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Abstract

Background: A high-riding vertebral artery (HRVA) is an intraosseous anomaly that narrows the trajectory for C2
pedicle screws. The prevalence of a HRVA is high in patients who need surgery at the craniovertebral junction, but
reports about HRVAs in subaxial cervical spine disorders are limited. We sought to determine the prevalence of
HRVAs among patients with subaxial cervical spine disorders to elucidate the potential risk for VA injury in subaxial
cervical spine surgery.

Methods: We included 215 patients, 94 were with a main lesion from C3 to C7 (subaxial group) and 121 were with
a main lesion from T1 to L5 (thoracolumbar group). A HRVA was defined as a maximum C2 pedicle diameter of <
3.5 mm on axial CT. The sex, age of patients, body mass index (BMI), osteoarthritis of the atlantoaxial (C1-2) facet
joints, and prevalence of a HRVA in the 2 groups were compared and logistic regression was used to identify the
factors correlated with a HRVA.

Results: The patients in the subaxial group were younger than those in the thoracolumbar group, but their sex and
BMI did not differ significantly between the 2 groups. The mean osteoarthritis grade of the C1-2 facet joints of
patients in the subaxial group was significantly higher than that in those in the thoracolumbar group. A HRVA was
found in 26 patients of 94 (27.7 %) in the subaxial group and in 19 of 121 (15.7 %) in the thoracolumbar group. The
prevalence of a HRVA in the subaxial group was significantly higher and osteoarthritis of C1-2 facet joints correlated
significantly with a HRVA.

Conclusions: The prevalence of a HRVA in patients with subaxial cervical spine disorders is higher than in those
without and osteoarthritis of the C1-2 facet joints is correlated with a HRVA.
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Background
Cervical pedicle screws (CPSs) have enabled us to
perform rigid internal fixation [1]. In particular, PSs for
the axis (C2 PSs) have been used more frequently be-
cause they are the most feasible and reliable anchor for
posterior instrumentation surgery in the cervical spine.
However, they have to be applied carefully because of
the possibility of injury to the vertebral artery (VA)
caused by the misposition of a CPS, which could develop
into serious complications, such as cerebellar infarction
or brain stem infarction [2]. Thus, it is very important to
evaluate the course of the VA preoperatively and select
appropriate instruments for surgery.
A high riding vertebral artery (HRVA) is an intraoss-

eous anomaly that unusually courses too medially, too
posteriorly, and/or too superiorly at the isthmus of the
C2 vertebra, resulting in narrowing of the trajectory for
C2 PS. There is a significantly higher risk of VA injury
by C2 PS insertion in patients with a HRVA [3]. To date
there have been several studies of the prevalence of a
HRVA. In studies using cadavers, the prevalence of a
HRVA was found as 11.7–20.0 % [4, 5]; in studies target-
ing patients with cervical spine disorders the prevalence
was found as 14.5–31.0 % [3, 6]; and in those without
cervical spine disorders the prevalence was found as
10.1–16.5 % [7, 8]. The prevalence of a HRVA is
especially high in surgery at the craniovertebral junction
[6, 9]. Thus, it is possible that the prevalence of a HRVA
is different depending on the level of spinal pathology.
However, there are scant reports of a HRVA in patients
with subaxial cervical spine disorders despite that pos-
terior fixation is frequently performed for the subaxial
cervical spine including C2. The primary objective of
this study was to compare the prevalence of HRVAs
among patients with subaxial cervical spine disorders

with that among those with thoracolumbar spine
disorders to elucidate the potential risk for VA injury in
subaxial cervical spine surgery.
It is known that rheumatoid arthritis (RA) causing

deformity of the C1-2 facet joint is a risk factor for a
HRVA [10–12]. Tomasz et al. reported that the estimated
prevalence of a HRVA in those with RA was 42.9 % and
significantly higher than that in those without RA [12].
However, we often detect a HRVA when we perform a
posterior cervical spine surgery for those without RA.
Therefore, the secondary objective of the present study
was to clarify the risk factors for a HRVA other than RA.
We focused on the deformity of the C1-2 facet joints and
investigated the correlation between the degenerative
change of the C1-2 facet joints and a HRVA.

