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ABSTRACT ARTICLE DETAILS
The aim of this study is to reveal the incidence and morphometric features of the accessory foramen  Published On:
transversarium in the population in eastern Turkey. In the study, a total of 125 cervical vertebrae of 27 September 2023
unknown gender and age, located in the Anatomy Department of Ataturk, Erzincan Binali Yildirim and

Kafkas University Medical Faculties, were used and accessory foramen transversarium was detected in

22 (17.6 %) of these cervical vertebrae. In this study, the area, vertical and horizontal diameters of the

accessory foramen transversarium were measured for the first time. It was determined that the accessory

foramen transversarium with the largest area was in C3-C6 (6.8 mm?) and the smallest area was in C7

(1.06 mm?). It was determined that the largest vertical diameter was C7 (2.38 mm), the smallest one was

C3-C6 (0.91 mm), the largest horizontal diameter (3.66 mm), and the smallest (1.6 mm) were C3-C6. In

addition, accessory foramen transversariums were typified. One foramen arcuate was also detected during

the examinations. As a result, osteometric measurements of the accessory foramen transversarium were

revealed. We think that these data will be an important reference in head and neck surgery, in the clinical

approach of a. vertebralis, and in the evaluations of radiologists in the neck region. Available on:

KEYWORDS: Accessory foramen transversarium, Cervical vertebra, Foramen arcuate https://ijmscr.org/

INTRODUCTION

There are 7 cervical vertebrae in the cervical part of the
columnna vertebralis. One of the most important features that
distinguishes cervical vertebrae from other vertebrae is that
they have foramen transversarium. Although the foramen
transversarium is always present in the first six cervical
vertebrae, sometimes the foramen transversarium is absent in
the 7th cervical vertebra or it is seen as divided into two by a
thin bone. From the foramen transversarium of the first six
cervical vertebrae a. vertebralis, v. vertebralis and plexus
sympathicus pass, while only v. vertebralis from the 7th
cervical vertebra passes, and therefore the foramen
transversarium of the 7th cervical vertebra is small 3
Embryological factors, variations in the a. vertebralis and
pathological conditions in the anatomical structure of the
spine may cause differences in the anatomical structure of the
foramen transversarium. One of the anatomical variations
seen in the foramen transversarium is the accessory foramen

transversarium 4°. Accessory foramen transversarium can be
found in different numbers and shapes, unilateral or bilateral,
below or above the foramen transversarium 57. Such
variations in the foramen transversarium may cause
neurological disorders such as vertebrobasilar insufficiency,
headache, migraine, and fainting attacks. Numerous studies
have been conducted on both the foramen transversarium and
the accessory foramen transversarium in different populations
811 However, there is no study in the literature that includes
the area, morphometric features and typing of the accessory
foramen transversarium as in this study. The aim of this study
is to reveal the incidence and osteometric features of the
accessory foramen transversarium.

MATERIALS AND METHODS

This study was carried out on a total of 125 cervical vertebrae
of unknown gender and age, located in the Anatomy
Department of Ataturk, Erzincan Binali Yildirim and Kafkas
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University Medical Faculties, located in the east of Turkey.
Cervical vertebrae were divided into four groups as C1, C2,
C3-C6 and C7. In the study, first of all, cervical vertebrae
with accessory foramen transversarium were detected.
Accessory foramen transversariums in these cervical
vertebrae were examined and photographed (Figs. 2 and 3).
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The photographs taken were transferred to Image J and the
horizontal and vertical diameters and areas of the accessory
foramen transversarium were measured (Fig 1). The study of
Sheik Abdul et al. > was taken as reference for typing
accessory foramen transversariums.
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Fig 1. Image J measurement

RESULTS

A total of 125 typical and atypical cervical vertebrae were
analyzed in the study, and accessory foramen transversarium
was detected in 22 (17.6 %) of these vertebrae. One arcuate
foramen was also observed in C1 (atlas) (Fig 2.). The area,

vertical and horizontal diameters of this arcuate foramen were
measured as 7.34 mm?, 1.88 mm and 4.66 mm, respectively.
Accessory foramen transversarium was detected in 3
(13.63%) of 22 C1s, 15 (28.3%) of 53 C3-6s, and 4 (25%) of
16 C7s (Tablo 1) .

