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ABSTRACT

The foramen transversarium (FT) of the cervical vertebrae serves as an essential landmark
in medical imaging procedure and surgery, owing to their anatomical structure in relation
to the associated neurovascular bundles. The aim of this study was to analyse the
morphometric parameters and variations of the FT with regards to sexual dimorphism,
laterality and age within the KwaZulu-Natal (KZN) population, South Africa.

One hundred and thirty (130) dried human typical cervical bones from KZN population
of known sex and age (67 males and 63 females with age ranges from 12 to 89) without
any degeneration or deformity were sourced from the bone collection at the Discipline of
Clinical Anatomy, Nelson Mandela School of Medicine, University of KwaZulu-Natal
(UKZN). The morphometric analyses were performed using Markus Bader (MB) Ruler,
the digital screen ruler and subjected to RStudio statistical analysis.

The results indicated that the morphometric parameters of the FT were greater in males
compared to females (p< 0.05). The values of the right sides were higher than that on the
left sides except, for the transverse diameter where higher values were observed on the
left side of male specimens. Based on the shape of normal FT inspection, the type 1 was
predominant (43.85%) shapes, followed by type 3 (23.08%) and least common were type
2 and type 7 (0.77%) on the left side. Type 1 had the higher value (46.16%) on the right
side, followed by type 3 (20%) and, type 2 was the least in this study. The variation in
number of FT in relation to sex revealed the presence of normal foramen (62.31%, male
with 30.77% and female with 31.54%) and double foramen (36.92%, male with 20% and
female with 16.92%). More so, it was also observed that, the frequency of bilateral double
foramen was common in males (11.54%) compared to females (6.92%).

The result of this study has demonstrated that risk of injury to neurovascular structures
associated with FT may be common on the left side, in female and especially in age
groups less than < 20 and > 60 years of age.

Keywords: Foramen Transversarium, Cervical vertebrae, Variations, Sexual

Dimorphism, Morphometric
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CHAPTER ONE
1. Introduction

Musculoskeletal conditions (MSCs) of the neck region and upper extremity of the body
are most frequent job-related disorders globally (Hoe et al., 2018). MSCs such as low
back pain, neck pain, bone fractures and osteoarthritis have been reported as major
contributors to disability worldwide (Briggs et al., 2018). Different degree of pains,

functional disability and limitations to mobility are features of MSCs.

The major structures affected by these conditions are muscles, nerves, arteries and bones.
Literature have reported that the cases of neck pain could be mechanical or
musculoskeletal in origin (Barnsley, 2015), indicating that they arise through involvement

of cervical structures by neoplastic, inflammatory, or infectious diseases.

Foramen transversarium (FT) are bony features of the cervical vertebrae, which are found
in the transverse process of cervical vertebrae. These foramina are anatomically relevant
as they provide bony passages for several anatomical structures such as the vertebral
artery (VA), vertebral vein (VV) and sympathetic nerves. Literature have documented
anatomical variations based on shape, size, absent, duplicated as well as hypoplastic
forms (Aziz and Morgan, 2018).

The variation of the vertebral column is affected by diversity of embryological
malformations. These developmental malformations result into developmental variation,
error in fusion, segmentation abnormality and malformation in vertebrae. The extent of
these anomalies may be manageable or chronic with systemic complications (Chaturvedi
et al., 2018). It is therefore necessary to be aware of the outcome, complications and the
cost effects of the spine surgery as a result of vertebral column associated injuries or

deformity in order to curtail the upsurge in MSCs (Yeramaneni et al., 2016).



1.1 Vertebral column

There are 33 identifiable vertebrae in a human being, which are further divided into five
groups; cervical, thoracic, lumbar, sacral and coccygeal vertebrae based on their features
and position. The cervical vertebrae are seven in number, thoracic are 12, lumbar are five,
sacral are five in number but fused together to form one bone known as the sacrum and
there are four coccygeal that are fused together as well to form the coccyx. Structurally,
characteristics of a typical vertebra are vertebral body and a posterior vertebral (neural)
arch. The vertebral arch of each vertebra possesses the pedicles, laminar and processes
(transverse, spinous, superior and inferior articular processes) (Drake et al., 2014).
(Figure 1)



Anterior view Left lateral view Posterior view

Atlas (C1) — ol .‘3 2

Atlas (C1)

£h

Axis (C2) Axis (C2)

*
]

Cervical
vertebrae

"

Cervical
lordosis

I

»ﬁe

i

\

i

C7

&

il

> G G

(&

Thoracic
~ vertebrae

<)

Thoracic
kyphosis

Al

g

f
£

B (e

4

i

file

Lumbar
vertebrae

Lumbar
lordosis

Sacrum (§1-5)

W

Sacrum (S1-5) \ o

,4.,.»

Sacral
kyphosis

Coceyx <& £

Figure 1: The vertebral column adapted from Netter (2014)



1.2 Anatomy of cervical vertebra

The cervical vertebrae are the first set of the bones in the vertebral column, it comprises
of seven bones starting from the base of the skull (Newell, 2008). It continues with
thoracic vertebrae below and due to its features, it is the most mobile region of the column
(Arinci1 and Elhan, 2014).

It presents with different characteristics that differentiate it from other vertebral bones.
Between the arch and body of the vertebrae, there is an opening called vertebral foramen
(Ratliff and Cooper, 2003). Adult cervical bones possess a significant feature, the foramen
transversarium (FT) which set them apart from the rest of the vertebrae (Akhtar et al.,
2015).

Cervical vertebrae are divided into typical and atypical. The third, fourth, fifth and sixth
have similar features viz. a small, broad vertebral body, short and bifid spinous process,
hence considered as typical. Additionally, first, second and seventh also present special
characteristics and are referred to as atypical. The first cervical vertebra possesses a
transverse process that is longer than other cervical vertebrae except the seventh cervical
vertebra. Furthermore, there is absence of the vertebral body in the first cervical vertebra.
The second cervical vertebra presents a conical projection on the superior surface of the
body known as the dens, with large ovoid articular facets on both sides. There is a long
spinous process present in the seventh cervical vertebra in addition to other features
(Standring, 2008). (Figure 2)
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1.3 Embryology of vertebrae

The vertebral column presents the most well-arranged vertebral body, in which series of
segmental organization of vertebral bones, joints and ligaments are found. During the
developmental period from week 4, the vertebrae are derived from the primitive streak,
which give rise to the part of embryonic paraxial mesoderm known as the somites (Scaal,
2016).

During embryogenesis, each somite gives rise to the dermomyotome, which differentiates
into the three major components; the dermis of the skin, the skeletal muscle and the
sclerotome that further gives rise to the components of vertebral and the associated joints
(Fleming et al., 2015).

Furthermore, the medially positioned sclerotome develops into major parts of the somite.
The somite migrates to surround the midline notochord and neural tube. The cells
differentiate first into chondrocytes that deposit a cartilage intermediate, and then into
osteoblasts that replace the cartilage with bone by a process known as endochondral
ossification to give rise to the vertebral arches, the dorsal part around the spinal cord and
the centra which is the ventral portion that surround the notochord (Peters et al., 1999;
Nakashima et al., 2002; Chal and Pourquié, 2009). The development of vertebrae
commences at the 4" week of embryonic life with an indication of precartilage stage
marking the first stage then proceed with the chondrification stage which indicates the
second stage at around 6™ week of intrauterine life and to the last stage, the ossification
stage at after 10" week of gestational age (Pansky, 1982; Skorzewska et al., 2013). There
are three primary observable ossification centres during embryological period which are;
one centre at the centrum and one centre each in the half of the vertebral arch. More so,
five secondary ossification centres are present at puberty in the following areas; one
secondary ossification centre seen at each of the tips of transverse process, one centre at
the tip of spinous process and remaining two secondary ossification centres are located at

annular epiphyses of upper and lower part of vertebral body (Pansky, 1982).

The VA as one of the contents of the FT begins its development during the intrauterine
life approximately day 32 and completed by day 40 between the 12.5- and 16-mm stages
(Sim et al., 2001, Padget, 1948). (Figure 3)
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1.4 Variations of foramen transversarium

The FT is an important characteristic of the cervical bones (Patra et al., 2015). These
foramina present variations in shape, size and in some cases are small, duplicated or even
absent (Yadav et al., 2014). VA begins its course at the FT of the sixth cervical vertebra,
however, Jovanovic (1990) observed that in 5% of their Canadian sample that

occasionally, the VA may begin its course at the seventh cervical foramen.
1.4.1 Shape of foramen transversarium

The shape of FT was classified into five types (type 1 to type 5) according to Taitz et al.
(1978), while additional classification (type 6 and type 7) were observed by Kimura et al.
(1985) and Ambali and Jahav, (2017). Type 1 is round, type 2 is elliptical antero-posterior,
type 3 elliptical transverse, type 4 elliptical oblique right to left, type 5 elliptical oblique
left to right, type 6 irregular and type 7 absent of foramen.

