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ABSTRACT

Levator scapulae muscle (LSM) is a deep muscle found in the posterior triangle of the
neck. It is reported to be a lead cause of neck and shoulder pain and discomfort in patients.
The muscle anatomically presents with an average of four muscle slipsabngifrom

the transverse processes of the first four cervical vertebra€4Land inserts onto the
superomedial border of the scapula. The main function detlaor scapulae muscie

to elevate the scapula

This study aimed to determine the morphometaigationin levator scapulae musciad
its related neurovasculature via cadaveric and MRI studiesre were 20 available
cadaversand theirposteriorand anteriomeck triangle were dissected to expose the
levator scapulaand itsneurovasculat@ The MRI study usedandomly selected axial
scangn = 167)to identify accessory attachments of kaeator scapulae muscle

The study observed tHevator scapulae muscleith two to six muscle slips, with four
muscle slips dominatingthe average proximal distance was 53.46 + 13.22 mm, distal
distance was 60.63 + 10.78 mm, anterior distance was 87.10 + 9.2ahchposterior
distance was 158.08 + 15.94 mifine cadaveric study observed the accessory muscle slip
attachments to the middle scalene, the fist ribs. The MRI study observed accessory
attachments to the serratus posterior superior, serratus anterior, trapeziuspidhomb
minor, and splenius cervicisThe levator scapulae muscilgas supplied by the dorsal
scapular, transverse cervical ascending cervicalestand innervated by up to six nerve

branches, stemming from C2, C3/C4, and C5 nerve roots.

Clinically, the current study is importatat medical students, anatomists, radiologists, and
physiciansas it confirmed the available daaad provided additional knowledge about
the levator scapulae musclend its related neurovasculaturéence voiding
misinterpretation opossiblemuscle anatomyinaccuratediagnoses angrevent injuries

to neurovasculature during surgical procedufagther research on tievator scapulae



muscleis crucial to provide adequate information regardinglélrator scapulae muscle

variations.
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CHAPTER 1: INTRODUCTION AND BACKGROUND

1.1 Introduction

Chapter One provides an overview of the study. This chapter focused on the orientation
of the proposed study, statement of the problem, research objectives, significance of the

study, limitations, and delimitations of the study.

1.2Background of the study

A skeletal muscle called tHevator scapulaenuscle(LSM) can be discovered in the
neck's posterior trianglikuta et al.,2019; Smit& Todd, 2019) According to Begeet

al. (2018) Dalley and Agur (2023)and Netter (2014) the levator scapulae muscle
proximally attached tohe dorsal tuberosity of the transverse processes of the first four
cervical vertebrae (GC4). However,Dalley and Agur (2023)Netter (2014) andVan

De Graaff (2002) stated that the levator scapulae missdistally attached tthe medial
border of the scapular the superomedial border of the scapula (Beger et al., 2018).
According to Chotaet al.(2015), the muscle is proximally linked to the-C4 and C1

C5 transverse processes bé tcervical vertebraavith an averageof four muscle slips

(Figure 1.1)



Figure 1.1: A typicalevator scapulae muscl&ey: A: A lateral view illustrating the proximal
origin of thelevator scapulae muscte the transverse processes ofdbevical vertebraéFile:
Levator Scapulae Muscle lateral.prgWikimedia Commons2012b) B: A posterior view
illustrating the distal insertion of tHevator scapulae musota the superomedial borders of the

scapulgLevator Scapulae Muscle back.png/ikimedia Commong012)

According to Valaselkt al.(2010), the scapula is the bone of the shoulder girdle that joins
the proximal upper extremities to the axial skeleton. The vertebrae, commonly known as
the spine or the backbone, have fintjlee extensions on either side (lateral) that are
referred to adransverse processes (Asher, 2022). Aside fromstheenthcervical
transverse processgs7), which lack or have just simple anterior tubercles, the transverse
processes of the cervical spine distinct from other transverse processes in that they are
oriented downward and outward and have both anterior and posterior tubercles

(Ihnatsenka & Boezaart, 2010).



Thelevator scapulae musdkelocated on the surface compartment of the superficial back
muscles Gr u j, 2022; V a s k ,02022), deep to the sternocleidomastoid muscle
proximally and deep to the trapezius muscle distadlljng et al, 2012. The trapezius
muscle forms the posterior boundary of the neck, the sternocleidomastoid muscle forms
the anterior border, and the clavicle forms the inferior border of the triangle (Ihnatsenka
& Boezaart, 2010). Thievator scapulae musabearks the floor of the posier triangle,

and because the centre segment ofekiator scapulae musdk not covered, palpating

the muscle in this place is made easr (u j, 2022). |

Duetothede vat or s c a poosltianen the posteribrdriargle of the neck, it is
believed to be associated with discomfort in patients with serious neck and shoulder pain,
due taits variations (Naik & Lokanadham, 2019). The muscle is also associated with other
clinical diagnoses, for example, the levator scapulae syndrome, the snhapping scapula
syndrome (Henry & Munakomi, 2022), and cervical dystobia4 et al.,2012) amongst

others.

The main function of théevator scapulae musdketo elevate the scapula, with the help

of the trapezius, rhomboid minor, and rhomboid major mus€lefiey & Agur, 2023,
Fakoyaet al.,2020;Netter, 2014Smit & Todd, 2019Van DeGraaff, 2002. It also plays

a role in stabilising and mobilising the scapula when the humerus is in action, together
with the pectoralis minor, trapezius, serratus anterior, and rhomboid majoetBae

2022).



Thelevator scapulae musakealso responsible for the inferior rotation of the scapula with
the aid of the descending fibres of the trapezius, pectoralis major and minor, latissimus
dorsi,andrhomboids, leading to a depression of the glenoid cabajl€y & Agur, 2023;

Henry & Munakomi, 2022 Netter, 2013 It lateraly flexes and rotates theertebral
columnas well as extends the neck (BehrdénMaguire 1986 Dalley & Agur, 2023.
Moreover, thdevator scapulae musadke a major muscle responsilfie stabilising the
axialappendicular skeletons (Chotai et al.,, 20D&lley & Agur, 2023;Henry &

Munakomi, 2022).

There are variations associated with keeator scapulae musc{€mit & Todd, 2019)
Normally, thelevator scapulae musaeiginates from the cervical vertebrae, but there are
accessory slips reported in the cadaveric studies, which extend to the occipital bone,
temporal bone, serratus posterior superior, serratus anterior, rhomboid and trapezius
muscles(imaet al., 2012). The muscle was also reported to have accessory muscle slips
extending to the spinous processh#thoracic vertebrae, first twoh$, and the clavicle

(Au et al., 2017; Fakoya et al., 2020; Smit & Todd, 2019)

Other than théevator scapulae muscdtachmentsstudies by Chotai et al. (2015), and
Smit and Todd (2019) reported the mudoddave various numbers of muscle slipge
muscle was initially describeas havingthree slips, followed by another descriptioi
the musclewith an average of four muscle slips proximally attactee@1-C4 (Chotai et
al.,2015 Smit& Todd 2019) Otherstudies cited in Smit and Todd (2019) described the

levator scapulae musdl@have up to five muscle slips with €5 proximal attachmesit



However recent studies havabservedhelevator scapulae musachath six muscle slips

(Naik & Lokanadham, 2019; Smit & Todd, 2019).

Thelevator scapulae musdakeinnervated by the dorsal scapular neagewell as by nerve
branches from the cervical plexus (Beger et al., 2Da8ey & Agur, 2023Fakoya et al.,
202Q Van De Graaff, 2002 Thedorsal scapular nenariginates from nerve root C5
whereas the cervical nerve branches originate fromt&8erve rootgNetter, 2014Som

& Laitman, 2017)

In addition,DalleyandAgur (2023, andNetter (20143escribed the dorsal scapular nerve
as receivingcontribution from C4 Taira et al. (2003) described the cervical nerve
branches to originate from &25. Thelevator scapulae muscteceives blood supply
from the dorsal scapular arterRdlley & Agur 2023;Netter, 2014;Reiner & Kasser,
1996), which is a branch of the transverse cervical arterginating from the
thyrocervical trunk, or the subclavian artery (Fakoya et al., 2020; Henry & Munakomi,

2022 Netter, 2012

1.3 Statement of the problem

Inadequatattentionis paidto thelevator scapulae musg¢léenceits variations might
subsequently be overlookd®mit & Todd, 2019) The levator scapulae muscleas
apotentialcontributionto pathological conditions of theeckandback regions Lima et
al., 2012;Smit & Todd, 2019) For instance, the variations associated withltwator

scapulae musclenay play a role in levator scapulae syndrome and cervical dystonia



(Chotai et al., 2015)it is also the major cause of cervical myofascial pain, snapping

scapula syndrome, fibromyalgia, and Spreng

Moreover, the cervical myofascial syndrome is influenced bietetor scapulae muscle
location, accompanied by the extreme use of the muscle groups, local traumatism, and the
existence of anatomical variatiorisrfa et al., 2012 Therefore, this study focused on
thelevator scapulae musclés variationsand its neurovasculatyrasing both cadaveric

and magnetic resonance imaging (MRI) studid$us, adding and strengthening the

available information about tHevator scapulae musaed its variatios.

1.4 Aim and objectivesof the study

The overall aim of this studwas to determine the morphometric variationdewator
scapulaemusclesnd t he muscl eds related neurovasc.t
1. To examine the existence of tlegator scapulae musclestachment variations, both
proximalanddistal attachments.

