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ABSTRACT

AIM: To examine the variations in number, size, and shape of foramina transversaria (FTs) of cervical vertebrae, and to discuss their
clinical importance.

MATERIAL and METHODS: The FTs of 200 dry cervical vertebrae (C3-C7) from 40 spines were studied for the presence of variations
in their number (single, double, or triple), size, and shape. The foramina were classified according to their shape depending upon
the direction of their main diameter.

RESULTS: Accessory foramina were found in 40 cervical vertebrae. Bilateral accessory foramina were slightly more common than
a unilateral accessory foramen. Accessory foramina occurred in a particular pattern, with incidence increasing with descending
order of cervical vertebrae, and were most commonly found in C7. The mean values of the anteroposterior and transverse FT
diameters on the right side were 4.96 + 1.08 and 5.68 + 1.20 mm, respectively, and on the left side were 5.07 + 1.12 and 5.76 + 1.29
mm, respectively. The difference was not statistically significant. FTs with very small diameter (<3.5 mm) were found mostly in C7
followed by C5 and C6. Five types of shape were noted. Type 1 was predominant on the right side, whereas type 4 was predominant
on the left side.

CONCLUSION: Differences in number (duplication), size, and shape of the FTs are not uncommon phenomena. Anatomical
knowledge of FT variations is surgically pertinent, as in such conditions the vertebral artery may become twisted or deformed
and result in vertebrobasilar insufficiency. Morphometric measurements from this study may be useful in interpreting radiographic
images of the cervical spine obtained using computed tomography or cervical angiograms.
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ABBREVIATIONS: FT: Foramen transversarium, AFT: Accessory foramen transversarium, APD: Anteroposterior diameter,
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H INTRODUCTION The main function of the FT is to allow passage of the
vertebral vessels (artery and veins) accompanied by cervical

cervical vertebra can be distinguished from o'Fher sympathetic nerves from the inferior cervical ganglion (5).
vertebrae by the presence of a foramen transversarium Variations in the number (absence, double, and triple), size,

FT) . in_the ftransverse processes (29)' Foramina and shape of the FT may affect these vital structures, with
transversaria (FTs) are formed as the result of fusion of the true serious consequences such as vertebrobasilar insufficiency

transverse process with the costal element of the vertebra. and ischemia should the route of the vertebral artery become
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obstructed (13). Neurosurgeons require precise knowledge
about the surgical anatomy of the FT and the structures passing
through it. Preserving the integrity of these components,
especially the vertebral artery, is the prime concern during a
surgical approach to the cervical spine (18), as even minor
injury to the artery may lead to severe blood loss or even
loss of life. Knowledge regarding any variations in shape,
size, and number of FTs within a specific surgical patient is
of immense help for the operating surgeons to determine a
more patient-specific approach to remove osteophytes or
spurs compressing the vertebral arteries and in other cervical
interventions (4). Previous studies have made observations of
the presence or absence of accessory FT (AFT) and variability
in the shape and size of FTs in the spinal column (9,23,26).
However, the exact basis of such differences in the number,
shape, and size of the FT is still unknown. It has been proposed
that embryological fusion of the transverse process with the
costal process of the cervical vertebrae and other structural
and functional circumstances take part in the formation of
FTs. AFTs are more frequently found in the lower cervical
vertebrae (C5-C7) than in the upper vertebrae (C1-C2) and
are smaller in size than the primary foramen. There have been
a sizable number of investigations studying FT shrinking or
distortion or determining the presence of osteophytes and
their impingement on the structures traversing the FT, but
there have been limited studies on the shape and diameter
of the FT (22,26). Thus, in the present study, we focus on
the variations in shape and dimensions of the FT to provide
data for accurate interpretation of cervical radiographs and
computed tomography (CT) angiograms of the vertebrobasilar
system.

B MATERIAL and METHODS

The present study was conducted on 200 dried cervical
vertebrae (40 spines) collected from the bone-keeping
room. The vertebrae were procured from South-Central
Asian cadavers, mostly males, aged approximately between
45 and 65 years. Of the 200 cervical vertebrae, 160 were
typical cervical vertebrae C3, C4, C5, and C6, and 40 were
atypical cervical vertebra C7. Vertebrae were macroscopically
inspected for the presence or absence of FT, incomplete FT,
accessory foramina (AFT), and osteophytes. The side of each
FT feature was also recorded. The shapes of the FTs were
noted and classified into five categories following the criteria
previously described by Taitz et al. (26), where foramen type is
dependent upon the shape and direction of the main diameter
as indicated below. (FTs were inspected as seen from above
in an anteroposterior direction, with the body of the vertebra
facing the examiner; where an AFT was present, the shape of
the primary FT was considered.)