Materials and methods
We analyzed the medical records of 325 consecutive
patients who underwent subaxial cervical spine surgery
(subaxial group) and who underwent myelography for
thoracolumbar disorders (thoracolumbar group) at our
institute from December 2012 to June 2020. The study
was approved by our institutional review board and in-
formed consent was obtained from all participants. The
subaxial group included those with their main lesion
from C3 to C7, and the thoracolumbar group included
those with their main lesion from T1 to L5. In both
groups, those with rheumatoid arthritis and congenital
skeletal anatomy were excluded because these conditions
are already known as risk factors for a HRVA. In
addition, those with pyogenic spondylitis, spinal tumor,
spinal injury, and patients with previous cervical spine
surgery were excluded (39 patients in the subaxial group
and 71 patients in the thoracolumbar group, Fig. 1).

Fig. 1 Patient flow chart. RA: rheumatoid arthritis. CSA: congenital skeletal anatomy
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Ultimately, the subaxial group included 94 patients (67
men, 27 women, mean age 61.9 years) and the thoracol-
umbar group included 121 patients (71 men, 50 women,
mean age 67.1 years).
The subaxial group included 48 patients with ossifica-

tion of the posterior longitudinal ligament (OPLL), 38
with cervical spondylosis, 3 with cervical spondylotic
radiculopathy, 3 with cervical spine kyphosis, and 2 with
cervical spondylotic amyotrophy. The surgical method in
the subaxial group was posterior fixation including C2
(46 patients), posterior fixation above C3 (25 patients),
anterior fusion (16 patients), and posterior laminoplasty
without fixation (7 patients). In 46 patients who under-
went posterior fixation including C2, the instruments
used for C2 were as follows: PSs were applied bilaterally
to 20 patients, unilaterally to 2 patients, PSs and laminar
screws bilaterally to 21 patients, pars screws and laminar
screws bilaterally to 2 patients, and laminar screws bilat-
erally to 1 patient.
The thoracolumbar group included 82 patients with

lumbar spinal canal stenosis, 17 with degenerative lum-
bar kyphoscoliosis, 15 with thoracic ossification of the
yellow ligament (OYL), and 7 with thoracic spondylotic
myelopathy.
We performed preoperative 3-dimensional computed

tomographic angiography (3D CTA) for all the patients
in the subaxial group and CT myelography for all the
patients in the thoracolumbar group. For all the patients
in each group, we searched for HRVAs in axial slices (1
mm thick) that were along the orthogonal horizontal
plane (Fig. 2). We defined a HRVA as a maximum C2 ped-
icle diameter of < 3.5 mm on the axial image, because the
minimal diameter of the commonly used screw is 3.5 mm.
In addition, we evaluated osteoarthritis of the

atlantoaxial (C1-2) facet joints in the coronal plane of

CT of all the patients in each group. Assessment of facet
joint osteoarthritis was conducted with a grading scale
as described previously [13, 14]. Grade 0 indicates a nor-
mal facet joint, grade 1 shows joint space narrowing,
grade 2 shows narrowing and sclerosis of facet joint, and
grade 3 shows narrowing, sclerosis and osteophytes
(Fig. 3).
The sex, age of patients, body mass index (BMI),

osteoarthritis grade of the C1-2 facet joints, and preva-
lence of a HRVA in the 2 groups were compared using
an unpaired Student t test, a Pearson χ2 test, and a
Mann–Whitney U test as appropriate. Logistic regres-
sion was used to identify the risk factor for a HRVA.
Age, sex, BMI, and osteoarthritis grade of the C1-2 facet
joints were added as independent variables for multiple
logistic regression analysis. All the analyses were per-
formed using IBM SPSS Statistics for Windows (version
26.0) and statistical significance was considered estab-
lished at p < 0.05.
The instruments used for C2 pedicles with a HRVA in

the subaxial group were analyzed. For all the patients in
the subaxial group, we analyzed neurovascular injury as
a complication of surgery derived from screw insertion.