2. To characterise the typology and locality of variations ofeb&tor scapulae muscles

3. To explore the frequency of the muscle slips and attachment variations

4. To explore the frequency of neurovasculature and associated variations

5. To critically appraise the clinical significance of these variations

1.5 Significance of thestudy
According to reports, thievator scapulae musclesay be the primary cause séveral
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neck and shoulder disorders, or it may be clinically significant asTioigppropriately
differentiate between anatomical variations and potential neck diseases, doctors must also
be aware of théevator scapulae muschecessory attachments. The results of cadaveric
and MRI studies can be utilised to educate surgeons and other medical practitidhers on
possible effects of the levator scapulae muscle variationsthenvarieies of

musculoskeletal and neurological disorders that patients may experience.

On the other hand, the MRI is crucial for clinical diagnosis, but interpretation is difficult
due to the inability to distinguish between structures. The ability to distinguish between
two or more conditions that have similar symptoms and signs is madiblpdsy the
accurate identification of individual cervical spine muscles (Au et al., 2016). As a result,
the current study is crucial for radiologists to avoid misinterpreting normal variants such

as clotted veins or cervical lymphadenopathy as stat@liet al., 2017).

In addition, in head and neck surgery, teeator scapulae muscfaps are frequently
utilised to treat diseases including oral and oropharyngeal tumours (Beger et al., 2018)
Equally important, the levator scapulae muscfdays a critical role in muscle transfer
procedures in orthopaedibead, neck, and shoulder surgery because variations in the
levator scapulae musoban impact how the muscle moves and functions in its new place

(Au et al., 2017).

Moreover this study is clinically significant during the triptendon transfer (T3 transfer)

procedure, which is a tendon transfer involving lheator scapulae musglenomboid



major, andrhomboid minomusclesinnervated by thdorsal scapular ner{@into et al.,
2019) Hence, adequate anatomical studies ofdbesal scapular nervare required to
improve knowledge and reduce injuries to ttersal scapular nerveuring surgeries

(Pinto et al., 209).

Since there are few research studietegator scapulae musclariations (Smit & Todd,
2019) This study concentrated on the anatomical variationevator scapulae muscles

in the adult cadaver population at the Anatomy Department of the University of Namibia,
at the School of Medicink alsofocussed orthe MRI recordgrom the Roman Catholic
Hospital Therefore, this study is significano fill the current gap on the potential
variations related to th&evator scapulae muscknd confirm the information that is

currently available about tHevator scapulae muscmd its neurovasculature.

1.6 Limitations of the study

UNAM depends on its southern partners to collect cadavers and have the embalming
procedures performed, hence, the principal restriction of this study was the effect of
COVID-19 on the regional cadaver programs in southern Afica. tothe impact of the
embalming fluid (formalirfixed) on the morphometrics of the muscles, some of the
cadaver tissues were rigid and of poor quadityd this deceleratetie dissectioprocess

and increasd the chances of damaginipe neurovasculature. There were no fresh or

unfixed cadaver materials available for this study.



The research was conducted on the same cadaver as medical students, therefore it was
entirely dependent on how well their academic program progressed to get to the area of
interest and this resulted in some of the neurovasculature of interest beingedkebiroy

the medical students. Moreover, only adult cadavers were used in the study, which was
supplemented bgeveralMRI records that were accessible from 2017 to 2022 at Roman

Catholic Hospital.

1.7 Delimitations of thestudy

The cadaveric study made use of the UNAM (School of Medicine) cadavers that were on
hand during the research period. Medical students' destruction of the neurovasculature and
the laterally flexed necks were nobnsidered The cadavers' quality was evaluated to
determine whether they would make good study subjects, but the shrinkage of the
musculoskeletal tissues was ignored. The MRI study usaddmmselection of the scan
records that were available from 2017 to 2022, however, the scans that were cloudy and

unclear werexcluded

1.8 Chaptersummary

The focus of this chapter was on the overview and significance of the morphometric study
of the levator scapulae muscl@he chapter included the background of teeator
scapulae muscl@.he research probleof the study was includedvhichwasmainly the

lack of literature related to the morphological variations ofl¢lvator scapulae muscle.

In addition,the significance of thkevator scapulae musckariationwasto fill the gap of
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inadequate literature, as well as to provide additional information for the resepaciders

clinicians to be aware of possible variations associated witlethtor scapulae muscles
The next chapter will be the literature review of lignator scapulamuscleembryology,

thelevator scapulae musalariations, the blood supply, the nerve supply, and the clinical

correlations related to tHevator scapulae muscle
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CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

A literature review is a methodical search for details regarding the research problem,
Dawidowicz (2010, as cited in Alhassan, 2017). The information used for this section

includes articles from abstracts, journals, textbooks, and reports. The goditefaere

review is to create a framework for comparing new results in the discussion section of a
thesis to earlier discoveries (Randolph, 2009). This chapter provides a review of previous
literature studies on morphology, neurovasculature, the vaisatisnvell as the clinical

correlations associated wildvator scapulae muscles

2.2 Embryology and foetal development of théevator scapulae muscle

There is insufficient information on the development oflévator scapulae musc{éu

et al., 2017). Théevator scapulae musclalong with the serratus anterior aidmboid
muscles are referred to as hypaxial muscles, due to their common embryonid.amgin (

et al., 2012)According to the spinal investigatiomelevator scapulae musglserratus
anterior, and rhomboid muscles are msoehisticated than the upper limb musdies

et al., 2017)Unlike the lateral plate mesoderm, these muscles appear to have developed

from the thoracic myotome (Au et al., 2058) presented in Figure 2.1.
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Figure 2.1: A coronal drawing ofteaditional separation of the somite into the myotome

(Adapted fom Som & Laitman, 2017).

According to Henry and Munakomi (2022), the rhomboid muscles andetfator
scapulae muscleome from the paraxial mesoderm, while the axial skeleton and the
levator scapulae mussleome from the axial somites. Cell migration from the somites
promotes thelevator scapulae muscland axial skeleton's development under the

influence ofMesenchymal epithelial transition (MET) signallirfgima et al., 201p

Based on how they relate to the horizontal vertebral septum, the muscles of the trunk can
be split into two main groups: the ventral hypaxial muscles and the dorsal epaxial muscles
(Lima et al., 2012 Somatic cells are also thought to have given rise to the serratus

posterior superigas a result, the same somatic origin of these muscles is likely to explain
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the prevalence of accessory muscle attachments betwelendtm scapulae musched

the serratus anterior, and serratus posterior superior (Au 20HT.).

In addition, Som and Laitman (2017) stated that the levator scapulae muscle is a true
posterolateral neck muscle that migrates to the scapula domshlyeby itbegins with

the serratus anterior muscle and progresses to the posterolateral thoracj@reljicese
muscles develop from an extra prneiscle mass located towards the ventral extremities

of the lower cervical myotomes.

Som and Laitman (2017) also added that the levator scapulae muscle and serratus anterior
muscles start to separate from the mesenchyme at about 47 embryonic days. Soon after,
this premuscle mass forms a column without any attachments to the vertebhnaeribist

that it stretches over. The lower parts of the levator scapulae and serratus anterior muscles
are weltdefined by 50 embryonic days in this column of cells, which runs from the
cervical region to the thorax. The levator scapulae muscle has staepdroximate its

mature shape and is attached to the scapula by 54 embryonic day& [(@dman, 2017).

Equally important, a lefside proximal attachment of the tweaded levator scapulae
muscle variation was observed during the dissection of-ae®k female foetus. The
longer head originated from the transverse proces€EZ¢ertebrae while the shortexdd
originated from the transverse process C6 vertebrae. Both heads united before it
inserted into the superomedial borders of the scapula (Beger et al., 2018) as presented in

Figure 2.2.
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Figure2.2: Variant levator scapulae musckeys: RM: rhomboid muscles,:ScapulaAdapted

fromBeger et al., 2028

2.3 The location of thdevator scapulae muscle

The levator scapulae muscle is a deep muscle found in the posterior triangle of the neck
(Henry & Munakomi, 2022)Three structural borders make up the posterior triangle of
the neck, the posterior is made uptloé anterior margins of the trapezius muscle, the
anterior is made up of the posterior bordethafsternocleidomastoid, while the inferior

is made up of the twthirds of the clavicle (Ihnatsenka & Boezaart, 2010). The posterior
neck triangle is however subdivided into two triangles (the occipital and subclavian
triangles) by the inferioslip of the omohyoid muscle (Kohan & Wirth, 201Zherefore,

the levator scapulae muscle, splenius capitis, middle scalene, and posterior scalene
muscles are found specifically on the floor of the occipital triangle, which is the superior

triangle of the posterior neck triangle (Kikwggal.,2019).
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According to the atlas of the body sections, CT and MRI imagesonstrated irthe
Human sectional anatonioy Dixon et al. (2017)and Ellis et al. (2007t C3 the levator
scapulae muscleas located deeper to the sternocleidomasioahnterior to the splenius
capitis. At C4, the levator scapulae muscle was located anterolateral to the splenius
cervicis, anterior to the splenius capitis, deeper to the sternocleidomastoid and
posterolateral to thiwngissimuscapitis and cervicis. AC5, the levator scapulae muscle

was located anterior to the splenius capisigperficial to the splenius cervicend
superficially covered by the fat difie posterior trianglgDixon et al., 2017; Ellis et al.,

2007)

Dixon et al. (2017)and Ellis et al. (2007) also stated thatC&-7, the levator scapulae
muscle was locatetb the middle scalene, anterolateral to splenius capitis, lateral to
splenius cervicis, and deeper to the trapezius muscles. At C7, the levator scapulae muscle
was located anterior to the trapezius muscle, lateral to the rhomboid minor and medial or
deepe to the supraspinatug\t C7-T1, the levator scapulae muscle was lateral to the
splenius cervicis, posterior to the scalene muscles and deefier ttapezius muscle

(Dixon et al.,2017, Ellis et al.,2007).
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2.4 Anatomical variations oflevator scapulae muscle

2.4.1 The attachments ofevator scapulae muscle

Thelevator scapulae muscie greatly associated with accessory attachments (Au et al.,
2017)Even though some of the small muscle fibres or tendinous accessoriekeuhtbe

scapulae muscéare clinically not importantLoukaset al, 2006).