A recent study on the shape of FT revealed that the most common shape was found to be
a round FT in the Indian population while the least common shape was found to be

elliptical with the main diameter measured antero-posteriorly (Sunitha et al., 2016).
1.4.2 Variation in number of foramen transversarium

Literature have reported different results on the variations of FT, from radiological and
bone examinations. Presence of different anatomical variations of FT such as triplicated,
duplicated variations has been reported (Kimura et al., 1985; Murlimanju et al., 2011;
Zibis et al., 2016). Variations of the FT in relation to the content occupying its length are
of clinical significance. Significantly, knowledge about the variations and course of VA,
the major content of FT is required in spine surgery because an unpredicted course of VA

may lead to a severe clinical condition (Smith et al., 1993).
1.4.2.1 Duplication of the foramen transversarium

Duplication of the FT (double FT) has been largely documented (Zibis et al., 2016). In a
study that examined 480 FT, 34 (7.08%) vertebrae with duplication of FT was found in
the Indian population (Taitz et al., 1978). In a similar study by Kaya et al. (2011) that was

carried out in an Ancient Byzantine Jewish population, five out of 22 vertebrae which



account for 22.73 % double FT (DFT) was observed. This DFT was unilateral in three

(13.63%) and bilateral in two (9.09%) of all the vertebrae considered as well.

Additionally, 15 out of 222 vertebrae with bilateral duplication of FT which accounts for
6.76% was also observed in a Turkish population (Aydinlioglu et al., 2001). Similarly, in
another study that examined 2000 Tlatelolco Mexican samples, 262 DFT that amounts to
12.41% were recorded (Esquivel, 1975). In another study that considered 100 vertebrae
of Japanese population, DFT in 11 (11%) of the vertebrae (Kimura et al., 1985). A recent
study by Sangari et al. (2015) in 71 vertebrae of unknown race reported the cases of 17
vertebrae (24%) with unilateral duplication and one vertebra (1.04 %) with bilateral
duplication of the foramen. The one case (1%) of FT duplication out of 100 vertebrae of
polish population was also documented by Wysocki et al. (2003) . Asvat (1997)
documented DFT cases in 31.33% (94 out of 300 samples) South African Black
population and in 56% (56 out of 100 samples) South African White population.

1.4.2.2 Triple foramen transversarium

Triple foramen transversarium (TFT) is a form of multiple foramina resulting from double
rib bone element from the same side fusing to the original transverse process (Kimura et
al., 1985). Taitz et al. (1978) reported that the TFT is a rare variation and in their Indian
sample it was found on the left side in one out of 480 vertebrae (0.21%). Murlimanju et
al. (2011) also found one (0.27%) vertebra out of 363 with triplication in an Indian
population specimen. In addition, Rathnakar and Remya (2013) found one (0.71%) out
of 140 vertebrae with a TFT on the right side.

1.4.2.3 Hypoplastic foramen transversarium

Hypoplastic foramen transversarium (HFT) refers to bilateral or asymmetric narrowing
of the FT. Taitz et al. (1978) reported eight out of 480 vertebrae (1.67%) in Indian samples
found to be HFT. In another report, Nagar et al. (1999) only found one in a sample out of

709 cervical vertebrae of Jewish population studies accounting for 0.14 %.

In addition, Kaya et al. (2011) reported one out of 22 cervical vertebrae (4.54%) were
HFT in Ancient Byzantine Jewish population . Recently, Yadav et al. (2014) found one

(0.83%) of the cervical vertebra with a HFT unilaterally, and one (0.83 %) cervical

10



vertebra with a HFT bilaterally in 120 specimens from the Indian population. Sangari et
al. (2015) observed five vertebrae (7.04 %) with a HFT unilaterally, in a sample of 71
vertebrae of unknown ethnicity. These reports suggest that cervical vertebra with HFT is

rare.
1.4.2.4 Absence of foramen transversarium

Studies have documented the absence of FT. Absence of FT 18 (0.9%) out of 2000
vertebrae were reported in a study by Esquivel (1975) on Tlatelolco samples. In addition,
Kimura et al. (1985) documented 18 (18%) out of 100 cases of absence of FT in Japanese
population, where a single case (1%) out of 100 vertebrae of the Polish population was
reported by Wysocki et al. (2003). Taitz et al. (1978) documented four (0.83%) cases out
of 480 vertebrae that lack FT in Indian race.

1.5 Clinical relation of foramen transversarium and vertebral artery

VA is the major component occupying the FT with other structures such as sympathetic
chain and vertebral vein (VV). The VA originate from the subclavian artery and divided
into four parts; V1 (from the subclavian artery to the FT of C6), V2 (passes inside C6—
C1FT), V3 (from the superior aspect of the arch of the C1 to the foramen magnum) and
V4(intradurally from the foramen magnum to combine with the VA from opposite side).
The VA is the most vulnerable to injury anterior to C7, laterally along C3 to C7, and
posteriorly at C1 and C2. Injuries of VA may lead to pathologies such as cerebral
ischemia, pseudoaneurysm, thrombosis and embolism. Similarly, traumatic vertebral
artery injury (TVALI), a serious clinical condition with difficult diagnosis with regard to
VA injury has been identified as one of the VA injuries (Peng et al., 2009).

Regarding the injuries to the divisions of VA, V2 segment is the most commonly affected
in adult TVAI (Herrera et al., 2008), while upper V2 and V3 are implicated in infants and
children (Wang and Orbach, 2008). (Figure 4)
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Figure 4: Illustration of the segments of vertebral artery adapted from Shin et al. (2014)
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The FT protects the V1 and V2 segments of VA. An MRI study by Eskander et al. (2010)
which examined 250 patients revealed that 8% of the patient’s VAs had their segments
lying outside the FT.

Variations in size and number of FT have been implicated in several conditions such as,
fainting attack, migraine and headache which have been attributed to the entrapment of
VA (Ebraheim et al., 1996; Caovilla et al., 2000; Malik et al., 2010).

The variations in FT are in connection with the breadth and the course of the
neurovascular bundles that are found there (Das et al., 2005) as well as tortuosity of VA
(Aydinlioglu et al., 2001). This leads to clinical conditions such as vertebrobasilar
insufficiency (Kaya et al., 2011), hearing impairment and neurological symptoms as a
result of spasm of either VA or basilar artery (Taitz et al., 1978; Das et al., 2005; Kaya et
al., 2011). Movement of the head result from factors such as compression of thyroid
cartilage, abnormal bony outgrowths, thickened musculoskeletal structures and absence
of FT have been identified as other contributing factors to the cause of vertebrobasilar
insufficiency (Tsutsumi et al., 2008). In addition, the pattern of blood flow may be altered
owing to the relation between the VA blood flow and the dimensions of FT (Kotil and
Kilincer, 2014).

The VA is the major structure found in the FT and it is an important structure in the
formation of FT, therefore variations in the course, size and presence of VA will
considerably have effect on the variations of FT. In order to determine the extent and the
course of the contents of FT, the radiologists, surgeons and physicians require better
anatomical understanding about the variations of FT (Murlimanju et al., 2011). Safiudo
et al. (2003) reported that 10% cases of malpractice involving physicians are based on

inadequate knowledge about anatomical variations.
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1.6 Problem statement

Knowledge of variations in FT of the cervical vertebrae size and shape are of importance
due to its clinical implications, however there has been few studies on sexual dimorphism.
The morphometric parameters and variations of FT were previously documented by
Malik et al., (2010) and these variations maybe of clinically significant. Interestingly,
Safiudo et al. (2003) reported that approximately 10% of surgical errors by the physicians
are due to lack of knowledge in anatomical variation. Recently, several studies on the
variations on FT were largely based on using the vernier calliper (Sunitha et al., 2016;
Guerra et al., 2017) as well as CT scan (Sanchis-Gimeno et al., 2018; Zibis et al., 2018;
Tellioglu et al., 2018) as a tool for the measurement of FT diameter in bone specimens.
Sexual dimorphism is essential in forensic medicine, and to determine the accuracy of
particular bone. Malik et al., (2010) found significant differences between morphometric
parameters in male and female foramen transversarium (FT), with smaller female FT
dimensions. The knowledge about the course of VA as the major content of the FT is of
serious indication for the screw placement in fixation (Pruthi et al., 2014). Lesion or
damage to VA during the surgical manoeuvres around the cervical vertebrae may result
in serious clinical conditions. Additionally, the case of hypoplastic VA may alter the
pattern of blood flow (Barbagallo et al., 2014). To the best of our knowledge, no or little
study has compared the morphometric parameters and variations of FT with respect to

age and sex.