The five categories were type 1, round; type 2, elliptical with
main diameter disposed anteroposteriorly (length); type 3,
elliptical with main diameter disposed transversely (breadth);
type 4, elliptical with main diameter disposed obliquely, from
right to left; and type 5, elliptical with main diameter disposed
obliquely, from left to right (26).
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The widest anteroposterior and transverse diameters (APD
and TD, respectively) of each FT were measured on their inner
aspect using a digital vernier caliper, accurate to 0.01 mm,
placed within each FT. In cases where the vertebra contained
an AFT, the APD and TD of the main FT was measured and
recorded. The size of the FT was not measured in cases where
the FT was too small to properly place the caliper.

Statistical analysis: The data are presented as mean =+
standard deviation (SD). Subsequent statistical analysis was
performed using paired, two-tailed Student’s t test (Microsoft
Office Excel software version 16.0 for Windows 10).

B RESULTS

Accessory foramina (AFT): Out of 200 cervical vertebrae, 40
(20%) contained an AFT. Among them, a unilateral AFT was
found in 12 typical cervical vertebrae (Figure 1) and in 6 C7
atypical vertebrae (Figure 2). Bilateral AFTs were found in
14 typical cervical vertebrae (Figure 3) and in 8 C7 atypical
vertebrae (Figure 4). Thus, bilateral AFTs were slightly more
frequent than a unilateral AFT. The AFTs were smaller in size
than, and located posterior to, the primary foramen in all cases
except one. Further, the incidence of accessory foramina
increases with descending order of the cervical vertebrae,
with AFTs most commonly found in C7. Each vertebra had at
least one FT on either side (Table I).

Osteophytic encroachments: We found that 23 vertebrae
(11.5%) showed osteophytes originating from either the
uncinate process or articular processes; in 12 vertebrae (6%),
the osteophytes were causing impingement into the main FT
(Figure 5).

Shapes of the FTs: We classified the shape of FTs into five
types according to the criteria defined by Taitz et al. (26). We
observed type 1 to be the most commonly occurring type
(23.85%) and type 5 to be the least commonly occurring
type (14.46%). When taking the side of the vertebrae into

Figure 1: Arrow showing unilateral accessory foramen
transversarium on right side of C5 vertebra (superior view).
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consideration, type 1 was predominant (27.13%) on the right,
whereas type 4 was predominant (27.63%) on the left. No
significant differences between the sides of the vertebrae
were found at any level (Table II).

Size of the main FT: On the right side, the mean APD and TD
were 4.96 + 1.08 and 5.68 + 1.20 mm, respectively; on the left
side, they were 5.07 = 1.12 and 5.76 + 1.29 mm, respectively.

Both APD and TD were larger in the left FT than in the right
FT, but this difference was not significant. The mean APD was
at its maximum in C3 vertebrae, whereas the mean TD was
at its maximum in C5 vertebrae. The smallest mean APD and
TD were found in C7 vertebrae. We also categorized narrow-
diameter FTs by their distance in SDs below the mean and
examined their occurrence down the vertebrae. Most narrow-

Figure 2: Arrow showing unilateral accessory foramen
transversarium on right side of C7 vertebra. AFT is smaller than
the main FT and located anterior to the main FT (superior view).

Figure 3: Arrows showing Accessory foramen transversarium on
both sides of C5 vertebra (superior view).

Figure 4: Arrows showing bilateral occurrence of accessory
foramen transversarium in (AFT) C7 vertebra. On the right side
AFT is smaller than the main FT, whereas on the left side both the
aft and main FT are of equal size (superior view).
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Figure 5: Arrow showing osteophytes arising from uncinate
process of C5 vertebra. On the right side of the vertebra, the
osteophyte was encroaching into the main FT. Red coloured
curved line with medial convexity showing the actual medial
boundary of the main FT (superior view).
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diameter FTs in C3, C4, and C5 cervical vertebrae were <1 reported in the C7 vertebrae. FTs with a very small diameter
SD below the mean. In a few cases (C6 and C7 cervical (<3.5 mm) were found mostly in C7 followed by C5 and C6
vertebrae), the FT diameter was >1 SD below the mean. FTs (Table I11).

