  الن ككومر المقطلي قا قيككم الأشككلة في قيككنشكك ا ال لاي لص را/ة هالحوار   بو ئ   قا 

سككوية  قيئسككئ  عمصية قيمرليا عصي ه ور إصككئبة له ويككور في اللمور ال قر  اللوقي اللصو  قا المراسككة. اسككن لمها عظئا النوخيككية  قراض ال ئثولو ي له قرضل

وئن قنوسكككو ههسكككيو اأرت ئو الونوي اليكككوي قنيكككئهمة تقرم ئد قف الحم الأرنا هالحم الأق كككا لصقيم  النتائج:هتحصيصائ.    ال يئنئ هلراصت)الطول هلقطئر عرضكككية(. 

قصم( عصا النولي. وئنت القيم الأرنا  11.11ه 11.11قصم( عصا تولي. بئلويك ة إلا القطئر الأقئقي الاص ي لصونويد وئن المنوسكو هالوسيو تقرم ئ ) 11.61ه 19.11)

ن توفر قلصوقئ  ق يمة لبلئر ممخا قلرفة الد الأ الخلاصةةة:. -+SDقم(.  1.61-+ 2.19)صم عصا تولي. قنوسككو القطر اللرضككي وئن ق 11.11ه 2.11هالأق ككا 

يئ لنشكككاي  شكككرحئ لسككئسككك لصنث يت اللظمي هفام تطور اللمصية اليككويةد سكككواي بشككخا ح يلي له بخشكككخئل قانص ةد هوللل النشكككخا الظئار  لائ يل لم الناطيو الأقو

 ج  المرضي اللما ملئنون قا اضطرابئ  تؤثر عصا اللمور ال قر  اللوقي.هعلا

 .شخئلد صورة المقطليةالأالونوي اليوي اأانلافئ  النشرمحيةد قيئس  :الكلمات المفتاحية

Abstract 

Background: The axis vertebra (C2) is atypical in its shape and morphological characteristics and forms an integral part of 

the craniovertebral junction. Aims: to measure height, AP and transverse diameters of the odontoid process of Libyan 

subjects using CT scans and to compare the results of the present study with the results of other studies conducted by different 

authors in different populations. Method: A descriptive, retrospective study was used by reviewing 167 CT scan images that 

were randomly selected from the CT suit of the Radiology Department at Aljalaa Hospital for Surgery and Accidents in 

Benghazi from April to July 2019. Patients with gross pathology or degenerative bone disease and those with evidence of an 

injury to the upper cervical spine were excluded from the study. The measurements of the odontoid process (height, AP and 

transverse diameters) were assessed. The data was entered and analyzed by using SPSS version 22. Results: The mean and 

median of the dens height of the odontoid process were nearly equal, with minimal & maximum values of 12.70 &17.60 mm 

respectively. Regarding the anteroposterior diameter of the process, the mean & median were nearly equal (11.18 & 11.30 

mm respectively). The minimum & maximum values were (9.10 & 13.10 mm respectively). The mean ± SD of the transverse 

diameter was 9.04 ± 0.63 mm. Conclusion: The knowledge of these dimensions can provide useful information for the safe 

planning of osseous fixation and understanding of the development of the odontoid process, both in normal and in variant 

forms. Additionally, its phenotypical morphology is a prerequisite for the diagnosis and treatment of patients presenting with 

disorders affecting the craniocervical spine. 

Keywords: odontoid process, anatomical variants, morphometry, CT. 

 

1. INTRODUCTION 

The axis vertebra (C2) is atypical in its shape and morphological 

characteristics and forms an integral part of the craniovertebral 

junction (1,2). The dens/odontoid process is a small, tooth-like 

upward projection from the second cervical vertebra of the neck 

which forms the pivot median atlanto-axial joint with the anterior 

arch of the atlas(3). The odontoid process is the central pillar of 

the craniovertebral junction. Imaging this small structure 

continues to be a challenge for radiologists due to complex bony 

and ligamentous anatomy. A wide range of developmental and 

acquired abnormalities of odontoids have been identified. Their 

accurate radiologic evaluation is important as different lesions 

have markedly different clinical courses, patient management, 

and prognosis(4).  