1.7 Aim

The aim of this study was to analyse the morphometric parameters and variations of the
foramen transversarium (FT) with regards to sexual dimorphism and age of KwaZulu-

Natal population, South Africa.
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1.8 Objectives

The specific objectives of this study were to;
i measure the size of the foramen transversarium (FT)
ii. classify the anatomical variations of the FT

iii. compare the anatomical variations according to sex, age and laterality

1.9 Research question
a. Would the FT variations be rare or common in KZN?
b. Would the variations be similar between sex, age and laterality groups?

c. Would the result be different from previous work?

1.10 Significance of study

Different variation and anomalies regarding the morphometric and anatomical parameters
of FT may result in entrapment of associated neurovascular structures during movements
(Mulla and Pundge, 2015). This compression may result in common MSCs such as neck
pain, severity of cerebrovascular conditions, migraines and shoulder pain (Sultana et al.,
2015). Imperatively, investigations on the FT variation and morphometric parameters are
of clinical significance because of the diameter of FT, associated structures, especially
VA blood flow and that of the FT (Kotil and Kilincer, 2014). Therefore, morphometric
and anatomical investigation of the FT variations with respect to age, sex and laterality is
of clinically significant in radiological assessment, clinical diagnosis and management of

MSCs associated with musculoskeletal structures.
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Materials and Method
Materials

One hundred and thirty (130) dried human cervical bones without any degeneration or
deformity were used for this study. The typical cervical bones from the KwaZulu-Natal
population that included 67 Males and 63 Females with an age range from 12 to 89 years
of age were sourced from the bone collection at Discipline of Clinical Anatomy, Nelson
Mandela School of Medicine, University of KwaZulu-Natal, Durban, South Africa. All
the intact cervical vertebrae without any traumatic disorders, deformity or degeneration
were included in this study. Ethical approval for this investigation was received from
Biomedical Research Ethics Committee of the University of KwaZulu-Natal, Durban,
South Africa (class approval number BREC: BCA356/14) (Appendix 1). The following
tools were utilised: a) cardboard box and plastic bag to store bone samples b) white board
to use as background or base, 15cm and 150mm length ruler c) tripod with 360 degree
panning head, 90 degree tilt and bubble level for optimal position control d) smart phone
camera, smart phone holder to attach to tripod, e) bluetooth camera remote (selfie stick)
and f) prestik (reusable rubber-like temporary adhesive) to stabilize and lie the bone on

horizontal plane.

General methodology and study design

The morphometric analysis, the age, sex and related information about these bones were
assessed and documented. The age division criteria based on teenage (> 20), youth (20-<
40), middle age (40-< 60) and old age (> 60) (Levinson 1986; Briner 2006). Prior to the
setup of the bone sample, two challenges were observed, in order to place the cervical
vertebra in a horizontal plane. The first challenge, was that some of the spinous process
of the cervical vertebrae were angulated. Second one, was that some of the FT were also
angulated. This caused the bone sample to be unstable to place in a horizontal plane.
Therefore, prestik (reusable rubber-like temporary adhesive) was placed on the

underlying white board, thereby stabilising the cervical vertebral body on it.
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The smart phone camera was set up with smart phone holder mounted to the tripod. The
panning head of tripod was tilted into 90 degree, then checked the bubble level of tripod
to confirm the optimal position of the horizonal plane set up. Also, the grid line setting of
the camera was turned on to help the optimal position. Lastly, the Bluetooth camera

remote was used to reduce the disturbance of the camera set up.

In the light of the above challenges, three photos in different angles for each cervical
vertebra were taken. First angle - the line of cervical vertebral body was placed parallel
to the underlying board in a horizontal plane and mainly focused on cervical vertebral
body. Second and third angles - the line of FT was placed parallel to background white
board, then focused on left FT and right FT. (Figure 6)

The Paint app was implored to assess the photos of cervical vertebra and two horizontal
lines were drawn in the first photo. One at the anterior margin of cervical vertebral body
and the other at the posterior margin of cervical vertebral body. Sample number were
added in the first photo and, sample number and side (left or right) were added in the
second and third photos. Morphometric analyses were performed using Markus Bader
(MB) Ruler, the digital screen ruler, millimetre (mm), in accordance with a recent study
by Hazar et al. (2015). (Figure 7)

The first photo was used to measure the interforaminal diameter (IFD), foramen-uncus
ridge distance (FURD), anterior margin (AM) and posterior margin (PM) and to observe
the shape and number variations of FT. The second and third photos were used to measure
the antero-posterior diameter (APD) and transverse diameter (TD), and to observe the

shape and number variations of FT.
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Study design

The summary of the sample and design of the study is outlined below in the Figure

5.
| Sample I
v v

v v
[ Femate |( wmale | [ <20 ][ 20-<40 ][ 40-<60 |( >60 | [ Left ][ Right ]

| | | | | | | |
v v

[ Morphometry of FT I Variations of FT ]

v /_Y:Iﬁ

) )
APD Type 1 NFT
D Type 2 HFT
IFD Type 3 DFT
FURD Type 4 TFT
AM Type 5 AFT
—_
PM Type 6
N
Type 7
—

Figure 5: Study design

Key: foramen transversarium (FT), anteroposterior diameter (APD), transverse diameter
(TD), interforaminal distance (IFD), foramen-uncus ridge distance (FURD), anterior
margin (AM), posterior margin (PM), Type 1 - round, Type 2 - elliptical (anteroposterior),
Type 3 - elliptical (Transverse), Type 4 - elliptical (oblique: right to left), Type 5 -
elliptical (left to right), Type 6 - irregular, Type 7 - absent of foramen transversarium,
normal foramen transversarium (NFT), hypoplastic foramen transversarium (HFT),
double foramen transversarium (DFT), triple foramen transversarium (TFT), absent of
foramen transversarium (AFT)
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Figure 6: The three different angles of cervical vertebra, A — vertebral body in horizontal
plane with two horizontal lines and sample number, B — left foramen transversarium in
horizontal plane with sample number and side, C — right foramen transversarium in

horizontal plane with sample number and side
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Figure 7: MB RULER used for morphometric parameters
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Variations of the foramen transversarium

The variations and shapes of the FT were assessed using visual inspection on the bones
that fell into the inclusion criteria after which the bones were stabilized on a smooth
horizontal plane with the camera on tripod stand in horizontal plane. This study adopted
the classification described by Taitz et al. (1978). The classification utilized both the
shape and the main diameter (i.e. anteroposterior-length, transverse-breath) of which five
types were identified viz. Type 1, the round, type 2, the elliptical anteroposterior, type 3,
the elliptical in transverse, type 4, the elliptical oblique from right to left, type 5, the
elliptical oblique from left to right (Taitz et al., 1978). Type 6, the irregular in shape and
type 7, the absence of FTs were added (Kimura et al., 1985; Ambali and Jahav, 2017).

The images of the bones were taken three times in order to eliminate intra-observer bias.

Morphometry of the foramen transversarium

The left and right sides of FT were measured using MB digital screen ruler to determine
the anteroposterior distance (APD) — from anterior border of FT to posterior border of
FT, interforaminal distance (IFD) - distance between medial border of right FT to left FT,
anterior margin (AM) — from anterior border of FT to anterior margin of vertebral body,
posterior margin (PM) - from posterior border of FT to posterior margin of vertebral body,
transverse diameters (TD) — from medial border of FT to lateral border of FT and
foramen-uncus ridge distance (FURD) - distance from medial border of FT to medial
ridge uncus and the data were analysed using RStudio, a programming language for
statistical computing and graphics. The results of all measurements obtained were
compared according to sex, sides (left and right) and age. (Figure 6-10). Appendix 2;

illustrates the data table showing all parameters.
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‘
BPT

Figure 8: Morphometric parameters

Key: A - anteroposterior diameter, B - transverse diameter, C - interforaminal distance,
D - anterior margin distance, E - posterior margin distance, F - foramen-uncus ridge

distance and 11.71 - sample number
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Figure 9: Materials used to record bone samples

Keys: A - white board with cm and mm showing ruler attached, B - tripod with
horizontal head and bubble level, C - Prestik (reusable rubber-like temporary adhesive),
D - Bluetooth camera remote (selfie stick), E - smart phone camera, F - smart phone
holder to attach to tripod
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Figure 10: Setup to record bone samples
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Statistical analysis

Morphometric parameters of FT were analysed using descriptive and inferential statistics.
The descriptive statistics involved the five number summaries, that is; the minimum,
maximum, mean, SD (standard deviation) and quartiles (25%, 50% and 75%). In addition
to the descriptive statistics, the coefficient of variation (CV) was reported to provide a
measure of how the parameter measures varied around the average. On the other hand,
the inferential statistics mainly compared the measurements between sex within age
groups and side. In order to assess the differences in the measurements among multiple
treatment groups, either t-test were used for normally distributed measurements or non-
parametric test Wilcoxon test, in the case of skewed distributions. The data was initially
captured into Ms Excel and imported into a Statistical Software called R, version 3.6.1

for statistical analysis. All the tests were conducted at 5% level of significance.

