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Introduction

The vertebral artery (VA) usually arises from the subclavian 
artery and passes through the transverse foramen (TF) from the 
C6 vertebra to the atlas. After leaving the C1 vertebra, it pierces 
the dura mater and enters the cranium to form the basilar artery. 
During development, the VA is formed by anastomosis be-
tween the cervical sclerotome segmental arteries, concurrent-
ly with the gradual regression of the intersegmental arteries.1

The cranial vasculature plays a crucial role in forming the 

cranial bony structures.2,3 A unilaterally small TF is associated 
with hypoplasia or aplasia of the VA, and internal carotid ar-
tery (ICA) hypoplasia is usually accompanied by adjacent 
bony carotid canal narrowing.4 The prevalence of an anoma-
lous VA in patients with failure of sclerotomal segmentation, 
such as occipitalization of the atlas or Klippel-Feil syndrome, 
is higher than that in the general population.5,6 Since an intact 
TF is a prerequisite for the correct development of the VA, ev-
aluating the sizes of the VA and TF could provide helpful in-
formation regarding whether a small VA is the result of hypo-
plasia or acquired narrowing.

Our hypothesis was that the size of the VA is positively cor-
related with the size of the ipsilateral TF. There has been an 
increasing understanding of the relationship between the VA 
and TF, but few studies have examined quantitatively the as-
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Background and PurposezzThe vertebral artery (VA) is important for the development of the 
transverse foramen (TF). Most studies of these structures have focused on anatomical anomalies. 
Therefore, we investigated quantitatively the association between the relative sizes of the TF 
and VA.

MethodszzWe recruited a consecutive series of subjects who underwent CT angiography to es-
timate the relative sizes of the VA and TF in axial source images. Two neurologists independently 
reviewed the axial CT images of 208 patients who had no history of transient ischemic attack or 
stroke. Averaged areas of the VA and TF were defined by the sum of the areas at each level from C3 
to C6, divided by 4. Correlation analyses were adjusted for age, sex, and vascular risk factors.

ResultszzThe mean age of the subjects was 53 years. The interobserver and intraobserver reli-
abilities of TF size were good. There was a linear relationship between the sizes of the VA and TF 
on each side (right side: r2=0.58, p<0.001; left side: r2=0.62, p<0.001). The area of the VA was 
significantly associated with that of the TF after adjusting for vascular risk factors.

ConclusionszzThe size of the VA is strongly and linearly correlated with the size of the TF. These 
findings suggest that measurement of the TF and VA with CT angiography is a reliable method 
for evaluating VA diseases, and may provide new insight into the differentiation between VA hy-
poplasia and atherosclerosis of the VA. J Clin Neurol 2012;8:259-264
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sociation between these structures. Therefore, our objective was 
to determine whether there is a size correlation between the 
VA and TF.
 

Methods

Study design and patient population
We retrospectively enrolled asymptomatic patients who under-
went neck and brain CT angiography in our hospital. Between 
January 2007 and March 2010 we enrolled consecutive pa-
tients aged 20-65 years who underwent neck and brain CT an-
giography because of dizziness and headaches that were not 
associated with any focal neurologic deficits or in order to ev-
aluate unruptured intracranial aneurysms. Demographic and 
clinical data were collected through the review of medical re-
cords. Patients with a history of stroke, transient ischemic at-
tack (TIA), or radiation of the neck were excluded, as were 
those with moyamoya disease (n=5), Takayasu’s arteritis (n= 
2), Marfan’s syndrome or other connective tissue diseases (n= 
3), cervical spinal cord tumors (n=2), motion artifacts (n=3), 
or insufficient clinical information (n=5).

Standard protocol approvals, registrations, and 
patient consent
This study was approved by the Institutional Review Board at 
Seoul National University Hospital (IRB No. H-1012-113-345). 