Fig 2. 1.cervical vertebrae (atlas). FT: Foramen transversarium, AFT: Accessory foramen transversarium, IAFT:
Incomplete accessory foramen transversarium, FA: Foramen arcuate

Accessory foramen transversarium was not detected in 18 C2
specimens. Among the cervical vertebrae with accessory
foramen transversarium, it was determined that the largest
area was in C3-C6 (6.8 mm?) and the smallest one was in C7
(1.06 mm?). Among the cervical vertebrae with accessory

foramen transversarium, the largest vertical diameter is in C7
(2.38 mm), the smallest vertical diameter is in C3-C6 (0.91
mm), the largest horizontal diameter (3.66 mm) and the
smallest (1.6 mm) was detected in C3-C6 (Tablo I1).
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Table I. Location of accessory foramen transversariums in cervical vertebrae

Vertebrae | N AFT Single Double Incomplete | Complete
C1 22 3(%13.63) |1(%454) [2(%9.09) |1 (%4.54) |4 (% 18.18)
Cc2 34 - - - - -

C3-6 53 15(%28.3) |7(%13.2) |8(%15.09) |5(%9.43) |18 (% 33.96)
C7 16 | 4 (%25) 3(%18.75) | 1(%6.25) |2 (%125) |3 (%18.75)

Table I1. Osteometric measurements of accessory foramen transversariums in cervical vertebrae

Vertebrae | Area (mm?) Horizontal diameter (mm) | Vertical diameter (mm)
Max Min Max Min Max Min

C1 2.38 1.24 2.59 1.87 0.97 0.82

C3-6 6.8 1.39 3.66 1.6 2.25 0.91

C7 4.01 1.06 34 1.72 2.38 1.75

A total of 33 foramen, 11 single and 11 double, were detected
in the cervical vertebrae with accessory foramen
transversarium. It was determined that the number of
incomplete holes was 8 and the number of complete holes was

25 (Fig 3.). Most holes were observed in C3-C6. C3-C6
cervical vertebrae were found to have both double and
single, complete and incomplete holes.

ANTUMIOR _ -
Fig 3. Cervical vertebrae. Accessory foramen transversariums AFT: Accessory foramen transversarium

When the accessory foramen transversariums were examined
in terms of shape, it was observed that 10 of them were
elliptical, 8 of them were double bubble, 7 of them were
round, 3 of them were leaf, 2 of them were irregular, 2 of them
were triangular and 1 of them was rectangular.

DISCUSSION

Human development in the embryological period
should always be carefully followed.  Especially in
osteological development, the structure of holes, notches and
crevices in the bones and the variations in the vessels and
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nerves passing through these anatomical formations should
be well known by all physicians. One of these osteological
variations is the accessory foramen transversarium.

The incidence of accessory foramen transversarium
was determined by Das et al. 1, 1.5%, Taitz et al. 1, 7%,
Sharma et al. *2, 8%, Chaudhari et al. %3, 23.15%,
Chandravadiyaetal. 14, 4.76%, Mishra et al. 1, 14.09%, Gujar
at al. 7, 27.33%. In our study, the incidence of accessory
foramen transversarium was determined as 17.6%.

Chaiyamoon at al. 6, in their study on the Thai
population, determined the incidence of unilateral, bilateral
and trilateral accessory foramen transversarium as 8.41%,
25.33%, and 1.87%, respectively, in the atlas. In the study
conducted by Aziz and Morgan 7 in the Egyptian population,
the incidence of accessory foramen transversarium in the atlas
was determined as 17.7%. In the study conducted by Rekha
and Neginhal *® on the South Indian population detected
6.54% accessory foramen transversarium. In our study,
4.54% of the atlases were unilateral and 9.09% of them were
bilateral accessory foramen transversarium.  Trilateral
accessory foramen transversarium was not observed in the
atlases analyzed in our study.

Cirpan et al. 1 found foramen arcuate in two of 13
atlases and stated the average of the area of these holes as
28.58 mm?. Keser at al. %, in their study on 10 cadavers,
detected 3 foramen arcuate, one bilateral and two unilateral.
They measured the average height and length of these
foramen arcuates as 6 mm and 6.75 mm, respectively. In our
study, foramen arcuate was detected in one of 22 atlases, and
the area, vertical and horizontal diameters of this arcuate
foramen were measured as 7.34 mm?, 1.88 mm and 4.66 mm,
respectively. Accessory FT was not observed in a total of 18
dens analyzed in our study.

