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Abstract:

Background: The vertebral artery exhibits considerable anatomical variability in its caliber, course, transverse
foramen entry, dominance, and branching pattern. Recognition of these variations is important for accurate
radiological interpretation and safe cervical and craniovertebral procedures.

Aim: To evaluate the frequency and patterns of vertebral artery anatomical variations using existing cadaveric
and radiological records.

Methodology: A retrospective record-based descriptive observational study was conducted in the Department of
Anatomy, Darbhanga Medical College, Laheriasarai, Darbhanga, Bihar. Fifty eligible adult records were
reviewed, comprising 25 cadaveric and 25 radiological records. Vertebral artery findings were extracted
systematically and analyzed using SPSS version 27.0. Frequencies and percentages were calculated.

Results: Normal vertebral artery anatomy was observed in 32 (64%) records, while variations occurred in 18
(36%). Hypoplasia was the most frequent variation (14%), followed by tortuosity (10%), variation in transverse
foramen entry level (8%), and duplication (4%). Left vertebral artery dominance was observed in 42%, right
dominance in 28%, and co-dominance in 18%. Findings were broadly comparable between cadaveric and
radiological records.

Conclusion: Vertebral artery variations were relatively common, emphasizing their importance in anatomical
assessment, radiological interpretation, and procedural planning.
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Introduction

The vertebral artery is a significant part of the pos-
terior cerebral circulation and supplies a significant
amount of blood to the brainstem, cerebellum, spinal
cord, and to the posterior portions of the brain [1]. It
typically originates from the beginning of the sub-
clavian artery and runs through the cervical vertebral
transverse foramina, typically at the C6 level. It then
passes superiorly through the transverse foramen of
C1, curves medially around the posterior arch of the
atlas, and enters the cranial cavity through the fora-
men magnum. In the cranial cavity, the right and left
vertebral arteries merge close to the lower border of
the pons to create the basilar artery [2]. This is the
normal position, but the distribution of the vertebral
artery in terms of the origin, course, level of its entry
into the transverse foramina, size, branching, domi-
nance and termination are all well recognised.
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Vertebral artery anatomical variations are mainly as-
sociated with its embryology [3]. The development
of the artery occurs by longitudinal anastomoses of
cervical intersegmental arteries with selective per-
sistence and regression of embryonic vascular chan-
nels. Variations in the final arterial origin and course
can occur from abnormal persistence or regression
of these vessels. These developmental anomalies
can give rise to unusual origins, abnormal levels of
entry into the cervical transverse foramina, tortuos-
ity, duplication, fenestration and/or modified rela-
tionships with the cervical vertebrae. Knowledge of
these developmental variants is significant because
many of them have no clinical significance but can
be important in diagnostic or surgical procedures of
the cervical spine or craniovertebral junction.
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The origin of the vertebral artery is one of the most
common places of anatomical variation [4]. It usu-
ally comes from the subclavian artery but sometimes
directly from the aortic arch (usually on the left) or
the common carotid artery or other branches of the
subclavian arterial system. Variations in the point of
entry of the artery into the transverse foramen have
also been reported, with the artery entering at C5,
C4, or higher in the cervical spine in a certain num-
ber of people [5]. Importance of these variations: an
artery that enters the transverse foramen at an atypi-
cal level might have an atypical relationship with the
adjacent cervical structures and thus be more sus-
ceptible to injury during surgical procedures.

Other variations of the extracranial course of the ver-
tebral artery are also important from an anatomical
and clinical point of view [6]. A relatively vertical
course is normally taken by the artery through the
cervical transverse foramina, where it then turns lat-
erally and posteriorly around the atlas. But tortuos-
ity, looping, medial deviation, and asymmetrical
courses can be present. From the normal anatomical
description, an abnormal course could move the ar-
tery nearer to the spinal canal, neural foramina, un-
covertebral joints, or to the operative field. This is
especially important for cervical spine surgery (pos-
terior instrumentation, screw fixation, decompres-
sion, atlantoaxial surgery, and surgery of the cranio-
vertebral junction), where unexpected arterial anat-
omy can be a source of vascular injury.

