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ABSTRACT 

AIm: To study the incidence of accessory foramina transversaria in cervical spine and to analyze them morphologically with emphasize on their 
embryological and surgical importance. 

MaterIal and Methods: The study included 363 human cervical vertebrae which were procured from the bone collections of the 
Department of Anatomy. The foramen transversarium was observed macroscopically on both sides of all the vertebras, the accessory foramina 
were noted.      

Results: Out of 363 specimens, only 6 (1.6%) vertebrae showed the accessory foramina. Among them 5 (1.4%) vertebra had double foramina 
and only 1 (0.3%) vertebra showed three foramina. Only 1 (0.3%) vertebrae showed the foramen on both sides and the remaining 5 (1.4%) had 
unilateral foramina. Among the unilateral, 4 were present on the right side and only 1 was on the left side. No vertebrae showed the absence 
of foramen transversarium.   

ConclusIon: The present study observed the accessory foramina transversarium in 1.6% of cases. The unilateral presence was more common 
than the bilateral. The surgical anatomy of these variations is important for the neurosurgeons and radiologists for interpreting the computed 
tomogram and magnetic resonance image scans. Their morphological knowledge is clinically important since the course of the vertebral 
artery may be distorted in such situations.      
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ÖZ 

AMAÇ: Servikal omurgada aksesuar transvers foramen insidansını araştırmak ve, embriyolojik ve cerrahi önemini vurgulayarak morfolojik 
olarak bunları analiz etmek. 

YÖNTEM ve GEREÇ: Çalışmaya Anatomi Anabilim Dalı kemik koleksiyonlarından satın alınmış 363 insan servikal omuru dahil edilmiştir. Tüm 
omurların her iki tarafında transvers foramenler makroskopik olarak gözlendi ve aksesuar foramenler kaydedildi.      

BULGULAR: 363 spesimenin sadece 6’sında (%1,6) omurlar aksesuar foramen gösterdi. Bunların içinde 5 (%1,4) vertebrada çift foramen vardı 
ve sadece 1 (%0,3) vertebra üç foramen gösterdi. Sadece 1 (%0,3) omurda her iki foramen görünüyordu ve kalan 5 (% 1.4) tanesinde tek taraflı 
foramen vardı. Tek taraflı olanların, 4 tanesinde sağ tarafta ve sadece 1 tanesinde sol tarafta idi. Hiçbir omurga foramen transversarium yokluğu 
göstermedi.   

SONUÇ: Bu çalışmada, olguların %1,6’sında aksesuar foramina transversarium gözlendi. Tek taraflı varlığı iki taraflı olmasından daha sıktı. Bu 
varyasyonların cerrahi anatomisi beyin cerrahları ve radyologların bilgisayarlı tomografi ve manyetik rezonans görüntülerini yorumlamaları 
için önemlidir. Bunların morfolojik bilgileri klinik açıdan önemlidir çünkü bu durumlarda vertebral arterin gidişi değişebilir.      
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IntroductIon

The foramen transversarium present on the transverse 
process of cervical vertebrae are known to transmit the 
vertebral artery, vertebral veins and sympathetic nerves (6). 
These foramina are known to exhibit variations with respect 
to the shape, size and sometimes are multiple or absent. Their 
etiology may be related to variations of the course of vertebral 
artery and is developmental (6). An accessory transverse 
foramen, posterior to and smaller than the primary foramen, 
may be found in the sixth vertebra, and less frequently in the 
adjacent vertebrae (2). Under such circumstances, the course 
of the vertebral artery may be distorted. The variations in 
number and size of foramina transversaria of cervical spine 
may be one of the causes for complaints like headache, 
migraine, and fainting attacks and are due to the compression 
of vertebral artery (4). Understanding the surgical anatomy 
of cervical spine is essential while performing the complex 
surgical procedures that involve the screw fixation. The 
osseous and vascular variations of cervical spine that place 
the vertebral artery at risk during surgical procedures have 
been identified (3). 