Results
The age of the patients differed significantly between the
2 groups, but the sex ratio and BMI did not differ
significantly between the 2 groups (Table 1).
Of 94 patients in the subaxial group, 17 presented with

grade 0 (18.1 %) osteoarthritis of the atlantoaxial (C1-2)
facet joints, 24 with grade 1 (25.5 %), 45 with grade 2
(47.9 %), and 8 with grade 3 (8.5 %). Of 121 patients in
the thoracolumbar group, 24 presented with grade 0
(19.8 %) osteoarthritis of the atlantoaxial (C1-2) facet
joints, 46 with grade 1 (38.0 %), 47 with grade 2 (38.8 %),

Fig. 2 Pedicle diameter of the axis (C2) measured on axial computed tomography (CT). a Axial CT angiography. The pedicle diameter on both
sides was <3.5 mm. b Axial CT myelography. The pedicle diameter on the left side was >3.5 mm, but <3.5 mm on the right side
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and 4 with grade 3 (3.3 %). When we compared the
grades of osteoarthritis between the subaxial group and
the thoracolumbar group, the mean grade in the subaxial
group was significantly higher than that the thoracolum-
bar group (p = 0.037; Table 1).

A HRVA was detected in 45 (20.9 %) of the 215
patients. Of 94 patients in the subaxial group, 26
(27.7 %) had a HRVA. Of 121 patients in the thora-
columbar group,19 (15.6 %) had a HRVA. The preva-
lence of a HRVA in patients in the subaxial group

Fig. 3 Grading scale for osteoarthritis of the atlantoaxial (C1-2) facet joints. Grade 0 = normal. Grade 1 = joint space narrowing. Grade 2 =
narrowing plus sclerosis. Grade 3 = severe osteoarthritis with narrowing, sclerosis, and osteophytes

Table 1 Data summary for patients in the subaxial and thoracolumbar groups

Subaxial group (94 patients) Thoracolumbar group (121 patients) p

Sexa Male 67 Male 71 0.06

Female 27 Female 50

Agea 61.9 ± 11.1 67.1 ± 10.2 0.001*

BMIa 25.6 ± 5.8 24.8 ± 4.5 0.29

Diagnosis cervical OPLL 48, cervical spondylosis 38,
cervical spondylotic radiculopathy 3,
cervical spine kyphosis 3,
cervical spondylotic amyotrophy 2

lumbar spinal canal stenosis 82,
degenerative lumbar kyphoscoliosis 17,
thoracic OYL 15,
thoracic spondylotic myelopathy 7

OA grade of the C1-2 facet jointsa Grade 0 17 Grade 0 24 0.037*

Grade 1 24 Grade 1 46

Grade 2 45 Grade 2 47

Grade 3 8 Grade 3 4

HRVAa 26 cases (27.7%) 20 cases (15.6%) 0.033*

aSex and the prevalence of a high-riding vertebral artery (HRVA) were compared using a Pearson χ2 test. Age and BMI were compared using an unpaired Student
t test. OA grade of the C1-2 facet joints was compared using a Mann–Whitney U test. *p < 0.05
BMI Body mass index, OPLL Ossification of the posterior longitudinal ligament, OYL Ossification of the yellow ligament, OA Osteoarthritis
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was significantly higher than it was in the thoracol-
umbar group (p = 0.033; Table 1).
Multiple logistic regression indicated that osteoarth-

ritis of the C1-2 facet joints was a significant risk factor
for a HRVA (odds ratio 1.66, 95 % confidence interval
1.05–2.63, p = 0.031; Table 2).
For those with a HRVA in the subaxial group (31 sides

of 26 patients), 9 sides had a laminar screw inserted, and
in 22 sides no screw was inserted (Table 3). No PS was
applied to those with a HRVA. No neurovascular injury
derived from screw insertion occurred in any patient.

Discussion
In the present study, which excluded those with RA, the
prevalence of a HRVA in the subaxial group was 27.7 %
and that in the thoracolumbar group was 15.6 %, as con-
sistent with findings of previous studies. The prevalence of
a HRVA in patients in the subaxial group was significantly
higher than that in those in the thoracolumbar group.
This means that a HRVA is more frequent in patients with
a subaxial cervical spine disorder than in normal individ-
uals, and that the prevalence of a HRVA might be lower
in patients with thoracolumbar disorders.
While it is already known that RA and Down syn-

drome, which cause deformity of the C1-2 facet joint,
are risk factors for a HRVA, the present study suggests
that subaxial cervical spine disorder is also associated
with the presence of a HRVA. Vanek et al. reported that
female sex and age > 70 years were significant risk fac-
tors for a HRVA [15], which was not confirmed in the
present study, nor was BMI found to be a risk. Rather,
logistic regression using the present data indicated that
osteoarthritis of a C1-2 facet joint is a significant risk
factor for a HRVA. Degenerative change of the C1-2
facet joints may lead to bone deformation and thinning
of the C2 isthmus as found in those with RA; therefore,
the prevalence of a HRVA in subaxial cervical spine
disorders in which C1-2 facet joints tend to degenerate
is more frequent than in normal individuals. As such, we
should be vigilant for a HRVA when we perform surgery
not only for those with RA, Down syndrome, and with
the main lesion at the craniovertebral junction, but also
in those with a subaxial cervical spine disorder.