The capability of identifying the variations of the
vertebral arteries in living persons has greatly bene-
fited from radiological investigations. The origin,
diameter, course, transverse foraminal entry, and re-
lationship of the artery to adjacent osseous structures
are demonstrable by computed tomography angi-
ography, magnetic resonance angiography, digital
subtraction angiography, and multidetector com-
puted tomography [7]. Computed tomography angi-
ography will be helpful, especially when used to as-
sess vascular and bony anatomy at the same time,
which is critical preoperatively. Magnetic resonance
angiography is a non-invasive technique for the as-
sessment of the vertebrobasilar circulation and its in-
tracranial structures. It is crucial to recognize normal
anatomical variants on imaging to prevent misinter-
pretation and enhance procedural planning.

Vertebral arteries can also be quite unevenly sized
from side to side. Often, one of these arteries is
larger, and the other is smaller [8]. Vertebral artery
hypoplasia and significant asymmetry of the diame-
ters have been noted in an anatomical and radiolog-
ical study, and may affect the hemodynamics of the
posterior circulation. There are further variations
such as duplication, fenestration, irregular termina-
tion, and differences in the origin or course of the
posterior inferior cerebellar artery. In some cases,
the vertebral artery may end as the posterior inferior
cerebellar artery instead of as a major component of
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the basilar artery. These are important for under-
standing when interpreting vascular imaging and for
planning endovascular or neurosurgical interven-
tions.

The intracranial vertebral artery is in proximity to
significant neurological structures such as the me-
dulla, lower cranial nerves, posterior inferior cere-
bellar artery and anterior spinal artery. Thus, these
variations in these vascular relationships may have
relevance for posterior fossa surgery, aneurysm
management, vascular reconstruction and endovas-
cular interventions. The knowledge of these patterns
helps differentiate anatomical variants from patho-
logical conditions and in minimizing the risk of un-
intentional vascular injury.

Cadaveric studies continue to play a significant role
in the understanding of vertebral artery anatomy due
to the ability of direct dissection to dissect the vessel
and observe its relationship with muscles, fascia,
cervical vertebrae and neural structures, as well as
its relationship with the surrounding tissues. Radio-
logical studies, on the other hand, give information
from living subjects and enable evaluation of the
vascular morphology without dissection. Cadaveric
and radiological data can therefore be used as com-
plementary data and enable a more comprehensive
evaluation of vertebral artery variability. A retro-
spective record-based approach also allows the eval-
uation of previous anatomical and imaging data in a
systematic way without conducting further investi-
gations on the subjects.

Vertebral artery variation exists across a variety of
specialties, including anatomy, radiology, neurosur-
gery, orthopaedics, vascular surgery and interven-
tional medicine, and is clinically meaningful. Unrec-
ognized variations can pose the risk of vascular in-
jury during surgery on the cervical spine and the cra-
niovertebral junction, and can make endovascular
surgery more difficult. Hence, it is imperative to rec-
ord the incidence and morphologic types of VAVs
both for anatomical knowledge and for clinical se-
curity. The present study “Anatomical Variations of
the Vertebral Artery: A Retrospective Record-Based
Study Using Cadaveric and Radiological Data” is
aimed at systematically evaluating the variations in
the origin, course, level of transverse foraminal en-
try, caliber, dominance, branching, and termination
of the vertebral artery in available cadaveric and ra-
diological records. These results could help in better
understanding of anatomy, radiology and safer plan-
ning of procedures in and around the vertebral artery
and cervical spine.

Methodology

Study Design: The present study was conducted as
a retrospective record-based descriptive observa-
tional study to evaluate the anatomical variations of
the vertebral artery using existing cadaveric dissec-
tion records and radiological imaging data. The
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study aimed to assess the frequency, pattern, and dis-
tribution of vertebral artery variations without any
direct intervention or examination of subjects. Pre-
viously recorded anatomical and imaging findings
were reviewed and analyzed to identify variations in
the origin, course, entry level into the transverse fo-
ramen, dominance pattern, and other morphological
characteristics of the vertebral artery.

