
Okajimas Folia Anat. Jpn., 73(2-3): 133-138, August, 1996

A Morphological Study on the V2 Segment of the Vertebral Artery
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Summary: Morphometric investigations on the V2 segment of the vertebral artery, showed that, it did not have a constant 

calibre during its course within the foramina transversaria. The vertebral artery, entering the foramina transversaria 

reduced its calibre and further continued to reduce until C3 level, above C3 it began to reincrease its calibre and at Cl level 

reached its largest calibre. Measurements on the muscular thickness, showed an increase as ascending through the 

foramina transversaria. The widening and narrowing of the vertebral artery within the foramina transversaria was 
attributed as tortious artery or congenital anomaly. This study showed that it was the normal anatomy of the artery within 

the foramina transversaria.

 The standard anatomical description of the V2 
segment (the portion of the vertebral artery which 
lies within the foramina transversaria of the cervical 
vertebrae) of the vertebral artery are rather scarce in 
anatomy textbooks Williams et al., 1989; Snell, 1986; 
Hall- Craggs, 1990; O'Rahilly, 1986 and Carpenter, 

 1985, describes as "ascending through the foramina 
in cervical transverse processes". The vertebral artery 
is clinically important due to the vascularization of 
the posterior cranial fossa and the inner ear. There-
fore, this artery is highly protected by bony and 
muscular structures. The embryological development 
of the vertebral artery which is formed by the post-
costal anastomosis between the level of the first and 
sixth cervical segments becomes enlargened to form 
the position of the vertebral artery lying within the 
costotransverse foramina of cervical vertebrae. The 
embryological development of the foramina trans-
versaria is the result of the special formation of 
the cervical transverse processes. It is formed by a 
vestigial costal element fused to the body and the 
originally true transverse process of the vertebra. 
The vertebral vessels and nerve plexus are caught 
between the body parts. The foramina transversaria 
is closed laterally by the costotransverse bar which is 
a plate of bone interconnecting the rib element to 
the original transverse process (Hamilton, 1970). 
Studies on the V2 segment of the vertebral artery are 
mainly on the tortuosity of the artery (Hadley, 1959; 
Slover and Kiley, 1965; Zimmerman and Farrell,

1970; Glover et al. , 1990). 
 This study is based on the results obtained by our 

previous study by cavdar et al. , 1994, on the morpho-
metry of foramina transversaria of cervical vertebrae, 
which showed that the dimensions of the foramina 
transversaria were not constant in all cervical levels. 

 Therefore, the question "does the calibre of the 
vertebral artery vary according to the varying dimen-
sions of the foramina transversaria?" persuaded us 
to conduct this research. Further, we could not find 
any study in literature concerning the morphometry 
of the vertebral artery at the V2 segment, which is 
clinically important in the interpretation of radio-
logical and neurological investigations. 

Materials and Method 

 This study was conducted on 9 male and 3 female 
cadaver, age ranged between 57 to 69 which were 
donated to Marmara University, Faculty of Medicine, 
department of Anatomy, Istanbul, for teaching pur- 

poses. None of the cadavers death were due to 
vertebrobasilar system diseases. The vertebral 
arteries of each cadaver were exposed by removing 
the anterior boundary of the foramina transversaria 
as suggested by Bromilow and Burns 1985. Speci-
mens were taken from the regions of the vertebral 
artery for calibre measurements as stated below. 

 1. Before entering the foramina transversaria, 2.
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Above the level of C5, 3. Above the level of C3, 4. 
Above the level of  Cl. The direction of each speci-
men was marked. The gross specimens were put into 
10% formalin for fixation. Then it was dehydrated 
with graded alcohol series, cleared with toluen and 
specimens were embeded in epon 812 (to obtain high 

 penetration). They were cut  2-3  11,L111 thickness trans-
versely with Reighert Supernova ultratome. Cross 
sections were stained with Toluidine blue. Three 
measurements from each section were obtained and 
the average of the three measurements was calculated 
under the Olympus 3H-2  microscope. Photographs 
were taken with a Olympus BH-2 photomicroscope. 
The  results  obtained were analysed statistically to 
state the significance. 

Results 

  The morphometric data were obtained from 24 
vertebral arteries. The vertebral artery entered the 
foramina transversarium at the level of C5 in 3 cases 

 (12.5%) and at the level of C6 in 21 cases  (87.5%). 
  The VA had considerable calibre differences from 

the point where it arised from the subclavian artery 
until the entrance into the cranium. The average 
calibre and the standard deviations of four measure-
ments which were obtained from four different 
portion (before entering into the foramina trans- 
versaria, above C5, above C3 and  Cl) of the same 
artery were found to be statistically significant 
P = 0.001 (Table  1). The average calibre of the ver-
tebral arteries before entering into the foramina 

 transversarium was  13.761ium, above C5 reduced 
to 13.203  pm, above C3 to 12.999  pm and at  Cl it 
was 14.91 pm, which reached its largest value 
(Graph 1). Further, statistical analysis (one factor 
Anova-Repeated measures) showed that the signifi- 
cance were observed between the following levels, 
before  entrance-C1,  C5-C1 and  C3-C1 according to 
Scheffe F-test. The measurement obtained from 

 Cl portion of the artery seemed to determine the 
significance. 
  Computing the mean values of the right and left 
seperately showed that the left had a simular calibre 
pattern as the unsplited group. But on the right, the

 Table  1. The average calibres and the standard deviations of 

        the 24 vertebral artery were calculated

Graph 1. A bar graph showing the variable calibre difference of 

     the V2 segment of the vertebral artery.