The first incident wasbserved by bukas et al. (2006h a71-yearold Caucasian female

The levator scapulae musolas observed arising from the posterior tubercles of the
transverse processes of the C3 andT® muscle bifurcated into two head#e lateral

head was inserted into the superomedial border of the scapula, while the medial head
extended inferomedially and widened into a thick aponeurotic band. The superior part of
the aponeurosis fused with the ligamentum nuchae at the level oh&tferior part
inserted mto the tendon of the rhomboid major, and the serratus posterior superior as

presented in Figurg.3
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Figure2.3: Levator scapulae muscle accessory attachment to ligamentum nuchae, rhomboid
major, and serratus posterior superiGey: A- A single star indicates the flat, broad, triangular
aponeurosis of the accessory levator scapulae. A double star indicates the muscular head of the

accessory levator scapul@e.A diagrammatic representation of the accessory head of the

levator scapulaand itsbroad aponeurotic insertigAdapted fromLoukas et al., 2006

The secondhcident was observed by Fakoya et al. (2020) i8&yearold male cadaver

died from myocardial infarction. On the left side of the cadaver, the levator scapulae
muscle had twslips. The firstslip originated from the transverse processes of the cervical
vertebrae CAC4, while the secondlip originated from the mastoid process. These two
slipsunite and distally insert into the superomedial border of the scapula as presented in

Figure2.4.
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To transverse processes of C1-C4

Figure2.4: Levator scapulae muscle accesssliy from mastoid procesKey: A- An 88year
old man with a bifurcated left levator scapulae mu@oldicated with an arrow)B- Insertion
points of the levator scapulae mus(falicated with arrowsjAdapted from Fakoya et al.,

2020).

Lashley and Granite (2021), observathdaterallevator scapulae musdlestancewithin

a 73yearold Caucasian male human cadaver. On the left side of the cadaver, the levator
scapulae muscle was observed with a total of five muscle slips. The first two superior slips
both originated from C1. There were no slips observed originatimg €2. The third,

fourth, and fifth slips originated from C3, C4, and C5.

In addition, an unusual muscle slip was observed originating from the left transverse

process of C1 together with the upper portion of the splenius cervicis muscle and the first
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two superior muscle slips. The unusual muscle slip extended inferiorly to insert onto the
serratus posterior superior. The tendinousefitof the unusual muscle slip to the serratus
posterior superior and the superior tendinfttugs of the serratus posterior superior fused
and extended to the spinous process of the C7 veetdbréength, the unusual muscle

measured 125.00 mm and 6/8@n wideas presented in Figuge5.

Figure2.5: Levator scapulae muscle accessory attachment to serratus posterior superior and
spinous process of the C7 vertebigey: A- The psteriorview neckdemonstrating the
accessoryserratusposteriorsuperior (ASPS)nuscle B- left-sided variations itevator scapulae
muscleanatomyNo muscular slip originating from C2 (*¢- Origin andinsertionsites for
ASPS. The dashed line illustrates insertion of the ASPS onto the proximal portion of the SPS.
Asterisks indicate the upper tendinous connection of the SPS traveling deep to the ASPS.
Accessory serratus posterior superior (ASPS) muscle, Atlas transverse process (C1), Spinous
process of cervical vertebra 7 (C7), Erector Spinae (ES) Muscles, Levator scapulae muscle

(LSM), Scapula (Scp), Spinous process of cervical vertebra 7 (C7), Serratus posterior superior
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(SPS) Muscle, Splenius capitis (Sct) Muscle, Splenius cervicis (@tapted fromLashley &

Granite, 2021)

Moreover,Lima et al. (2012) presented a case of an anatomical variation connected to the
left levator scapulae muscle, the study showed additional proximal attachments which
bifurcated into two insertions. According to the aforementioned study, a case was found
in a 58yearold Caucasian female cadaver, with atypical superior attachment of the left
levator scapulae muscle to the spinous processes-G#G/ertebrae (Lima et al., 2012).
Lima et al. (2012) added that the levator scapulae muscle bifuro&tdadio muscleslips

at the midpoint, the mediatuscleslip extended to the anterior part of the left rhomboid
major muscle at the level of the T2 vertebrae, whildateralslip was inserted onto the

superior angle of the scapykEigure 2.6)

However, beforethe lateralslip was insered into the scapula, its accessory muscle
branched off towards the aponeurosis of the serratus anterior muscle (Lima et al., 2012).
The morphometric analysdf this studyrevealed that the levator scapulae muscle had a
maximal width of 36.00 mm. The point bifurcation was located 66.00 mm apart from the
C1, whereby the medialip had a length of 57.00 mm and a width of 8.00 mm, whereas
the lateralslip had a length of 65.00 mm and a width of 21.00 fhma et al.,2012)

(Figure 2.6)
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Figure 2.6:left-sidedlevatorscapulae muscheith atypical attachments the rhomboid major
and serratus anterior musdkey: a: Note Accessory attachme(l*) and its lateraslip (*) and

a medialslip (**) running in the direction of the rhomboideus maj;&r) @nd minor muscle#{

). (b) Detail of the superior attachmerﬁ(of the upper segment of the LSK . (c) The
medial band (**) running down to the anterior aspect of the left rhomboideus major n;‘g)scle (

at the level of the second thoracic vertebra. Note detail in the inlet picture, in which the left
rhomboideus major muscle was folded to enable visualization of the insertion of thestigdial
(**). (d) The lateralslip (*) releasing anuscle expansioré() to the aponeurosis of the serratus

anterior muscléAdapted frommm Lima et al., 2012)

Chotai et al. (2015) reported an attachment of the levator scapulae muscle to the left
mastoid process, posterior to the mastoid attachment of the left sternocleidomastoid

muscle.The left levator scapulae muscle of 8&yearold female human cadaver was
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observed originating from GC4 vertebrae and distally inserted into the superomedial
borders of the scapula. However, there was an additional nsligoéxtending from the
mastoid process and united with the rest of the levator scapulae muscle before inserting to
the superomedial borders of the scapula. The additghipatad a length of 120.00 mm,

and a width of 5.00 mrfChotai et al., 20153s presented in Figuge?7.
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Figure 2.7:Levator scapulae muscle attachment to the mastoid prategsA: Cadaveric

specimen witranadditional musclslip levator scapulae musc#tip attaching onto the
mastoidprocess Schematic drawing of the case showing normal proximal attachment of the
levator scapulae musobato the transverse processes of the upper four cervical vertebrae and

theadditional musclslip of thelevator scapulae muscidtaching onto the left mastoid

procesgAdapted fromChotai et al., 2015
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In additionto the incidents reporteshumerous levator scapulae muscle variations have
beenwidely pronounced, including the caudal accessory attachments to the rhomboid,
subscapularis, first and second ribs, serratus anterior, clavicle, spinous processes of the
thoracic vertebrae, serratus posterior superior, and the thoracolumbar fascia (Au et al.,
2017). Equally important, Smit and Todd (2019) also stated that various studies described
the levator scapulae muscle as having additional attachments tucdhptal bone,
mastoid process, first and second ribs, trapezius muscle, scalene muscles, serratus
muscles, the ligamentum nuchae and onto the rhomboid major tevidoeover, the

levator scapulae muscle may also have tendinous expansions to the temporal and occipital

bones (Lima et al., 2012).

The cervical MRI study by Au et al. (26[Lobserved bilateral accessory attachments of

the levator scapulae muscle to the serratus anterior and the sposteisor superior
muscles. The accessory attachments to the serratus anterior were observed bilaterally
arising from the anterior aspect of the levator scapulae muscle, coursing inferiorly and
anteriorly, and then attaching to the serratus anterior nsusdhe accessory attachments

to the serratus posterior superior were observed bilaterally arising from the medial aspect
of the levator scapulae muscle, coursing inferiorly and medially, becoming a thin
aponeurosis, and then attaching to the serratusrfmvstaperior muscleas presented in

Figure2.8.
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Figure2.8 T1-weighted MRs from superior(a) to inferior(j) obtained from a single subject
(subject 16) with bilateral accessory attachments (SPSa) to serratus posterior superior (SPS)
and bilateral accessory attachments (SAa) to serratus anteriofA&#ted fom Au et al,

2016).

Even though the variations of proximal and distal attachment are common, recent studies
have reported abnormaévator scapulae musclattachmentinstances One of the
instancegvas thdevator scapulae musgbeoximally attached to GC7 vertebrae, to the

temporal bone, mastoid process, and trapezius (Beger et al., 2018).
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2.4.2 The possible number divator scapulae musclelips

Initially, the levator scapulae musacleas well recognized to have three muscle slips, then
in 1867, the muscle was described by Wood to have four muscleasigtater in 1964,

a study in Japan reported tlewator scapulae muscte have three to five muscle slips
(Smit & Todd, 2019)In 2015, thelevator scapulae muscigas reported to have an

average of four muscle slips (Chotai et al., 2015).

Another instance by Smit and Todd (2019) reported a right levator scapulae muscle having
six muscle slips, whereby the first two large slips originated from the transverse process
of C1 and C2, while the other four muscle slips were attached to the pogibarcles of

transverse processes of-C8 (Figure2.9).

