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Abstract 

Introduction: Congenital anomalies of posterior arch of atlas are very rare. Most of the time detection of this developmental 
anomaly is incidental while investigating for neck pain and stiffness or injury involving the region of head and neck. Aim: 
Our aim was to determine the incidence of posterior arch anomaly of atlas in Maharashtra region. 75 dried human atlas 
vertebrae were included for this study. Observations: We detected Type A and B in our study. Results: The incidence of 
posterior arch anomaly is 4% i.e. 3 out of 75 vertebrae. We detected Type A and B in our study and these types are generally 
asymptomatic. Type C to E may be associated with neurological deficit. Conclusion: It is essential for the clinicians to 
recognize the condition and the specific type of anomaly in order to distinguish it from fractures secondary to trauma and 
for the proper guidance of the patients accordingly. 
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Introduction 

Congenital anomalies of the Atlas (C 1) vertebra are 
uncommon, but well documented. There are many case 
reports related to this type of malformation in the 
literature and exhibit a wide range of anomalies including 
aplasia, hypoplasia and various arch defects [1]. 

 
The embryological development of the first two cervical 
vertebrae is complicated and differs from that of typical 
vertebrae. The atlas is formed by the caudal half of 

occipital somite 4 and the cranial half of cervical somite 
1 [2]. Atlas is commonly ossified from three centres 
(Figure 1), one for the anterior arch and two for the lateral 
masses, which appear by 7th week of intrauterine life. 
Lateral masses extend postero-medially and fuse in the 
midline to form the posterior arch by 3-5 years of age [1-
6]. Anterior centre fuses with the two lateral centers 
between 5 to 9 years of age [2]. 

                 

 

Figure 1: Ossification centres of Atlas vertebrae [7] 
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A failure of chondrogenesis in this phase results in posterior arch defects which range from a simple cleft to complete 
absence of the entire posterior arch. About 2% of the population shows an additional ossification centre in the midline 
during second year of life, which forms the posterior tubercle of the atlas [2, 4, 5]. Failure of fusion or absence of fourth 
ossification center leads to clefts or aplasia of the posterior arch. Posterior arch forms about 3/5th of the atlantal ring [8]. 
 

Currarino et al [9] have proposed an anatomical classification of congenital anomalies of atlas (Figure: 2), modified from 
Von Torks and Gehle [3]. The congenital anomalies of posterior arch of atlas is sub divided into 5 types  
 
Type A: Failure of posterior midline fusion of the 2 hemi arches. Commonly appear as a fissure or a small gap in the 
midline. 
Type B: Unilateral cleft. A defect is present on one side, which ranges from a small cleft to complete absence of one half 
of the arch. 
Type C: Bilateral cleft with persistent dorsal part of arch. 
Type D: Absence of posterior arch with persistent posterior tubercle. 
Type E: Absence of entire posterior arch 
 

 
Figure 2: Classification of Congenital anomalies of posterior arch of atlas [9] 

 
Our aim was to determine the incidence of posterior arch anomaly of atlas in Maharashtra region. Knowledge of different 
types of posterior arch anomaly of atlas is significant to orthopaedic and neurosurgeons. It is important to identify the exact 
type of malformation to determine the clinical significance and to prevent subsequent neurological complications.  

Material and Methods 

A total of 75 of dried adult human atlas vertebrae of unknown sex and age were studied from the collection in the department 
of Anatomy, Government medical college, Aurangabad, Maharashtra, India. 
 
Method: This is an observational study. Each atlas vertebra was observed for morphological variations; specifically more 
attention was given to the morphology of posterior arch. 