The integrity of the odontoid process is critical for the stability 

and proper function of the atlanto-axial articulation and to assure 

the integrity of the enclosed vulnerable neurovascular structures 

of the cranio-cervical region. Therefore, a sound understanding 

of this region's osseous development, both in normal and 

invariant forms, as well as its phenotypical morphology is a 

prerequisite for the diagnosis and treatment of patients presenting 

with disorders affecting the cranio-cervical spine(5). The odontoid 

process was once thought to be a displaced body of the atlas but 

is now believed to have separated from the anterior part of the 

atlas between the 6th and 7th week of gestation and to have 

migrated caudally to fuse with the body of the axis(6). 

The dens or odontoid process exhibits a slight constriction or 

neck where it joins the body. On its anterior surface is an oval or 

nearly circular facet for articulation with that on the anterior arch *Correspondence: Fatima Alhadi Mohammed.  
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of the atlas. On the back of the neck, and frequently extending 

onto its lateral surfaces, is a shallow groove for the transverse 

atlantal ligament which retains the process in position. 

The apex is pointed, and gives attachment to the apical odontoid 

ligament; below the apex, the process is somewhat enlarged, and 

presents on either side a rough impression for the attachment of 

the alar ligament; these ligaments connect the process to the 

occipital bone. The internal structure of the odontoid process is 

more compact than that of the body(7). 

 

Figure 1:Coronal cross-section of the occipital-atlantoaxial 

ligamentous complex(8). 

 

 

 

 

 

 

 

 

 

Figure 2: CT scan bone window shows the normal appearance of the odontoid process of the axis vertebra; axial A, coronal B and sagittal C 

sections. 

2. MATERIAL AND METHOD 

A descriptive retrospective study was used by reviewing 167 CT 

scan images. Human cases were randomly selected from the CT 

suit of Radiology department at Aljalaa Hospital for Surgery and 

Accidents / Benghazi from April to July 2019. Patients with gross 

pathology or degenerative bone disease and those with evidence 

of an injury to upper cervical spine were excluded from study. 

the measurements of odontoid process (height, AP and transverse 

diameters) were assessed. The data was entered and analyzed by 

using SPSS version 22.  

3. RESULTS 

CT images of a total of 167 cases were used to study the 

anatomical variation of the odontoid processes of the axis 

vertebra.  

Table 1 shows that the youngest patient of the studied cases was 

18 years old and the eldest one was 70 years old.  

The mean ± SD = 37.91±14.55 years and the mode was 27 years. 

 

 

Table 1: Descriptive statistics of the ages of studied cases 

 

Descriptive statistics Age in years 

Mean 37.91 

Median 35.00 

Mode 27 

Std. deviation 14.55 

Minimum 18 

Maximum 70 

 

Table 2 shows that the mean and median of the dens height of the 

odontoid process were nearly equal, with minimal & maximum 

values of 12.70 &17.60 mm respectively. Regarding the anterio-

posterior diameter of the process, the mean & median were nearly 

equal (11.18 & 11.30 mm respectively). The minimum & 

maximum values were (9.10 & 13.10 mm respectively). The 

mean ± SD of the transverse diameter was 9.04 ± 0.63 mm.  
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Table 2: Descriptive statistics of some measurements of the studied odontoid processes 

 

Descriptive statistics Dense height in mm Anteroposterior diameter in mm Transverse diameter in mm 

Mean 15.26 11.18 9.04 

Median 15.30 11.30 9.10 

Mode 14.70 11.70 9.12 

Std. deviation 1.12 .75 .63 

Minimum 12.70 9.10 7.67 

Maximum 17.60 13.10 10.90 

 

Table 3 reveals that there are statistically significant differences 

between means of the anterio-posterior diameters of the head of 

odontoid processes of females & males (10.78vs 11.28 mm 

respectively). The transverse diameter of the head of the odontoid 

process in both females & males was nearly equal (9.00 vs 9.05 

mm respectively). This difference was statistically not 

significant; P< 0.05. 

Table 3: The relationship between gender and some measurements of the studied head of odontoid processes 

 

Measurements of the head of the odontoid process Gender Mean Std. Deviation P value 

Dens height in mm 
Female (33) 15.1000 1.263 

P= .40 
Male (134) 15.3022 1.091 

Anterio-posterior diameter in mm 
Female (33) 10.7848 .81892 

P= .002 
Male (134) 11.2878 .70338 

Transverse diameter in mm 
Female (33) 9.0097 .59958 

P= .674 
Male (134) 9.0596 .64075 

 

Table 4 shows the means of dens height of the heads of odontoid 

processes in both age categories (30 years and less & above 30 

years) were nearly equal (15.16 & 15.33 mm) respectively. These 

differences were statistically not significant; P< 0.05. There are 

no statistically significant differences between means of the 

anterio-posterior diameters of the head of odontoid processes of 

both age categories (30 years and less & above 30 years) as they 

were equal (11.18&11.18 mm respectively). The transverse 

diameter of the head of the odontoid process in both females & 

males was nearly equal (9.05 vs 9.04 mm respectively). This 

difference was statistically not significant; P< 0.05. 

