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SUMMARY: The seven cervical vertebrae found in the human body are classified into typical and atypical vertebrae. Their
transverse processes contain foramen transversarium (FT) and traditionally there is one foramen present on each sidgzef simila
However, variations of this foramen regarding its shape, size, number, laterality, location and osteometric characterisées hav
documented in the literature. This morphological and morphometric study was conducted on 126 cervical vertebrae (82 4ypical and
atypical) obtained from the osteological bank at the University of Kwa-Zulu Natal to produce a database which may sezfid as a us
guideline to medical personnel. There were variations observed regarding shape, number of FT, laterality and positiove wbich ha
previously been reported. The most types of variations were evident in the typical cervical vertebrae, then secondlih tergesaén
vertebrae. The axis vertebrae did not display any accessory FT or variations.

KEY WORDS: Cervical vertebrae; Typical cervical vertebrae; Atypical cervical vertebrae; Foramentransversarium;
Vertebral artery.

INTRODUCTION

Foramen transversarium (FT) are bony canals fourfarau & Odula, 2013; Ramachandetral, 2014). Type A
only in the transverse processes of cervical vertebrae (Dagelescribed as round, whilst Types B, C, D and E are elliptical
etal, 2015; Mulla & Pundge, 2015). There is normally ongvith main diameters in an anteroposterior, transverse, oblique
FT on each side of the vertebrae and are usually of a simitgyht to left and oblique left to right directions, respectively
shape and size to each other (Moeral, 2010). Kayset (Karau & Odula; Ramachandranal.).
al. (2011) reported that the shape and size of the FT varies
for different vertebrae and individuals. Different terminologies were used by many authors
that reported varying number, shape and laterality of FT
The transverse process is comprised of an anterigkkhtaret al, 2015; Dofeet al; Gujaret al, 2015; Sabnis;
part known as the costal process and a posterior part, terr@thgariet al, 2015; Esakkiammal & Chauhan, 2016;
the true transverse process (Baylan, 2016). The FT existsMglinetet al, 2017). Studies have displayed three comple-
the formation of the transverse process whereby the cos&FT present on a vertebra, with one on one side and two on
element fuses to the body and the true transverse procggsother- these have been termed unilateral complete double
(Patraet al, 2015). These foramen transmit the vertebrghccessory) FT (Murlimanjet al, 2011; Karau & Odula;
artery (VA), vertebral vein (VV) and vertebral nerve (DofeRamachandraset al.; Yadavet al, 2014; Akhtaret al;
et al; Sabnis, 2015). However, the FT of C7 only transmitSangariet al; Esakkiammal & Chauhan; Molinet al.).
the VV and may sometimes be small or absent because kherlimanju et al. and Rathnakaet al (2013) also found
VA enters its vertebral course almost always through the Kiiple FT unilaterally on a typical cervical vertebra. Some
of C6 (Dofeet al.; Sabnis). studies also observed the presence of double FT on both
sides of the cervical vertebrae — these are referred to as bila-
The FT have been reported to have varying shapesral complete double (accessory) FT (Sangaral;
based on its main (largest) diameter or direction of axEsakkiammal & Chauhan).
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Incomplete FT occur when the bone does nd¥T were taken as the main, while the smaller were accepted
completely enclose the FT. These can be present as siragethe accessory FT (Doé& al). The position of the
or double incomplete FT (Sabnis; Esakkiammal & Chauhargccessory FT on each side in relation to the main FT were
The latter has a double bubble appearance (Sabnis).  recorded. Unusual sizes in appearance of the FT were also

documented.
Murlimanju et al observed that accessory FT were
only present in the lower cervical vertebrae (C6 and C7). Morphometry was established by using a digital

