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Abstract 

Introduction: The anterior condylar canal is one of the most important foramina present in the skull. It transmits 

the hypoglossal nerve, a meningeal branch of ascending pharyngeal artery, and an emissary branch. This canal 

is important to anatomists, anthropologists, forensic experts, and clinicians and has been of considerable interest 

in the field of neurosurgery and research workers especially due to their racial and regional variations. 

Aim: To evaluate the morphogenic difference of the anterior condylar canals in south Indian skulls. 

Materials and Methods: The present morphometric study was done on 30 unsexed dry human cranial cavities. 

Various dimensions like depth, height, and width of both the right and left anterior condylar canal were 

measured using a digital vernier caliper. All data collected were tabulated and statistically analyzed.  

Results: The average depth were 9.1+ 0.48 mm and 9.6 + 0.46 mm, the average height were 5.93 + 0.22 mm 

and 6.16 + 0.19 mm and the average width of the anterior condylar canals was calculated to be 5.63 + 0.28 mm 

and 6.16 + 0.30 mm for the left and right side respectively. On paired sample T-test analysis, there was no 

statistical significance between left and right side depth and height but width between both side canals showed 

statistical significance. 

Conclusion:  Knowledge regarding these kinds of anatomical variations is important in the case of treatments 

and surgeries. The data recorded from this study will aid in various aspects of anthropology, forensics, surgery, 

and future research.  
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INTRODUCTION 

The anterior condylar canal or better known as the hypoglossal canal is a paired bony passage that is directed 

anterolaterally and located above and anterior to the occipital condyles [1]. It is a foramen in the occipital bone 

of the skull, above the occipital condyle at its junction of anterior one-third [2,3]. The hypoglossal canal is 

surrounded by cortical bone and transmits the hypoglossal nerve, the meningeal branch of ascending pharyngeal 

artery, and an emissary branch of ascending pharyngeal artery [2,4]. 

This canal is important to anatomists, anthropologists, forensic experts, and clinicians and has been of 

considerable interest in the field of neurosurgery and research workers especially due to their racial and regional 

variations. Studies on cadavers have been conducted to find the anatomical variability of the hypoglossal canal. 

The canal is a region of the skull base which is involved in numerous pathologies. Proper knowledge of the 

canal anatomy, its related structures, and neural and vascular structures is important for the surgery of lesions 

involved in this area [5]. The hypoglossal canal is surrounded superiorly by the jugular tubercle, superolateral 

by the jugular foramen, laterally by the sigmoid sinus, and inferiorly by the occipital condyle [6]. 

The hypoglossal canal is formed during the embryological stage of development and sometimes leads to the 

formation of more than two canals formed as the occipital bone is formed [7]. The canal has been observed to 

have variations between gender and race and species. Studies have shown that the size of the hypoglossal canal 

was observed to be bigger in males than in females. The dimension of the right canal is bigger than the one on 

the left. Unilateral and bilateral double hypoglossal canals were observed in various cases [8]. 

Lesions involving the hypoglossal canal are rare and usually benign in nature. Some lesions include hypoglossal 

nerve schwannomas, posterior cranial fossa meningiomas, and jugular tympanic paragangliomas. Surgical 

intervention in these areas would depend on multiple factors such as the size and type of the tumor, the patient’s 

age, symptoms, and comorbid conditions [9]. The canal is directed anterolaterally, surrounded by the occipital 

condyles inferiorly, the sphenoid portion of the clivus superomedially, and the jugular foramen and jugular 

process of the occipital bone laterally [1]. 

Three distinct surgical approaches can be used by surgeons that permit access to the hypoglossal canal region 

and its structures. They help in the exposure and resection of extradural, intradural, and transdural lesions that 

involve the canal. The three approaches include Pre and postauricular infratemporal fossa approach to the 

extradural hypoglossal canal, far lateral craniotomy, and transjugular craniotomy. All three techniques are 

complex and lengthy procedures [10].  While drilling into the occipital bone the surgeon needs to anticipate the 

possible depth and direction of the hypoglossal canal, hence preoperative morphometry of the canal would help 

select the surgical approach that would be appropriate [11]. 

Recent research about the hypoglossal canal has been focused on determining the evolution of speech in 

humans. Comparisons of the size and shape of the canal have been made between hominid skulls and modern-

day human skulls to do so [12]. It is proposed that humans have speech abilities due to the relatively larger size 

of the hypoglossal canal, which would correspond to a large hypoglossal nerve, the cranial nerve that controls 

the motor function of the tongue. 

