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Abstract  

Background: Ponticlus posticus as a one of the cervical vertebra variations brings about 

symptoms similar to Eagle syndrome. This study aimed to determine the relationship 

between elongated styloid process (ESP) and ponticulus posticus (PP) in a group of Iranian 

patients using cone beam computed tomography (CBCT) images. 

Materials and methods: The CBCT images of 349 patients (118 males and 231 females; 

mean age: 32.53 ± 14.143) were involved in this study. The atlas vertebra was investigated 

for the presence and classification of PP (partial or complete) in sagittal views. Also, the 

styloid process was evaluated for the presence of ESP in reconstructed panoramic and 3D 

images. Data were analyzed using Mann-Whitney test, Fisher’s exact test, and Chi-square 

test to assess the relationship between the presence of PP and ESP with regard to age and 

gender. 
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Results: PP was observed in 24.5% of patients with ESP and 31.98% of patients without 

ESP. There was no significant relationship between the presence of PP and ESP (p = 

0.198). 25 patients with ESP showed PP, cases of ESP with either side and opposite side 

PP were 7.84% and 1.96%, respectively. Cases of bilateral ESP and PP were predominant 

(14.70%). The mean age of patients with bilateral ESP and PP was higher than others. 

There was no significant difference between males and females (p = 0.456).  

Conclusions: Considering the prevalence and characteristics of PP in the case and control 

groups, there was no significant relationship between PP and ESP. 

Key words: elongated styloid process, ponticulus posticus, cone beam computed 

tomography 

 

 

INTRODUCTION 

The styloid process is a cylindrical projection from the inferior part of the petrous 

temporal bone, with an average length of 20-30 mm. If ossification of the stylohyoid 

ligament exceeds 30 mm in length, it is considered to be elongated. The incidence of 

elongated styloid process (ESP) is controversial. Previous studies have reported incidence 

rates of 0.09% to 54% in different populations [7, 14, 15, 17, 19]. Eagle syndrome is 

significant clinical condition due to ESP. It is associated with several complications, such 

as, dysphagia, recurrent throat pain, foreign body sensation, otalgia, tinnitus, globus 

sensation, cervical pain, headache, pain on neck rotation, dizziness, and cerebral ischemia, 

and vertigo [7, 11, 20]. Clinicians are conscious about this medical disorder [1]. On the 

other hand, one of the cervical vertebra variations brings about similar symptoms like 

Eagle syndrome [3, 12].  

The first cervical vertebra of the spine, known as the atlas vertebra, is composed of 

an anterior and a posterior arch. The posterior arch contains a groove on its superior 

surface for the vertebral artery and consists of two lateral masses. This cervical vertebra 

has several variations, including ponticulus posticus (PP). PP is an osseous anomaly of the 

atlas vertebra, manifesting as a partial or complete calcified bridge. It is located between 

the lateral masses and over the vertebral groove of the posterior arch of the atlas (Figure 1) 
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[2].  Exact etiology of PP is unknown; however, it may be congenital or age related as a 

result of degeneration associated with aging [16]. 

PP, with a prevalence rate of 1-46%, is not a rare anomaly. In Western countries, 

its prevalence ranges from 5.1% to 37.8% [8, 12, 16, 21, 24]. In the Iranian population, the 

frequency of PP has been estimated at 20.6% [10]. PP may be associated with conditions, 

such as migraine without aura, headache, cervical pain, diplopia, neck pain, shoulder pain, 

hearing loss, vertebrobasilar insufficiency, visual disorders, speech and swallowing 

problems, and vertigo [3, 4, 5, 6, 8, 9, 16, 21, 24].  

Some of these complications are common between PP and ESP, such as headache, 

cervical pain, speech and swallowing problems, and vertigo [4, 5, 23]. Considering 

common symptoms, more investigation about any possible relation between ESP and PP 

can be beneficial.  