Table 4: The relationship between age categories and some measurements of the studied head of odontoid processes 

 

Measurements of the head of the odontoid process Age categories Mean Std. deviation P value 

Dense height in mm 
30 years and less 15.1600 1.08846 

P= .31 
Above 30 years 15.3361 1.15282 

Anterio-posterior diameter in mm 
30 years and less 11.1896 .72214 

P= .98 
Above 30 years 11.1875 .77712 

Transverse diameter in mm 
30 years and less 9.0591 .70788 

P= .87 
Above 30 years 9.0430 .57363 

 

The most common shape of the head of the odontoid process was 

pyramidal (65%), whereas the oval shape represented 35%, 

Figure 9. 
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Figure 9: Shape of the head of the studied odontoid processes. 

Table 5 illustrates the relationship between both gender and the 

shape of the head of the odontoid process. A higher proportion of 

males had the pyramidal shape of the head of the odontoid 

process compared to females (80.60 % compared to 19.40 % 

respectively). As regards to the oval shape of the head of the 

odontoid process, males had a higher proportion compared to 

females (79.70 % vs 20.30 %). These differences are not 

statistically significant; P< 0.05.  

Table 5: The relationship between gender and shapes of the studied 

head of odontoid processes 

 

Gender 

No The shape of the head 

Total P value 

% Pyramidal Oval 

Female 

No 21 12 33 

P= .52 

% 19.40 20.30 19.8% 

Male 

No 87 47 134 

% 80.60 79.70 80.2% 

Total 

No 108 59 167 

% 100.00 100.00 100.0% 

Table 6 shows a higher proportion of cases aged above 30 years 

had the pyramidal shape of the head of the odontoid process 

compared to cases aged 30 years and less (53.7 % compared to 

46.3 % respectively). Similarly, a higher proportion of cases aged 

above 30 years had the oval shape of the head of the odontoid 

process, compared to cases aged 30 years and less (66.1 % 

compared to 33.9 % respectively). These differences are not 

statistically significant; P< 0.05. Table 6. 

 

 

 

 

Table 6:The relationship between age categories and shapes of the 

studied head of odontoid processes 

Gender 
No The shape of the head 

Total P value 
% Pyramidal Oval 

Age categories 

30 years and less 

No 50 20 70 

P= .08 

% 46.3 33.9 41.9 % 

Above 30 years 

 

No 58 39 97 

% 53.7 66.1 58.1 % 

Total 
No 108 59 167 

% 100.00 100.00 100.0% 

 

 

Figure 10: CT scan coronal section in the head and neck show the 

measurement of dens height. 

 

Figure 11: CT scan axial view at the centre of the dens shows the 

measurements of odontoid process T.D. (transverse diameter) and 

AP.D.(anteroposterior diameter). 

Results about the morphological variants in the dens: 

We found in our study regarding the morphological variants 

among 167 CT images one variant; a 45yrs old male whose 

odontoid process shows persistent ossiculumterminale as shown 

in (Figures 12& 13). 

Pyrami

dal

65%

Oval

35%
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Figure 12: CT scan coronal view of 45years old male with persistent                        

ossiculumterminale. 

 

Figure 13: CT scan sagittal view showing the persistent 

ossiculumterminale. 

4. DISCUSSION: 

Regarding the height of the dens: The mean and median of the 

height of the odontoid process were nearly equal, with minimal 

& maximum values of 12.70 &17.60 mm respectively. Similar 

study results were found by Tulsi (1978) who worked on dens 

height in an Australian population of known gender where male 

and female groups showed a range of 1.15 –1.80 and 1.10 –

1.60cm respectively(8). This is in agreement with Schaffler 

(1992) whose study was conducted on a known gender of 

Caucasian and black American population where male and 

female groups showed a range of 1.13- 2.03 and 1.09 – 1.70cm 

respectively(9). Singla et al (2015), whose study was designed to 

measure morphometric data of human axis vertebra of Indian 

origin, found the mean anterior and posterior height of the 

odontoid process was 14.66 mm and 13.89mm respectively(18). In 

contrast, the results of Maqbool et al,(2016) in a study done on 

a Pakistani population, revealed the height of the odontoid 

process was 19.2 mm in females with a range of (14.1 _ 22.9mm) 

and 20.7 mm in males with a range of (16.0 _ 24.10 mm)(20). 