Ramachandraet al reported no accessory FT occurring ircaliper (Whitworth - 0.01mm precision). Measurements
C1 and C2 vertebrae, whilst Akhtar al recorded absent were collected superiorly of the anteroposterior and
accessory FT in only C2 vertebrae. Esakkiammal & Chauhtnansverse diameters of the main FT. Each diameter was
documented only their typical cervical vertebrae as havingeasured three times to reduce intra-observer error. The
accessory FT. average was then calculated. The data collected was
analysed using STATA (Version 13). The Pearson Chi-
The morphometric size of the FT was established lyquare and the One-Way ANOVA tests were
studies that displayed measurements of its anteroposteiimplemented. All p values that were less than 0.05 were
and transverse diameters (Karau & Odula; Sargaal). deemed statistically significant. Ethical clearance was
Karau & Odula found the difference between the transversbtained for this study from the Biomedical Research
and anteroposterior diameters to be statistically significariithics Committee (BREC) of the University of KwaZulu-
Natal (BE288/17).
Deformities and variations in FT may result in verte-
bral vessels being compressed by movements (Mulla &
Pundge). This may cause vascular insufficiency which leaBESULTS
to common symptoms like migraines, shoulder pain, neck
pain or severity of cerebrovascular incidents (Sulédrzd,
2015). The blood flow can therefore be modified due to lacidence.There were 82 (65.08 %) typical and 44 (34.92
strong link existing between the diameter of the FT and tl9é) atypical cervical vertebrae in the sample analysed. Of
blood flow of the VA (Kotil & Kilincer, 2014). the atypical cervical vertebrae, 9 (7.14 %) were identified
as C1 vertebrae, 15 (11.90 %) were C2 and 20 (15.87 %)
This study aimed to investigate the morphology andlere C7 vertebrae. The incidence of the parameters
morphometry of the FT in typical and atypical cervicainvestigated were calculated out of the total number of

vertebrae and to report on any variations thereof. typical (n=82) and atypical (n=44) cervical vertebrae,
bilaterally.
MATERIAL AND METHOD Morphology

(i) Shape of Main FT.The various shapes of the FT were

Osteometric investigations were performed on 12@assified into groups viz. Types A-M. Type Awas described
(82 typical and 44 atypical) dried human cervical vertebraes being round; Type B was elliptical with the largest
which were obtained from the existing osteological bandnteroposterior diameter; Type C was elliptical with the
at the Department of Clinical Anatomy, University oflargest transverse diameter; Type D was elliptical with a large
KwaZulu-Natal. Metric as well as non-metric parametersblique diameter from right to left; Type E was elliptical
were analyzed and a database was created. Vertebrae with a large oblique diameter from left to right; Type F was
damaged or broken FT were excluded, whilst vertebragangular; Type G was square; Type H was rectangular; Type
with the bilateral presence of FT were included. Age ardvas kite-shaped; Type J was leaf shaped; Type K was a
sex were not documented. Morphology was establishedmicircle; Type L was irregularly shaped and Type M was
by macroscopically analysing the FT superiorly, anttrmed double bubble (incomplete double). Figure 1 displays
recording the shape present on each side in accordaiygpes F-M which are unique to this study. The incidences
with the criteria employed by previous authors (Karau &f the shapes of the FT is recorded in Table | and Il for right
Odula; Ramachandraat al.; Molinetet al). For those that and left sides, respectively. By comparing the type of cervi-
did not fit into the criteria, they were classified as type Feal vertebrae (typical and atypical) with the shape of the
M for ease of reference and then checked by a secarght FT, a p value of <0.001 had resulted (Table I). When
observer for confirmation. Variations, regarding lateralitgompared with the left FT, the same p value was obtained
in number and shape of FT, were documented. The lard&able II).
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Fig. 1. Variant shapes observed in the current study. A: Type F; B: Type G; C: Type H; D: Type |; E: Type J; F: Type K; G: Type L; H: Type M.

Table I. Incidence of cervical vertebrae vs. shape of maionHhe right side.