Design of thesis

This thesis entails the preliminary pages followed by Chapter 1, where introduction,
literature review, problem statement, aim, objectives, research questions, general
methodology, study design and statistical analysis were all discussed. The next chapter,
chapter 2, discussed the manuscript; this chapter is arranged in accordance with the
journal to which it has been submitted to. Chapter 3 is the final chapter, which synthesized
all aspects of the thesis. It described the overview aspects of the chapters.
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The literature review documented variations in morphometric parameters of foramen
transversarium (FT) but have not considered age, sex and laterality in combination. This
FT is an important feature of cervical vertebrae because it transmits the vertebral vessels
and sympathetic nerve. Therefore, adequate knowledge is required about the variations
that exist in terms of laterality, age groups and sex. In view of this, this research
manuscript reported the variations in the morphometric parameters with respect to age,
sex and laterality of FT in a KwaZulu-Natal population by exploring the following

objectives;
I. measure the size of the FT
ii. classify the anatomical variations of the FT
iii. compare the anatomical variations according to sex, age and laterality

This manuscript has been sent to the Anatomical Science International (ANSI) with
submission reference ANSI-D-19-00360
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ABSTRACT

The foramen transversarium (FT) is a distinguished characteristic of a cervical bones
based on the vertebral vessels and sympathetic nerve it transmits which are of great
importance in surgical and radiological procedures. The aim of this study was to analyse
the morphometric parameters of the FT with regards to sexual dimorphism and age within
the KwaZulu-Natal (KZN) population, South Africa.

One hundred and thirty (130) dried human typical cervical bones of KZN population of
known sex and age (67 males and 63 females with age ranges from 12 to 89) without any
degeneration or deformity were sourced from the bone collection at the Discipline of
Clinical Anatomy, Nelson Mandela School of Medicine, University of KwaZulu-Natal
(UKZN). The morphometric analyses were performed using Markus Bader (MB) Ruler,

the digital screen ruler and subjected to RStudio statistical analysis.
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The results of this study indicated that the morphometric parameters of the FT were
greater in males compared to females (p< 0.05). The values of the right sides were higher
than that on the left sides except, for the transverse diameter where higher values were
observed in the left side of male specimens. Based on the shape of FT, the type 1 was
predominant (43.85%) shapes, followed by type 3 (23.08%) and least common are type
2 and 7 (0.77%) on the left side. Type 1 has the higher value (46.16%) on the right side,
followed by type 3 (20%) and type 2 (0.77%) is the least in this study. The variation in
FT in relation to sex revealed the presence of normal foramen (62.31%, male with 30.77%
and female with 31.54%) and double foramen (36.92%, male with 20% and female with
16.92%). It was observed that the frequency of bilateral double foramen is common in
males (11.54%) compared to females (6.92%).

The result of this study has demonstrated that risk of injury to neurovascular structures
associated with FT may be common on the left side, in female and especially in age

groups less than < 20 and > 60 years of age.

Keywords: Foramen Transversarium, Cervical vertebrae, Morphometric, Sex, Age

Introduction

Musculoskeletal disorders result from injury or damage to the neurovascular bundles,
bones and associated structures (Briggs et al., 2018). The vertebral column is one of the
structures that are vulnerable to musculoskeletal injury especially the cervical vertebrae
among others. The cervical vertebrae form an important component of the vertebral
column at the neck region (Singh et al., 2019). The cervical vertebrae presents the
vertebral body, vertebral arch, vertebral foramen, articular facet, spinous process and
foramen transversarium (FT) as an important anatomical adaptation features (Moore et
al., 2013). The FT is an important and noticeable feature of cervical vertebrae that occupy
the sympathetic fibres, vertebral vein (VV) and vertebral artery (VA) (Guerra et al.,
2017). This foramen is also known as VA foramen with respect to the VA that passes
through it (Hsu, 2011), which makes anatomical knowledge regarding the variations of
FT essential in diagnosis, radiological assessment and medical imaging interpretation

(Murlimanju et al., 2011). Consequently, fracture or injury to the cervical vertebrae and
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the FT will result in damage or lesion to the associated neurovascular bundles (Dalgic et
al., 2009). Literature have documented anatomical variations of FT based on shapes and
size. Manjunath et al. (2018) reported one FT on either side as well as absent or duplicated
on one or either sides. A recent study observed extremely narrow, multiple, hypoplastic,
duplicated and triplicated FT (Zibis et al., 2016). These variations have consequences on
course and dimension of the associated neurovascular vessels (Das et al., 2005), and may
alter the position and path of these structures. This leads to clinical conditions such as
vertebrobasilar insufficiency (Kaya et al., 2011), hearing impairment and neurological
symptoms as a result of spasm of either VA or basilar artery (Taitz et al., 1978; Das et
al., 2005; Kaya et al., 2011). Importantly, ignorance of the variations in terms of the shape
and size in FT may present devastating outcomes during diagnosis, surgery or
interpretation of medical imaging. Besides, previous studies have not considered the

combination of age, sex and laterality as regards to the variations of FT.

Imperatively, deeper understanding about the anatomical variations that exists in FT with
respect to age and sex is required in order to be able to properly diagnose and accurately
interpret results of any musculoskeletal disorders especially in relation to the FT and its
contents. Sexual dimorphism is essential in forensic medicine, to analyse the accuracy of
a particular bone in determining sex. Malik et al., (2010) found significant differences
between morphometric parameters in male and female, with smaller dimensions for the
foramen transversarium (FT) in female specimens. The knowledge of morphometric
parameters and variation of FT in sex, age and side may help in surgical procedures such

as screw fixation in cervical region and also for radiological investigations.

In the light of this, this study was designed to assess the morphometric variations of the
FT in relation to the age and sex within a KwaZulu-Natal (KZN) population, South
Africa.
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Materials and Method
Materials

One hundred and thirty (130) dried human cervical bones without any degeneration or
deformity were used for this study. The typical cervical bones from the KwaZulu-Natal
population that included 67 Males and 63 Females with an age range from 12 to 89 years
of age were sourced from the bone collection at Discipline of Clinical Anatomy, Nelson
Mandela School of Medicine, University of KwaZulu-Natal, Durban, South Africa. All
the intact cervical vertebrae without any traumatic disorders, deformity or degeneration
were included in this study. Ethical approval for this investigation was received from
Biomedical Research Ethics Committee of the University of KwaZulu-Natal, Durban,
South Africa (class approval number BREC: BCA356/14). The following tools were
utilised: a) cardboard box and plastic bag to store bone samples b) white board to use as
background or base, 15cm and 150mm length ruler c) tripod with 360 degree panning
head, 90 degree tilt and bubble level for optimal position control d) smart phone camera,
smart phone holder to attach to tripod, e) bluetooth camera remote (selfie stick) and f)
prestik (reusable rubber-like temporary adhesive) to stabilize and lie the bone on

horizontal plane.

General methodology and study design

The morphometric analysis, the age, sex and related information about these bones were
assessed and documented. The age division criteria based on teenage (> 20), youth (20-<
40), middle age (40-< 60) and old age (> 60) (Levinson 1986; Briner 2006). Prior to the
setup of the bone sample, two challenges were observed when placing the cervical
vertebrae in a horizontal plane viz. some of the spinous process and FT of the cervical
vertebrae were angulated, thereby making the cervical vertebrae unstable in the horizontal
plane. Therefore, Prestik (reusable rubber-like temporary adhesive) was placed on the

underlying white board, thereby stabilising the cervical vertebral body on it.

The smart phone camera was set up with smart phone holder mounted to the tripod. The

panning head of tripod was tilted into 90 degree, then checked the bubble level of tripod
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to confirm the optimal position of the horizonal plane set up. Also, the grid line setting of
the camera was turned on to help the optimal position. Lastly, Bluetooth camera remote

was used to reduce the disturbance of the camera set up.