The study of this canal will help in the diagnosis of tumors that are found at the base of the skull. Most studies 

of this canal would revolve around the development of safe drilling techniques to conduct surgery on that area 

of the brain. The landmarks and the dimensions of the condylar canal can be helpful in times of surgery and 

also helps doctors decide on treatment plans. It is a must to know the bony structure, dimensions, and variations 

before any procedure. It is also one of the tools used in forensics. The neurovascular relationship in this study 

makes it quite important to learn and understand the morphometric variations seen. It will also be very helpful 

in surgical and forensic aspects as well. Our team has extensive knowledge and research experience that has 

translated into high-quality publications [13-32]. The current study aims to evaluate the morphogenic difference 

in the anterior condylar canals in south Indian skulls. 
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MATERIALS AND METHODS 

The present morphometric study was done on 30 unsexed dry human cranial cavities obtained from the 

Department of Anatomy, Chennai. The skulls were observed for any damage and the cranial cavities only in 

good condition were selected for the study (Figure 1). Various dimensions like depth, height, and width of both 

the right and left anterior condylar canal were measured using a digital vernier caliper. All data collected were 

tabulated and statistically analyzed using the SPSS version (23) and paired T-test was performed. 

                                              

 

  Figure 1: Location of the anterior condylar fossa 

 

RESULTS 

From Table 1 it is seen that the average depth was 9.1+ 0.48 mm and 9.6 + 0.46 mm, the average height was 

5.93 + 0.22 mm and 6.16 + 0.19 mm, and the average width of the anterior condylar canals was calculated to 

be 5.63 + 0.28 mm and 6.16 + 0.30 mm for the left and right side respectively. The significance of depth between 

the right and left side of the canal was calculated using a paired sample t-test and the t-value is -1.140. The p-

value is .264. The result is not significant at p < .05. 

The significance of height between the right and left side of the canal was calculated using a paired sample ‘t’ 

test and the t-value is -1.165. The p-value is .254. The result is not significant at p < .05. The significance of the 

width between the right and left side of the canal was calculated using a paired ‘sample to test and the t-value 

is -2.866 The p-value is .008. The result is significant at p < .05 
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Table 1: Range, Average, and standard error for depth, height, and width measurements in mm of 

right and left anterior condylar canal (N=30). 

 

 

N=30 

 

Depth Height Width 

Left Right Left Right Left Right 

Range in mm 4.2 - 16.7  5.6 - 13.4 4.1 - 8.8 4.4 - 8.7 3.2 - 8.4 3.2 - 8.7 

Average in mm 9.1 9.6 5.93 6.16 5.63 6.16 

SE 0.48 0.46 0.22 0.19 0.28 0.30 

P value*  0.264 (p < 0.05) 0.254 (p<0.05) 0.008 (p<0.05) 

*paired sample ‘t-test 

 

DISCUSSION 

Studies done on cadavers and dry skulls have been conducted to find the various anatomical variabilities in 

structures such as the anterior condylar canal in different races. The anterior condylar canal is present in the 

region of the skull that is involved in numerous pathologies and it is important to have proper knowledge 

regarding the morphology, morphometry, and relations of the canal. The hypoglossal canals are divided by 

connective tissues or bone as they are generally thought to represent the fusion of three or four formerly 

separated vertebrae in the fetal period that result in basioccipital bone formation [33]. There have been studies 

conducted that stated that the morphology of the canal differed between genders [34]. Size asymmetry was seen 

to be a common finding in the majority of studies conducted regarding the hypoglossal canal. From the present 

study, it was observed that there was no difference in depth and height between the right and left hypoglossal 

canal but the width showed a statistically significant difference between both sides and the right canal width 

was larger when compared to the left hypoglossal canal.  

The present study stated that the average depth of the left and right anterior condylar canals were recorded to 

be 9.1 mm and 9.6 mm respectively. This is the distance between the extracranial and intracranial opening of 

the hypoglossal canal. A similar study done in North India stated that the distance between the extracranial and 

intracranial opening of the canals was seen to be greater in the right hypoglossal canal as compared to the left 

[1]. The distance that was recorded in this particular study was an average of 0.63 on the right and 0.59 on the 

left. A study done by Hadley et al in 2004 stated that the average length of the canal was seen to be 11.2mm 

[35]. Berlis A et al stated the average length of the hypoglossal canal to be 7.78mm [36]. 