Figure 2.9: The levator scapulae muscle with six muscle. Apsws indicate the muscle slips

(Adapted from Smit & Todd, 2019)
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Naik and Lokanadham (2019) investigated 32 levator scapulae muscles. The results
demonstrated five levator scapulae muscles with three muscle slips, proximally attached
on CXC3, 19 levator scapulae muscles with four muscle slips, proximally attached on C1
C4, seven levator scapulae muscles with five muscle slips, proximally attachedd C1

and one levator scapulae muscle with six muscle slips, proximally attached@6 C1
(Naik and Lokanadham, 2019). However, all the levator scapulae observed wéle dista

attached to the medial border of the scapula (Ballokanadham, 2019).

Smit and Todd, (2019) reported that 60.87% of ltheator scapulae musclésmd four
muscle slips21.74%had five muscleslips, 15.22% had three muscle slipand2.17%

had six muscle slipsThe distances of each muscle slip category demonstrated that the
levator scapulae muscle with six muscle slips had a longer average proximal and posterior
distance, four muscislipped had longeaveragealistal distance. The three mussleped
category had the shortesterageproximal and distal distance, however, it demonstrated

a higheraverageposterior distance in compariswaith the fourslipped and fiveslipped

muscle slip categorieas summarisedn Table2.1

Table2.1: The levator scapulae muscle distasaenmary(from Smit& Todd 2019)

Di stances ( mm)

Muscl e|Frequ Proxi Di st a Poster.i
catego ( %)

3 sl 15.2] |[37.60 40. 40 112.60 N
4 sl i 60. 8 49.00 46.50 103.30 K
5 sl 21. 7 56.90 45. 30 104. 40 N
6 sl 2. 17 79. 2( 41. 3( 131.40
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A similar study done by Naik and Lokanadham (2019) reported that out lefv&®r
scapulae musclemvestigated, 19 (59.37%) of tHevator scapulae musclésd four
muscle slipsSeven (21.87%) of thevator scapulae musclead five muscle slipg-ive
(15.62%) of thdevator scapulae musclaad three muscle slipand one (3.25%) had six

muscle slipsas presented in Tabk2

Table2.2: The levator scapulae muscle distasammary(FromNaik & Lokanadham2019)

Mu s ll @ Freque Proxin Di st g Poster
catego ( %)
3 sl 15.62 35.60 42.40 112.60
4 s 59. 37 47.00 48.50 103. 30
5 sl 21.87 55.90 47.30 104. 40
6 sl 3.25 79. 20 41. 3 131. 4

Nai k and Lokanadhamés study was however co
in Japan with 50 cadaver population in terms of musigbefrequency Which reported

66.60% oflevator scapulae musclaad four muscle slips, 26.60% had three muscle slips

and 3.30% had five muscle slifidaik & Lokanadham, 2019Hence, the study carried

out in Japan contradicted the study findings of Naik and Lokanadham (2019), as far as the
levator scapulae muscledgth five and three muscle slips are concerned. Orother

hand, both Naik and Lokanadham (2QE3)d Smit and Todd (2019) studies have reported

asingle levator scapulae muselgth six muscle slips and they both reported lthator

scapulae musclasith four muscle slips as the most prevailing.
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Nevertheless, théevator scapulae muschariations can be observed unilaterally or
bilaterally (Naik & Lokanadham, 2019Asymmetricalvariations werebserved in four
(4) out of 16 cadaversvhereby the leftevator scapulae musclbéaddifferent numbers
of muscle slips compared to the rigavator scapulae musclé¢blaik & Lokanadham,
2019) A good instancebserved in a cadaver biaik and Lokanadham (2019j)as ofthe
levator scapulae muschéth three musclslipson the left and fivanuscleson the right

respectively.

A recent study by Lashley and Granite (2021) reported a case of the right denaleft
scapulae musclewith different numbers of muscle slips, found on ayéarold
Caucasian male cadavére rightlevator scapulae musclgas reported to have four
muscle slips which proximally originated from €H4, while the leftlevator scapulae
musclehad five muscle slipgLashley& Granite, 2021)In this instancel.ashley and
Granite (2021) stated thtite first two muscle slips shared the proximal (verteload)in
(C1), while the third to fifth muscle slips were proximally attached to-G53
Interestingly, the second cervical vertebf@2) had nolevator scapulaenuscleslip

attacted toit (Lashley& Granite, 2021)Figure 2.10.
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Figure 2.10: The levator scapulae muscle with five and four muscle. dfipg: A: Levator
scapulae muscle with five muscle slips5)l B: Levator scapulae muscle with four muscle slips
(1-4). LSM: levator scapulae muscle, SPS: serratus posterior superiosp8giius cervicis

(Adapted from Lashley & Granite, 2021).

2.5 The relationship of the levator scapulae musclesith the serratus anterior,

serratus posterior superior and the rhomboidmuscles

The levator scapulae muscle along with the rhomboids, serratus anterior, posterior
superior, and inferior musclese regardedas musclesf scapular mobility Gr uj i | i |,
2022) The study by Au et al. (2017) observed the accessory attachment of the levator
scapulae muscle to the serratus anterior, serratus posterior superior muscles, and to the
first and second rib.he prevalence of accessory muscle attachments between the levator
scapulae muscle and the serratus anterior, and serratus posterior sapeditie due to

shared somitic origin of these musc{@s et al., 2017)
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The serratus anteriariginates fronthe superolateral aspects of the first eight rib and it
inserts to the medial borders of the scapula (Bae et al.; %822De Graaff, 2002 The
serratus anteriamuscleis made up of three parts, the upper, middle, and lower serratus
anterior(Smith et al., 2003)Thenormal description of the upper serratus anterior is that
it extends fronthe first and secondbs to the superior angle of the scap(iae et al.,
2022; Smith et al., 2003)With the aid of themiddle and lower parts of the serratus
anteior, the upper serratus anterioruscleis thought to cause scapular abduction and

upward rotatior{(Smith et al., 2003)

The two distinct muscles that make up the rhomboids are the major and minor muscles,
which are located right below the trapez{&surrell & Kiel 2023) The rhomboid minor
muscles originate at the ligamentum nuchae, as well as the C7 and T1 vertEarss|

& Kiel 2023; Van De Graaff, 2002 It inserts along the medial border of the scapula,
whereas thehomboidmajor muscles originate from the spinous processes of tRE5T2
vertebra and insert on the medimirderof the scapuldFarrell & Kiel 2023 Van De
Graaff, 2002. The dorsal scapular arteig/the maincirculatory source for the rhomboid

musclegDalley & Agur, 2023 Farrell& Kiel 2023; Van De Graaff, 2002

The serratus posterior superior originates frormtiehal ligament and spinous processes
of vertebrae (CT3) and inserts on the superior borders of the second to fifth ribs
(Vilensky et al., 200)L The function of the serratus posterior superior is to elevate the ribs

(Vilensky et al., 2001L
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2.6 Blood supply to thelevator scapulae muscle

2.6.1 The main blood supply to thdevator scapulae muscle

The theorydescribedhe dorsal scapular artery as the main blood supply téetator
scapulae muscl@eger et al., 2018; Fakoya et al., 20Retter, 2013 However Reiner
and Kasser (1996) described tharsal scapular artes a frequent blood supply to the
rhomboid muscles. Thdorsal scapular arterig described to originate from two main
arterial branches, the transverse cervical artang the subclavian artery, which also

supply blood to the trapezius mus@hetter, 2014Reiner and Kassgt996)

According to Bulbulet al. (2019), the transverse cervical artery is also known as the
cervicodorsal trunk. Reiner and Kasser (1996) noted thaddnsal scapular artery
ascended from thi#ansverse cervical artegs a deeper branch that passes deep to the
levator scapulae muscland tothe rhomboid musclesyhile the superficial branch
extendedo the trapezius musclbletter (2014) also described the dorsal scapular artery
to be the deeper branch of the transverse cervical artery, in addition tgpdrécsal

branch.

Recent studies by Fakoya et al. (2020) and Henry and Munakon®)(2&ted that the
levator scapulae muscis mainly supplied by thelorsal scapular arteryvhich mostly
originated from two thyrocervical trunk branches, the subclaitamyand the transverse
cervical artery. However, thaborsal scapular arteryas said to frequently originate from

a subclavian artery compared to the transverse cervical artery (Reiner & Kasser, 1996;

Verenna et al., 2016).
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Anotherstudy by Henry and Munakomi (2022mphasised that theansverse cervical
artery bifurcates at a level of thkevator scapulae musclénto deep and superficial
branches. The dedmnsverse cervical artebranch is thelorsal scapular artei§denry
& Munakomi, 202). In addition, thelevator scapulae musct&an be supplied by the
ascending cervical artery, which is a branch of the thyrocervical t@mk { j, 20P2 |
Netter, 2013 Huelke (1958) also stated that thersal scapular arterpostly originates

from thetransverse cervical arteryr the second or third part tiie subclavian artery

(Figure 2.11)

Anterior scalene m.