In the light of the above challenges, three photos in different angles for each cervical
vertebra were taken. First angle - the line of cervical vertebral body was placed parallel
to underlying board in horizontal plane and mainly focused on cervical vertebral body.
Second and third angles - the line of FT was placed parallel to background white board,
then focused on left FT and right FT. (Figure 1)

The Paint app was implored to assess the photos of cervical vertebra and two horizontal
lines were drawn in the first photo. One at the anterior margin of cervical vertebral body
and other at the posterior margin of cervical vertebral body. The sample number was
added in the first photo and, sample number and side (left or right) were added in the
second and third photos. Morphometric analyses were performed using Markus Bader
(MB) Ruler, the digital screen ruler, millimetre (mm), in accordance with a recent study
by Hazar et al. (2015). (Figure 2)

The first photo was used to measure the interforaminal diameter (IFD), foramen-uncus
ridge distance (FURD), anterior margin (AM) and posterior margin (PM). and to observe
the shape and number variations of FT. The second and third photos were used to measure
the anteroposterior diameter (APD) and transverse diameter (TD), and to observe the

shape and number variations of FT.
Variations of the foramen transversarium

The variations and shapes of the FT were assessed using visual inspection on the bones
that fell into the inclusion criteria after which the bones were stabilized on a smooth
horizontal plane with the camera on tripod stand in horizontal plane. This study adopted
the classification described by Taitz et al. (1978). The classification utilized both the
shape and the main diameter (i.e. anteroposterior-length, transverse-breath) of which five
types were identified viz. Type 1, the round, type 2, the elliptical anteroposterior, type 3,
the elliptical in transverse, type 4, the elliptical oblique from right to left, type 5, the
elliptical oblique from left to right (Taitz et al., 1978). Type 6, the irregular in shape and
type 7, the absence of FTs were added and included in the classification (Kimura et al.,
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1985; Ambali and Jahav, 2017). The images of the bones were taken three times in order

to eliminate intra-observer bias. (Figure 1)
Morphometry of the foramen transversarium

The left and right sides of FT were measured using MB digital screen ruler to determine
the anteroposterior distance (APD) — from anterior border of FT to posterior border of
FT, interforaminal distance (IFD) - distance between medial border of right FT to left FT,
anterior margin (AM) — from anterior border of FT to anterior margin of vertebral body,
posterior margin (PM) - from posterior border of FT to posterior margin of vertebral body,
transverse diameters (TD) — from medial border of FT to lateral border of FT and
foramen-uncus ridge distance (FURD) - distance from medial border of FT to medial
ridge uncus and the data were analysed using RStudio, a programming language for
statistical computing and graphics. The results of all measurements obtained were

compared according to sex, sides (left and right) and age. (Figure 1-4).

Statistical analysis

Morphometric parameters of FT were analysed using descriptive and inferential statistics.
The descriptive statistics involved the five number summaries, that is; the minimum,
maximum, mean, SD (standard deviation) and quartiles (25%, 50% and 75%). In addition
to the descriptive statistics, the coefficient of variation (CV) was reported to provide a
measure of how the parameter measures varied around the average. On the other hand,
the inferential statistics mainly compared the measurements between sex within age
groups and side. In order to assess the differences in the measurements among multiple
treatment groups, either t-test were used for normally distributed measurements or non-
parametric test Wilcoxon test, in the case of skewed distributions. The data was initially
captured into Ms Excel and imported into a Statistical Software called R, version 3.6.1

for statistical analysis. All the tests were conducted at 5% level of significance.
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Figure 1: The three different angles of cervical vertebra, A — vertebral body in horizontal
plane with two horizontal lines and sample number, B — left foramen transversarium in
horizontal plane with sample number and side, C — right foramen transversarium in

horizontal plane with sample number and side
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Figure 2: MB RULER used for morphometric parameters
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Figure 3: Morphometric parameters

Key: A - anteroposterior diameter, B - transverse diameter, C - interforaminal distance,
D - anterior margin distance, E - posterior margin distance, F - foramen-uncus ridge

distance and 11.71 - sample number
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Figure 4: Setup to record bone samples
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Results

Morphometric parameters of foramen transversarium
Anteroposterior diameter (APD)

The APD results are 6.16 mm in male and 5.93 mm in female of right side, 6.25 mm in
male and 6.09 mm in female of left side. APD showed no significant difference between

male and female, left and right specimens. (Table 1)
Transverse diameter (TD)

The results of TD are 7.02 mm in male and 6.77 mm in female of right side, 7.32 mm in
male and 6.89 mm in female of left side. There was a significant difference (p< 0.05) in
TD of male and female on the left specimens but no significant difference in the right
measurements of specimens. There was a slight increase in diameter when comparing the

left from the right in male and female specimens (Table 1).
Foramen-uncus ridge distance (FURD)

The FURD values are 4.24 mm in male and 4.16 mm in female of right side, 4 mm in
male and 3.75 mm in female of left side. There was no significant difference in FURD of
both male and female specimens and also in right and left. There was slight increase in

diameter when comparing the right from the left in male and female specimens (Table 1).
Anterior margin (AM)

There was no significant difference in AM of both male and female specimens and also
between right and left (Table 1). The results of AM are 9.10 mm and 9.2 in male and

female samples of right side, 9.12 mm and 9.14 mm in female samples of left side.
Posterior margin (PM)

The PM result are 3.87 mm in male and 3.71 in female of right side, 3.66 mm in male and
3.32 mm in female of left side. There was no significant difference in PM of both male
and female specimens and also in right and left. There was slight increase in diameter
when comparing the right from the left in male and female specimens (Table 1).

Interforaminal distance (IFD)
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IFD showed significant difference (p< 0.05) with increased in diameter of the male when
compared with the female specimens (Table 1). The values are 27.9 mm in male and 26.8

mm in female.

Table 1: Morphometric analyses of foramen transversarium mean dimensions of

male and female on right and left specimen

Male Female | P-value | Male | Female | P-value

Parameters Right | Right Left | Left

APD (mm) 6.16 5.93 0.18 6.25 |6.09 0.29

TD (mm) 7.02 6.77 0.23 7.32 |6.89 0.02
FURD (mm) | 4.24 4.16 0.68 4 3.75 0.14
AM (mm) 9.10 9.02 0.81 912 |9.14 0.62
PM (mm) 3.87 3.71 0.49 3.66 |3.32 0.15
Parameter Male Female P-value

IFD (mm) 27.91 26.83 0.04

Keys: anteroposterior diameter (APD), transverse diameter (TD), foramen-uncus ridge
distance (FURD), anterior margin (AM), posterior margin (PM), interforaminal distance

(IFD), millimetre (mm)

Shape of foramen transversarium

The incidence of various shape types from the most common (type 1; round) to the least
common (Type 2; elliptical in anteroposterior, Type 7; absent FT) as presented in the
Table 2. (Figure 5-6)

It was evident from table 2 that out of 130 specimens, total of 60 (46.16%) FT were found
to be type 1 (round shape) on the right sides of both sexes. This implies that of total of 60
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FT, 31 (23.85%) in male and 29 (22.31%) in female on the right side. On the left side,
total of 57 (43.85%) FT was found to be type 1 (round shape), 31 (23.85%) found in male
and 26 (20%) for female.

Type 2 (elliptical in anteroposterior) is the least common, it occurred only on the left side

in one (0.77%) male specimen (Table 2).

The results from table 2 shows total number of 26 (20%) on the right side, accounting for
14 (10.77%) male and 12 (9.23%) female FT was found to be type 3 (elliptical in
transverse). Thirty (30) (23.08%) FT on the left side, whereby 16 (12.31%) were found
for male and 14 (10.77%) for female.

Occurrence of type 4 (elliptical from right to left oblique) shape of FT were found in 24
(18.46%) specimens on the right side, whereby 12 (9.23%) each were observed both male
and female. Whereas, only two (1.54%) FT were found on the left side only in female

specimen (Table 2).

In this study, only 3 (2.31%) FT exhibited type 5 (elliptical from left to right oblique) on
the right side from one (0.77%) male and two (1.54%) female specimens. Total number
of 22 (16.92%) was observed on the left side indicating 12 (9.23%) male and ten (7.69%)
female (Table 2).

The results on the shape of FT variations revealed that, a total of 17 (13.07%) type 6
(irregular) shape of FT was found in this study on the right side compared to nine (6.92%)
male and eight (6.15%) female on the right. The same total of 17 (13.07%) were also
observed on the left side but six (4.61%) for male and 11 for (8.46%) female (Table 2).