Shape of Right FT Vertebra (%) Total (%)
Typical Atypical (n=44) (n=126)
(n=82) Cl C2 C7

Type A: Round ‘ 34.15 227 6.82 227 26.19

Type B: Elliptical (anteroposterior) ' 0 9.09 227 0 397

Type C: Elliptical (transverse) - 14.63 0 0 0 9.52

Type D: Elliptical (oblique: right to left) @ 18.29 227 9.09 0 15.87

Type E: Elliptical (oblique: left to right) . 6.10 227 0 11.36 8.73

Variations

Type F: Triangular 1341 0 227 0 9.52

Type G: Square 0 0 4.55 0 1.59

Type H: Rectangular 0 0 227 0 0.79

Type J: Leaf 0 0 227 6.82 3.17

Type K: Semicircle 244 0 0 2.27 2.38

Type L: Irregular - 122 0 227 9.09 4.76

Type M: Double Bubble (incomplete double) 8.54 227 0 13.64 11.11

A
o
an
Type I: Kite Q 122 0 227 0 1.59
@
e
[

P value = < 0.001
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Table II. Incidence of cervical vertebrae vs. shape of maiarhe left side.

Shape of Left FT Vertebra Total
Typical Atypical (n=44) (n=126)
(n=82) C1 C2 C7
Type A: Round ‘ 3293 227 2045 0 2937
Type B: Elliptical (anteroposterior) . 0 4.55 0 0 1.59
Type C: Elliptical (transverse) - 18.29 0 0 227 12.70
Type D: Elliptical (oblique: right to left) 244 227 0 18.18 8.73
-
Type E: Elliptical (oblique: left to right) D 18.29 4.55 227 0 14.29
Variations
Type F: Triangular A 1098 227 4.55 227 10.32
Type G: Square . 0 0 4.55 0 1.59
Type H: Rectangular ] 0 0 0 0 0
Type I: Kite ‘ 0 0 0 0 0
Type J: Leaf . 244 0 2.27 4.55 397
Type K: Semicircle ‘ 244 227 0 227 3.17
Type L: Irregular - 1.22 0 0 227 1.59
Type M: Double Bubble (incomplete double) ‘ 10.98 0 0 11.36 11.11

P value = < 0.001

(ii) Variations in Number, Shape and Laterality of FT. Incomplete single FT was found bilaterally in 2.27 % of the

Accessory FT were present in 23.2 %tgfical cervical atypical cervical vertebra (C1) and incomplete double was
vertebrae, bilaterally. Table IlI displays unilateral variationsbserved in 9.09 % (C7). This study found a unique variation
in number, shape and laterality of the FT in typical and atypicah the right side which was a combination of incomplete

cervical vertebrae. Bilaterally, 7.32 % of the typical vertebragouble FT and single complete FT (2.27 %) (Fig. 2). The p
had complete double FT and 2.44 % had incomplete doublalue of the vertebrae type vs. right side variation (shape,
FT. Accessory FT were present in atypical cervical vertebraember and laterality) was <0.001. Thalwe was also the

in 27.27% and 22.73 % in right and left sides, respectivelgame for the left side variation.

Table 1lI. Incidence of cervical vertebrae type vs. variations (based on nwehhpe and laterality) unilaterally

Variation Right (%) Left (%)

Typical Atypical (n=44) Typical Atypical (n=44)

(n=82) Cl C2 C7 (n=82) Cl Cc2 C7
Complete double 6.10 0 0 2.27 3.66 2.27 0 4.55
Complete triple 0 0 0 0 1.22 0 0 0
Incomplete single 0 0 0 0 0 0 0 2.27
Incomplete double or double bubble 7.32 0 0 11.36 8.54 0 0 2.27
Incomplete double or double bubble + single 0 2.27 0 0 0 0 0 0
complete
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Table IV Incidence of vertebra type vs. unilateral position of accessoity f€lation to the main Ffor the right and

left sides

Position Right (%) Left (%)