Present results disagree with those of Kandziora et al,(2001) 

who reported it to be 20.3 ± 1.90 mm(24). Regarding the 

anteroposterior diameter of the odontoid process:  

In the present study, there were statistically significant 

differences between the mean of the anterio-posterior diameters 

of the head of the odontoid processes of females & males (10.78 

vs 11.28 mm respectively). This is in agreement with Yusof et al 

(2007) in a study on a Malaysian population that found the mean 

AP diameter of the odontoid process in men was 11.3 (with a 

range of 10.0–12.6) mm, whereas in women was 10.9 (with a 

range of 9.4–13.2) mm(11). A similar result was reached by 

Sharma et al(2008). The study sample was selected to include 

30 specimens of axis vertebra in a Punjabi population and found 

the antero-posterior diameter of dens range(1.12- 1.29) mm in 

males with a mean of 1.17mm, and for females, a range of( 0.70-

1.09) mm with a mean of 1.03mm(10-12), in agreement with Singla 

et al,(2015) whose study was designed to measure morphometric 

data of human axis vertebra of Indian origin and where the mean 

A-P diameter of the odontoid process was 9.32 mm(18). 

Regarding the transverse diameter of the dens: The transverse 

diameter of the head of the odontoid process in both females & 

males was nearly equal (9.00 vs 9.05 mm respectively). Similar 

to Lu et al,(2009) where the transverse diameter range was (7.9–

11.9)mm(13). Daher et al(2011) conducted a study on a Brazilian 

population by using computed tomographic (CT) scans of 88 

adult patients (aged 18–78 years) and they found the mean value 

of the minimum external transverse diameter was 9.19 ± 0.91 and 

6.07 ± 1.08 mm for the minimum internal transverse diameter(14-

15), in agreement with Singla et al(2015) who found the mean 

transverse diameter of the odontoid process in an Indian 

population was 9.32mm(16-17-18) and Pai et al(2017) who found 

the mean transverse diameters of dens were 9.8 mm (19-20-21). 

Regarding the shape of the head of the odontoid process: In 

our study, the majority of the males had the pyramidal shape of 

the head of dens (87\134) and fewer had oval-shaped dens 

(47\134). Among the females the oval: pyramidal shape of the 

head of dens was (21\33:12\33) respectively, in disagreement 

with Perdikakis (2012). The morphology of the odontoid 

process was classified into Type I: pyramidoid tip and Type II: 

ovoid or convex tip; the result was Type I was identified in 39 

cases (34.8%). It was detected in 24 male (24/39) and 15 female 

(15/39) patients and Type II was recorded in 73 cases (65.2%). It 

was depicted in 44 male (44/73) and 29 female (29/73) patients 

and a higher prevalence in the ≤30y age group were pyramidal 

while the oval type showed a higher prevalence in the >30 age 

group (statistically significant differences)(23-27). Regarding the 

morphological variants of the dens: In the present study we 

found one variant (persistent ossiculumterminale) among the 

sample in contrast to Perdikakis et al (2012) in their study on a 

Greek population retrospectively reviewing 112 patients who 

found an osterminale could be identifiable (with different degrees 

of ossification and fusion) in 22 cases(22-26-27). 

5. Conclusion: 

We conclude from the present study that the measurements of the 

odontoid process of axis vertebra in Libyans were generally in 

line with results reported in the literature and that the findings in 

this study can be used as reference standards for surgeons through 

our observations in the selection of correct screw thickness, 

length, & angle. They are also useful in devising new methods of 

fixation of fractures of the odontoid process which may decrease 

the time of union and danger of nonunion. The presence of a case 

of persistent ossiculumterminale during this study reveals that 

understanding the normal appearance of the developing 

odontoid/dens, as well as the variant anatomy is important to be 

able to distinguish these anomalies from traumatic injuries. This 

knowledge will help ensure proper diagnosis and guide 

appropriate management for these patients. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19043745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Daher%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=21691900
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