A previous study established a significant relationship between the presence of PP 

and ESP and, PP was found in 21.6% of patients [22]. This study only evaluated the 

frequency of PP in patients with ESP and did not consider patients without ESP. However, 

there is little evidence to confirm this relationship. Therefore, the present study aimed to 

evaluate the relationship between ESP and the presence of PP using cone beam computed 

tomography (CBCT) images in the case and control groups as well as to assess the effects 

of gender and age on PP and ESP occurrence. 

 

MATERIALS AND METHODS 

This retrospective study surveyed the CBCT images of patients from the archives 

of the Dental school of Shiraz University of Medical Sciences, Shiraz, Iran. The patients 

were referred to the dental school clinic between April 2017 and December 2019 because 

of different dentofacial problems. Informed contest was taken from patients or their 

guardians before CBCT examination for probable use in future studies. This study was 

approved by the ethics committee of Shiraz University of Medical Sciences 

(#IR.SUMS.DENTAl.REC.1399.058). On the other hand, images could not clearly 

represent the first cervical vertebra or the apex of SP were excluded. Finally, 188 out of 

537 images were excluded. In the study group, the CBCT images of 349 patients (118 

males and 231 females) were inspected carefully for the presence of PP and ESP.  
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The CBCT images were acquired using a CBCT system, equipped with a flat panel 

detector (New Tom VGi, QR srl, Italy). The following parameters were applied for 

acquiring the images: 110 kVp; total exposure time of 1.8 seconds; and fields of view of 

15 cm×12 cm and 15 cm×15 cm. Also, the electrical current (mA) was adjusted 

automatically for each patient. The subjects were positioned with the Frankfurt plane 

parallel to the floor. The CBCT images were analyzed in NNT version 8.0. For PP 

assessments, sagittal images were applied. The PP images were categorized as partial or 

complete, according to their completeness. In the complete type, there was a steady bridge 

between the lateral mass and the posterior arch, whereas the partial type did not extend 

fully from the posterior lateral mass to the posterior tubercle (Figure 2).  Images with PP 

were also categorized as unilateral and bilateral. 

To assess styloid process, reconstructed panoramic and 3D images were examined. 

Styloid process length from where it leaves the tympanic plate of the temporal bone to tip 

of the process was measured. Styloid process longer than 30 mm was considered to be ESP 

(Figure 3). Images with ESP were categorized as unilateral or bilateral. Age and sex were 

also determined in both groups. The ESP cases were categorized into four groups: group 1, 

cases with ESP, but without PP; group 2, cases with simultaneous ESP and PP on either 

side; group 3, cases with bilateral ESP and PP concurrently; and group 4, cases with ESP 

and PP on the opposite sides. The control group was also categorized into two groups: 

group 1, no ESP and no PP; and group 2, no ESP but with PP on either side or both sides. 

Statistical analysis was performed in SPSS for Windows version 23.0 (SPSS Inc., 

Chicago, IL, USA). Data were analyzed using Mann-Whitney test, Fisher's exact test, and 

Chi-square test to assess the relationship between the presence of PP and ESP. The 

relationship between these variables was also assessed with respect to age and gender. The 

level of statistical significance was set at P<0.05. 

 

RESULTS 

The study group consisted of 118 (33.81%) males and 231 (66.19%) females, with 

the mean age of 32.53 ± 14.143 years (total age range: 3-81 years; age range of males: 5-

70 years; and age range of females: 3-81 years). The mean age of patients without ESP 
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was 31.55 years (SD=14.89), while the mean age of patients with ESP was 34.89 years 

(SD=11.886). 

Out of 349 patients, ESP was observed in 102 (29.2%) patients, including 13 

(12.75%) ESPs on the left side, 15 (14.70%) ESPs on the right side, and 74 (72.55%) 

bilateral ESPs. There was no significant difference regarding the prevalence of ESP 

between males (31/118; 26.3%) and females (71/231; 30.7%) (P=0.456). Bilateral ESP 

was detected in 51 (50%) female patients, while unilateral ESP was found in 20 (19.61%) 

female patients. On the other hand, bilateral ESP was found in 23 (22.55%) male patients, 

and unilateral ESP was detected in 8 (7.84%) male patients (P=0.667).  

