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Abstract: Objective: To apply CT angiography in the analysis of the correlation between the dominant vertebral artery 
(DVA) and the high-riding vertebral artery (HRVA) and to explore the application of atlantoaxial internal fixation in 
clinical practice. Methods: This study was conducted with a cohort of 158 cervical vertebral disease patients who 
were admitted to the department of orthopedics and traumatology of our hospital for CT angiographies of the ver-
tebral artery between December 2016 and July 2020. In total, 316 vertebral arteries were included. According to 
whether there were DVAs or not, these patients were divided into the DVA group (n=95) or the balanced vertebral 
artery group (n=63). The DVAs and HRVAs were counted. Meanwhile, the number of HRVAs was compared between 
the DVA group and the non-DVA group. The correlations between the diameter of the DVA and the distance between 
the vertebral artery foramen and the outer wall of the spinal canal, and the distance between the bulb of the verte-
bral artery foramen and the surface of the superior articular were analyzed. Results: Among the 158 patients, 95 
had DVAs (60.13%) and 54 had HRVAs (35.06%). The incidence of HRVAs in the DVA group was higher than it was 
in the balanced vertebral artery group (45.26% vs. 17.46%, P<0.001). The DVA diameters in the DVA group were 
significantly larger when compared with the non-DVA group. The distances between the vertebral artery foramen 
and the outer wall of the spinal canal in the DVA group were lower than they were in the non-DVA group (P<0.001). 
Similarly, the distances between the bulb of the vertebral artery foramen and the surface of the superior articular 
were smaller (P<0.001). The DVA diameter negatively correlated with the distance between the vertebral artery fora-
men and the outer wall of the spinal canal and the distance between the bulb of the vertebral artery foramen and 
the surface of the superior articular (both P<0.05). Conclusion: Patients with DVA have higher incidences of HRVAs. 
The diameter of the vertebral artery is negatively correlated with the distance between the bulb of the vertebral 
artery foramen and the surface of the superior articular.
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Introduction

The atlas and axis are essential for the connec-
tion between the cervical spine and the brain. 
Their characteristics are determined by their 
anatomy and structural position [1]. In clinical 
practice, the decreased stability of the atlas 
and axis is induced by a variety of factors [2-5]. 
Among them, fracture is an important one. The 
incidence of atlas fractures has been increas-
ing yearly [6]. Unstable atlas fracture refers to 
an atlas fracture combined with a transverse 
ligament rupture. When there is no transverse 
ligament rupture, the atlas fracture is called 
stable atlas fracture [7]. The biomechanical 
property of the posterior atlantoaxial pedicle 

screw internal fixation is stable. Therefore, it 
has become the main surgical method for 
reconstructing the stability of the upper cervi-
cal spine. Also, it has become an essential sur-
gery for the treatment of unstable atlas frac-
tures [8]. The surgery is effective. However, 
some patients fail to undergo the operation due 
to the difficulty or failure of the nail placement, 
which is caused by factors like the anatomical 
location, complex injuries, and individual differ-
ences [9, 10]. The anatomical structure around 
the axis and vertebral artery is complex. In 
addition, the pedicle’s volume is small, and the 
vertebral artery passes through it. There is fre-
quent anatomical variation, increasing the sur-
gical difficulty and risk [11].
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The dominant vertebral artery (DVA) is the ver-
tebral artery that has over an 0.8 mm differ-
ence in its diameter on both sides. In clinical 
practice, it is seen as a common variation of 
the vertebral artery. It was reported in previous 
studies that about 38%-73% of the population 
has a DVA. In other words, its incidence in the 
normal population is high [12]. The high-riding 
vertebral artery (HRVA) is another common  
variation of the vertebral artery. Its manifesta-
tions are too backward, inward, and a high  
position bending under the upper articular pro-
cess of the axial vertebral artery. The existence 
of an HRVA also indicates a high risk for an 
intraoperative vertebral artery injury [13, 14].