Study Setting: The study was carried out in the De-
partment of Anatomy, Darbhanga Medical College,
Laheriasarai, Darbhanga, Bihar, India. The depart-
ment maintains archived cadaveric dissection rec-
ords and collaborates with the radiology department
for the storage and retrieval of imaging data. These
records served as the primary source of information
for the present retrospective analysis.

Study Duration: The study was conducted over a
period of three months.

Participants
Inclusion Criteria

e Cadaveric records with complete documenta-
tion of vertebral artery anatomy.

e Radiological records (CT angiography, MR an-
giography, or contrast-enhanced imaging)
showing clear visualization of the vertebral ar-
teries.

e  Adult specimens or patients aged 18 years and
above.

e Records containing adequate demographic and
anatomical information.

e Records available within the study period and
institutional archive.

Exclusion Criteria

e Incomplete or damaged records.

e (Cadaveric specimens with evidence of trau-
matic injury or surgical alteration involving the
neck vessels.

e Radiological images with poor quality or inad-
equate visualization of the vertebral arteries.

e Duplicate records.

e Pediatric cases below 18 years of age.

Study Sampling: A purposive sampling method
was adopted. All available cadaveric and radiologi-
cal records meeting the inclusion criteria during the
study period were reviewed. Eligible records were
selected consecutively until the required sample size
was achieved.

Study Sample Size: A total of 50 records were in-
cluded in the study. The sample comprised both ca-
daveric dissection records and radiological imaging
records that fulfilled the predefined eligibility
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criteria. This sample size was considered adequate
for describing the frequency and pattern of vertebral
artery variations within the available institutional
records.

Study Groups: For comparative analysis, the rec-
ords were categorized into two groups:

e  Group A: Cadaveric records (n =25)
e  Group B: Radiological records (n = 25)

The anatomical findings obtained from both groups
were compared to assess similarities and differences
in vertebral artery variations.

Study Procedure: Archived cadaveric and radio-
logical records were retrieved from the departmental
database. Each record was carefully reviewed for el-
igibility. Relevant anatomical information regarding
the vertebral artery was extracted using a structured
data collection form. Variations were classified ac-
cording to standard anatomical descriptions. The
collected data were subsequently compiled and or-
ganized for analysis.

Data Collection: Data were collected from depart-
mental record registers, dissection reports, and radi-
ological imaging archives. Information related to de-
mographic characteristics and vertebral artery mor-
phology was documented systematically. Confiden-
tiality of all records was maintained throughout the
study, and personal identifiers were removed during
data extraction.

Data Analysis: The collected data were entered into
Microsoft Excel and analyzed using Statistical Pack-
age for Social Sciences (SPSS) version 27.0. De-
scriptive statistics were applied to summarize the
findings. Categorical variables were expressed as
frequencies and percentages. The Chi-square test or
Fisher’s exact test was used for comparison between
groups wherever applicable. A p-value of less than
0.05 was considered statistically significant.

Result

Table 1 shows the distribution of the 50 study rec-
ords according to their source. Of the total records,
25 (50%) were obtained from cadaveric records,
while an equal number of 25 (50%) were obtained
from radiological records. Thus, both sources con-
tributed equally to the study sample, ensuring a bal-
anced representation of anatomical information
from direct cadaveric observations and imaging-
based records. The equal distribution allowed the
study to incorporate findings from both anatomical
and radiological perspectives. Overall, the study
comprised 50 records, with each source accounting
for exactly half (50%) of the total dataset.
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Table 1: Distribution of Study Records According to Source
Source of record Number (n) Percentage (%)
Cadaveric records 25 50
Radiological records 25 50
Total 50 100

Table 2 shows the distribution of vertebral artery
findings according to their anatomical type among
the 50 study records. A normal anatomical pattern
was observed in 32 (64%) records, representing the
most common finding. Vertebral artery hypoplasia
was identified in 7 (14%) records, followed by tor-
tuosity in 5 (10%) records. Variation in the

transverse foramen entry level was observed in 4
(8%) records, whereas duplication was the least fre-
quent finding, occurring in 2 (4%) records. Overall,
the findings demonstrated that normal vertebral ar-
tery anatomy predominated, while anatomical vari-
ations collectively accounted for 18 (36%) of the ex-
amined records.