As mentioned earlier, the case group was divided into four subgroups (Table 1). 

Group 1 included cases without PP (n=77, 75.50%), with the mean age of 34.57 years; this 

group comprised the majority of cases. Also, 25 patients with ESP showed PP. Cases of 

bilateral ESP and PP (group3) were predominant. Group 2 and group 4 included cases of 

either side and opposite side ESP and PP (n=10, 9.80%). The results showed that the 

number of female patients with PP was higher than males (17 vs. 8). The control group 

was also categorized into two groups (Table 2). The control group with PP (group 2) 

comprised 79 (31.98%) patients, with the mean age of 33.82 years. The results showed that 

the number of female patients with PP was higher than males (55 vs. 24).  

There was no significant relationship between the presence of PP and ESP 

(P=0.198). Table 3 presents the analysis of PP and ESP in patients regarding the mean age 

and gender. The mean age of the patients with ESP and PP was higher than that of the 

control group. Also, the highest mean age (40.25±12.221 years) was reported in cases of 

bilateral ESP and PP. Considering gender, there was no significant difference between 

males and females. 

 

DISCUSSION 

PP is an important anomaly of the atlas vertebra [4, 6, 12]. It is associated with 

complications that have negative effects on the individual’s quality of life, such as 

migraine without aura, headache, cervical pain, neck pain, shoulder pain, vertebra-basilar 

insufficiency, visual disorders, and speech and swallowing problems [3, 4, 6, 8, 9, 12, 16, 

24]. The importance of PP is not only because of its clinical effects, but is also related to 
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the insertion of lateral mass screws in this area that is a common treatment for atlas 

fixation in cases of atlantoaxial instability. If surgeons do not pay particular attention to the 

presence of PP, they may insert a screw into PP that may result in vertebral artery injuries, 

fractures, screw weakening, or even death [6, 24].  

According to the literature, PP is a significant and common radiographic finding in 

the nevoid basal cell carcinoma syndrome [13]. Moreover, some studies have shown an 

association between PP and Barré-Lieou syndrome; however, there is little evidence to 

confirm this relationship [9]. Some complications, such as headache, cervical pain, speech 

disorders, and swallowing problems, are common between PP and ESP. However, only 

one previous study considered the presence of PP in patients with ESP [22]. In the present 

study, CBCT images were analyzed to determine the relationship between the presence of 

PP and ESP. Based on the results, the case group with ESP included 77 (75.50%) patients 

without PP, 5 (4.90%) patients with PP on the left side, 3 (2.94%) patients with PP on the 

right side, 15 (14.70%) patients with bilateral ESP and PP, and 2 (1.96%) patients with 

opposite-side PP. Based on the results, the number of patients with bilateral ESP and PP 

was higher than that of patients with ESP and PP on one side. In the current study, in the 

control group (n=247). 168 (68.02%) patients showed no PP, 11 (4.45%) patients showed 

PP on the left side, 8 (3.24%) patients showed PP on the right side, and 60 (24.29%) 

patients had bilateral PP. Overall, PP was not found in the majority of patients in the 

control group.  

There was no significant relationship between the presence of ESP and PP with 

regard to laterality (P=0.198).  

The only one study investigated the relationship between PP and ESP and reported 

a significant association between the presence of PP and ESP [22]. Unlike our study, A.E. 

Sekerci et al. did not include a control group to evaluate the presence of PP in patients 

without ESP. The mean age of the case group in the present study and the study by A.E. 

Sekerci et al. was almost similar. The present study showed that the majority of patients in 

the case group had bilateral ESP, which is consistent with the results reported by A.E. 

Sekerci et al.  However, the prevalence of PP in their study (39.3%) was higher than the 

present study (29.8%). It should be noted that the current research and the mentioned study 
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used CBCT images for the evaluation of patients [22]. Therefore, the discrepancy between 

the results can be related to different ethnicities of the study groups.  