Figure 2.11The three major sites of origin of the dorsal scapular at&thapted fom Huelke,

1958)
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Similarly, a study done by Reiner and Kasser (199é)ed that 790% of thedorsal
scapular arterarose from the subclavian artery while@®%6 arose fronthetransverse
cervical arteryFigure 2.12, Table 2.3Dn the other hand, a cadaveric study by Verenna
et al. (2016) observed that.00Po of dorsal scapulaarteriesoriginate fromthesubclavian

arteryand 3500% fromthethyrocervical trunkTable 2.3

Table 2.3 The source of dorsal scapular artery (From Reiner & Kasser, 1996; Verenna et al.,

2016)
Source of dorsal scapul ar
Aut hor s Subcl avi an Transverse Cé¢
Reiner an 75. 00 % 25. 00%
(1996)
Verenna et 71. 00% 35.00%
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o 1 = )
SUPRASCAP. ART. //////////

SCAPULA

Figure 2.12:Semischematic drawings of the posterior triangle regidhefight side of the
neck showing the three major variants for the origin of the dorsal scapular(Bxespl Scap.
Art.). Key: A: The artery to the rhomboids arises as a deep branch of the transverse cervical
artery (Trans. Cerv. Art.) to the trapezius musBIeC: The dorsal scapular artery to the
rhomboids arises directly from the second (posterior to the anterior scalene muscle) or third part
(lateral to the anterior scalene muscle) of the subclavian afteryScalene MsAnterior

scalene musc]&uprascap. ArtSuprascapular artefAdapted from Reiner & Kasser, 1996)

Moreover, thedorsal scapular artewyas described to frequently stem from the transverse
cervical artery and subclavian artery, howeverirhwesverse cervical artewas the main
source Klanyacka Ma Nyemiet al.,2018). Chaijaroonkhanarak et al. (2044 cited in
Bulbul et al, 2019), described the arterial branch origin to be associated with ethnicity,

stating that thelorsal scapular artemostly originated frontransverse cervical arteiny
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Japanese and ThaManyacka Ma Nyemlet al.(2018) also emphasised that variety in
arterialorigination may be associated with #tnicalbackground of the study population

used

2.6.2 Thedorsal scapular artery and brachial plexus

The relationship of the dorsal scapular artery with the brachial plexus was observed by
Huelke(1958), whereby the first part branch specifically originated from the second and
third part of the subclavian artery, the second part branch either passed between the
superior and middle or between the middle (with 47.00% frequency) and lower trunks of
the brachial plexus (with 53.00% frequency), while the third part branch reportedly passed
between the superior and middfenks (with 89.00% frequency) or middle and lower

trunks(with 11.00% frequency) of the brachial plexaresented in Figure 2.13.

Figure 2.13The frequency of the various positions of the dorsal scapular artery as it passes
through the brachial plexukey: Cervical nerve roots (&@6); Thoracic nerve root (T1From

Huelke, 1958)
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Verenna et al. (2016) also focused on dloesal scapular artegyathway and found the
dorsal scapular artetp mostlyoriginatefrom the subclavian arteryThe results obtained
stated tha#0.00% ofdorsal scapular artefyom the subclavian artepassed betwedhe

upper and middle brachial plexus trunks, 23.00% passed between the middle and lower
trunks, or inferior (4.00%) or superior to the plexus (1.00M)ereas the dorsal scapular
artery from thehyrocervical trunikdemonstrated th&3.00% of thelorsal scapular artery
passed regularly superior to the plexusile 6.00% passed between the middle and lower
trunks or 4.00% passed between upper and middle t{Mekenna et al., 201Jigure

2.14, Table 2.4)In addition, Verenna et al. (2016) also observed two dorsal scapular
arteries supplying the same levator scapulae muscle, one originated from the subclavian

artery and the other from the thyrocervical artery (Figure 2.14).

Table 2.4: A summaryf dorsal scapular artery paths between brachial plexus trunks from

subclavian artery anithyrocervical trunk Efrom Verenna et al., 2016

Path through the bracl
Origin u/ M M/ L Sup | nf
Subcl avian g 40.0 23.0 1.00 4.00

Thyrocervica 4.00 6.00 23.0 -

Key: Inf: inferior to lower trunk; M/L. between middle and lower trunks; Sspperior to upper

trunk; U/M: between upper and middle trunks.
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Figure 2.14: Varied paths of the dorsal scapular artery (DSA) between the trunks of the brachial
plexus in foudifferent representative cadaveric specimé&®y: A: A cadaver with the DSA
(arrowhead) stemming from the thyrocervical trunk rather than from the subclavian artery
(SCA). Extending anterior to the scalenus anterior (SA) muscle and superior to the brachial
plexus. B: A different cadaver with the DSivdicated with an arrongtemming from
subclavian artery (SCA) before passing between the upper and middle trunks of the brachial
plexus. Trunk (Tr)C: In another cadaver, the DSA (arrostgmsfrom subclavan artery before
passing between the middle and lower trunks of brachial plexusvo DSA branchesvere
observedn some cadaver®©ne of the DSA branchestemsfrom the thyrocervical trunk (white
arrowhead) before taking a path superior to the brachial plexus (black arrowhead). The second

DSA branch (arrowstemsfrom the subclavian artery (SCAdapted fromVerenna et al.,

2016.
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2.6.3 The three types of blood supply to théevator scapulae muscle

On the contraryManyacka Ma Nyemlet al. (2018) reported that the source toke
transverse cervical arteanddorsal scapular arteryere classified into three types based
on the origin and mode of birtfiype one (type I) was observed in 21 casdserebythe
transverse cervical artegnd dorsal scapular artergranched from a common trunk
originating fromthesubclavian arterythe second type (type Il) was observed in 27 cases,
where thedorsal scapular artefyranched directly fronthe subclavian arterywhereas
transverse cervical artebyranched fronthe thyrocervical trunk whereaghe third type
(type Ill) was observed in 10 cases, both arterial branchibetwénsverse cervical artery
anddorsal scapular arteyriginated fromthyrocervical trunkManyacka Ma Nyemb et

al., 2018)Figure 2.15)

Figure 2.15Type Il and Type Il of blood supply to the levator scapulae mukelg A: The

dorsal scapular artery originating from the subclavian artery and the transverse artery originating
from the thyrecervical trunk Type Il found in 27 dissections out of 58). B: Both the dorsal
scapular artery and the transverse artery originate from-tigrkacal trunk Type Ill found in

10 out of 58 dissectiongfhdapted from Manyacka Ma Nyemb et al., 2018)
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Interestingly, Bulbul et al. (2019) reported ttarsal scapular artety originate from four
sites, 45.60% fronthe subclavian artery38.00% fromthe transverse cervical artery
14.20% fromthe cervicodorsoscapular trunk.80% costocervical trunk and 0.30%
dorsoscapular trunlon the other handhetransverse cervical arteoyiginated from two
sites, from the thyrocervical trunk and directly from shbclavian arteryBulbul et al.,

2019) Figure2.16 demonstrates the four possible origins of thesaloscapular artery

opr CST
\ \\\’/- DScA \\\l/-\,.( A
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Figure 216: lllustration of individual type and trunk formations within the lateral cervical
region Key: CDT: cervicodorsal trunk (transverse cervical arte@)ST: cervicodorsoscapular
trunk, CST: cervicoscapular trun®ScA: dorsal scapular artefST: dorsoscapular trunk
IMA: internal mammarian arten5CA: subclavian artenspCA: superficial cervical artery

SSA: suprascapular arteffhyCT: tyhrocervical trunkVA: vertebral artery(Adapted from

Bulbul et al., 2019
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Moreover, the study finding by Ikket al.(2016) stated thafrom 50 cases, 38.00% tfe
dorsal scapular artewyyas found in type |, 38.00% was a type Il and 24.00% was a type
[Il. In their radiology studyfrom 93 cases, 61.30% of bottorsal scapular artergnd
transverse cervical arteoyiginated fronthesubclavian arterywith 23.70% of thelorsal
scapular arterpranched directly frorthesubclavian artergndtransverse cervical artery
(type 1) and 1300% ofthedorsal scapular artegndtransverse cervical arteogyiginated

from thyrocervical trunktype Ill) (Ikka et al., 2016)

2.7 Nerve supply to thelevator scapulae muscle

Thelevator scapulae musadkestrategically situated in terms of topography hasla long
length, rich vascularization, anterve supplieshat are largely consistertina et al.,
2012). Based on the cadaveric study done, about2®@88%0) of instances reported that
the levator scapulae muscleas various innervations (Pint&i al., 2019). The levator
scapulae muscie innervated by the dorsal scapular nerve arising from the nerve roots of
C4 and C5(Dalley & Agur, 2023 Van De Graaff, 2002 The dorsalscapular nerve
originates from the upper part of the brachial plexus, from the anterior ra@%, aind
usually the first branch of C5 (Fakoya et al., 2020; Ngwetead.,2016; Som & Laitman,

2017)(Figure 2.7).
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Figure 2.77: An anterolateral view of the right neck region of ay@@rold female cadaver in

the supine positianThedorsal scapular ner{®SN) branches from C4 and pierces the middle

scalene muscl@.he DSN travels posteroinferiorly after piercing the middle scalene muscle to
supply the levator scapulae, rhomboid minor, and rhomboid major mgadasted from

Nguyen et al., 2006

In addition, Nguyen et al. (2016) stated that there are different spinal root sources and
muscle innervations for thedorsal scapular neryeaccording toseveralanatomical
investigations in the main literature. Based on one studyddhsal scapular nerveay
receive varied contributions from C4 to T1, in addition to contributions froifiNg&yen
et al., 2016)Furthermore, contributions to the dorsal scapular nerve reported by several
authors were noted byguyenet al. (2016)whereby it received conkriitions from C5,

C6 and long thoracic nerve as summarised in T2Ble
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Table 25: Contribution to the dorsal scapular nesuenmary(From Nguyen et al.,

2016)

Bal |l ester ¢ C5 48.00
Ramirezo Long thorac 30.00
Lee et al C5 25.00
Tubbs et al C5 95.00
C6 5.00
Shil al @&t 4 C5 -
C6 -
Long thorac -
Equally important, thegesultisfromNguyenés study st adorsal

t hat

scapular nervearose from the spinal nerve roots of C5, whereas 22.00% arose from C4

and 8.00% of theorsal scapular nervesose from C§Nguyen et al., 2016)lhedorsal

scapular nervesvere also reported to have three routes related to the middle scalene

muscle, 74.00% of th@orsal scapular nervgserced the muscle, whereas 13.00% of the

dorsal scapular nervegere found to travel anteriorly to the middle scalene muscle, and