The anatomical details of foramen transversarium variations 
are important to the clinicians and radiologists in interpreting 
X ray and CT scans (6). In the scientific literature, most of 
the anatomical and clinical studies have concentrated on 
the course and variant origins of the vertebral artery. There 
are only a very few reports available on the morphology of 
the accessory transverse foramina and their incidence. This 
was the stimulus for us to undertake this investigation. The 
objective of the present study was to find the incidence of 
accessory foramina transversaria in the cervical spine. The 
foramina were morphologically analyzed with an emphasis 
on their embryological basis and surgical importance.

MATERIAL and METHODS

The study included 363 human cervical vertebrae that were 
procured from the bone collections of the department of 
anatomy. Among the vertebra, 242 were typical cervical 
vertebra (C3, C4, C5 and C6) and 121 were atypical (49 atlases, 
38 axes and 34 (C7) vertebra prominens). The age and sex of 
the bones were not known. The foramen transversaria were 
observed macroscopically in all vertebrae on both sides 
and the accessory foramina were noted. A 24 gauze needle 
was passed through the accessory foramina to confirm their 
patency. The vertebrae that had pathological changes were 
excluded from the present study. The data were collected on 
a standardized collection sheet. The variant vertebrae were 
photographed with the digital camera.

RESULTS

Out of 363 specimens, only 6 (1.6%) vertebrae showed the 
accessory foramina. Among them 5 (1.4%) vertebra had double 
foramina (Figures 1 and 2) and only 1 (0.3%) vertebra showed 
three foramina (Figure 3). Only 1 (0.3%) vertebrae showed the 
foramen on both sides (Figure 1) and the remaining 5 (1.4%) 
had unilateral foramina (Figure 2). Among the unilateral cases, 

4 were present on the right side and only 1 was on the left 
side. All the accessory foramina were observed in the lower 
vertebrae (C6 and C7). The accessory foramina transversaria 
were smaller than the regular foramina in all cases. There 
were no variations observed in the atlas and axis bones. No 
vertebrae showed absence of foramen transversarium.

DISCUSSION

The foramen transversarium is a result of the special 
formation of the cervical transverse processes. It is formed 
by the vestigial costal element fused to the body and 
the true transverse process of the vertebra. The vertebral 
vessels and nervous plexus are caught between these two 
bony parts. The foramen transversarium is closed laterally 
by the costotransverse bar, a thin plate of bone connecting 
the rib element to the original transverse process (14). The 
vertebral artery is developed from the fusion of longitudinal 
anastomoses that link the cervical intersegmental arteries, 
which branch off from the primitive dorsal aorta. These 
intersegmental arteries eventually regress, except for the 
seventh artery, which forms the proximal portion of the 
subclavian artery, including the beginning of the vertebral 
artery (8). Sim et al. (13) described that some portion of the 
primitive dorsal aorta may not regress along with the two 
intersegmental arteries which connect the vertebral artery. It 
is believed that this arrangement may lead to double origin 
and duplication of the vertebral artery. The duplication is 
thought to represent the failure of controlled regression of 
two intersegmental arteries and a segment of the primitive 
dorsal aorta. Bilateral occurrence of these failures is the 
etiology behind bilateral duplication of the vertebral artery 
(8). The triple foramina transversaria is a very unusual variation 
and seems to be the result of double rib bone element on the 
same side fusing to the original transverse process, resulting 
in unusual number of foramina. Therefore the vertebra with 
triple foramina transversaria shows two costal bars instead of 
one (14).