Moreover, the incidence rate of ESP in the study by A.E. Sekerci et al. was 

estimated at 21.5%, which is close to the present study (29.2%) [22]. Based on our results, 

although the number of female patients was higher than that of male patients in the groups, 

the relationship between gender and PP was not significant (P=0.460). In line with the 

present findings, previous studies did not report a significant relationship between PP and 

gender [2, 10, 16, 18, 24], whereas A.E. Sekerci et al. reported a higher number of male 

patients than females [22].  

In the current study, the mean age of the patients with ESP and PP was higher than 

that of the control group. But there was no significant difference between case and control 

groups. The highest mean age (40.25±12.221 years) was reported in cases of bilateral ESP 

and PP. There was a significant correlation between the grade of PP completeness and age; 

in other words, with increasing age, partial PP on the right side tended to become more 

complete. Some studies have shown that the prevalence of PP increases with age , while 

some studies found no significant relationship between PP and age [18, 21]. Therefore, 

further longitudinal research may better represent this relationship. Overall, the prevalence 

of PP alone (29.8%) is somehow similar to the prevalence of isolated ESP (29.2%). 

Although these structures were not rare in the study population, their coexistence was not 

confirmed. 

 

CONCLUSIONS 

The prevalence and characteristics of PP and ESP were evaluated in an Iranian 

population to assess the relationship between the presence of PP and ESP using CBCT 

images. According to the results, no significant relationship was found between PP and 

ESP. The mean age of patients with bilateral ESP and PP was higher than others. Also, a 

higher prevalence of PP was reported among female patients in both case and control 

groups. 

This study was a retrospective study that did not examine the patients, and there 

was no information about the patients’ symptoms. Therefore, it is recommended to 
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investigate the clinical status of these patients in future studies. Also, further assessment of 

different racial and ethnic groups can provide us with more reliable results. 

 

Acknowledgments 

The authors thank the Vice-Chancellery of Shiraz University of Medical Sciences for 

supporting this research (Grant #20878). The authors would like to thank Dr. l. 

Khojastepour for her providing CBCT images of patients. The authors also thank Dr. HR. 

Tabatabaei of the Department of Epidemiology, School of Health of Shiraz University of 

Medical Sciences for statistical analysis. 

 

REFRENCES 

1. Ayyildiz VA, Senel FA, Dursun A, Ozturk K. Morphometric examination of the styloid 

process by 3D-CT in patients with Eagle syndrome. Eur Arch Otorhinolaryngol.2019; 

276(12): 3453-9. https://doi.org/10.1007/s00405-019-05602-6 

2. Bayrakdar IS, Miloglu O, Altun O, Gumussoy I, Durna D, Yilmaz AB. Cone beam 

computed tomography imaging of ponticulus posticus: prevalence, characteristics, and a 

review of the literature. Oral Surg Oral Med Oral Pathol Oral Radiol. 2014; 118(6): e210-

9. https://doi.org/10.1016/j.oooo.2014.09.014 

3. Bayrakdar İ. Ş, Miloğlu Ö, Yeşiltepe S, Yılmaz A.B. Ponticulus posticus in a cohort of 

orthodontic children and adolescent patients with different sagittal skeletal anomalies: a 

comparative cone beam computed tomography investigation.  Folia Morphol. 2018; 77(1): 

65-71. https://doi.org/10.5603/FM.a2017.0075 

4. Bayrakdar IŞ, Yasa Y, Duman ŞB, Karaturgut UE, Ocak A, Günen Yılmaz S. Cone 

beam computed tomography evaluation of ponticulus posticus in patients with cleft lip and 

palate: a retrospective radio-anatomic study. Folia Morphol. 2018; 77(1): 72-8. 