Graph 2, 3. Correlation of the calibre difference of the left and 
     right V2 segment of the vertebral artery. 

calibre began to increase at the C3 level instead of 
 Cl (Graph 2,3). 

  The correlation of the mean values obtained from 
right and left at four different points showed that, it 
was significant (P < 0.05). The variable diameter of 
the V2 segment was schematically demonstrated on 
Figure 1. 

  The observations on the histological sections of 
the four portions of the same artery showed consider-
able differences in the muscular thickness along the 
V2 segment of the vertebral artery. The average 
measurements for the right vertebral artery were 
4.28  pm before entering the foramina transversaria, 

 4.07  pm at the level of  C5,  4.62ium at the level of 
C3 and 6.57  p,m at the level of  Cl  . The average
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Fig. 1. A schematic drawing, showing the variable calibre differ-
    ence of the vertebral artery along its V2 segment (vertebral 

     artery VA, Subclavian artery SA). 

measurements for the left vertebral artery were 
4.84  [tm before entering the foramina transversaria, 
3.54  urn at the level of C5, 3.67  ium at the level of C3 
and 6.37  .tm at the level of  Cl (Table  2). 

  The increase of muscular thickness was mainly 
pronounced at  Cl level of the artery (Figure  2a,b,c,d). 

Discussion 

  There are many studies concerning the calibres of 
the vertebral artery. Each study states a constant 
calibre for both right and left vertebral arteries. 
Field (1972) angiographic, Kazui et  al.  , (1981) 
computed tomographic and Stopford (1916), 
Epstein's (1969) cadaveric studies both revealed that 
the left vertebral artery was larger than the right. 
In agreement with the above authors Taitz (1978) 
studies stated that the left foramen transversaria 
were larger than the right. None of these studies 
stated the level, which the measurements were 
obtained. This study showed that the vertebral artery 
did not have a constant calibre throughout its length. 
The vertebral arteries showed reduction in the caliber 
entering the foramina transversaria, continued to 
reduce its calibre until C3 level and above C3, it 
began to increase its calibre and reached its largest 
calibre at Cl level. Zimmerman and Farrel 1970; 
Glover et  al.  , 1990 described the most common 
tortuosity of the vertebral artery at C4-05 levels.

Table 2. The average muscular thickness for both left and 

 right vertebral arteries at its V2 segment were calculated

The study conducted by Cavdar et  al.  , 1994, showed 
that the dimensions of the foramina  transversaria of 
Atlas and Axis were the largest and decreased as 
descending to lower levels Therefore, this study 
highly correlated with the inconstant calibre of the 
vertebral artery. There was no study that we could 
reach concerning the structural and morphometric 
changes along the length of the vertebral artery to 
correlate our results. Fields (1974) remarked that 
tortuosity could be congenital developmental 
anomalies and other researches incriminated in the 
etiology of aging. Toole (1982) implicated arthero-
sclerosis as a cause of elongation of the vertebral 
artery and describes kinks or  knuckl. The widening 
and narrowing may be attributed to anomaly or 
tortuous vertebral artery, where this study showed, 
that it could be the actual anatomy at different levels 
of the vertebral artery. 

  From our point of view local factors may be 
determining the calibre differences of the ver-
tebral artery, such as dimensions of the foramina 
transversaria. 
  Physiological explanation to the varying calibres of 
the vertebral artery along its V2 segment can be a 
mechanisms regulating the arterial blood pressure by 
way of the dilatation capasities of the artery at local 
regions. These local regions can dilate when necessary 
and regulate the blood pressure reaching the brain. 
Additionally, the narrowing of the artery at lower 
levels (below C3) can be due to the course of the 
blood against gravity. Therefore, the constriction of 
the blood vessel can increase the pressure so that the 
blood is transmitted to higher levels. Therefore, the 
varying dimensions of the vertebral artery may be 
one of the factors which might regulate the blood 
pressure reaching the brain by widening and narrow-
ing its anatomical structure. 

  The significant increase in the thickness of the 
media of the artery, along its ascending length in the 
foramina transversaria can be due to the increase in 
the number of the muscle fibers or the enlargement 
of the muscle fibers. 

  The increasing thickness of the media can be 
explained by the increased distance away from the 
heart. An extra force is needed to pump the blood
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Fig. 2. Histological sections of the vertebral artery showing the muscular thickness at four (before entering the foramina transversaria, 
     at C5, at C3 and at  C1) different points along the V2 segment of the vertebral artery. 

2a: Section of the artery before entering the foramina  transversarium (magnification  x  10). 
 2b: Section of the artery at the level of C5 (magnification  x  10). 

2c: Section of the artery at the level of C3 (magnification  x  10). 
2d: Section of the artery at the level of Cl (magnification  x  10).
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against gravity to the related areas. The number of 
samples in this study was not ideal, further investi-

gations can be carried out by extending the number 
of specimens and perhaps including young subjects 
to the sample to exclude the age-related changes. 

 The histological technique which is used to deter-
mine the calibre and muscular thickness can have 
negative influence (shrinking, deformation due to 
cutting procedure) on the numerical results obtained. 
But, the same procedure was applied to all specimens. 
Therefore, we think that it would not change the 
concluding results. 

 The anatomy of the vertebral artery should be 
known well to trace clinical problems. These findings 
may guide certain neurological investigations and 
correlations of the findings with clinical symptoms 
may solve clinical situation concerning the artery. 
Additionally, more investigation with computed 
tomography and angiography is needed to correlate 
the results of this study. Hopefully, this study will 
form the basis for a future  communication. 
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