In this study, the absence of FT (type 7) was only observed in one (0.77%) male specimen
on the left side (Table 2). (Figure 6)
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Table 2: Shape of foramen transversarium of Male and Female on right and left

specimen
Right side Left side

Shape types | Male Female Total Male Female Total

1 31 (23.85%) 29 (22.31%) 60 (46.18%) | 31(23.85%) | 26 (20%) 57 (43.85%)
2 0(0) 0(0) 0(0) 1 (0.77%) 0(0) 1 (0.77%)

3 14 (10.77%) 12 (9.23%) 26 (20%) 16 (12.31%) | 14 (10.77%) | 30 (23.08%)
4 12 (9.23%) 12 (9.23%) 24 (18.46%) | 0(0) 2 (1.54%) 2 (1.54%)

5 1(0.77%) 2 (1.54%) 3(2.31%) 12 (9.23%) 10 (7.69%) 22 (16.92%)
6 9 (6.92%) 8 (6.15%) 17 (13.07%) | 6 (4.61%) 11 (8.46%) 17 (13.07%)
7 0(0) 0(0) 0(0) 1 (0.77%) 0(0) 1 (0.77%)

Key: 1= round, 2= elliptical (anteroposterior), 3= elliptical (transverse), 4= elliptical
(oblique: right to left), 5=elliptical (left to right), 6= irregular and 7= absent of foramen

transversarium
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Figure 5: Shapes of the foramen transversarium

Key: A - type 1 (round), B - type 2 (elliptical anteroposterior), C - type 3 (elliptical
transverse), D - type 4 (elliptical oblique right to left), E - type 5 (elliptical oblique left to
right), F - type 6 (irregular)

20.88

Figure 6: type 7 - absent of foramen transversarium on the left side
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Variations in number of foramen transversarium

Table 3 illustrates that, out of 130 typical cervical vertebrae, 48 (36.92%) vertebrae with
double foramen transversarium (DFT) and one (0.77%) vertebra with absence of FT.

Twenty two (16.92%) vertebrae with DFT were found in female and 26 (20%) vertebrae
with DFT were seen in male. Also, one (0.77%) vertebra with no FT was found in male
(Table 3).

Two types of double foramen (DF) were found (Figure 7-8)— bilateral DF and unilateral
DF. Total of 24 (18.46%), nine (6.92%) bilateral DF were found in female and 15
(11.54%) bilateral DF in male. Total of 24 (18.46%), 13 (10%) unilateral DF were
observed in female and 11 (8.46%) unilateral DF in male (Table 4).

Four types of bilateral FT were observed — bilateral complete, bilateral incomplete, left
complete and right incomplete, and left incomplete and right complete as shown in the
Table 4. (Figure 7)

Four types of unilateral FT were found — left unilateral complete, right unilateral

complete, left unilateral incomplete and right unilateral incomplete (Table 4). (Figure 8)

Table 3: Variations in number of foramen transversarium in relation to sex

Female % Male % Total %
Normal FT 41 31.54 |40 30.77 81 62.31
HFT 0 0 0 0 0 0
DFT 22 16.92 26 20 48 36.92
TFT 0 0 0 0 0 0
Absence of FT 0 0 1 0.77 1 0.77

Key: FT = foramen transversarium, HFT = hypoplastic foramen transversarium, DFT =

double foramen transversarium, TFT = triple foramen transversarium
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Table 4: Variations of double foramen transversarium in relation to sex

Double foramen (DF) Female | % Male | % Total | %
Bilateral | Bilateral complete DF 1 0.77 | 6 462 |7 5.38
DF : :

Bilateral incomplete DF 5 3853 231 |8 6.15

Left complete & Right incomplete DF | 1 0.77 | 5 385 |6 4.62

Left incomplete & Right complete DF | 2 154 |1 0.77 |3 231

Total 9 6.92 | 15 1154 | 24 18.46
Unilateral | Left unilateral complete DF 1 077 | 1 0.77 |2 1.54
DF : i

Right unilateral complete DF 3 231 |5 385 |8 6.15

Left unilateral incomplete DF 5 3.85|3 231 |8 6.15

Right unilateral incomplete DF 4 3.08 |2 154 |6 4.62

Total 13 10 |11 846 |24 18.46
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Figure 7: Types of bilateral double foramen transversarium (DFT)

Key: A = bilateral complete DFT, B = bilateral incomplete DFT, C = left incomplete &
right complete DFT and D = right complete & left incomplete DFT

Figure 8: Types of unilateral double foramen transversarium

Key: A = left unilateral complete DFT, B = left unilateral incomplete DFT, C = right

unilateral complete DFT and D = right unilateral incomplete DFT
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Morphometric parameters with respect to sex, age and laterality of foramen

transversarium

The morphometric analysis with respect to age, sex and laterality were presented in Table
5. The laterality considered left and right sides of the specimens. The sex considered in
this study was male and female. It was evident that in the APD, all the age groups and
sex were significantly different (p< 0.05) p-value except the right sides of age groups <
20 and 20 to < 40 years in both sexes.

The results on the measurement of TD showed significant difference (p< 0.05) on the
sides and sex across all age groups. Greater values were observed in age 20-< 40 and 40-
< 60 in both male and female and both sides (Table 5).

In the AM measurement, statistically significant difference (p< 0.05) were observed on
the left sides of ages group < 20, 20-< 40 and > 60 as well as both sides of 40-< 60. Right
sides of age groups < 20, 20-< 40 and > 60 were not significant in both males and females
(Table 5).

The PM measurements showed significant difference (p< 0.05) in all the age groups, both
sides and for male and female as revealed in the Table 5.

The result of FURD showed statistically significant difference (p< 0.05) for both sides of
male and female in age groups < 20, 20-< 40, > 60 and the right sides of both male and
female of age group 40-< 60. Additionally, no significant differences were observed on

the left sides in male and female of age group 40-< 60 (Table 5).

The IFD showed a significant difference (p< 0.05) in all age groups for both left and right
sides in both sex except left and right sides of age group 40-< 60 in both male and female
(Table 5).
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Table 5: Comparison of anatomical variations according to sex, age and laterality

<20 20-<40 40-<60 >60
Mean(SD) Max | Min Mean(SD) Max | Min Mean(SD) Max | Min Mean(SD) Max | Min
APD Female | Left 6.81(0.24) |7.11 |653 [6.12(0.83) |7.80 |4.42 [6.12(1.01) [890 |4.41 [5.71(0.94) |7.42 |4.73
(mm) Male Left 6.12(0.71) 7.02 520 |6.21(1.01) 8.11 [4.62 |6.33(0.81) 8.33 1492 |6.03(0.61) 6.73 491
Female | Right |[5.92(0.23) 6.13 |570 |6.23(1.11) 8.13 [3.21 |5.81(0.82) 752 443 |5.42(0.93) 711 |3.82
Male Right |6.11(0.62) 6.84 |541 |6.11(0.82) 722 | 4.64 |6.23(0.91) 8.43 [4.01 |6.21(0.92) 732 | 464
D Female | Left 7.83(0.64) 8.62 |7.12 |6.92(1.14) 8.81 |4.44 |6.74(1.43) 10.03 | 4.34 |6.62(0.91) 833 |5.71
(mm) Male Left 7.14(0.54) 761 |6.42 |7.60(1.32) 10.02 |5.72 |7.23(0.83) 9.13 |5.62 |7.33(1.11) 8.61 |5.13
Female | Right |7.31(0.52) 8.23 [6.73 |6.91(1.13) 942 311 |6.83(1.41) 10.03 | 4.21 |6.21(0.92) 8.24 |554
Male Right | 7.01(0.91) 790 |5.61 |7.21(1.24) 943 1493 |7.03(1.22) 10.44 |5.04 |7.03(0.93) 8.12 |5.63
AM Female | Left 6.51(1.02) 8.12 |5.63 |9.03(1.52) 1290 | 6.70 [10.33(2.12) |15.01 |6.42 |10.74(3.11) |18.63 |7.42
(mm) Male Left 8.14(1.03) 9.80 |7.32 |9.01(2.23) 14.61 |6.04 [9.12(1.92) 13.83 |5.03 ]10.71(0.93) |11.81 |9.61
Female | Right | 7.01(1.63) 9.31 [491 |8.40(1.51) 12.63 | 551 ]10.21(2.11) |15.32 |6.11 |10.52(3.34) |18.74 |6.54
Male Right | 7.70(1.32) 9.23 |6.32 |8.63(1.70) 1251 |6.11 |9.34(1.73) 13.11 |5.63 ]10.23(0.71) |11.73 |9.73
PM Female | Left 2.90(0.41) 352 231 |3.22(1.31) 592 [1.04 |3.82(1.32) 594 104 |3.11(1.33) 6.32 |1.62
(mm) Male Left 3.40(0.82) |4.32 264 |[3.71(1.23) 583 [1.84 |3.71(1.51) 8.01 [1.12 |3.82(1.82) 731 |1.71
Female |Right |3.31(0.84) [454 [221 [352(1.21) [643 [1.32 |4.11(1.44) |7.22 |1.11 [3.93(1.64) |7.74 |2.24
Male Right | 4.10(1.23) 562 232 |4.11(1.52) 762 232 [3.71(1.12) 6.23 |1.03 [4.31(1.31) 6.33 |3.02
FURD | Female | Left 3.93(0.51) 454 |3.21 |3.82(0.83) 561 [241 |4.04(1.02) 6.13 |222 [3.22(0.52) 392 |251
(mm) Male Left 3.42(1.04) 470 |1.83 |4.22(1.30) 6.72 232 [4.03(0.82) 543 273 |3.91(1.63) 6.91 |2.03
Female | Right |4.41(0.91) 593 [3.82 |4.03(1.01) 6.33 [2.24 |4.63(0.91) 6.94 |[311 |3.73(052) |4.83 |[3.12
Male Right [3.93(1.44) |[5.71 [1.83 [4.83(142) |[742 [241 [411(0.90) [6.03 [252 [4.24(1.14) [6.11 [3.04
IFD Female 25.91(0.93) | 27.32 | 25.12 | 26.71(2.10) |30.81 |22.91 | 27.83(2.02) |31.02 |23.94 |26.11(2.64) |30.44 |22.23
(mm) Male 27.12(1.12) |28.61 |25.83 |27.92(2.53) |[34.11 |23.30 | 27.91(1.72) |31.63 |25.01 |28.62(1.12) |29.91 | 27.01