Typical Atypical (n=44) Typical Atypical (n=44)

(n=82) Cl C2 C7 (n=82) Cl C2 C7
Not applicable 76.81 1591 34.10 22.73 76.81 1591 34.10 2727
(no accessory FT)
Unknown 0 0 0 2.27 0 0 0 0
Anterior 0 0 0 2.27 0 0 0 0
Anterolateral 0 0 0 0 0 0 0 2.27
Anteromedial 0 0 0 4.55 0 0 0 0
Posterior 4.88 0 0 0 2.44 0 0 2.27
Posterolateral 4 .88 0 0 0 4.88 0 0 0
Posteromedial 0 0 0 2.27 2 .44 0 0 0

Fig. 2. Superior view of typical cervical Fig. 3. Superior view of typical cervi- Fig. 4. Superior view of atypical cervical
vertebra with a variation, not previously cal vertebra, displaying posterolateralvertebra (C7), displaying anterolateral
reported, of double FT superiorly and triple accessory FT (not previously reported)accessory FT on the left side and
FT inferiorly on the left side (red arrow). (yellow arrows). posteromedial on the right (not previously
reported) (yellow arrows).

(iii) Position of accessory FT The incidence of the cases, the main FT and accessory FT appeared to be of the
position of the accessory FT in relation to the main FEame size, so the main FT could not be distinguished from
unilaterally, are depicted in Table IV. Bilaterally, thethe accessory. It was a Type M variation.

accessory FT was seen posterior to the main FT in 4.88 %

and posterolateral in 7.32 % of typical cervical vertebra®orphometry. The mean anteroposterior and transverse
The bilateral posterolateral position can be viewed in fdiameters of the right and left main FT of typical and
gure 3. In atypical cervical vertebrae, 2.27 % of Catypical cervical vertebrae are found in Table V with their
vertebrae had their accessory FT positioned anterior to tstandard deviations. The vertebra type vs. anteroposterior
main FT (bilaterally). Bilaterally, in 2.27 % of C7 vertebraediameter of the right main FT had a p value of 0.917. The
the accessory FT was positioned anterolateral to the maivalue for the left side was 0.987. When a comparison
FT. The p value of the vertebra type vs. position of rightas made between vertebra type and transverse diameter
accessory FT was <0.001, while it was 0.004 for the laff the right main FT, a p value of 0.804 had resulted. For
side. the left side, the p value was found to be 0.941 (Table V).

(iv) Size Appearance. Regarding asymmetry of the FT, Comparisons made regarding morphology and
the typical cervical vertebrae exhibited smaller FT on thmorphometry resulted in p values of <0.001. These
right side in 2.44 % of cases. Asymmetrical FT was smalleomparisons were shape vs. anteroposterior diameter on
on the atypical cervical vertebrae in 6.92 % (C7) on thtee right side as well as for the left side, and shape vs.
right side and in 2.27 % (C7) on the left side. In 2.27 % dfansverse diameter of the right and left sides.

1443



SHEIK ABDUL, R.; LAZARUS, L.; RENNIE, C. & SA TYAPAL, K. S. The foramen transversarium of typical and atypical cervical vertebrae: morphology and morphometry
Int. J. Morphol., 36(4)11439-1446, 2018.

TableV. Vertebra type vs. anteroposterior and transverse diameters of the mammiyTor the right and left sides (with stiwd
deviations).