Medeiros at al. °, found the incidence of accessory
foramen transversarium to be 21.82% in the Northeastern
Brazil population. This accessory stated that 59.6% of the
foramen transversariums were incomplete and 40.4% were
complete. According to Gujar et al. 7, detected the incidence
of accessory foramen transversarium as 21.82%. They stated
that 19.5% of these accessory foramen transversariums were
incomplete and 80.5% were complete. Abdul et al. ®, firstly,
they divided the cervical vertebrae into two parts as typical
and atypical and found the complete rate of typical vertebrae
to be 6.10% and 3.66% to atypical vertebrae. In the same
study, they found the rate of incomplete in typical vertebrae
to be 7.32%, and the rate of incomplete in atypical vertebrae
as 8.54%. In our study, while the incidence of complete was
determined as 18.18% in C1, 33.96% in C3-C6 and 18.75%
in C7, the incidence of incomplete was determined as 4.54%,
9.43% and 12.5% in C1, C3-C6 and C7, respectively.

While 11 of the 22 accessory foramen
transversarium in our study were found to be bilateral and 11
of them unilateral, this distribution was respectively
determined by Rathnakar et al. 2, 3.6% and 1.42%,

Ramachandran et al. 2, 8.3% and 7.5%, Aggarwal and Gupta
217.24 % and 15.51%, Patil at al. %, 3.42% and 2.28%,
Patra et al. 2%, 10.67% and 11.33%, Akhtar et al. %, 11.49%
and 2.87%.

CONCLUSION

As a result, in this study, vertical and horizontal osteometric
measurements, especially the area, of the accessory foramen
transversarium were revealed. Knowing the morphological
details of such variations will provide important contributions
to both clinicians and radiologists in approaching clinical
cases related to the head and neck. In addition, we think that
this information obtained about the cervical vertebrae will
shed light on future studies.

AUTHOR CONTRIBUTIONS

Conceptualization: YA, ABKT and BY Data acquisition: YA
and ABKT Data analysis or interpretation: YA and MS
Drafting of the manuscript: YA, ABKT and MS Approval of
the final version of the manuscript: all authors

CONFLICTS OF INTEREST
No potential conflict of interest relevant to this article was
reported.

REFERENCES

l. Das, S., Suri, R., & Kapur, V. Double foramen
transversaria: An osteological study with clinical
implications.  International Medical Journal
2005;12:311-13.

Il. Kaya S, Yilmaz ND, Pusat S, Kural C, Kirik A, lzci
Y. Double foramen transversarium variation in
ancient byzantine cervical vertebrae: preliminary
report of an anthropological study. Turk Neurosurg
2011;21:534-38.

1I. Arinci K, Elhan A. Columna vertebralis. Anatomy,
5th ed, Gunes Tip Kitabevleri, Ankara, 2014, pp. 58-
65.

V. Wysocki J, Bubrowski M, Reymond Kwiatkowski J.
Anatomical variants of the cervical verterbrae and
the first thoracic vertebra in man. Via medica
2003;62:357-63.

V. Sheik Abdul R, Lazarus L, Rennie C, Satyapal KS.
The foramen transversarium of typical and atypical
cervical vertebrae: morphology and morphometry.
International Journal Morphol 2018;36(4):1439-46.

VI. Ambali MP, Jadhav SD. Anatomical variations in
foramen transversarium of typical cervical vertebrae
and its clinical significance. International Journal
Anat Res 2017;5(1):3426-29.

VII. Gujar S, Oza S, Shekhawat JA. Study of accessory
foramen transversarium in dry cervical vertebrae.
Natl J Integr Res Med 2015; 6(6): 27-30.

VIII. Gupta S, Zarna Patel Z, Gautam RS. Morphological
study of accessory foramen transversarium in dried

2078 Volume 03 Issue 09 September 2023

Corresponding Author: Yalgin AKBULUT


https://squ.elsevierpure.com/en/publications/double-foramen-transversaria-an-osteological-study-with-clinical-

Morphometric Analysis and Incidence of Accessory Foramen Transversarium in a Population in Eastern Turkey

XI.

XII.

XII.

XIV.

XV.