The average height of the left and right canals is 5.93 mm and 6.16mm respectively and the average width was 

measured to be 5.63 mm and 6.16mm for the left and right canals respectively.  
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A study done in Nigeria, measured the length and width of 40 dry skulls, the average length was recorded to be 

12.35mm and 12.57mm on the left and right sides, and the average width was recorded to be 14.24mm and 

10,56mm [37]. Vinay et al [38] concluded with similar findings as compared to the present study, the average 

length of the left and right hypoglossal canals were measured to be 12.5mm and 12.6mm respectively.  

Muthukumar et al 2005 stated in their study that the average length of the hypoglossal canal was 12.6mm [39]. 

The anterior condylar canal is a constant entity in the condylar fossa and is absent in only a few cases, which 

makes the structures passing through it clinically significant. It is observed that if the width of the canal is more, 

the canal may also transmit the emissary vein, accompanying the hypoglossal nerve. These emissary veins are 

clinically significant as they connect intracranial venous sinuses with the extracranial veins [11]. The 

hypoglossal canal plays a good role in forensics as well [40]. Studies have shown that racial differences can be 

determined with the help of these canals. It has been observed in a study involving the Japanese population 

which detected the presence of a “double hypoglossal canal” using multidetector computed tomography [33]. 

The study was limited to only 30 skulls. In the future, more skulls and the relative position of the canal from 

other anatomical structures can also be included. 

CONCLUSION 

This study has investigated the various dimensions of the hypoglossal canal which included the length, width, 

and depth of the canal on both sides of the skulls. It had concluded that there was a significant difference present 

only between the width of the right and left canals. The data recorded from this study will aid in various aspects 

of anthropology, forensics, surgery, and future research. 

Financial support and sponsorship - Nil 

Conflicts of interest - There are no conflicts of interest 

REFERENCES 

1. Kumar S, Verma R, Rai AM, Mehra RD. Morphological and morphometric analysis of hypoglossal canal 

in north Indian dry skulls and its significance in cranial base surgeries. Journal of Clinical and Diagnostic 

Research: JCDR. 2017 Mar;11(3):AC08  

2. Bulsara KR, Asaoka K, Aliabadi H, Kanaly C, Friedman A, Fukushima T. Morphometric three-

dimensional computed tomography anatomy of the hypoglossal canal. Neurosurg Rev. 2008 Jul;31(3):299–

302. 

3. Parvindokht B, Reza DM, Saeid B. Morphometric analysis of hypoglossal canal of the occipital bone in 

Iranian dry skulls. J Craniovertebr Junction Spine. 2015 Jul;6(3):111–4. 

4. DeGusta D, Gilbert WH, Turner SP. Hypoglossal canal size and hominid speech. Proceedings of the 

National Academy of Sciences. 1999 Feb 16;96(4):1800-4. 

5. Sangma GT, Purnabati S, Ajita RK. Morphological variation of adult human cadaveric liver: An anatomical 

study and its clinical implication. Journal of the Anatomical Society of India. 2017 Aug 1;66:S94. 

6. Karasu A, Cansever T, Batay F, Sabanci PA, Al-Mefty O. The microsurgical anatomy of the hypoglossal 

canal. Surg Radiol Anat. 2009 Jun;31(5):363–7. 

7. Takahashi H, Tanaka H, Fujita N, Tomiyama N. Bilateral persistent hypoglossal arteries: MRI findings. Br 

J Radiol. 2012 Feb;85(1010):e46–8. 

8. Nikumbh RD, Nikumbh DB, Karambelkar RR, Shewale AD. Morphological study of the hypoglossal canal 

and its anatomical variation. Int J Health Sci Res. 2013;3(6):54–8. 



                     Harikrishnan R.Morphometric Evaluation of the Anterior Condylar Canals in Dry Human South Indian Skulls – Research 

Article  

6 

 

9. Lalwani A. CURRENT Diagnosis and Treatment in Otolaryngology--Head and Neck Surgery:: Head and 

Neck Surgery: Head and Neck Surgery. McGraw-Hill Professional; 2007 Aug 5. 