Key: anteroposterior diameter (APD), transverse diameter (TD), foramen-uncus ridge distance (FURD), anterior margin (AM), posterior margin (PM),

interforaminal distance (IFD), standard deviation (SD), millimetre (mm)
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Discussion

Foramina serve as an essential landmark in medical imaging procedure and surgery,
owing to their anatomy in relation to the associated neurovascular bundles. FT of the
cervical vertebrae exhibits different variations and better understanding on these
variations and their anatomy are clinically relevant (Sethi et al., 2014). In view of this, a
study that employed MB ruler to assess the morphometric variations in FT in relation to
the age and sex of the specimens in a KwaZulu-Natal population, South Africa was

designed.

The results on the morphometric investigation of FT observed different dimension of
measurements ranging from; APD, TD, FURD, AM, PM to IFD.

The APD mean measurement in male was 6.2 mm on both right and left sides. In the
female, 5.9 mm and 6.1 mm were observed on right and left respectively. The APD
measurement showed no significant difference in the male and female, left and right
specimens, also the left and right diameter measurement of the male specimens were the
same. The APD measurement was approximately 5.3 mm in male and 4.9 mm in female,
APD was larger in male than the female which was in agreement with a previous study

that reported larger APD measurement of FT in male than in female (Malik et al., 2010).

The mean TD measurements reported for male specimens were 7.0 mm on the right side
and 7.3 mm on the left side while 6.8 mm and 6.9 mm on right and left sides respectively
for female specimens. This result clearly revealed a significant difference in TD of male
and female on the left sides of the specimens but no significant difference on the right
side measurement of specimens. The TD measurements in male were larger than female
specimens, also, measurements were slightly larger on the left sides of both sexes. Similar
results were previously reported, approximately 6.1 mm in male and 5.58 mm in female,
6.44 mm in male and 5.88 mm in female (Malik et al., 2010; Malla et al., 2018).

The results on the mean FURD measurements were 4.2 mm on the right and 4.0 mm on
the left side of male specimen while 4.2 mm were recorded for right side of female and
3.8 mm for left side of female. These results indicate that no significant difference in
FURD of both male and female specimens and in right and left. This finding correlates
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with a study that found no statistical significance in measurements of male (6.35 mm) and
female (5.98 mm) despite slight differences in measurements (Malla et al., 2018).

The mean AM value for male were 9.1 mm on both right and left sides, while 9.0 mm and
9.1 mm on right and left sides of female specimens respectively. This result showed no
significant difference in AM of both male and female specimens and on right and left.
The values recorded for PM in male were 3.9 mm and 3.7 mm on right and left sides
respectively. In the female specimens, 3.7 mm and 3.3 mm were documented on right and
left sides respectively. These results showed that no significant difference in PM of both
male and female specimens and on right and left sides. The measurements on IFD were
27.9 mm for male and 26.8 mm for female which showed significant difference in

distance of the male when compare with the female specimens.

In terms of sex, the mean value for APD, TD, PM and IFD measurements showed slightly
larger values in male compared with the female, which is in accordance with previous
study that reported greater morphometric values of FT in male than female specimens
(Malik et al., 2010). In terms of laterality, the mean morphometric values were slightly

higher on the right sides.

Different shapes of FT that were observed in this study were round, anteroposterior
elliptical, transverse elliptical, oblique elliptical (right to left), oblique elliptical (left to
right) and irregular shapes. The absence of FT was also found.

It was evident from this finding that the round shape was the most common shape type of
FT in this study. Out of 130 specimens, total of 60 (46.16%) FT were found to be type 1
(round shape) on the right sides of both sexes. On the left side, total of 57 (43.85%) FT
was found to be type 1 (round shape).

This result is in accordance with previous studies that reported round shape FT as most
common type, 32% and 41.32% (Sunitha et al., 2016; Guerra et al., 2017).

The anteroposterior elliptical (type 2) was the least common shape type; it occurred only
on the left side of male which amount to 0.77 %. This finding (2.4%) corroborates with a
recent study by Vasuki et al. (2018) that reported least frequency of anteroposterior

elliptical shape of FT in dry human cervical vertebrae.

54



Total number of 26 (20%) on the right side of FT was found to be type 3 (elliptical in
transverse) and 30 (23.08%) FT was seen on the left side. Interestingly, this result agrees
with the report by Sunitha et al. (2016) that documented 21% for transverse elliptical

shape of FT as well as this shape to be the second most common shape type.

There were 26 records of oblique elliptical (right to left) shape from the result. Total
number of 24 (18.46%) specimens on the right side and only two (1.54%) FTs were found
on the left side.

The cases of oblique elliptical (left to right) shape of FTs were documented. There were
25 FT observed for this type. Only three (2.31%) FT exhibits type 5 (elliptical from left
to right oblique) on the right side and total number of 22 (16.92%) was observed on left
side. The frequencies of oblique elliptical shapes both right to left and left to right types
are similar considerably and differed from other shape types. A recent study by
Kwiatkowska et al. (2014) reported similar findings approximately 10%.

The total of 34 were observed for the irregular type of FT. Total number of 17 (13.07%)
FT exhibited type 6 (irregular) in this study on the right side and the same total of 17
(13.07%) were also observed on the left side. This result was similar to previous finding

by Aziz and Morgan (2018) that documented 10% frequency for the irregular type of FT.

The absence of FT (type 7) 0.77% was observed on the left side of male specimen. This
incidence is lower in comparison to previous studies reported by Zibis et al. (2018) 8 out
of 350 (2.28%) vertebrae in Indo-European race, and Kimura et al. (1985) 18 out of 100

vertebrae (18%) in Japanese population where absence of FT was documented.

The shape of FT investigation has shown that, round shape (Type 1) was the most
common shape type, while transverse elliptical shape (Type 3) was second in common
and anteroposterior elliptical (Type 2) was the least common shape type of FT. This study
was also observed the absence of foramen (type 7) in a male specimen on the left side.

The result on the variations of FT in relation to sex was not statistically significant. The
presence of DF in male specimens which correlates to the result of this finding that
observed higher frequency of DF in male specimen compared to female. There was a case

of absence of foramen in male specimen in this study which is in conformity with recent
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report by Kwiatkowska et al. (2014). Previous study by Zibis et al. (2018) documented
the presence of hypoplastic, duplicated and triplicated FT but in this study, the cases of

hypoplastic and triplicated FT were not observed.