Vertebra Diameters of right side Diameters of left side
Anteroposterior Transverse Anteroposterior Transverse
Mean Standard Mean Standard Mean Standard Mean Standard
(mm) deviation (mm) deviation (mm) deviation (mm) deviation
(mm) (mm) (mm) (mm)
Typical (n=82) 434 1.63 503 1.97 4.60 1.67 543 2.00
Atypical (n=44)
C1 5.09 297 4.52 2.66 5.85 2.31 5.14 2.13
C2 524 0.84 548 0.72 5.30 0.98 5.36 0.72
Cc7 1.96 1.87 2.12 1.98 2.51 2.06 2.87 247
Total (n=126) 4.12 1.97 458 2.30 4.44 1.94 5.00 2.18
P values 0917 0.804 0.987 0.941
DISCUSSION

The morphological analysis revealed that in thef atypical cervical vertebrae, the most common variations
typical cervical vertebrae, the most common shape in thie C1 were incomplete double + single complete FT, as
right and left FT was Type A, as it was found in 34.15 % anwlell as incomplete single (bilateral) FT, which both
32.93 %, respectively (Table ). This concurs with the resul@scurred in 2.27 %. In C7, incomplete double (unilateral)
reported by Ramachandrahal and Molinetet al On the (11.36 %) was most prevalent. On the left side, incomplete
right side of atypical cervical vertebrae, the most commgagingle (bilateral) and complete double (unilateral) FT was
shape in C1 was Type B (9.09 %), in C2 it was Type D (9.0B0st common in C1 (2.27 % each) (Table IIl). In C7
%) and in C7 it was Type M (13.64 %) (Table I). On the leftertebrae, the most common variation on the left side was
side of the atypical cervical vertebrae, the most commdncomplete double (bilateral) (9.09 %).
shape in C1 was Type B and Type E which were equally
found in 4.55 % of cases, Type Awas most commonly found In typical cervical vertebrae, the position of accessory
in C2 (20.45 %) and Type D was most commonly found iRT, on the right and left sides were most commonly found
C7(18.18 %) (Table II). The shapes of the FT were analyspasterolateral (bilateral) to the main FT (7.32 % each). In
in relation to the type of cervical vertebrae (typical andtypical cervical vertebrae, on the right side, the accessory
atypical) and the p value of <0.001 was obtained for bothl was most commonly found in C7 and the most common
the right (Table 1) and left (Table I1) sides. This means th@osition of it was anteromedial (unilateral) to the main FT,
there was a strong significance between the type of cerviés well as posteromedial (bilateral) (4.55 % each). On the
vertebra and the shapes of the main FT found on their ridaft side, the accessory FT was also predominantly found in
and left sides. This type of comparison was not consider€d and it was posteromedial to the main FT (4.55 %).
by previous authors. Previous authors have not reported on anterolateral (Fig. 4),

anteromedial, posterolateral (Fig. 3) and posteromedial

In typical cervical vertebrae, the most commompositions (Fig. 4). The vertebrae type was analysed regarding
variation (number, shape and laterality) on the right side wie position of the accessory FT and a p value of <0.001
the complete doue FT (bilateral) and double bubble FTwas obtained for the right side and 0.004 for the left side.
(unilateral) (Table III) which both occurred in 7.32 % of
cases. Yadaet al also observed this variation as most The pesent study found the presence of
common in their study. On the left side, incomplete doubRsymmetrical FT, with one foramen being smaller on one
FT (unilateral) (8.54 %) was the most common variatiogide and larger on the other. In typical vertebrae, the smaller
and this was in accordance with the literature of SabnfsT was found on the right side in only 2.44 % of cases.
The current study found a variation in number, shape anidis implies that in typical cervical vertebrae, the larger
laterality of the FT, which has not previously been reporteT is usually found on the left side. This was also found
It was a typical cervical vertebra (1.22 %) that was fouriey Yadavet al In atypical cervical vertebrae, asymmetry
to display complete double FT superiorly and complete tivas only observed in C7 vertebrae, which displayed the
ple FT inferiorly, on the left side (Fig. 2). On the right sidémaller FT on the right in 6.92 % and on the left side in
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2.27 % of cases. It is notable that the C7 vertebrae had their respective anteroposterior or transverse diameters, were
smallest asymmetrical FT than all the other cervicalependent on each other. These parameters were not
vertebrae. This was also present in the study by Sabrssatistically analysed by previous authors.