with a diameter 2 SDs narrower than the mean were only

Table I: The Incidence of Accessory Foramen Transversarium (FT) in Cervical Vertebrae

No. of vertebra Unilateral Bilateral accessory

Type of vertebrae examined accessory FT FT Total Incidence (%)
C3 40 2 1 3 7.5

C4 40 3 2 5 12.5

C5 40 3 4 7 17.5

C6 40 4 7 11 27.5

Cc7 40 6 8 14 35

Total 200 18 22 40 20
Table lI: The Different Categories of Shape of Foramen Transversarium and Their Incidence

Shape and Type of vertebrae

direction C3 C4 C5 C6 Cc7 C3-C7 Total Incidence (%)
of axes R L R L R L R L R L R L

Type 1 7 7 12 7 10 5 13 9 12 10 54 38 92 23.35
Type 2 5 8 7 6 7 8 7 8 9 9 35 39 74 18.78
Type 3 11 7 9 8 8 7 6 7 7 7 41 36 77 19.54
Type 4 12 12 8 11 7 11 7 11 5 10 39 55 94 23.85
Type 5 5 6 4 8 8 9 7 5 7 4 31 32 63 15.75
l—i;l”n;z d 40 40 40 40 40 40 40 40 40 40 200 200 400 100

Table lll: The Mean Diameters of Foramen Transversaria (FTs) on Either Side of the Cervical Vertebrae

Type of No of Right Left
Vertebrae Foramina
examined examined Diameter (mm) Mean Range SD Diameter Mean Range SD
APD 5.14 4.02-6.31 0.63 AP 5.23 4.10-6.32 0.53
© %0 TD 5.88 4.10-6.98 0.73 TD 5.93 4.11-6.87 0.54
APD 5.10 3.46-7.02 .83 AP 5.17 4.12-6.76 0.60
c 80 TD 5.86 4.12-7.60 0.88 TD 5.92 4.20-7.06 0.80
. APD 5.11 0-6.6.8 0.88 AP 5.23 3.50-6.80 0.90
co 77 TD 6.02 0-7.02 0.90 D 6.12 3.70-7.20 1.10
X APD 4.97 3.78-6.8 1.12 AP 5.10 0-6.86 1.70
ce ” TD 5.55 4.10-7.6 1.23 TD 5.60 0-7.32 1.93
X APD 4.5 0-6.88 1.91 AP 4.63 0-7.02 1.90
cr ° D 5.10 0-7.89 2.30 TD 5.24 0-7.92 2.10

APD: Antero-posterior diameter, TD: Transverse diameter. *The discrepancy in foraminal numbers was due to the presence of foramina too small
to be measured. In cases with double FT the diameter of the largest was used.
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B DISCUSSION

Previous studies have examined the differences in number,
shape, and size of the FT, however, most of these studies were
conducted on random collections of cervical vertebrae. We
have performed this study on cervical vertebrae from intact
spines, so our findings can be compared directly among the
vertebrae of different levels. This key aspect of our study helps
us to comment on whether these variations follow a particular
pattern.

Accessory FTs (AFTs)

According to Guerra et al. (8), and Sangari et al. (23), the
incidence of AFT is more common in the C3-C6 segment or in
the vertebrae of the lower cervical spine (C5-C7). Considering
these previous studies, we have studied FTs in detail in the
C3-C7 segment of the cervical spine.

Taitz et al. studied 480 cervical vertebrae and found several
variations in FTs. Double foramina were found in 34 cases.
Among them, six vertebrae had double foramina of equal size,
whereas others were of small dimensions. The absence of FT
was observed in four vertebrae, and one case exhibited triple
foramina (26).

Murlimanju et al. studied 363 cervical vertebrae and found 6
cases (1.6%) of AFTs, 4 cases of absent FT, and 1 C6 vertebra
containing triple foramina. AFTs were smaller than the main
FT and occurred more commonly on the left side than on the
right side (15).

Sangari et al. studied 71 typical vertebrae (C3-C6) and
reported 17 (24%) of vertebrae contained an AFT. The AFT
was always smaller than and located posterior to the main
FT (23).

Patra et al. studied 150 cervical vertebrae (C3-C7) and
observed an AFT in 33 (22.00%) vertebrae, including unilateral
AFT in 16 (10.67%) vertebrae and bilateral AFTs in 17 (11.33%)
vertebrae (17).