Table 2: Distribution of Vertebral Artery Findings According to Type
Vertebral artery finding Number (n) Percentage (%)
Normal anatomical pattern 32 64
Hypoplasia 7 14
Tortuosity 5 10
Variation in transverse foramen entry level 4 8
Duplication 2 4
Total 50 100

Table 3 shows the side-wise distribution of vertebral
artery variations among the 100 assessed sides. Var-
iations were more frequently observed on the right
side, where 10 (20.0%) sides demonstrated a varia-
tion and 40 (80.0%) showed a normal anatomical
pattern. On the left side, variations were identified
in 8 (16.0%) sides, while 42 (84.0%) exhibited a

normal pattern. Overall, 18 (18.0%) sides showed
vertebral artery variations, whereas 82 (82.0%) sides
demonstrated normal anatomy. Thus, the findings
indicated a slightly higher frequency of vertebral ar-
tery variations on the right side compared with the
left side.

Table 3: Side-wise Distribution of Vertebral Artery Variations
Side Variation present n (%) Normal pattern n (%) | Total
Right 10 (20.0) 40 (80.0) 50 (100.0)
Left 8 (16.0) 42 (84.0) 50 (100.0)
Total 18 (18.0) 82 (82.0) 100 (100.0)

Table 4 shows the distribution of vertebral artery
dominance patterns among the 50 study records.
Left vertebral artery dominance was the most fre-
quently observed pattern, occurring in 21 (42%) rec-
ords. Right vertebral artery dominance was identi-
fied in 14 (28%) records, while a co-dominant pat-
tern was observed in 9 (18%) records. A hypoplastic
vertebral artery pattern was present in 6 (12%)

records, representing the least common pattern.
Overall, the findings demonstrated a predominance
of left-sided vertebral artery dominance, followed
by right-sided dominance, co-dominance, and hypo-
plastic patterns. This distribution indicated consid-
erable variation in vertebral artery dominance
among the examined records.

Table 4: Distribution of Vertebral Artery Dominance Pattern
Dominance pattern Number (n) Percentage (%)
Left vertebral artery dominant 21 42
Right vertebral artery dominant 14 28
Co-dominant 9 18
Hypoplastic vertebral artery pattern 6 12
Total 50 100

Table 5 compares vertebral artery findings between
cadaveric and radiological records. A normal ana-
tomical pattern was the most common finding in
both cadaveric records, 17 (68.0%), and radiological
records, 15 (60.0%), with an overall frequency of 32
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(64.0%). Hypoplasia was observed in 3 (12.0%) ca-
daveric and 4 (16.0%) radiological records, while
tortuosity occurred in 2 (8.0%) and 3 (12.0%), re-
spectively. Variation in transverse foramen entry
level was equally distributed, with 2 (8.0%) records
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in each group. Duplication was the least frequent
finding, occurring in 1 (4.0%) record from each
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source. Overall, the distribution was broadly compa-
rable between the two record types.

Table 5: Comparison of Vertebral Artery Findings Between Cadaveric and Radiological Records
Vertebral artery finding Cadaveric records n (%) | Radiological records n (%) | Total n (%)
Normal anatomical pattern 17 (68.0) 15 (60.0) 32 (64.0)
Hypoplasia 3(12.0) 4 (16.0) 7 (14.0)
Tortuosity 2 (8.0) 3(12.0) 5(10.0)
Variation in transverse foramen | 2 (8.0) 2 (8.0) 4 (8.0)
entry level
Duplication 1 (4.0) 1 (4.0) 2 (4.0
Total 25 (100.0) 25 (100.0) 50 (100.0)

Discussion patient's radiological evaluation, especially in the

The present retrospective study based on a record
collection aimed to assess the vertebral artery anat-
omy with 50 records, including 25 cadaveric and 25
radiological records. The level of contribution from
both sources meant that the direct anatomical obser-
vations could be taken together with imaging-based
observations. In this study, normal vertebral artery
anatomy was seen in 64% (32 records), and an ana-
tomical variation was seen in 36% (18 records). The
proportion of variation is relatively high, which
agrees with the fact that the anatomy of the vertebral
arteries is highly variable, but differs depending on
population, anatomical segment studied, diagnostic
method, and definition of variation. In a review of
250 MRI scans, Eskander et al. 2010 [9] stressed that
there is significant inter-individual variation in the
vertebral artery, specifically in terms of caliber and
course, as well as its relationship with the cervical
vertebrae. Abd El Gawad et al. (2019) [10] on the
other hand, by radiological and dry-bone evaluation,
found the relationship of the vertebral arteries with
the atlas and other neighboring structures to be far
from uniform.”