13.00% of thedorsal scapular nervesavelled posterior to the muscle (Nguyen et al.,

2016)(Figure2.18). Equally importantPalley and Agur (2023) also stated that the dorsal

scapular nerve normally pieces through the middle scalene muscle and extends to the

levator scapulae and the rhomboid muscles.
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N and percentage

Origin

ca 5 (22%)
c5 16 (70%)
cé6 2 (89%)
Route

Anterior to middle scalene m. 3(13%)
Piercing middle scalene m. 17 (74%)
Posterior to middle scalene m. 3(139%)

Muscles innervated
Levator scapulae m. only 11 (48%)

Levator scapulae m. & rhomboid mm. 12 (52%)

Figure 2.18: A table of variation in the spinal roots and innervations of the dorsal scapular nerve

(Adapted fromNguyen et al., 2026

Nevertheless, tHevator scapulae musatan also be innervated by the C3 and C4 cervical
nerve branches of the cervical plexDalley & Agur, 2023 Henry & Munakomi, 2022).
However, Taira et al. (2003) described teeator scapulae muscte be innervated by

C2- C5 cervical nerve branches, whereby 5.50% of nerve supply is reported to originate
from C2, 100.00%rom C3 and C4, and 19.00% originated from C5. According to Martins

et al.(2021), the nerve branches to teeator scapulae musclaad some of the back and
cervical muscles arise from the cervical plexus, and about three or four nerve branches of

the cervical plexus innervate thevator scapulae muscle
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2.8 Clinical Correlation of levator scapulae muscle

2.8.1 Cervical myofascial pain

Thelevator scapulae musdle associated with the cervical vertebrae and commonly at a
point related to fiboromyalgia diagnosis, which together with trauma, muscle overuse, and
imbalance posture may result in myofascial pain, also known as a musculoskeletal
disorder, pain in muscleand their surrounding fascia (Henry & Munakomi, 2022).
According to Damgaaret al. (2013), musculoskeletal disorders are one of the main
disorderghat have an impact on society's deyday activitiesasthey might limit muske

motions for an extended length of time.

Therefore, it is currently thought thkgvator scapulae musclese the main source of
discomfort in people who have chronic tensigpe neck and shoulder paiMenachem

et al., 1993; Damgaard et al., 2018F a result, it was hypothesised that the muscle's
structural differences enhanced the likelihood of experiencing pain (Menaztham
1993). The alterations connected to lneator scapulae musclesccording to Chotai et

al. (2015), may also affect neck and shoulder pain. Because ahtstphysicians in the
medical specialities of radiology, neurology, surgery, and musculoskeletal medicine will

come across anatomical vditasthroughout their jobs (Au et al., 2017).

According to a Dutch study, 420% of patients with chronic neck pain visited their
general consultant with the condition for twelve months, an@05d of these were
referred to physiotherapy treatment (Damgaard et al.,, 2013). Ndvedesmaet al.

(2019) stated that patients with shoulder pain being attetodedprimary care do not
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completely improve after six montladter their first incident. Thus, there is a need to
explore alternative nemvasive approaches in these patigiNavarreLedesma et al.,

2019)

2.8.2 Levator Scapulae Syndrome

According to Chotai et al. (2015), thevator scapulae musclariations were believed to

be the leading cause of the pain at the medial angle of the scapula known as the levator
scapulae syndrome. However, these theories were not proven due to the posthumous
nature of the cadaveric results during the study (Chotdi,2015). The levator scapulae
syndrome is usually the soreness of the muscle on the superomedial angle of the scapula,
and this syndrome is inflated by the stretching oflévator scapuae muscl€Henry &

Munakomi, 2022).

2.8.3 Snapping Scapula Syndrome

Henry and Munakomi (2022) stated that the snapping scapula syndrome is also referred

to as fAwashboard syndr omeod wlvemde musle a ¢ o
imbalance, or chronic injury that affects the scapulothoracic articulation. Military
personnel are frequently reported to develop this condition due to chronic stress and
injuries after overloading activities, involving their upper extresit(Henry &

Munakomi, 2022).

45



2.8.4 Cervical dystonia

Laterally cervical dystonia may be brought on bylthe v at or s c aynuslab e mu s
contraction Lima et al., 2012)According toDystonia- Symptoms and Causéx022

movement disease called dystonia causes muscles to contract uncontrollably, twisting the
affected body parts uncontrollably and resulting in abnormal posture and repetitive
movement. Therefore, an electromyography examination is carried out to idestify th
muscles implicated since patients with cervical dystonia typically dis@egns of

retrocollis, anterocollis, and laterocol(Bystonia- Symptoms and Cause22)

In addition, the levator scapulae muscle is a key muscle that contributes to laterocollis
instances and is also present in people who have cervical dystonia (Areteab@9008).
Furthermore, levator scapulae muselecessory attachments may cause myofascial
discomfort and may affect how cervical dystonia is managed (Au et al., 2017). Equally
important, torticollis is thought to be affected by levator scapulae muscle variations, and
a greater understanding of theseatzons can aid in the managemendisforders that are

resistant to conventional therapy (Chotai et al., 2015).

2.8.5 Nerve injury

Thelevator scapulagehomboid majoandrhomboid minomuscles, which are innervated
by thedorsal scapular neryare involved in the T3 transfer technique, makingditrsal
scapular nerverucial from a clinical standpoinin addition, thedorsal scapulanerve
injury can affect the functions of the rhomboids and the levator scapulae muoaaksg
the scapular to dislocate from the midlinBa(ley & Agur, 2023) To increase
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understanding and reduaorsal scapular nervdamage during surgeries, adequate
anatomical studies of tlorsal scapular nenage required (Pinto et al., 281 Moreover,

the nerves (C4) to the levator scapulae muscle can be transferred to the lateral pectoral
nerve in cases of brachial plexus injuries, to restore the functionality of the affected upper

extremitie(Martins et al., 2021).

2.9 Chapter summary

In this chapter the focus was on defining the main terms used in this study, the highlights
of previous literature on the embryology of egator scapulae muscléhe anatomical
variations, the nerve and blood supply, as well as the clinical correlations lef/¢ter
scapulae muscléHowever, the lack of data associated withléwator scapulae muscle
morphological variations and its neurovasculature highly encouraged the importance of
carrying out this study. The next chapter will focus on researc¢hatig, which include

the procedures used in this study, the data analysis, and ethical clearance.
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CHAPTER 3: RESEARCH METHODS

3.1Introduction

This study was carried out in two phases: The cadaveric study and the magnetic resonance
imaging (MRI) study. The cadaveric study involved the dissection afebkpart of the

human body. The anterolateral dissection exposed the nerve and blood supply to the
levator scapulae musciehile the posterior dissection exposed the posterior view of the
levator scapulae muscknd also visualised the proximal and distal attachmditis
magnetic resonance imaging (MR#udy included patient scan records and nec

contact with patients was done. MRI scan is a common procedure around the world that
uses a strong radio wave magnetic field to generate detailed images of the organs and

tissues within the body (Lam, 2018).

This chapter is subdivided into Research design, population study, sampling technique
used, research instrument used to collect data, the procedures used for data collection, and

the analytical technique the study used to produceecthéts

3.2 Research design

3.2.1Cadaveric study

The quantitative descriptive data under the cadaveric stedyobtained from the total

number oflevator scapulae musclegbe number of muscle slips, the lengths and widths
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of individual muscle slips, the proximal distances, distal distances, anterior distances, and

posterior distances of thevator scapulae muscles.

The cadaveric data were obtained via the anterolateral and posterior dissection of the neck
to expose thdevator scapulae muscleand then the images of thievator scapulae
muscleswere taken using the Nikon digital camera. Téwator scapulae muscles were

then measured he initial three trial measurements were taken by the main reseancher

the second researcher assisted with the second three trial measurements, giving a total of
six trialsby two researcher3hese trials were applied for all musdlistances, individual

muscle slip widths and lengths. The significance of three trials per researcher was to obtain

the averages of measurements and increase accuracy.

The distances (mm) of thevator scapulae musclegre done following the edges of the
muscle (proximal, distal, anterior and posterior), using a Morphometric geoiih@ic
method(using a thin white satin ribbomand pins to trace the edges and lengths of the
levator scapulae muscland the digital Vernier callipgto measure the lengths of the
satin ribbonused inthe MG method) The lengths (mm) of thievator scapulae muscle
slips were done by followinthe middle aspects of individual musciips from their
origin totheirinsertion, using a Morphometric geometric method and the digital Vernier

calliper.

The Morphometric geometric methasl a multivariate class of techniques for assessing

and evaluating object shap@2olly, 2018. The goal of these morphometgeometric
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techniques is to preserve geometric informatiluming a study. They offer effective,
statistically strong analyses that enable the easy connection of abstract, multivariate results

to the physical characteristics of the original specim8iisg, 2007.

The widths (mm) were taken at the widest points of individie)stor scapulae muscle
slips, using the digital Vernier calliper only. The collected measurements among the
researchers were calculated to obtain average measureimfentorrelation ofthe data
collected by each researcher was assessed, as well as the correlation of datatetween
two researchers. The data was then further analysed lirséiag regressioto determine

the relationshifpetweencadaver parameters and ages, as well as Box dnsk®V plots

to determine the differences in measurements.