Sharma et al. examined 200 typical cervical vertebrae and
found an AFT in 16 vertebrae, either unilaterally or bilaterally
(24).

Wysocki et al. examined 100 spines and found an AFT in 167
cases, most predominantly at the level of C6 (45.6%) and least
commonly at the level of C3 (2.8%). The AFTs were always
smaller in size than the main FT. Wysocki et al. also mentioned
one C7 vertebra with triple foramina (28).

In the current study, 20% of C3-C7 cervical vertebrae showed
the presence of an AFT. Among them, unilateral AFT was found
in 12 typical cervical vertebrae (C3-C6) and in 6 C7 vertebrae.
Bilateral AFT was found in 14 typical cervical vertebrae and in
8 C7 vertebrae. Thus, bilateral AFT was slightly more common
than unilateral AFT. AFTs were smaller than and located
posterior to the primary FT in all but one case. We found that
the incidence of AFT increases with descending order of the
vertebra, with AFTs most commonly found in C7.

According to Aydinoglu et al. (1), the occurrence of AFT is a
low-frequency anatomical variation commonly associated
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with duplication of vertebral artery. Therefore, the presence of
an AFT may indicate an alteration in the course and pattern of
the vertebral artery and vein and cervical sympathetic nerves
within the FT.

In a CT angiographic study, Sanchis-Gimeno et al. correlated
the occurrence of AFT in C5-C6 vertebrae with the presence
of clinical symptoms such as acute headache, vertigo, and
vomiting after whiplash injuries. Sanchis-Gimeno hypothesized
that the most pronounced bending during whiplash occurs at
the level of C5-C6 vertebrae and causes such symptoms (21).

Osteophytic Encroachments

It is well recognized that osteophytes from the uncinate and
articular processes can impinge on the FT and cause clinical-
ly important sequelae such as vertebral artery compression
or irritation of the sympathetic plexus surrounding the artery
(14,25-27). Osteophytes most frequently affect the FTs of C5
and C6, where they also tend to have the largest area of en-
croachment (16). As the vertebral and basilar arteries contrib-
ute to the blood supply of both the brain and the inner ear,
vertebral artery compression or spasm due to irritation of the
surrounding sympathetic plexuses may present clinically as
neurological symptoms or labyrinthine or hearing disturbanc-
es (19,26). The present study showed osteophytes in 21.3% of
vertebrae studied, encroaching upon the FT in approximately
half these vertebrae. C5 and C6 were the most commonly af-
fected vertebrae, a result in accordance with the findings of
Nathan (16). The intrusion of the osteophytes into the foramen
may cause traumatic injury to the artery or twisting of the ver-
tebral artery around them, resulting in external compression
and arterial narrowing (3,23).

Shape of the Main FT

Very few authors have studied the shape of the main FT.
Taitz et al. classified the main FT into five types based on
the direction of the main diameter of the FT. Taitz et al. found
that the type 3 shape was most predominant in vertebrae
of the lower cervical spine segment (C3-C7), whereas
types 4 and 1 were most prominent in the C1 and C2 upper
segments, respectively (26). In our present study, we used the
classification method of Taitz et al. and found type 1 to be the
most common (23.85%) and type 5 to be the least common
(15.75%). Type 1 was predominant (27.13%) on the right side
of the vertebrae, whereas type 4 was predominant (27.63%)
on the left side, although no significant differences between
sides were detected at any cervical level.

In contrast to the present work, Karau and Odula found that
the right side showed a predominance of type 4 FTs (40.2%),
whereas the left side showed predominance of types 2 and 5
FTs (839.2% each) (12). The variations in the shape of the FT
might be due to differences in the orientation of the structures
traversing the foramen, and vice versa. According to Xu et
al., the vertebral artery occupies approximately two-thirds
of the smallest diameter of the foramen and more than half
of the largest diameter of the foramen (29). Additionally, the
predominance of osteophytes on the medial or lateral margins
of the FT has been suggested to narrow its mediolateral
(transverse) diameter, leading to vertebral artery compression
and dissection (7). Hence, type 2 FTs, with their main diameter



arranged anteroposteriorly, can be assumed to be associated
with maximal risk of vertebral artery compression syndrome.
In contrast, type 3 FTs with their main diameter arranged
transversely confer the lowest risk of compression injury to
the neurovascular bundle (2).

Size of the Main FT

According to the available literature, the right and left
vertebral arteries are of unequal size in approximately 75% of
individuals. In 10% of individuals, the artery on the right side is
much narrower than the artery on the left side (8).