Tomasz et al. reported that systemic, periarticular, and
local osteoporosis could affect the formation of a HRVA
in those with RA [11]. According to this hypothesis and
the results of this study, a HRVA could be considered to
have an acquired nature. Although, a HRVA is more
frequent in those with congenital skeletal anatomy [6].
We were unable to conclude whether an acquired factor
or a congenital factor is of more importance in forming
of a HRVA, and a HRVA could have both an acquired
and a congenital nature.
The definition of HRVA in this study using the axial

plane of CT differs from the widely accepted definition.
In general, a HRVA is usually defined with sagittal plane
of CT as a C2 isthmus height of ≤5mm and/or internal
height of ≤2 mm [12] and the definition of HRVA in this
study was more of a “narrow pedicle”. However, Maki
et al. reported that a medially-shifted VA precluded safe
C2 PS insertion and that axial plane of CT should be
evaluated to avoid VA injury before inserting C2 PS
[16]. Thus, we followed their definition because “medi-
ally-shifted” VA demands more attention than a “high-
riding” VA when we insert a C2 PS in clinical practice.
In general, C2 PSs are considered safer than subaxial

(C3–C6) PSs in patients without a HRVA because the
trajectory of a C2 PS can be confirmed directly and the
insertion angle for a C2 PS is significantly less mediolat-
erally than the angle for a subaxial PS. Therefore, C2
PSs tend to be used more frequently for posterior fix-
ation surgery. In the present study, more than half of the
patients who underwent posterior surgery in the subaxial
group (46 of the 78 cases) needed fixation including C2.
However, insertion of C2 PSs in patients with a HRVA
bears a considerable risk of VA injury [17]. Yoem et al.
reported that among the C2 PSs inserted for patients
with a HRVA, about half violated the VA groove [3],
which indicates that C2 PSs are not appropriate for
patients with a HRVA. We did not use a C2 PS in any
patient with a HRVA, but used a laminar screw instead
or avoided inserting screws entirely. As a result, we had
no neurovascular injury as a complication of surgery in

Table 2 Multiple logistic regression of risk factors for a high-
riding vertebral artery (HRVA)

Variablea Odds
ratio

95% confidence
interval

p

sex (female: male) 1.19 0.59–2.34 0.64

age 0.98 0.95–1.02 0.36

BMI 0.98 0.91–1.05 0.53

OA grade of the C1-2 facet joints 1.82 1.17–2.84 0.008*

aFor this analysis, male = 0 and female = 1. *p < 0.05
BMI Body mass index, OA Osteoarthritis

Table 3 Data for instruments used for the C2 pedicle in
patients with a HRVA (31 sides of 26 patients)

Instrument

Pedicle screw 0

Laminar screw 9

Pars screw 0

No insertion Anterior fusion 9

Only decompression 1

Fixation above C3 10

Avoid insertion 2

Total 31
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these patients. Moreover, Salunke et al. reported a “C2
subfacetal screw” that was inserted directly into the C2
body while safeguarding the VA that was dissected from
the medial border of the C2 transverse foramen [18].
This screw insertion technique may be an alternative for
those with a HRVA. When instrumentation for C2 is
needed for patients who will undergo subaxial cervical
spine surgery, we should look carefully for a HRVA
using preoperative CT, and apply instruments other than
PSs in those with a HRVA.
There are several limitations to our study. First, the

patients examined in this study were all Japanese admit-
ted to a single university hospital. It may not be possible
to widely generalize the results of our study to patients
of other ancestry. Second, the sample size of our study
was relatively small.

Conclusion
The prevalence of a HRVA in patients with subaxial cer-
vical spine disorders is higher than in those without and
osteoarthritis of the C1-2 facet joints correlates signifi-
cantly with a HRVA.
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