10. Calzada G, Isaacson B, Yoshor D, Oghalai JS. Surgical approaches to the hypoglossal canal. Skull Base. 

2007 May;17(03):187-96. 

11. Katsuta T, Matsushima T, Wen Ht, Rhoton Jr Al. The trajectory of the hypoglossal nerve in the 

hypoglossal canal: significance for the transcondylar approach. Neurologia medico-chirurgica. 

2000;40(4):206-10. 

12. Kay RF, Cartmill M, Balow M. The hypoglossal canal and the origin of human vocal behavior. Proc Natl 

Acad Sci U S A. 1998 Apr 28;95(9):5417–9. 

13. Sekar D, Lakshmanan G, Mani P, Biruntha M. Methylation-dependent circulating microRNA 510 in 

preeclampsia patients. Hypertens Res. 2019 Oct;42(10):1647–8. 

14. Princeton B, Santhakumar P, Prathap L. Awareness on Preventive Measures taken by Health Care 

Professionals Attending COVID-19 Patients among Dental Students. Eur J Dent. 2020 Dec;14(S 01):S105–9. 

15. Logeshwari R, Rama Parvathy L. Generating logistic chaotic sequence using geometric pattern to 

decompose and recombine the pixel values. Multimed Tools Appl. 2020 Aug;79(31-32):22375–88. 

16. Johnson J, Lakshmanan G, M B, R M V, Kalimuthu K, Sekar D. Computational identification of MiRNA-

7110 from pulmonary arterial hypertension (PAH) ESTs: a new microRNA that links diabetes and PAH. 

Hypertens Res. 2020 Apr;43(4):360–2. 

17. Paramasivam A, Priyadharsini JV, Raghunandhakumar S, Elumalai P. A novel COVID-19 and its effects 

on cardiovascular disease. Hypertens Res. 2020 Jul;43(7):729–30. 

18. Pujari GRS, Subramanian V, Rao SR. Effects of Celastrus paniculatus Willd. and Sida cordifolia Linn. in 

Kainic Acid-Induced Hippocampus Damage in Rats. Ind J Pharm Educ. 2019 Jul 3;53(3):537–44. 

19. Rajkumar KV, Lakshmanan G, Sekar D. Identification of miR-802-5p and its involvement in type 2 

diabetes mellitus. World J Diabetes. 2020 Dec 15;11(12):567–71. 

20. Ravisankar R, Jayaprakash P, Eswaran P, Mohanraj K, Vinitha G, Pichumani M. Synthesis, growth, 

optical and third-order nonlinear optical properties of glycine sodium nitrate single crystal for photonic device 

applications. J Mater Sci: Mater Electron. 2020 Oct;31(20):17320–31. 

21. Wu S, Rajeshkumar S, Madasamy M, Mahendran V. Green synthesis of copper nanoparticles using Cissus 

vitiginea and its antioxidant and antibacterial activity against urinary tract infection pathogens. Artif Cells 

Nanomed Biotechnol. 2020 Dec;48(1):1153–8. 

22. Vikneshan M, Saravanakumar R, Mangaiyarkarasi R, Rajeshkumar S, Samuel SR, Suganya M, et al. 

Algal biomass as a source for novel oral nano-antimicrobial agent. Saudi J Biol Sci. 2020 Dec;27(12):3753–8. 

23. Alharbi KS, Fuloria NK, Fuloria S, Rahman SB, Al-Malki WH, Javed Shaikh MA, et al. Nuclear factor-

kappa B and its role in inflammatory lung disease. Chem Biol Interact. 2021 Aug 25;345:109568. 

24. Rao SK, Priya AK, Kamath SM, Karthick P, Renganathan B, Anuraj S, Sastikumar D, Jeyadheepan K, 

Gopalakrishnan C. Unequivocal evidence of enhanced room temperature sensing properties of clad modified 

Nd doped mullite Bi2Fe4O9 in fiber optic gas sensor. Journal of Alloys and Compounds. 2020 Oct 

15;838:155603. 



   Harikrishnan R / Int J Cranio Maxillofac Surg Rehab Volume 2022, Article ID 22147326, 8 pages..  

 

7 

 

25. Bhavikatti SK, Karobari MI, Zainuddin SL, Marya A, Nadaf SJ, Sawant VJ, Patil SB, Venugopal A, 

Messina P, Scardina GA. Investigating the antioxidant and cytocompatibility of Mimusops elengi Linn extract 

over human gingival fibroblast cells. International journal of environmental research and public health. 2021 

Jul 4;18(13):7162. 