A t- test was used to determine the relationship between the left and right parameter
(distances, lengths and widths) measurements of levator scapulae muscle, asheell as
relationshipbetween the study parameters (distances, lengths and widths) and the sex of

the cadavers. The cadaver races versus parameters (distances, lengths and widths) were
compared usind\nalysis ofVariance (ANOVA)test and the variables with significant
differences were further analysed usinfar k ey s Honestréngep&i gni f i
hoc ( Tur k ehdckstestHl Dlood and merve branches to ldnator scapulae
musclesver e observed from the anterol ateral a

both arteries and nerves were traced and the findings were recorded.
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3.2.2 MRI study

The retrospective record review data were obtained from the MRI records, extracted from
patients at a Roman Catholic Hospital (RCH). The collected MRI scans went through
random sampling to obtain the final number of MRI scans used in the current study. The
individual scans were analysed in terms of quality andptiesenceof the muscle of
interest the levator scapulae muscknally, the scans were analysed for the presence of

levator scapulae muschecessory attachmengnd the findings were recorded.

3.3Sample

3.3.1 Cadaveric Study.

Twenty-one available formaliembalmed adult cadavers were used in this research
project to obtain adequate data. This research was based at the School of Medicine,
University of Namibia (UNAM). All the specimens used during the research were donated
to the Anatomy department (University of Namibia) and each cadaver wasrir@med

via the right common carotid artery with a mechanical pump infusion over twelve hours.
All the cadavers were dissected on the right and the left side to exposhdletator

scapulae musclemd the neurovasculature.

3.3.3 MRI study

Simple random sampling was done on the patient records between Januarp@adl7

2022. The sample size (n = 167) that was calculated was based on a total of 293 patients
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who received axial scans during this period. The sample size was calculated with a
confidence interval of 95.00% and with a 5.00% margin of error. The MRI sample size
was calculated as follows:

The sample size (n) is calculated according to the formula: n = [z2 * pp)(1e2] / [1
+(z2*p*(1-p)/(e2*N))]

Wher e: z = 1.96 for a confidence | evel (U
decimal), N = population size, e = margin of error.

z=1.96,p=0.5 N=293,e=0.05

n=[1.962 * 0.5 * (1- 0.5) / 0.052] / [1 + (1.962 * 0.5 * (10.5) / (0.052 * 293))]
n=2384.16/2.3111 = 166.222

n a 167

From a sample size of 167 scans, 52an records either had major pathologies, were
unclear, or the muscle of interest (levator scapulae muscle) was partially presented or not
visible in all the slides. Therefore only 46 MRI scans were subsequently suitable for the

current study, made up 8#f females and 22 males.

3.4 Research instruments

The following items were used: a digital Vernier calliped@®@mm + 0.1mm), a scalpel,
forceps, blades, rubber gloves, a head support bibicksatin ribbon, pinsand a digital

camera (Nikon D3500). The calliper was calibrated before the measurements were taken.
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3.5 Inclusion criteria

3.5.1 Cadaveric study

This study used a cadaver population aged 18 years and above (adult population) of the
available specimens during the study period, at UNAM, School of Medicine. Both
bilateral and unilateral dissection were performed during this study. The muscle distance,

muscle slip length, and width were included.

3.5.2 MRI study

The MRI record included patient records of 18 years and above, who visited the Roman
Catholic Private Hospital (Windhoek) from January 2017 to April 2022. MRI scans with

no gross pathologies, trauma, or congenital defects were used.

3.6 Exclusion criteria

3.6.1 Cadaveric study

To have more reliable, uniform, and consistent research, the cadaver population aged
below 18 years were excluded from this study, as well as the length and width of
neurovasculature. In addition, the cadaver embalmed with a neck flexed to the side was

exduded and muscle tissue shrinkage due to embalming was disregarded.

3.6.2 MRI study

The MRI records of patients younger than 18 years were not included in this study, as well

as MRI scans with blurry views, gross pathologies, traumegrugenital defects.
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3.7 Procedures

3.7.1 Cadaveric study

AThe | evator scapulae muscle can be identi
posterior to scalenus posterior and anterior to splenius capitis. In the upper cervical spine,
thelevator scapulae musdle crosssection migrates anteriorly, lying immediately lateral

to splenius capitisas it passestoitsCC4 t ransverse processes at

2016).

A bilateral and unilateral dissection was performed taenty-one (21) formalin
embalmed adult cadavers provided by the University of Namibia (UNAM). This research
study was carried out following the procedures described by Beger et al. (2018) and Smit

and Todd (2019).

3.7.1.1 The levator scapulae muscle and its attachments

The normal proximal attachment of the levator scapulae muscle is the tuberosity of
transverse processes, while the distal insertion is the superomedial border of the scapula,
hence other additional proximal and distal attachments associated with the muscle wer
consideredis accessory muscle slips, wattcessory attachments of the levator scapulae
muscle.The accessory attachments were traces wising a blunt dissection to avoid further
distraction of cadaver tissues. Probese usedo trace theinderneatiskeletal structures

like thecervicalvertebral transverse processdss, andtheclavicles.
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To fully expose théevator scapulae musa@d do the necessary measurements, a delicate
dissection was performed. To achieve this, the cadaver was dissected in the prone and
supine positions to expose the origin and the insertion of the muscle properly. The
measurements were taken, the descrigtere done, and necessary photographs were

taken for illustration purposes.

For bettedevator scapulae musobxposure, the dissection was performed in two stages:
The posterior approach was done to define the insertion of the muscle onto the scapula.
The anterolateral approach was done to expose the origin of the muscle from the cervical
vertebrae and to exposéet neurovasculature to tHevator scapulae musclélhe
technique used during the dissection was the blunt dissection with fingers and forceps. A
scalpel was used for making skin incisions and the scissors for blunttaissand

reflection of neighbouring muscles.

The posterior approach began with the cadaver placed in the prone position. The neck was
flexed, and the thorax was lifted by a head support block. Using a disposable surgical
scalpel, a midline skin incision was made, from the external occipital protaeeci@ an
imaginary line between the medial borders of the right and left scapula. Both of these
landmarks were easily palpated beneath the Jkim more skin incisions were made
perpendicular to the midline incision to reflect the skin. The skin andfsuglefascia

were reflected laterally to expose the back muscles as shown in Figure 3.1.
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Figure 3.1:A posteriorview of the cadaveriKey: A: A midline skin incision from the external
occipital protuberance to an imaginary line between the medial borders of the right and left
scapula. B and C: Two skin incisions perpendicular to the midline incision to reflect the skin.

Occip: occiput.

The trapezius was the first major muscle to be seen. The fascia and fatty tissue of the
trapezius were cleared, before reflecting the muscle laterally towards its insertion. The
surface of the rhomboids was cleaned to establish a clear inferior end 8MHhasertion.

The distal attachment of tHevator scapulae muscte the superanedial border of the
scapula and the direction of the muscle towards the cervical vertebrae was eagposed

presented in Figure 3.2
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Figure 3.2Posterior view with gposedand reflectdtrapeziusmuscle and rhomboid muscles
Key: A: Exposed trapezius muscle. B: Trapezius muscle reflected laterally to expose the
rhomboid major, rhomboid minor and the levator scapulae muscle. LSM: levator scapulae
muscle, Occipocciput, Rm: rhomboid minor, RM: rhomboid major, SCap: splenius capitis

Trap: trapezius

Thelevator scapulae muscleas surrounded by substantial amounts of loose connective
tissue and dense irregular connective tissue. These were cleared from the muscle to clean

and the separate muscle slips near its proximal attachment to the transverse processes of
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the cervical vertebrae. The splenius capitis was only cleaned without it being reflected to
visualise the levator scapula properly. At this point, the number of muscle slips was
identified and definedas presented in Figure 3.@nce the muscle was cleaned, the

relevant measurements and pictures were taken.

e

B Sy

Figure 3.3:Posterior view with eposedevator scapulae muscladitsmuscle slipsKey:
LSM: levator scapulae muscl®ccip: occiput, Rm: rhomboid minor, RM: rhomboid major,

SCap: splenius capitis.

3.7.1.2Proximal attachment of the levator scapula muscle and itslood and nerve
supplies

The proximal attachments of the levator scapulae musclélotsd and nerve suppbk
were excess through an anterolateral appro@bh. cadaver was placed in the supine
position and a support block was used to extend the neck, the amatedigrosterior

triangles of the neckwerethen dissected. A midline skin incision was made from the chin

58



to the jugular notch. Two transverse incisions were done, one along the inferior border of
the mandible towards the mastoid process and the second incision along the clavicle

towards the acromion proceas presented in Figure 3.4

Figure 3.4: Ararterolateral view of the necKey: A: A midline skin incision from the chin to
the jugular notch. BA transverse incisioalong the inferior border of the mandible towards the

mastoid process. C: A transverse incision along the clavicle towards the acromion process.

Superficial fascia, platysma, and veins were removed. The sternocleidomastoid muscle
was reflected towards its attachment to the mastoid process. Noley#ter scapulae
musclewas visible within the deep cervical fascia on the floor of the posterior triangle.

Once this was done, the delicate process of defining the individual muscle slips and their
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attachment to the cervical vertebrae was done through blunt diss@ggane 3.5) The
prevertebral layer of the deep cervical fascia surrounding the muscle was carefully

removed.

Figure3.5: Anterolateral view of the neck showing the proximal attachment of the levator
scapulae muscldey: BP: brachial plexus, IJV: internal jugular vein, Inf: inferior, Lat: lateral,

LSM: levator scapulae muscle, Med: medial, MS: middiglene muscle, Sup: superior.