https://doi.org/10.5603/FM.a2017.0076 

5. Buyuk SK, Sekerci AE, Benkli YA, Ekizer A. A survey of ponticulus posticus: 

Radiological analysis of atlas in an orthodontic population based on cone-beam computed 

tomography. Niger J Clin Pract. 2017; 20(1): 106-10. https://doi.org/10.4103/1119-

3077.178916 



9 
 

6. Chitroda PK, Katti G, Baba IA, Najmudin M, Ghali SR, Kalmath B, G V. Ponticulus 

posticus on the posterior arch of atlas, prevalence analysis in symptomatic and 

asymptomatic patients of gulbarga population. J Clin Diagn Res. 2013; 7(12): 3044-7. 

https://doi.org/10.7860/JCDR/2013/6795.3847 

7. Elimairi I, Baur DA, Altay MA, Quereshy FA, Minisandram A. Eagle's Syndrome. 

Head Neck Pathol. 2015; 9(4): 492-5. https://doi.org/10.1007/s12105-014-0599-4 

8. Geist JR, Geist SM, Lin LM. A cone beam CT investigation of ponticulus posticus and 

lateralis in children and adolescents. Dentomaxillofac Radiol. 2014; 43(5):20130451. 

https://doi.org/10.1259/dmfr.20130451 

9. Giri, J., Pokharel, P.R. & Gyawali, R. How common is ponticulus posticus on lateral 

cephalograms?. BMC Res Notes. 2017; 10, 172 . https://doi.org/10.1186/s13104-017-

2494-z 

10. Hasani M, Shahidi SH, Rashedi V, Hasani M, Hajian KH. Cone Beam CT Study of 

Ponticulus Posticus: Prevalence, Characteristics. Biomed. & Pharmacol. J. 2016; 9(3): 

1067-72. https://dx.doi.org/10.13005/bpj/1050 

11. Hamedani S, Dabbaghmanesh MH, Zare Z, Hasani M, Torabi Ardakani M, Hasani M, 

Shahidi S. Relationship of elongated styloid process in digital panoramic radiography with 

carotid intima thickness and carotid atheroma in Doppler ultrasonography in osteoporotic 

females. J Dent (Shiraz). 2015; 16(2):93-9. PMID: 26046104; PMCID: PMC4445858 

12. Kim KH, Park KW, Manh TH, Yeom JS, Chang BS, Lee CK. Prevalence and 

Morphologic Features of Ponticulus Posticus in Koreans: Analysis of 312 Radiographs and 

225 Three-dimensional CT Scans. Asian Spine J. 2007; 1(1): 27-31. 

https://doi.org/10.4184/asj.2007.1.1.27 

13. Leonardi R, Santarelli A, Barbato E, Ciavarella D, Bolouri S, Härle F, Palazzo G, Lo 

Muzio L. Atlanto-occipital ligament calcification: a novel sign in nevoid basal cell 

carcinoma syndrome. Anticancer Res. 2010; 30(10): 4265-7 

14. Mayrink G, Figueiredo EP, Sato FR, Moreira RW. Cervicofacial pain associated with 

Eagle's syndrome misdiagnosed as trigeminal neuralgia. Oral Maxillofac Surg. 2012; 

16(2): 207-10. https://doi.org/10.1007/s10006-011-0276-7 

15. Mendelsohn AH, Berke GS, Chhetri DK. Heterogeneity in the clinical presentation of 

Eagle's syndrome. Otolaryngol Head Neck Surg. 2006; 134(3): 389-93. 

https://doi.org/10.1016/j.otohns.2005.10.046 



10 
 

16. N V A, Avinash M, K S S, Shetty AP, Kanna RM, Rajasekaran S. Congenital Osseous 

Anomalies of the Cervical Spine: Occurrence, Morphological Characteristics, 

Embryological Basis and Clinical Significance: A Computed Tomography Based Study. 