Imaging analysis
CT scanning was performed with a 64-slice multidetector sc-
anner (Brilliance 64, Philips Healthcare, Best, the Nether-
lands; or Sensation 64, Siemens Medical Solutions, Erlangen, 
Germany). The sequence parameter settings of the CT scan-
ner were dependent on the CT system options and were as fol-
lows: 120 kVp tube voltage, 166-305 mA, 0.6-mm slice thick-
ness, and 200×200 or 240×240 field of view with reconstruc-
tion between 1.0 and 1.5. For contrast-enhanced CT imaging 
an 18-gauge IV catheter was placed into the lesser saphenous 
vein just above the medial malleolus. Nonionic contrast ma-

terial (80-100 mL; Ultravist 370, Schering, Berlin, Germany) 
was injected at a flow rate of 5 mL/s, followed by washing out 
with 20 mL of normal saline at the same rate. CT images were 
obtained from the aortic arch to the level of the vertex when 
the Hounsfield unit number of the ascending aorta was over 
100 using the bolus-tracking method.

CT angiography data acquisition and analysis
The axial source images obtained from CT angiography were 
reviewed. Source images were converted to Digital Imaging 
and Communications in Medicine format. Axial source imag-
es were converted with the window level and width settings 
of 400 and 4000 HU, respectively, in order to enable more pre-
cise visualization of the TF. The cross-sectional areas of each 
TF and contrast-filled VA were measured with the Medical Im-
age Processing, Analysis, and Visualization program (version 
3.0, National Institutes of Health, Bethesda, MD, USA).7 The VA 
and TF usually had an ovoidal cross-sectional shape, and so 
we measured the sizes of these structures using the semiauto-
matic threshold method provided by Medical Image Process-
ing, Analysis, and Visualization program. Two trained neurolo-
gists (C. Kim and J.W. Chung) independently measured the 
sizes of the contrast-filled VA and TF while blinded to the cli-
nical and demographic data. One month later, a neurologist (C. 
Kim) repeated the measurements with the same parameters 
in order to establish the test-retest reliability. 

Fig. 1 shows a schematic representation of the measuring 
method for the cross-sectional areas of the VA and TF. The TF 
is usually cylindrical in shape, with its smallest diameter in its 
midportion; we therefore measured the size of the TF in the 
cross-sectional plane. The VA was usually divided into four 
segments. 

The averaged areas of the TF and VA were defined as the 
sum of the area measured at each level from C3 to C6, divid-
ed by 4. We excluded the C1 and C2 portions of the VA, as in 
a previous report,8 because at these levels the cephalic portion 
of the TF has a variable appearance.9

A  B  

Fig. 1. Measurements of the transver-
se foramen and vertebral artery. A: Axi-
al source image of the cervical verte-
brae. B: Schematic drawing of the trans-
verse foramen (arrow) and the contrast-
filled vertebral artery (curved arrow).
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Clinical and laboratory information
We collected demographic and clinical data, including gender, 
age, and current prescription drugs from the medical records. 
Subjects were considered hypertensive if they were taking 
antihypertensive medications, if their systolic blood pressure 
was ≥140 mm Hg, or if their diastolic blood pressure was ≥ 
90 mm Hg. Subjects were diagnosed with diabetes if they 
were taking medical treatments for diabetes, if they had a fast-
ing serum glucose level of ≥126 mg/dL, or if they had a non-
fasting random serum glucose level of ≥200 mg/dL. Subjects 
were considered to have hyperlipidemia if they had a fasting 
total cholesterol level of ≥240 mg/dL or if they were being tr-
eated with a lipid-lowering agent. A current smoker was de-
fined as a person smoking one or more cigarettes per day wi-
thin the last 6 months.

Statistical analysis
All statistical analyses were performed using the SPSS sta-
tistical package for Windows, version 18.0 (SPSS Inc., Chicago, 
IL, USA). The intra- and interobserver agreements of the mea-
sured transverse foraminal areas were calculated using intra-
class correlation coefficients (ICCs). The distribution of age 
was skewed to the left, and was thus transformed with a natu-
ral logarithmic scale in order to achieve an approximation of 
a normal distribution. The Kolmogorov-Smirnov test was 
used to test for normality. Paired t-tests were used to deter-
mine the side-to-side differences in the sizes of the TF and VA. 
The left VA was usually larger than the right, and so a correl-
ation and regression analysis was performed by splitting the 
VA into right and left VAs. Pearson’s correlation analysis was 
performed to test whether there was a linear association be-
tween the areas of the TF and VA and between the area of the 
TF and the natural-log-transformed age. Whether the area of 
the VA is more strongly associated with the ipsilateral than the 
contralateral area of the TF was assessed with z-statistics us-
ing the MedCalc software program (MedCalc Software, Ma-
riakerke, Belgium).