XVI.

cervical vertebrae in human being. International
Journal Anat Res 2017;5(2):3791-95.

Medeiros JPM, Santana JD, Junior F, Cavalcante
JB, Leite CL, Goncalves SC, Cerqueira GS,
Magalhdes DD, Lucena JD, Oliveira AB.
Morphometric analysis of the accessory transverse
foramen in a population in northeastern Brazil.
Journal Morphol Sci 2021;38:70-74.

Gupta M.; Agarwal, S. Morphometric study of
foramina transversaria and the incidence of
accessory foramina in cervical spine of Indian
population. Journal of Clinical and Diagnostic
Research 2019;13(3): AC07-AC11.

Taitz C, Nathan H. Arensburg, B. Anatomical
observations of the foramina transversaria. Journal
Neurol Neurosurg Psychiatry 1978;41:170-76.
Sharma A, Singh K, Gupta V, Stivastava S. Double
foramen transversarium in cervical vertebra an
osteological study. J Anat Soc India
2010;59(2):229-31.

Chaudhari ML, Maheria PB, Bachuwar SP. Double
foramen transversarium in cervical vertebra.
morphology and clinical importance. Indian Journal
Basic Appl Med Res 2013;8(2):1084-88.
Chandravadiya L, Patel S, Jatin G, Chavda V,
Ruparelia S, Patel S. Double foramen
transversarium in cervical vertebra: morphology and
clinical importance. International Journal Res Med
2013;2(1):103-105.

Mishra GP, Kumari S, Bhatnagar S, Singh B. Sixth
cervical vertebra with bilateral double foramen
transversarium and non-bifid spine: a rare case.
International Journal Res Med Sci 2015;3(1):352-
53.

Chaiyamoon A, Yannasithinon S, Sae-Jung S,
Samrid R ,Thongbuakaew T, lamsaard S.
Anatomical Variation and Morphometric Study on
Foramen Transversarium of the Upper Cervical
Vertebrae in the Thai Population. Asian Spine
Journal 2021;15(5):557-565.

XVII.

XVIII.

XIX.

XX.

XXI.

XXII.

XXII.

XXIV.

XXV.

XXVI.

Aziz JN, Morgan M. Morphological Study of the
Foramen Transversarium of the Atlas Vertebra
among Egyptian Population and Its Clinical
Significance. Anatomy Physiol Biochem
International Journal 2018; 4(4): 555-642.

Rekha BS, Neginhal DD. Variations in foramen
transversarium of atlas vertebra: An osteological
study in South Indians. International Journal Res
Health Sci 2014,;31;2(1):224-28.

Cirpan S, Yonguc GN, Edizer M. Foramen arcuate:
a rare morphological variation located in atlas
vertebrae. Surg Radiol Anat 2017;39:877-84.

Keser N, Cikla U, Ozaydin B, Baskaya M. The
Importance of Arcuate Foramen, a Variation of the
Atlas: A Microsurgical Cadaveric Study and Review
of the Literature. Istanbul Med Journal 2019; 20(5):
377-81.

Rathnakar P, Remya KS. Study of accessory
foramen transversaria in cervical vertebrae. NUJHS
2013;3:97-99.

Ramachandran K, Ravikumar PC, Manavalan MS.
A study on the foramen transversarium in cervical
vertebrae. International Journal Health Sci Res
2014;4:178-83.

Aggarwal B, Gupta M. Variations of foramen
transversarium in  seventh cervical vertebra.
International Journal of Basic and Applied Medical
Science 2014;4: 258-62.

Patil NP, Dhapate SS, Porwal S, Bhagwat VB. The
study of incidence of accessory foramen
transversaria in the cervical vertebrae. Journal of
Dental and Medical Sciences 2014;13:85-87.

Patra A, Kaur H, Chhabra U, Kaushal S, Kumar U.
Double foramen transversarium in dried cervical
vertebra: An osteological study with its clinical
implications. Indian Journal Oral Sci 2015;6:7-9.
Akhtar MJ, Madhukar PK, Rahman S, Kashyap N.
A morphometric study of foramen transversarium of
dried cervical vertebrae. International Journal Res
Med Sci 2015;3:912-16.

2079 Volume 03 Issue 09 September 2023

Corresponding Author: Yalgin AKBULUT


https://www.sciencedirect.com/science/article/abs/pii/S0003277810800310#!