26. Marya A, Karobari MI, Selvaraj S, Adil AH, Assiry AA, Rabaan AA, et al. Risk Perception of SARS-

CoV-2 Infection and Implementation of Various Protective Measures by Dentists Across Various Countries. 

Int J Environ Res Public Health. 2021 May 29;18(11).    

27. Barma MD, Muthupandiyan I, Samuel SR, Amaechi BT. Inhibition of Streptococcus mutans, antioxidant 

property, and cytotoxicity of novel nano-zinc oxide varnish. Arch Oral Biol. 2021 Jun;126:105132. 

28. Vijayashree Priyadharsini J. In silico validation of the non-antibiotic drugs acetaminophen and ibuprofen 

as antibacterial agents against red complex pathogens. J Periodontol. 2019 Dec;90(12):1441–8. 

29. Priyadharsini JV, Girija AS, Paramasivam A. In silico analysis of virulence genes in an emerging dental 

pathogen A. baumannii and related species. Archives of oral biology. 2018 Oct 1;94:93-8. 

30. Uma Maheswari TN, Nivedhitha MS, Ramani P. Expression profile of salivary micro RNA-21 and 31 in 

oral potentially malignant disorders. Braz Oral Res. 2020 Feb 10;34:e002. 

31. Gudipaneni RK, Alam MK, Patil SR, Karobari MI. Measurement of the Maximum Occlusal Bite Force 

and its Relation to the Caries Spectrum of First Permanent Molars in Early Permanent Dentition. J Clin 

Pediatr Dent. 2020 Dec 1;44(6):423–8. 

32. Chaturvedula BB, Muthukrishnan A, Bhuvaraghan A, Sandler J, Thiruvenkatachari B. Dens invaginatus: a 

review and orthodontic implications. Br Dent J. 2021 Mar;230(6):345–50. 

33. Kanda T, Kiritoshi T, Osawa M, Toyoda K, Oba H, Kotoku J ’ichi, et al. The incidence of double 

hypoglossal canal in Japanese: evaluation with multislice computed tomography. PLoS One. 2015 Feb 

23;10(2):e0118317. 

34. Eroğlu S. Variations in the form of the hypoglossal canal in ancient Anatolian populations: comparison of 

two recording methods. Homo. 2010 Feb;61(1):33–47. 

35. Hadley KS, Shelton C. Infratemporal fossa approach to the hypoglossal canal: practical landmarks for 

elusive anatomy. Laryngoscope. 2004 Sep;114(9):1648–51. 

36. Berlis A, Putz R, Schumacher M. Direct and CT measurements of canals and foramina of the skull base. 

Br J Radiol. 1992 Aug;65(776):653–61. 

37. Mamerhim ET, Godswill OO. Morphometric study of hypoglossal canal of occipital bone in dry skulls of 

two states in southern nigeria. Bangladesh Journal of Medical Science. 2020 Apr 12;19(4):670-2. 

38. Vinay K, Swathi DM, Sachin KS. Morphometric study of hypoglossal canal of occipital bone in dry skulls 

of South India. Int. J. Anat. Res. 2016;4(4):3016-9. 

39. Muthukumar N, Swaminathan R, Venkatesh G, Bhanumathy SP. A morphometric analysis of the foramen 

magnum region as it relates to the transcondylar approach. Acta Neurochir . 2005 Aug;147(8):889–95. 

 



                     Harikrishnan R.Morphometric Evaluation of the Anterior Condylar Canals in Dry Human South Indian Skulls – Research 

Article  

8 

 

40. Kubo S, Orihara Y, Gotohda T, Tokunaga I, Tsuda R, Ikematsu K, et al. [Immunohistochemical studies on 

neuronal changes in brain stem nucleus of forensic autopsied cases. II. Sudden infant death syndrome]. Nihon 

Hoigaku Zasshi. 1998 Dec;52(6):350–4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 

International License, which allows others to remix, tweak, and build upon the work non‑commercially, as long as appropriate credit 
is given and the new creations are licensed under the identical terms. 

To view a copy of this license, visit http://creativecommons.org/licenses/by-nc/4.0/ or send a letter to Creative Commons, PO Box 

1866, Mountain View, CA 94042, USA. 
 

Published by MM Publishers 

https://www.mmpubl.com/ijcmsr 

 

©2022   Harikrishnan R  

http://creativecommons.org/licenses/by-nc/4.0/
https://www.mmpubl.com/ijcmsr