Multiple linear regression analysis was used to assess the 
correlations between the area of the TF, the area of the VA, the 
natural-log-transformed age, sex, and vascular risk factors (hy-
pertension, diabetes, hyperlipidemia, and current smoker). 
The area of the VA was used as a dependent variable. All vari-
ables deemed to be significant (p<0.10) using Spearman’s cor-
relation analysis were used as independent variables in multi-
ple linear regression analysis with the enter method. The level 
of statistical significance (two-sided) was set at p<0.05.

Results

In total, 208 patients were included in this study. Table 1 pro-

vides the demographic and clinical characteristic for the study 
population and information on the dominancy of VAs. Althou-
gh we included only patients without stroke/TIA, 89 (42.8%) 
had hypertension, 42 (20.2%) had hyperlipidemia, 25 (12.0%) 
had diabetes, and 46 (22%) were current smokers. The aver-
aged areas of the TF and VA were normally distributed. The 
inter- and intraobserver ICCs of the measured TF areas were 
0.84 (95% CI, 0.772-0.892) and 0.90 (95% CI, 0.859-0.935), 
respectively. Table 2 gives a side-by-side comparison of VA 
and TF areas at the different vertebral levels examined. The 
VAs and TFs were larger on the left than on the right at each 
level. In addition, the areas of both the VA and TF gradually 
decreased with increasing level on the vertebral column.

There was a linear relationship between the averaged cross-
sectional areas of the TF and contrast-filled VA on each side 
(right side: r2=0.58, p<0.001; left side: r2=0.62, p<0.001) (Fig. 
2A and B). However, the association between the natural-log-
transformed age and cross-sectional area for the TF was not 

Table 1. Demographic characteristics of the study population (n= 
208)

Characteristic n (%)*
Male 104 (50)

Age, years (mean±SD) 53.29±10.24
Risk factors
    Diabetes mellitus 25 (12)

    Hypertension 89 (42.8)

    Hyperlipidemia 42 (20.2)

    Smoking 46 (22.1)

VA dominance
     Right 49 (23.6)

     Left 108 (51.9)

     Symmetric 51 (24.5)

*Except where indicated otherwise.
VA: vertebral artery.

Table 2. Areas of the vertebral artery and the transverse foramen 
at different vertebral levels

Vertebral level* Right Left p†

Vertebral artery (mm2)

C3 7.5±2.9 8.8±3.4 <0.001
C4 7.7±2.8 9.0±3.3 <0.001
C5 8.9±4.0 9.9±3.6 0.012
C6 9.6±3.5 11.3±4.2 <0.001

Transverse foramen (mm2)

C3 20.5±5.3 22.9±5.9 <0.001
C4 21.7±5.6 23.6±5.8 <0.001
C5 22.8±6.5 24.8±6.5 <0.001
C6 23.2±8.3 26.3±9.2 <0.001

Data are mean±SD values.
*C3 to C6 indicates third to sixth cervical vertebrae, respec-
tively, †The paired t-test was used to test the side-to-side differ-
ence (significant at p<0.05).
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statistically significant (right side: r2=0.12, p=0.102; left side: 
r2=0.14, p=0.051; Fig. 2C and D).

Comparative analysis of the correlation coefficient using 
MedCalc software revealed that areas of the ipsilateral VA 
were more closely related with those of the ipsilateral TF than 
those of the contralateral TF (z-statistic: 11.085, p<0.0001 on 
the right side; z-statistic: 12.205, p<0.0001 on the left side).

A multiple linear regression analysis showed that the cross-
sectional area for the contrast-filled VA was associated with the 
cross-sectional area for the corresponding TF after adjusting 
for age (natural-log transformed), sex, hypertension, diabetes, 
hyperlipidemia, and smoking status (Table 3).

Discussion

The findings of our study show that the size of the TF is a key 

determinant of that of the VA, irrespective of vascular risk fac-
tors. Furthermore, the left TF was larger than the right TF, 
which is in line with the similar asymmetry of the VAs. We fo-
und that measurement of the TF using CT angiography source 
images is a reliable method with an excellent ICC.