The C7 was also observed to have smaller FT present

bilaterally than all the other cervical vertebrae, which was

also evident from the study conducted by Yaelal CONCLUSION

On the right side of a C7 vertebra (2.27 %), the

main and accessory FT appeared to be of the same size, The present study highlights many different

and therefore could not be distinguished from each othparameters and variations of typical and atypical cervical

It was an incomplete double FT. D@fal also found this vertebrae, some of which have not been previously reported

on the right side of a cervical vertebra, but it was a conm literature. It is important to understand the FT and the

plete double FT. relationship it has with vessels so that there is a greater chance

of preventing poor cervical surgery.
The morphometric analysis revealed that in typical

cervical vertebra, the mean anteroposterior diameter on the

left side (4.34 mm) was slightly smaller than on the rigfBHEIK ABDUL, R.; LAZARUS, L.; RENNIE, C. &

side (4.60 mm) (Table V). This was also present in the stu@TYAPAL, K. S. El foramen transverso de vértebras cervica-

conducted by Sangai al In the atypical cervical vertebrae, €S tipicas y atipicas: Morfologiay morfometriat. J. Morphol.,

the mean right anteroposterior diameter for C1, C2 and 36(4):1439-1446, 2018.

\tﬁir?‘ri::gg T;::? ,a?;tzeﬁénrgs?gg 1%6 mmt, respe(éli/elé:/éWh%reas RESUMEN: Las siete vértet.Jr.as cervicales' que se encuen-
P lor diameters in " an GZn en el cuerpo humano se clasifican como vértebras tipicas y

were 5.85 mm, 5.30 mm and 2.51 mm, respectively. Thigiicas. Sus procesos transversos presentan un foramen transverso

indicates that the right FT are smaller than the left FfrT) y normalmente este foramen es de tamafio similar en cada

anteroposteriorly. When the right and left anteroposteri@ddo. Sin embargo, se han reportado en la literatura variaciones

diameters were each compared to the type of cervicdd este foramen, con respecto a su forma, tamafio, nimero,

vertebrae (typical and atypical), there were no significanc&geralidad, ubicacion y caracteristicas osteométricas. Este estu-

(Table V). This indicates that the right or left anteroposterigtio morfolégico y morfométrico se realiz6 en 126 vértebras cer-

diameters were not influenced by the type of cervicicales (82 tipicas y 44 atipicas) obtenidas del banco de Osteologia

vertebra. These parameters were not statistically compa tla U”'Vers'ddad de Kwa-Zulu Natal, pe,‘tr.? prOduf'r una ba:se d;
by preViOUS aUthOrS. atos que pueda servir como una guia utll para el personal medi-

co. Se observaron variaciones con respecto a la forma, el nimero

. . de FT, la lateralidad y la posicién, que no se habian reportado
Intypical cervical vertebrae, the left mean transversgieriormente. La mayoria de los tipos de variaciones eran evi-

diameter (5.43 mm) was larger than the right (5.03 Mngkntes en las vértebras cervicales tipicas y en segundo lugar en las
(Table V). This concurred with the findings by Sang#ri séptimas vértebras cervicales. Los axis no mostraron ningtin FT
al. In atypical cervical vertebrae, the right transverse diametarcesorio o variaciones.
for C1, C2 and C7 were 4.52 mm, 5.48 mm and 2.12 mm,
respectively. The left transverse diameter C1, C2 and C7  PALABRAS CLAVE: Veértebras cervicales; Vértebras
were 5.14 mm, 5.36 mm and 2.87 mm, respectivel§ervicales tipicas; Vértebras cervicales atipicas; Foramen
Therefore, the transverse diameter for C1 and C2 wéf@nsversarium; Arteria vertebral.
smaller on the right vertebrae whereas C2 had a greater
transverse diameter on the left vertebrae. When the rigREFERENCES
and left transverse diameters were independently compared
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