In the present work, hypoplasia was the most com-
mon variation (7/50 records, 14%). This prevalence
rate is greater than a pooled prevalence of 7.94%
found in a systematic review and meta-analysis of
the prevalence of vertebral artery anatomy; how-
ever, these differing results could be due to differ-
ences in the diagnostic criteria used or the study pop-
ulations. However, a high prevalence was reported
by Jeng and Yip, 2004 [11], who found that ultraso-
nographic evaluation showed that vertebral artery
hypoplasia existed in a large number of the subjects
they examined, suggesting that asymmetry in the
caliber of the vertebral artery may be common. This
was also clinically significant as shown by Perren et
al. (2007) [12], who found that 4.6% of patients with
infarction in vascular territories other than the pos-
terior circulation had vertebral artery hypoplasia
(defined as <2.5 mm in diameter) compared with
13% in those with posterior circulation infarction.
The 14% prevalence in the present study is therefore
of anatomical interest and supports the need for ac-
curate recording of vessel size when assessing a
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presence of a suspicion of posterior circulation pa-
thology.

The second commonest variation in the current
study was tortuosity found in 5 records (10%. This
prevalence is lower than the one reported in the sys-
tematic review and meta-analysis based on the same
literature base, which estimated tortuosity to be ap-
proximately 25.9% overall. There may be differ-
ences due to the small number of patients in the pre-
sent study, the different definition of tortuosity, or
that only selected retrospective records were availa-
ble for review. The tortuous course of the vertebral
arteries may be relevant to surgery, as changes in the
usual vascular course can lead to vessel injury in cer-
vical spine, craniovertebral junction and/or endovas-
cular surgery. Moreover, Sheth et al. [13] noted
some changes in the shape of the vertebral artery
with rotation and showed that the shape of the artery
in clinically significant areas may vary during rota-
tion, thus highlighting the dynamic nature of the ver-
tebral artery anatomy. So although tortuosity was
found in just 10% of the current records, it still has
clinical significance.

In 4 records (8%) there was variation in the level of
entry of the transverse foramen. These findings are
similar to those that have been reported radiologi-
cally. Using MRI and contrast-enhanced CT, Bru-
neau et al. (2006) [14] examined 500 vertebral arter-
ies, and 93.0% of the arteries entered the transverse
foramen at C6, with 7.0% showing a variation in en-
try level. Among these abnormalities, C5 entry ac-
counted for 5.0%, C4 for 1.0%, C7 for 0.8%, and C3
for 0.2%. Thus, the prevalence of the present study
(8%) seems similar to the prevalence reported by
Bruneau et al. (2006) (7%). A study by Uchino et al.
also found 7.0% of left vertebral and 6.2% of right
vertebral arteries to enter the abnormal transverse
foramina [15]. These findings corroborate the pre-
sent observation, and suggest that abnormal entry
levels, though not common, are an important and re-
producible anatomical variant compared to normal
C6 entry.

Duplication was also found in 2 records (4%) from
the present study. Similar variations were noted in
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angiographic and cadaveric studies, and although
not frequently seen, duplication was also described.
Zhu et al. (2018) [16] identified 26 patients with 29
distal vertebral artery variants that included dupli-
cated vertebral arteries (13), C2-origin PICA vari-
ants (10), and aberrant V3 variants (6). The findings
of the present study replicate those of previous stud-
ies, which documented the variability of these ana-
tomic structures, but because the previous study was
conducted specifically on distal vertebral artery and
radiculomuscular artery variants, the frequencies of
these variants cannot be compared as a direct com-
parison. The relatively low prevalence in the current
dataset might be due to the small sample size.