Asian Spine J. 2019; 13(4): 535-43. http://doi: 10.31616/asj.2018.0260. PMID: 30866614; 

PMCID: PMC6680038 

17. Ozdemir MB, Okunak M, Koseler A, Simsek C, Atalay E, Yonex GR. An ancient 

anatomic variation: bilateral elongated styloid process of cranium. Ital J Anat Embryol. 

2013; 118(2): 184-8.  

18. Pérez Iván E, Chávez Allison K, Ponce Darío. Frequency of Ponticulus Posticus in 

Lateral Cephalometric Radiography of Peruvian Patients. Int. J. Morphol. 2014; 32(1): 54-

60. https://doi.org/10.4067/S0717-95022014000100010 

19. Politi M, Toro C, Tenani G. A Rare Cause for Cervical Pain: Eagle's Syndrome. Int J 

Dent. 2009;  2009:781297. https://doi.org/10.1155/2009/781297 

20. Salega, S. and M. Fabra. First evidence of elongated styloid process in two female 

archaeological individuals from Córdoba hills, Argentina (late Holocene). Int. J. 

Osteoarchaeol. 2018; 28(4): 458-63. https://doi.org/10.1002/oa.2665 

21. Saleh A, Gruber J, Bakhsh W, Rubery PT, Mesfin A. How Common Is the Ponticulus 

Posticus?: A Computed Tomography Based Analysis of 2917 Patients. Spine (Phila Pa 

1976). 2018; 43(8): E436-41. http://doi: 10.1097/BRS.0000000000002400. PMID: 

28885291 

22. Sekerci AE, Soylu E, Arikan MP, Aglarci OS. Is there a relationship between the 

presence of ponticulus posticus and elongated styloid process? Clin Imaging. 2015; 39(2): 

220-4. https://doi.org/10.1016/j.clinimag.2014.11.016 

23. Shakibaei Z, Tohidi E, Salemi F, Saati S. Prevalence of Stylohyoid Ligament 

Calcification on Panoramic Radiographs in an Iranian Population. Journal of Dental 

Materials and Techniques. 2015; 4(1): 21-8. https://doi.org/10.22038/jdmt.2014.3803 

24. Sharma V, Chaudhary D, Mitra R. Prevalence of ponticulus posticus in Indian 

orthodontic patients. Dentomaxillofac Radiol. 2010; 39(5): 277-83. 

https://doi.org/10.1259/dmfr/16271087 

 

 



11 
 

 

Figure 1. 3D images show ponticulus posticus on extracted atlas vertebra, with one side complete and the 

other side partial; A. Left-side view; B. Right-side view; C. Rear view. 

   

Figure 2. Sagittal CBCT views present; A. Without ponticulus posticus (PP); B. Partial PP; C. Complete PP. 

 

Figure 3. A 3D image of the elongated styloid process (ESP) in CBCT image. 
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Table 1 Classification of the case group regarding ESP and PP  

Groups Coexistence of ESP and 

PP 

N Total (%) Mean 

age 

SD 

  Female Male  

1 ESP without PP 54 23 77 

(75.50%) 

34.57 11.684 

2 ESP and PP on either side 5 3 8 (7.84%) 34.13 13.622 

3 Bilateral ESP and PP  10 5 15 

(14.70%) 

40.25 12.221 

4 ESP and PP on the 

opposite sides 

2 0 2 (1.96%) 31.00 2.828 

 

Table 2 Classification of the control group regarding ESP and PP 

Groups ESP and PP status N Total (%) Mean 

age 

SD 

  Female Male   

1 No ESP and no PP 105 63 168 (68.02%) 30.52 15.907 

2 No ESP with PP on 

either side (or 

bilaterally)  

55 24 79 (31.98%) 33.82 12.738 

 

 

Table 3 Analysis of the prevalence of the ESP and PP considering gender and age 

 PP 

Absent Present 

Female Male Mean 

age 

SD Female Male Mean 

age 

SD 

ESP 
Absent 105 63 30.52 15.907 55 24 33.76 12.256 

Present 54 23 34.57 11.684 17 8 35.88 12.686 

 