In the present study, we measured both APD and TD of FTs in
cervical vertebrae from C3 to C7. Both diameters were larger
in FTs on the left side than in FTs on the right side, but the
difference was not significant.

Sangari et al. measured the diameters of FTs from C3 to C6.
The mean FT diameter was 5.55 mm on the right side and
5.48 mm on the left side; although this difference was not
significant, a considerable variation remained (23).

Gupta and Agarwal computed the APD and TD of FTs in
cervical vertebrae from C1 to C7. They observed a statistically
significant difference between the right and left mean TD and
APD of FT in C1, C3-C5, and C7 vertebrae. In contrast, C2
and C6 showed no significant differences between sides. This
finding indicates that the shapes of FTs vary at different levels
of the cervical spine (9).

Studies conducted by Epstein (7), and Kaya et al. (13) also
found the left FT to be larger than the right FT, but these
studies did not perform statistical analyses.

Reviewing the previous literature indicates that the mean
diameter of FTs varies at different levels of the cervical spine
and follows a particular pattern.

In the present study, we found that the FT diameters in C3,
C4, and C5 were within 1 SD of the mean. In C6 and C7, the
diameter of the FT was >1 SD away from the mean. The TD
of C7 vertebral FTs was 2 SDs narrower than the mean. In
a similar study, Sangari et al. (23) measured the dimensions
of the FT of typical cervical vertebrae (C3-C6). They also
categorized narrow FTs according to their deviation from the
mean and found that most of the FTs were within +£1 SD of the
mean. In 20 vertebrae, the dimension of FT was <1 SD away
from mean, and among these, the difference was <3 SD from
the mean in 5 vertebrae.

Taitz et al. reported the largest mean FT diameter in C1
vertebrae and the smallest mean diameter in C7 vertebrae.
The mean diameters of left-side FTs were higher than those
of right-side FTs at every vertebral level from C3 to C7, and
the coefficient of variation of the FT increased cranio-caudally
from C4 to C7 (26).

Gupta and Agarwal also reported that the mean width of FTs
was highest in C1 vertebrae and lowest in C7 vertebrae. In the
present study, we also found the mean FT width to be lowest
in C7 vertebrae (9).

According to Ebraheim et al., FT width increased from C3 to
C5 and then decreased at C6. This finding is in accordance
with the observations in our present study (6).
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Zibis et al. proposed that variations in FT as discovered in CT
scans of the cervical spine may be considered a good indicator
of vertebral artery variations, and vice versa (30). Therefore,
these incidental findings should be thoroughly investigated in
the preparation stage of spinal surgery.

The FT chiefly contains the vertebral artery. Thus, variations
in the structure of the developing embryonic vertebral artery
will manifest in variations in the size and number of FTs,
and the reverse will also hold true (26). Embryologically, the
vertebral artery originates from the fusion of the longitudinal
anastomosis that joins the second to sixth cervical
intersegmentary arteries, which arise from the primitive dorsal
aorta (8,11). Almost all the intersegmental arteries degenerate,
with the exception being the seventh cervical intersegmental
artery, which gives rise to the first part of vertebral artery (10).
Any developmental changes, such as failure of intersegmental
arteries and primitive dorsal aorta to degenerate completely,
may result in vertebral artery duplication or other variations
usually observed. According to Taitz et al. (26), mechanical
stress and erect posture are responsible for remodeling in the
bony architecture of the cervical region. Such alterations in
the cervical spine can either compress or potentially change
the natural course of the vertebral artery within the FT and
give rise to neurological symptoms. Understanding variations
in the FT is crucial for neurosurgeons operating on the cervical
spine and for radiologists interpreting radiological images (CT
and magnetic resonance imaging) of the cervical region. Our
study provides more information about the morphological
characteristics of the FT and their variations.

B CONCLUSION

The study has revealed existence of many variations in the
FT in cervical vertebrae of North Indian origin. Differences
in the number (duplication), size, and shape of FTs were not
uncommon in the study population. Anatomical knowledge of
such variations is surgically pertinent, as in such conditions the
vertebral artery may become twisted or deformed, resulting
in vertebrobasilar insufficiency. Morphometric measurements
furnished in this study may be useful in determining precise
surgical approaches for the removal of osteophytes or spurs
compressing the vertebral arteries, and in interpretation of
radiographic images of the cervical spine obtained through
CT or cervical angiograms.
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