Observation and Results 

We observed Type A and Type B anomalies in 3 vertebrae  
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Figure 3: Type A anomaly- Posterior median deficiency/cleft         Figure 4: Type A anomaly – Posterior median deficiency/cleft 

 
 

 
Figure 5: Type B anomaly – Right para-median deficiency/cleft 

 

 
Chart 1: Incidence of posterior arch anomalies in the present study 

 
Total incidence of posterior arch anomaly of atlas in this study is 4%. 
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Discussion 

Many theories have been put forth to explain the exact 
cause of congenital anomalies of atlas [2]. It may be 
associated with several disorders like Arnold – Chiari 
malformation, Klippel – Feil syndrome, Gonadal 
dysgenesis, Down syndrome and Turner syndrome [1, 2, 
10-12]. Hereditary factors may contribute to their origin. 
Motateanu et al [1, 3, 4] have reported a case of affected 
mother and daughter and Currarino et al [9] have reported 
a case of affected mother and son, suggesting an 
autosomal inheritance. 
 
Posterior arch defect is believed to occur as a result of 
localised defect in chondrification rather than a primary 
defect in ossification. This has been proved by autopsy 
and intra operative findings [1, 2] 

 
1: Incidence of Posterior arch anomaly of Atlas (Table 
No: 1) 
Incidence of posterior arch anomaly of atlas varies from 
0.69% to 4% in different anatomical and radiologic 
studies. According to Currarino et al [9] the incidence of 
posterior midline deficiency (Type A) is 3-4% of all 
population and this comprise 97% of all posterior arch 
defects, and that of Type B-E is 0.69%. 
Other reported incidences are: 

 
 
Senoglu M et al [13] studied 1354 cases ( CT scans of 
1104 patients, 166 dried atlas and 84 autopsies) and the 
overall incidence of posterior arch anomaly was 3.32%, 
in which Type A comprised 2.6%, Type B 0.54% and 
Type E 0.18%. There were no Type C and D anomaly in 
their study. Sebastian et al [14] (studied 1069 CT scans) 
and the incidence was 3.6%, this comprises 92.7% of all 
cases of arch defects. Type A anomaly incidence was 
3.2% and that of Type B and C was 0.2% of the 
population. There was no Type D and E defect. Parul 
koushal [15] reported an incidence of 3.3% (one Type A 
anomaly out of 30 atlas vertebrae studied), Solomen et al 
[16] reported an incidence of 0.91% ( one Type E 
anomaly out of 109 atlas vertebrae studied), Giepel et al 
[10, 11] (performed 1613 autopsies ) reported an 
incidence of 4%. Jong Kyn Kwon et al [10] (1153 CT 
scans analysed) incidence was 9.5%. In their study Type 
A comprised 0.78% and type B 0.17%. There was no type 
C to E anomalies. 
 
In the present study out of 75 atlas vertebrae analysed 3 
presented with posterior arch defect, two with Type A 
defect (Fig: 2 & 3) and one with Type B (Fig: 4) defect. 
The total incidence of posterior arch defect is 4% (Chart: 
1).  

 

Table 1: Comparison of present study with other authors: - Incidence of Different types of Posterior Arch Anomalies: 
 

Authors  Year of 
Study 

Material Type A Type B Type C Type D Type E 

Giepel [10, 11] 1930 - 1935  Autopsy 4 % _  _ _ _ 

Currarino [9] 1994 CT Scan 3 – 4 % 0.69 % 

Jong Kyn Kwon 
[10] 

2009 CT Scan 0.78 % 0.17 %  _ _ _ 

Senoglu M [13] 2007 CT Scan, Bone, 
Autopsy 

2.6 % 0.54 % _ _ 0.18 % 

Parul Koushal [15] 2011 CT Scan 3.3 % _ _ _ _ 

Sebastian Guenkel 
[14] 

2013 CT Scan 3.2 % 0.2% _ _ 

Solomon 
Krupanidhi [16] 

2013 Bone _ _ _ _ 0.91 % 

Present Study 2014 Bone 2.7 % 1.3 % _ _ _ 

 
Clinical significance of Atlas posterior arch anomalies 
Patients with posterior arch anomaly can be 
asymptomatic and the detection is incidental while 
investigating for neck pain and stiffness or trauma 
involving the head and neck region. Currarino et al [9] 
found that 1/3rd of the affected patients are asymptomatic. 
Clinical presentation is variable depending upon the type 

of defect, compensatory mechanism and the presence or 
absence of atlanto-axial instability. 
 