An HRVA can cause changes in the height and 
width of the C2 isthmus. To adapt to the chang-
es, the pedicle becomes abnormal. As a result, 
the difficulty and risk of the pedicle screw 
placement are increased [15]. Similarly, the  
volume of the pedicle is reduced when there is 
a DVA, which is negatively correlated with the 
width of the pedicle [16]. Based on the above 
research results, we found that the presence  
of a DVA and an HRVA can make the pedicle 
morphology abnormal. However, whether or  
not the difference in diameter on both sides of 
the DVA can cause an HRVA when it reaches a 
certain value is unknown. At present, there are 
no published studies on the relationship be- 
tween DVAs and HRVAs, so the correlation 
between DVAs and HRVAs remains to be con-
firmed. Here, we applied CT angiography (CTA) 
to observe the vascular morphology and sur-
rounding bone markers, hoping to clarify the 
correlation between DVAs and HRVAs.

Materials and methods

General information

This study was approved by the Ethics Com- 
mittee of Quanzhou First Hospital Affiliated to 
Fujian Medical University and all patients 
signed the informed consent. In total, 158 
patients with cervical vertebral diseases who 
were admitted to the department of orthope-
dics and traumatology of Quanzhou First Hos- 
pital Affiliated to Fujian Medical University for  
a CTA of the vertebral artery from December 
2016 to July 2020, were enrolled in this study. 
The cohort had a total of 316 vertebral arteries. 
The patients in the study cohort ranged in age 
from 24-68 years and had an average age of 
55.6±9.3 years.

Inclusion criteria: Patients with cervical verte-
bral diseases who wanted to undergo a CTA 
examination, patients who had complete clini-
cal data, patients whose CTA images were 
clear, and patients whose CT scan ranges were 
C1-C7.

Exclusion criteria: Patients with a previous ax- 
ial pedicle fracture, patients who had autoim-
mune diseases such as ankylosing spondylitis, 
patients who had cervical a spine tumor or 
another malignant tumor that metastasized to 
the spine, patients with congenital spinal defor-
mities, patients who had congenital or acquired 
vertebral artery stenosis or sclerosis, patients 
with diseases that affect the measurement of 
vertebral artery or bone markers, and patients 
who had contraindications to CTA examin- 
ations.

Methods

The diagnostic criterion of a DVA is a differ- 
ence in the diameters of the two vertebral ar- 
teries more than 0.8 mm [15]. The diagnostic 
criteria of an HRVA includes: (1) the distance 
between the vertebral artery foramen (tube) 
and the outer wall of spinal canal (a) is less 
than 4.5 mm, (2) the distance between the  
bulb of the vertebral artery foramen (tube) and 
the surface of the superior articular (e) is less 
than 4.5 mm [16]. All the patients in the study 
cohort underwent a CTA examination. Th- 
ereafter, three qualified readers, who were 
attending physicians or physicians with a high-
er qualification, measured the bilateral verte-
bral artery lumen diameters (d), the distances 
between the vertebral artery foramens and the 
outer walls of the spinal canal (a), and the dis-
tances between the bulbs of the vertebral 
artery foramens and the surfaces of the supe-
rior articulars (e). These were independently 
measured three times to obtain an average 
value.

Outcome measures

The number of DVAs was recorded. Their inci-
dence rate was then calculated. The diagnostic 
criterion of a DVA is a difference in the diame-
ters of the two vertebral arteries more than 0.8 
mm.

The number of HRVAs was recorded. Their inci-
dence rate was then calculated. The diagnostic 
criteria of an HRVA are the values of a and e 
both less than 4.5 mm.
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According to whether there was a DVA or not, 
the patients were assigned to the DVA group or 
the balanced vertebral artery (BVA) group. The 
incidences of HRVA were compared between 
the two groups.

In the DVA group, the correlation between the 
axial pedicle and the diameters of the domi-
nant and non-dominant sides of the left and 
right arteries were analyzed.