When assessed side-wise, there were variations in
18 of 100 sides assessed (18%), and slightly more on
the right side (10/50; 20%) than on the left side
(8/50; 16%). This difference was small but has been
shown in previous studies to be prevalent with ver-
tebral artery asymmetry and side predominance. In
particular, the left vertebral artery is frequently
larger or dominant. In the present series 21 records
(42%) were left-sided dominant, 14 (28%) were
right-sided dominant, 9 (18%) were co-dominant,
and 6 (12%) were hypoplastic. The results of this
study are consistent with the overall findings of
pooled studies that report that the left vertebral ar-
tery is dominant in about 36.1% of patients and the
right vertebral artery is dominant in about 25.3% of
patients. This left-sided predominance might there-
fore be the anticipated left-sided dominance and
could explain the higher left-sided dominance ob-
served in the present study.

The findings were further illustrated by the similar-
ity when comparing cadaveric records with radio-
logical records. In cadaveric records, 68% and in ra-
diological records, 60% were normal. A total of 12%
and 16% of cadaveric and radiological records, re-
spectively, showed hypoplasia, and 8% and 12%
showed tortuosity, respectively. The variation at en-
try level was the same in both groups (8%), as was
duplication (4%) in both. The similarity in results
implies that both sources of records could recognise
the principal types of vertebral artery variations. The
higher prevalence of hypoplasia and tortuosity in ra-
diological records may be related to the fact that
modern imaging techniques can assess the caliber
and course of the vessels in living people. On the
other hand, cadaveric examination offers a direct
view of the artery and its bony and surrounding re-
lationships.

These findings support the clinical relevance of the
study reported by Lazaridis et al. 2018 [17] who re-
ported that the distribution of the VAO was mainly
unilateral, and left VAO from the aortic arch was
present in about 3.6% of patients. In the present data
set, the vertebral artery was not specifically catego-
rized with regard to its abnormal origin, but the pre-
sent evidence shows that the origin of the artery is
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not limited to variations in caliber or course. Like-
wise, Omotoso et al. (2023) in their systematic re-
view of 17 studies with 10,820 patients found that
1.8% had persistent first intersegmental artery, 1.6%
extradural PICA origin, and 0.7% vertebral artery
fenestration [18]. These variants are relatively un-
common compared to hypoplasia and tortuosity,
which were more common in this study.

In total, the results of the present study confirm that
normal vertebral artery anatomy prevailed (64%),
but a significant proportion of records (36%) exhib-
ited some degree of variation. The most common
variation was hypoplasia (14%), followed by tortu-
osity (10%), abnormal transverse-foramen entry
(8%) and duplication (4%). Left vertebral artery
(VA) dominance (42%) was more common than
right dominance (28%) and co-dominance (18%). A
broad comparison of the results of cadaveric and ra-
diological studies supports the importance of com-
bining cadaveric and radiological studies to investi-
gate the anatomy of the vertebral artery. These dif-
ferences need to be recognised, as, although rela-
tively uncommon, vascular anatomy can affect radi-
ological interpretation and may contribute to the risk
of vascular injury during cervical spine and cranio-
vertebral procedures.

Conclusion

The present retrospective record-based study
demonstrated that although normal vertebral artery
anatomy was predominant, anatomical variations
were relatively common. Among the 50 records
evaluated, 64% showed a normal pattern, while 36%
demonstrated variations, with hypoplasia (14%) be-
ing the most frequent, followed by tortuosity (10%),
variation in transverse foramen entry level (8%), and
duplication (4%). Left vertebral artery dominance
(42%) was more common than right dominance
(28%) and co-dominance (18%). Variations were
slightly more frequent on the right side than the left.
Cadaveric and radiological records showed broadly
comparable findings, highlighting the complemen-
tary value of both approaches. These findings em-
phasize the importance of recognizing vertebral ar-
tery variations during anatomical assessment, radio-
logical interpretation, and planning of cervical spine
and craniovertebral surgical or endovascular proce-
dures to minimize the risk of vascular complica-
tions.
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