The clinical importance of cranial bony structures was origi-
nally identified in patients with ICA hypoplasia, who exhibit-
ed a small bony carotid canal on CT images. It is important to 
be able to discriminate ICA hypoplasia from acquired narrow-
ing of the ICA, because in contrast to patients with atheroscle-
rotic narrowing, patients with ICA hypoplasia usually have a 
benign course.4,10,11 However, it is difficult to define VA hypo-
plasia (VAH) because no consensus criteria exist for this con-
dition,12-17 and few studies have investigated the association 
between the VA and its corresponding TF. Our study shows 
clearly that the size of the VA is directly proportional to the 
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Fig. 2. Scatter plot showing the relationships between the areas of the vertebral artery and transverse foramen, and age (log-transformed). 
A positive relationship was observed between the areas of the vertebral artery and transverse foramen (A and B), but the association be-
tween the log-transformed age and the area of the transverse foramen was not significant (C and D; Pearson’s correlation, significant at 
<0.05). Log age indicates values for log-transformed age.
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size of the TF. We should also emphasize that simultaneous ev-
aluation of the VA and TF is important for differentiating be-
tween other VA pathologies and VAH, because a small VA 
with a considerably large TF might represent consistent evid-
ence of diffuse narrowing or acquired shrinkage of the VA.

The incidence of an abnormal entrance to the VA that does 
not pass through the sixth TF is 5-10%,18,19 and a TF that is 
filled with the VA is usually larger than an unfilled TF.18 Hy-
poplasia or atresia of the VA is usually associated with ab-
normal variations in the TF.2 Our quantitative results support 
these observations. During early embryogenesis of the aortic 
arch and great vessels, the intersegmental arteries of the dorsal 
aorta develop to supply the growing somites.20 Segmental ar-
teries from the first to sixth cervical areas become anasto-
mosed longitudinally with each other, and the seventh seg-
mental artery connects these primitive VAs to the subclavian 
artery concurrently with the gradual involution of the interseg-
mental arteries connected to the dorsal aorta.1 Therefore, we 
suggest that this close developmental relationship between the 
VA and TF persists into the late adult period.

We identified herein that the areas of the TF and VA gradu-
ally decreased with increasing level on the vertebral column, 
even within a VA V2 segment. The incidence of VAH varies 
with sex, the population studied, and the diagnostic methods 
used. Most researchers define VAH as merely a small VA on 
angiography, and more than half of patients exhibit VA asym-
metry. Therefore, older patients or those with concurrent ath-
erosclerotic risk factors are easily diagnosed with VAH. More-
over, defining VAH by measuring the rostral segment of the 
VA might tend to overestimate the incidence of VAH. There-
fore, the TF may be a reliable anatomic landmark for stan-
dardizing the measurement of VA size.

Some limitations of the present study should be noted. First, 
the retrospective observational study design in a single-center 
tertiary hospital may have resulted in bias when assessing the 
data. Second, we planned to include asymptomatic patients wi-

thout vertebrobasilar diseases. However, more than half of the 
subjects had one or more conventional vascular risk factors. 
Nevertheless, the relatively young age and the absence of TIA 
or stroke in our subjects may have strengthened our results. 
Third, no conventional angiographic data were available to 
compare the size of the measured variables. Digital subtrac-
tion angiography is still accepted as the gold standard for as-
sessing craniocervical vessels. However, it is an invasive pro-
cedure in which periprocedural morbidity occurs in up to 4% 
of cases.21,22 It is inappropriate to use digital subtraction angi-
ography as a diagnostic method in asymptomatic subjects. Fi-
nally, our results cannot be generalized directly to other sub-
jects. Acquired erosion of the TF is associated with VA tortuo-
sity,23 neurofibroma, and schwannoma,24,25 as well as acquired 
connective-tissue diseases.26,27 However, the incidence of VA 
tortuosity is approximately 3%23 and that of the other condi-
tions is considerably lower.

In summary, the TF area was positively correlated with the 
corresponding (ipsilateral) VA area. A small VA relative to the 
TF may be a clue for acquired shrinkage or narrowing of the 
VA. In addition to conventional cerebral angiography, the VA/
TF area ratio may be a valuable diagnostic tool for evaluating 
VA disease.
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