Statistical methods

All the data were analyzed using SPSS statisti-
cal software version 17. The normally distribut-
ed measurement data were calculated as the 
mean ± standard deviation (

_
x  ± sd); the abnor-

mally distributed measurement data were ex- 
pressed using the median (P25, P75). Inde- 
pendent sample t tests were used for the inter-
group comparison when the data were normally 
distributed and had a homogeneous variance; 
otherwise, the data were analyzed using rank 
sum tests. The enumeration data were ana-

Correlation between DVA and HRVA

The incidence rate of HRVAs in the DVA group 
was higher than the incidence rate in the BVAs 
group (45.26% vs 17.46%, P<0.001, Table 3 
and Figure 1).

Correlation between the DVA diameter and the 
pedicle-related parameters

As shown in Table 4, the diameters of the DVAs 
were significantly higher than the diameters of 
the non-DVAs; the distances between vertebral 
artery foramens and the outer walls of the spi-
nal canals in the DVA group were lower than 
they were in the non-DVA group (P<0.001). 
Similarly, the distances between the bulbs of 
the vertebral artery foramens and the surfaces 
of the superior articulars were decreased 
(P<0.001). The correlation analysis showed 
that the DVA diameter is negatively correlated 
with the distance between the vertebral artery 
foramen and the outer wall of the spinal canal 
and the distance between the bulb of the verte-

Table 1. Distribution of the DVAs (n)
In total 

(n=158)
Male 

(n=98)
Female 
(n=60) χ2/t P

Age (years) 55.6±9.3 56.7±9.1 54.3±9.6 1.576 0.117
Left DVA 70 41 29 1.411 0.494
Right DVA 25 18 7
Balanced DVA 63 39 24
Note: DVA: dominant vertebral artery.

Table 2. Distribution of the HRVAs (n)
In total 

(n=158)
Male 

(n=98)
Female 
(n=60) χ2 P

Left HRVA 22 7 10 13.300 0.004
Right HRVA 17 7 8
Bilateral HRVA 28 9 13
No HRVA 114 75 29
Note: HRVA: high-riding vertebral artery.

Table 3. Correlation between the DVAs and the HRVAs 
(n)

Group With 
HRVA

Without 
HRVA χ2 P

DVA group (n=95) 43 52 13.016 <0.001
BVA group (n=63) 11 52
Note: DVA: dominant vertebral artery; HRVA: high-riding vertebral 
artery; BVA: balanced vertebral artery.

lyzed using Pearson chi-square tests. 
The correlation analyses were perfor- 
med using Pearson product-moment 
correlation coefficients. Specifically, the 
linear correlations between a and e  
were analyzed. A difference was statisti-
cally significant when the P value was 
less than 0.05.

Results

Distribution of the DVAs

Among the 158 patients, 63 had BVAs 
and 95 had DVAs. Specifically, 70 had a 
left DVA, and 25 had a right DVA. The 
incidence rate of DVA was 60.13%. Th- 
ere was no significant difference in the 
distribution of the DVAs in the male and 
female patients (all P>0.05, Table 1).

Distribution of the HRVAs

Among the 158 patients, 54 had an 
HRVA (35.06%). As for the 316 patients 
with vertebral arteries, 76 had an HRVA 
(24.05%). The number of female HRVA 
patients among all the women was high-
er than the number of male HRVA 
patients among all the men (51.67% vs 
23.47%, P<0.01, Table 2).
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bral artery foramen and the surface of the 
superior articular (both P<0.05, Figures 2 and 
3).

Discussion

Clinical studies have found that CTA has a sig-
nificant value in the determination of vascular 
variation and the imaging of the surrounding 
tissues [17]. Dysplasia of the vertebral artery  
or one side DVA refers to a vertebral artery that 

has a significant difference in the diameter 
measured using CTA when compared with the 
other vertebral artery [18]. Variation in the ver-
tebral artery is commonly observed in clinical 
practice. It was reported that the variation was 
caused by an X chromosome abnormality, 
which caused a variation in the vertebral artery 
as early as the embryonic period [19]. In previ-
ous studies, the reported incidence rates of 
DVAs are inconsistent, with a range of 38.5 to 
73.0% [20]. Comparing the left and right DVAs, 

Table 4. Correlation between the diameters of the DVAs and the parameters related to the pedicles

Group DVA group 
(n=95)

Non-DVA 
group (n=95) t P

Bilateral vertebral artery lumen diameter (d, mm) 3.72±0.54 2.34±0.39 20.193 <0.001

Distance between the vertebral artery foramen and the outer wall of the spinal cana (a, mm) 4.46±1.39 5.67±1.26 6.286 <0.001

Distance between the bulb of the vertebral artery foramen and the surface of the superior 
articular (e, mm)

3.79±1.29 5.47±1.34 8.803 <0.001

Note: DVA: dominant vertebral artery.