The vertebral arteries constitute one of the vascular 
components of the cervical region of the spinal column that 
ascend parallel to the spines through the transverse foramina 
of the upper six cervical vertebrae. They supply the cervical 
part of spinal cord, spinal ganglions, meninges and duramater 
in the posterior cranial fossa.  It was reported that this artery 
enters the foramen transversarium of vertebra at C6 in 88% 
of cases, and C7 and C5 in only 5% and 7% of cases (10). The 
transverse foramen of the seventh cervical vertebra contains 
some branches of vessels and nerves as well as fibrous and 
adipose tissues (9). Since the vertebral vessels are the factors in 
the formation of the foramen transversarium, it can be assumed 
that variations in the presence and course of the vertebral 
vessels will manifest as variant foramen transversarium. In 
contrast, variations of the foramen transversarium can be 
useful in estimating the variations of the vessels. An absence 
of foramen transversarium could mean absence of the 
vertebral artery (14). A narrowing of the foramina indicates 
narrowness of the vessels and so on. But there are cases where 
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the vertebral artery runs along the transverse process and not 
through the foramen transversarium. This is very common in 
the lower cervical vertebrae. Instead of entering to the sixth 
foramen transversarium, the artery may start to enter the 
foramen at higher levels. The greatest variability in foramen 
transversarium is found in the seventh cervical spine (14).

Das et al. (6) from a study of 132 specimens observed the 
double foramina transversaria unilaterally and bilaterally only 
in two different cervical vertebras. In contrast, Taitz et al. (14) 
from their study from 480 cervical vertebras observed the 
doubling of foramina transversaria in 34 cases. Of these, only 
6 vertebrae had foramen transversarium of equal size, while 
the others had foramina of very small dimensions. They also 
observed triple foramina transversaria in one vertebrae and 
absent foramen in 4 cases. In the present study we observed 
that the accessory foramina were smaller than the usual 
foramina. We observed double foramina in 1.4% and triple 
foramina in 0.3% of cases. El Shaarawy et al. (7) observed that 
the accessory foramina transversaria were most common at 
the lower cervical vertebrae (C5, C6 and C7), mostly in C6. In 
the present study also the foramina were seen at C6 and C7.

Details are not available regarding the contents of the accessory 
foramina in the literature. It is not clear whether one of the 
foramina is occupied by the artery and the other by veins or 
each foramen is occupied by branches of vertebral artery and 
veins. The surgical anatomy of the foramen transversarium 
and vertebral artery are important to the neurosurgeons 
and radiologists. Their anatomy and morphology is useful 
to the operating spine surgeons and radiologists in the 
interpretation of radiographic films and computed tomogram 
scans. Maintaining the vertebral artery intact constitutes an 
important concern during cervical procedures (11) since 
minor lesions may result in severe hemorrhages or even 
death. There are anatomical studies undertaken in an attempt 
to minimize the intraoperative lesions of these arteries (1,5). It 
should be remembered that the vertebral and basilar arteries 
contribute to the blood supply not only of the brain, but also 
the inner ear. Compression or spasm of the vertebral artery is 
manifested not only by neurological symptoms but also by 
hearing disturbances (12). 

Figure 3: Photograph of C6 cervical spine (superior view) 
showing triple foramina transversaria (n=1, 0.3%).

Figure 1: Photograph of C7 cervical spine (inferior view) showing 
the bilateral double foramina transversaria (n=1, 0.3%).

Figure 2: Photograph of C6 cervical spine (inferior view) showing 
the unilateral double foramina transversaria (n=5, 1.4%).
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CONCLUSION

The present study observed the accessory foramen 
transversarium in 1.6% of the cases. A unilateral presence was 
more common than bilateral and the foramina were observed 
at the lower cervical vertebrae (C6 and C7). The aetiological 
factors were explained on an embryological basis. Their 
morphological knowledge is clinically important since 
the course of the vertebral artery may be distorted in such 
situations. The surgical anatomy of these variant foramina 
is important for the operating surgeons and radiologists 
when interpreting the computed tomogram and magnetic 
resonance image scans. 

We believe that the present study has provided additional 
information on the incidence, morphology, embryological 
basis and surgical importance of these variant foramina. 
Future implications on the study of this subject include 
correlation with dissected specimens and angiograms. The 
clinical studies on this subject can be correlated with the 
patient history and symptoms. 
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