This study provides more insight into the variation of DFT in terms of sexual dimorphism.
It was evident from this study that, frequency of bilateral DF was higher in male (11.54
%) compared to female (6.92%) specimens while cases of unilateral DF were larger in
female (10%) compared to male (8.46%) specimens. This was supported by Patra et al.
(2015) study, who documented that the bilateral formation (11.33%) was more frequent
than unilateral formation (10.67%), although their report did not consider sexual
dimorphism. These findings contrary to another similar study that reported that unilateral
formation was significantly the most frequent and found no differences were found based
on sex (Quiles Guifau et al., 2016). Presence of DFT observed in this study would

provide guide during the screw fixation operation when using posterior approach.

The mean APD were higher in male specimens on both left and right at age groups 40- <
60 and > 60 while only larger on left side in female age < 20. Similar findings were
reported by Malik et al. (2010), who documented that all measurements were significantly

different between males and females, with smaller female dimensions.

The mean value of TD was observed to be larger in male on the left sides across all the
age groups but in female specimens it was higher in age group that were < 20. Similar
results on the laterality of the TD were reported by Yesender et al. (2017).

Different values were observed for the AM distance. The higher values for AM were
observed in males on the left side in age group < 20. Additionally, in both sexes were
observed the higher values on left sides at age 20-< 40. Similar values were also observed
in both sexes on both sides in age group 40-< 60 and > 60. The values of PM were higher
in all male specimens on the right sides in all age groups except age group 40-< 60 where
the value was larger in females on the right side. Based on the results of morphometric
parameters in this study, anatomical variations with respect to sex, age and laterality, the
size of the FT may determine the size of the vertebral artery (VA) and the variation in FT
will also determine the number of branches of VA. This may influence the outcome of

the surgical procedure and radiological assessment.
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The FURD were measured and documented. The higher values were observed in the male
on the right sides in age groups 20-< 40 and > 60 while larger values were noticed in
female on the right sides in age groups < 20, 40-< 60. This result correlates with previous
findings that observed higher mean FURD in male than in female (Oh et al., 1996; Curylo
et al., 2000; Guvencer et al., 2006; Malik et al., 2010).

The higher values for IFD were observed in male in all age groups except age group 40-
< 60 where there was similarity in the distance. Malik et al. (2010) reported that mean
interforaminal distance was greater in males than in females at each spinal level, which
is similar to the findings of this study. The variation in anatomical parameters of FT
regarding the sex, age and laterality is of great importance owing to the associated
neurovascular structures. In addition, sexual dimorphism has been reported on different

morphometric parameters in human body.

Conclusion

In terms of sex, the mean values for APD, TD, PM and IFD measurements showed
slightly larger values in males compared with the females. In terms of laterality, the mean
morphometric values were slightly higher on the right sides. The shape of FT
investigation has shown that, round shape (Type 1) was the most common shape type,
while transverse elliptical shape (Type 3) was second in common and anteroposterior
elliptical (Type 2) and absence of FT (Type 7) were the least common shape type of FT.
The absence of FT (type 7) in a male specimen on the left side was observed in this study.
The variation in FT in relation to sex revealed the presence of normal and DF, it was
observed that frequency of bilateral DF is common in male compared to female and the
cases of bilateral DF was common than unilateral DF. The result of this study has
demonstrated that risk of injury to neurovascular structures associated with FT may likely
to be more common on the left sides, in female and especially age group < 20 and > 60.
This was based on the hypothesis that the diameter of FT was a good marker of VA size,
the smaller the diameter of FT, the likelihood of VA hypoplasia.
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CHAPTER THREE
3.1 Synthesis

In this study various morphometric parameters were investigated on foramen

transversarium (FT) in relation to sex, age and laterality as well as variations of FT.

Using the MB digital screen ruler, almost all the morphometric parameters were slightly
higher in the male specimens compared to the mean values from female specimens.
Similar results were documented by Malik et al. (2010) on 490 human cervical vertebrae

employed from Computed Tomography (CT) scan.
This implies that the method used in this present study was reliable and valid.

The results on morphometric parameters in relation to sex in this present study indicates
that, the mean value for the antero-posterior diameter (APD), transverse diameter (TD),
posterior margin (PM) and interforaminal distance (IFD) measurements showed slightly
larger values in male compared with the female, which is in accordance with a previous
study that reported greater morphometric values of FT in male than female specimens
(Malik et al 2010). More so, based on laterality, the mean morphometric values were
slightly higher on the right sides. A similar study reported the variations in diameter of
vertebral artery (VA) in approximately 75 % (Rohkamm, 2004). The implication of this
result is that considerable narrowing of FT may put the patients at the risk of

vertebrobasilar insufficiency.

The shape of FT investigation had shown that, round shape (Type 1) was the most
common shape type, followed by transverse elliptical shape (Type 3) and, antero-
posterior elliptical (Type 2) and absent of FT (Type 7) are the least common shape type
of FT. In a recent report, it was observed that the round (type 1) shape of FT was found
in 32% which accounts for the most common shape in their study (Sunitha et al., 2016).
Information on the variations of FT may assist in radiological diagnosis and interpretation
as well as computed tomography scans. Additionally, this data may be helpful during
intervention on the vertebrae and associated structures in order to ascertain the exact

surgical method applicable.
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The absence of FT (type 7) was observed in this study in a male specimen on the left side.
Similar findings of a case report by Vasudeva and Kumar (1995), which documented
absence foramen on the left side. The author attributed the absence of FT to
developmental anomalies, especially that of VA being the one of the structures that
traverses it. Therefore, the fate of VA and other structures are not clear in this event but
Vasudeva and Kumar (1995) deduced that in such situation of absence of FT, the VA

probably passes directly from FT of C2 via the vertebral foramen of C1.

Analysis on variation of FT with respect to sex showed the presence of normal foramen,
DF and absence of FT. In this study, frequency of bilateral DF is common in male
specimens compared to female and the cases of bilateral DF is common than unilateral
DF. Previous studies have reported that reasons such as vascular compression, penetrating
injuries, trauma, and fractures to FT or to course of the vascular structures are responsible
for the variations of FT (Dalgic et al., 2009; Murlimanju et al., 2011; Guerra et al., 2017).
Moreover, the size and shape of FT may affect the course and function of the
neurovascular structures passing through it (Kwiatkowska et al., 2014). Additionally,
reasons for these variations in size and numbers such as fainting attack, compression of
VA, migraine and headache have been earlier reported (Murlimanju et al., 2011; Guerra
et al., 2017). Importance of these variations to radiologist, physicians and neurosurgeons
in diagnosis and monitoring has been documented. The VA transmitting the FT gives
substantial blood supply to the brain as well as a branch of basilar arteries that supplies
the inner ear. Entrapment of these arteries may lead to neurological disorders or hearing
impairments and these makes knowledge about the variations of FT so significant
(Murlimanju et al., 2011).

The result of this study has demonstrated that risk of injury to neurovascular structures
associated with FT is common on the right sides, in female and especially age group <
20. This is based on the hypothesis that diameter of FT is a good marker of VA size, the
smaller the diameter of FT, the likelihood of VA hypoplasia.
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3.2 Conclusion

The method employed in this study is reliable and valid since the results of this study are
in consonant with other studies. This finding showed that measurement on morphometric
parameters of FT were greater in males compared with the females. The result on the
laterality showed that values of right sides are higher than left sides except in transverse
diameter where higher values were observed in the left side of male specimens. Based on
the shape of FT inspection, the round shape (Type 1) was predominant shape in this study
followed by transverse elliptical shape (Type 3) and, anteroposterior elliptical (Type 2)
and absent of FT (Type 7) were the least common shape type of FT. Also observed was
the absence of FT (Type 7) on the left side in male specimen. The variation in FT in
relation to sex revealed the presence of normal foramen, DF. The frequency of bilateral
DF was found to be common in male compare to female and the cases of bilateral DF is

more common than unilateral DF.

In conclusion, special consideration should be given to the left sides in the females
especially age group < 20 and > 60. Therefore, information regarding morphometric and
anatomical variations analyses on FT is clinically significant owing to severe clinical
consequences that may arise as a result of trauma or injury to any of the anatomical
structures that traverse through it. Therefore, sound knowledge about the variations in FT
in terms of sex, age and laterality are of great benefit in diagnostic purposes, especially

the medical imaging.

3.3 Recommendation

Future research should employ MB digital screen ruler and compare it with CT scan and
Vernier calliper that has been previous employed in order to investigate anatomical
variation and morphometric parameters of the FT
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Appendix 2

Data Sheet
No | Sample | Sex | Age | Race | Left Right | Accessory LAPD | RAPD | LTD | RTD | IFD | LFURD | RFURD | LAM | RAM | LPM | RPM
Shape | Shape | Foramen
Left | Right
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