Figure 1. Image of a right DVA combined with an HRVA. A: An image of a DVA; B: An image of an HRVA; C: An image 
of a right DVA combined with an HRVA. DVA: dominant vertebral artery; HRVA: high-riding vertebral artery.

Figure 2. The diameter of the vertebral artery (d) is 
negatively correlated with the distance between the 
vertebral artery foramen and the outer wall of the 
spinal canal (a).

Figure 3. The diameter of the vertebral artery (d) is 
negatively correlated with the distance between the 
bulb of the vertebral artery foramen and the surface 
of the superior articular (e).
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it was found that the incidence of a left DVA 
was twice than that of a right DVA [20]. In our 
study, 95 of 158 patients had DVAs (60.13%), 
and most DVAs were seen on the left side. This 
is similar to the above results. It was reported 
that patients with a cerebral hemorrhage and 
brain tumor, but without rheumatic diseases or 
related genetic diseases were prone to HRVA, 
the other variation of the vertebral artery. Also, 
it was reported that the incidence rate of  
HRVAs is between 10-20% [21]. Another study 
reported that the incidence rate of HRVAs in 
women above 70 years old was significantly 
increased [22]. In our study, the incidence rate 
of HRVAs (35.06%) was higher than the rates 
found in previous studies. The above studies 
were not reported by Chinese researchers, 
however. In other words, there are few relevant 
reports in China. This might be related to the 
sample size or the high incidence of HRVAs in 
the Chinese population. Our study also showed 
that the incidence rate of HRVAs in females is 
significantly higher than the incidence rate of 
HRVAs in males, which is consistent with the 
result reported above.

Previous studies have shown that the presence 
of DVAs can result in basilar vertebral artery 
curvatures. The diameter of the DVA is length-
ened. Therefore, its blood flow is significantly 
increased when compared with non-DVAs. The 
change in the long-term chronic force can grad-
ually extend a DVA to a non-DVA, and can bend 
and even angulate a DVA [23]. In our study, we 
thought that the presence of a DVA was more 
likely to induce a DVA variation. HRVA was thus 
developed. We further investigated the correla-
tion between the parameters of its bone mark-
ers and the diameter of the vertebral artery. We 
found that the diameter of the DVA is negatively 
correlated with the width and height of the  
pedicle. Similarly, it was reported that the pres-
ence of a DVA made the width of the ipsilateral 
pedicle decrease [16]. This might be caused by 
the following reasons. First, congenital factors: 
in the embryonic period, the formation and 
development of the vertebral artery occurred 
earlier than the transverse foramen. Accord- 
ingly, the development of the vertebral artery 
could influence the development of the trans-
verse foramen [24]. Second, acquired factors: 
the blood flow and pressure in the vertebral 
artery are larger and can produce pulsation, 
which might cause an erosion of the surround-

ing bones during walking. In addition, there are 
variations in the vertebral artery like DVA. In 
order to adapt to the morphological variations 
of vertebral artery, the transverse foramen and 
pedicle changed accordingly. Therefore, the 
width of the pedicle became smaller, while the 
area of the transverse foramen increased when 
the diameter of the DVA increased [25]. We 
speculated that increased risk of HRVA, which 
was caused by the presence of DVA, might be 
related to the change of the bone morphology 
in DVA.

However, this is a retrospective study conduct-
ed with a limited sample. A multi-centered 
study will be completed with a larger study 
cohort to explore the correlation between DVA 
and HRVA.

In summary, patients with DVAs have an 
increased incidence of HRVAs. The diameter of 
the vertebral artery is negatively correlated 
with the distance between the bulb of the ver-
tebral artery foramen and the surface of the 
superior articular.
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