Dritan et al [1] reported a case of aplasia of posterior arch 
of atlas with intact posterior tubercle (Type D) associated 
with anterior arch rachischisis of axis vertebra and disc 
degeneration at C4-5 and C5-6 levels. Patient presented 
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with neck pain and stiffness. The explanation given by 
the author for disc degeneration is, the altered stability of 
upper cervical segment spine resulting in increased strain 
to lower levels. Senoy et al [17] reported a case of 
bilateral cleft of posterior arch (Type C) and the 
presenting complain was occipital headache.  
 
Aseem Sharma et al [18] reported 3 cases, one with Type 
C anomaly, presented with episodic weakness in all 4 
limbs after trauma, second case with Type D anomaly, 
presented with weakness in both upper limbs and the 
third case with again Type C anomaly presented with 
neck pain and stiffness.  
 
They were the first to demonstrate the inward movement 
of the posterior tubercle during extension of the cervical 
spine; this can impinge on spinal cord and later leads to 
compression of it. 
 
EC Tan et al [5] reported a case of partial absence of 
posterior arch (Type B) associated with cleft in the 
anterior arch, presented with neck pain radiating to arm. 
Ji Won Choi et al [19] reported a case of Type D anomaly 
associated with compression of spinal cord during 
extension of neck, presented with tremor and 
hyperesthesia of lower limb after a minor head injury.  
 
It was proposed that compression of spinal cord results 
secondary to inward movement of isolated posterior bony 
fragment during extension of neck in type C or D 
anomalies [3]. Abraham Berger et al [20] reported a case 
of Type D anomaly in which the patient presented with 
neck pain after trauma. 
 
Corominas et al [9] reported a case of aplasia of posterior 
arch (Type E) and MRI in this case showed the existence 
of posterior ligament between C1 and C2 providing 
stability to this region. Based on this finding they 
suggested MRI to identify the presence of transverse 
atlanto- axial ligament between C1 and C2, absence of 
which can lead to atlanto – axial instability or transient 
quadriparesis.  
 

Bony gap in the posterior arch in Type D and E is bridged 
by fibrous tissue extending from foramen magnum to axis 
vertebra and this was proved by autopsy and 
intraoperative findings. Sridhar et al [6] reported a case 
of ‘floating’ posterior tubercle in a 25 year old female 
with quadriparesis and they performed excision of 
posterior tubercle along with cervico – occipito fusion. 
Martin Torrani et al [12] reported a case of Type E 
anomaly associated with downward projection of the 
posterior border of the Foramen magnum. 

In case of associated atlanto– axial instability, posterior 
fusion is the common procedure and if the posterior arch 
is deficient, the posterior fusion involves the occipital 
bone and the lower cervical segments. 

Conclusion 

The present study has found the incidence of congenital 
anomaly of posterior arch of atlas in Maharashtra region 
as 4%. Congenital anomalies of posterior arch of atlas are 
rare but the Surgeons and Radiologist must be familiar 
with these types of anomalies. Type A and B can be 
mistaken for fractures mostly because these patients are 
asymptomatic and detection occurs as an incidental 
finding while investigating for some unrelated reasons.  
 
Type C to E can be associated with various neurological 
problems and awareness of these anomalies is important 
to guide the patients and also for the surgical correction 
if required. Type C and D patients should be warned to 
avoid strenuous sports since these types of anomalies can 
be associated with atlato axial instability. 
 
Future scope of this study: In most of the reported cases 
the affected patients are females and children. Whether 
this is due to the absence of neurological deficits in males 
as a result of some compensatory mechanism or there is 
actual sexual dimorphism in posterior arch anomaly,  no 
clear answer to this till now. To provide an answer we 
need a large sample size study of dried atlas vertebrae of 
known sex and age.  
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