The blood supply to the levator scapulae muscle was traced from the thyrocervical trunk
as well as from the subclavian artefgllowing the superior aspects of the clavicles
laterally. From the thyrocervical trunk, the blood supply to the levator scapula muscle was

either the transverse cervical artery or the dorsal scapular artery, which was a collateral
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branch of the transverse cervical artery. These arterial branches originated from the
thyrocervical trunk, extended anteriorly to the anterior scalene and brachial plexus, and
bifurcatead into two branches. One branch extended deeper to the levator scapulae muscle,

while the othebranch extended superficial to the levator scapulae muscle.

The dorsal scapulae artery in this case was a branch of the transverse artery, however, it
bifurcated from the transvar artery aout at the level of the brachial plexus and extended
deeper to the levator scapulae muscle. On the other hand, the transverse cervical artery

extended superficially to the levator scapula muscle.

Arterial supplies from the subclavian artery were traces slightly deeper to the clavicles.
The dorsal scapular artery originated from the subclavian artery, extended deeper or
through the brachial plexus and the middle scalene muscle and bifurcated into deep and
superficial branches before the levator scapulae muscladdition, the fascia of the
anterior triangle was well cleaned and additional blood supplies to the levator scapulae
muscle, other than from the transverse cervical artery or from thd dosgaular artery

were notedas presented in Figure63.
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Figure 36: An anterolateral view ofhe neck, showing thexposed levator scapulae and

neurovasculaturKey: LSM: levator scapulae muscle.

The anterior rami of the cervical spinal nerves C2, C3 and C4, as well as the dorsal
scapular nerve from Cberve rootto the levator scapulae muscle were identified and
cleaned at this point. Twilike branches to the anterior surface of the levator scapulae

muscle were seen from thaserves (Figure 3.7).
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Figure 3.7: An anterolateral view of the neck, showing the exposed nerve supply to the levator
scapulae muscldey: BP: brachial plexus, IJV: internal jugular vein, Inf: inferior, Lat: lateral,

LSM: levator scapulae muscle, Med: medial, MS: middle scalene muscle, Sup: superior.

3.7.1.3 The levator scapulae muscle parameter measurements

Intermuscular planes were used to defindekiator scapulae musdiem other muscles

on the floor of the posterior triangle. The direction of the muscle and the union of the slips
before inserting onto the scapula clearly defined lthator scapulae muscléhe
transition from muscle to tendon was observed clearly, and each tendon was followed to
its attachment to a vertebra. The measurements related to the origitevhtbescapulae

musclewere made accurately and with ease. The measurements amezeuding a
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Morphometric geometric method and a Vernier digital calliper (R.S. Baty metric calliper

0-150mm +0.1mm) presented in Figur8.3.

Figure 38: Morphometric geometric method and a Vernier digital calligey: A: Posterior
view demonstrating Morphometric geometric method. Bteasurements using\éernier digital

calliper (R.S. Baty metric callip€-150 mm + 0.1 mm).

The following measurements were made:

Measurement 1 (Figure@\):

A: The distance from superior to inferior origin on transverse processes (proximal).

B: The distance of the insertion onto the superomedial border of the scapula (distal).

C: The distance of the muscle from the inferior origin to the insertion onto the

superomedial border of the scapula (anterior).
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D: The distance of the muscle from the superior origin to the insertion onto the

superomedial border of the scapula (posterior).

Measurement 2 (FiguredB):

Length of individual slips.

Widest point of individual slips (width).

Figure 39: Parameters of tHevator scapulae muscl€ey: A: Lateral view demonstratindpé
distances ofhelevator scapulae musdlé to D). B: Posterior view demonstrating the
individual muscle lengths measur@bttedlinesa s wel | as t he widths at
point (arrows) LSM: levator scapulae musc¢liiumbers (35): muscle slipsOccip: occiput

SCap splenius capitis.

All measurements were calculated for accuracy. The muscle slips at the origin were

counted and recorded. The proximal and distal attachments were traced for possible
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variations. Furthermore, the nerve and blood supplies tevator scapulae musaleere
traced and recorded as wdllprevious stug reported that formalin fixation resulted in a
0.501.00% reduction of elasticity (Beger et al., 2018), hencdetlaor scapulae muscle

tissue shrinkage was disregarded

3.7.2 MRI Study

The second component of the study relied on a retrospectivesacssnal study. This
component focused on MRI records of adult patients with neckvigited the Roman

Catholic Hospital (Windhoek), between 202022. Axial Ttweighted spirecho MR

images, between the occiput and T1, were acquired usingesl& Skyra scanner
(Siemens, Erlangen, Germany) with a head and neckmgistored in the Databa$éRl

scans offered an excellent opportunity to study the anatomical variatiadhe kHvator

scaulae muscle(Au et al., 2017).The axial cervical MRI scans collected from the
database were assessed, and the levator scapulae muscle and its accessory attachments
were traced guided by Au et al. (2016), Dixon et al. (2017), and Ellis et al. (A0@7re

were nodirect contact wittpatients, andhe main researcher was not present during the

MRI procedures

MRI scans with no gross pathologies, trauma, or congenital defects were used. Using
alphabetical order, patients' records were searched from the medical data records and their
cervical MRIs, age and sex were collected and ndisan a population of 293 patient
scans, a sample size of 167 scans was calculiteck most of the MRI scans heither

major pathology were unclear, or the levator scapulae muscle was partially presented or
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not visible in all the slides, only 46 MRI scans were subsequently suitalifesstudy.
Twenty-four (24) MRIs were from female patients, while twetiyp (22) were from male

patients respectively.

Each patientds record had a certain numbe|
T2. However, the current study focused onlytloeC2 to T1 region. A Snip tool was then

used to crop out the patientsnfidentialdetails from all MRI scan slices. Some records

had both axial and sagittal cervical MRI scans, whereas some only had the axial cervical

MRI scans recorded. The axial MRI scans were then arranged from C2 to T1,
complemented by the sagittal scans,atd with identifying the level of the cerval

vertebral column on slides with no labels as presented in FigiOe 3.
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Figure 310: Sagittal and axialarvical MRIscans

Overall, the MRIs with 2 mm, 3 mm, and 4 mm slice thicknesses were used. The MRI
slices of every patient were combined, and the images were saved. The sagittal scan parts
were lateexcludedandonly the axial scans remained for further observations. The levator
scapulae muscle was traced and identified in all axial cervical MRided by Au et al.

(2016), as well as by tHduman sectional anatonty Dixon et al. (2017), and Ellis et al.
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(2007). The vertebral levels of the slices betweerTd2vere also identifieds presented

in Figure 311

Figure 311: The axialcervicalMRI scans with identified levator scapulae muscle (LSKBY:
C1-C7: cervical vertebral-Z, T1: thoracic vertebral 1, T1/2: between thoracic vertebral

1 and 2.

Other muscles closely related to the levator scapulae muscle were also idehtiéise

were the sternocleidomastoid, trapezius and spleniusdjits made it easier to identify

the accessory attachments associated with the levator scapulae muscle as presented in
Figure 3.2. Moreover, the patient's age and sex were also recorded for interpretation

purposes.
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Figure 3.2: Tracing and identification of other muscles associated with the levator scapulae
muscle (LSM) Key: C1-C7: cervical vertebral-Z, SCap: splenius capitis, SCM:

sternocleidomastoid, SPS: serratus posterior superior, T1: thoracic vertebral 1, T1/2: between

thoracic vertebral 1 and 2, Trap: trapezius, *: accessory attachments od the levator scapulae

muscle
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3.8 Data analysis

3.8.1 Cadaveric study

All measurements from the cadaveric dissection were collected in triplicate, the results
were expressed as means (+ deviation noted), and the statistical analysis wadhdone in

SPSS 22 package.

Following the analysis done by Beger et al. (2018), with slight changes, the digital Vernier
calliper (0.01 mm precision) was used to measure the width, length, and distance of
muscles. The measurementdedfator scapulae musclegere conducted under the same
environmental conditions. Two researchers conducted the measurements independently at
various times. The mean values of three repetitions belonging to each researcher were
calculated. Both Intr@bserver reproducibility and ter-observer reproducibilyy were

assessed using intcdass correlation coefficients (IGC

An independenttest was conducted to determine significant differences in the measured
parametersdistances, lengths and widjhaf the levator scapulae muscle, between the
left and right sides in cadavess well as between parameters and cadaveAsekysis

of Variance (ANOVA) was used to determine the significance difference within the races
ofcadavers f ol | owe d b yto gpdriéically deterknieeywhere the significant
differences occurred he relationships of parameters versus agar§jevere obtained by

simple linear regression. However, the statistical significance level was set as p < 0.05.
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3.8.2 MRI study

Descriptive statistics were employed on the data collected from the axial scans. This
included frequencies of the variations and number of muscular slips about the anatomical
side, sex, and age of the individual. The data was presented in a table and was

accompanied by MRscans for descripin purposes.

3.9 Ethical Considerations

3.9.1 Cadaveric study

For ethical purposes, the cadaveric materials were managed following the Anatomical
Donations and Poshortem Ordinance, No. 12 of 1977 (Namibia). Only the cadaver age

race and sex were used and linked to the biographical informatitimee death certificate

for interpretation purposes. ,hénee numbérav er s Q
were assigned to each cadaver for interpretaiitie anonymity was ensured by citing

only the cadaver number and sex, and all records were restricted and safegithrded

the Division of Anatomy.

Personal information and the data generated during data collection were kept confidential.
All specimens used were provided by the DivismAnatomy at the University of
Namibia. Each cadaver was embalmed via the right common carotid artery with a
mechanical pump infusion for twelve hourSthical approval was obtained from
University of Namibia Decentralised ethic committeéDEC) (Ethical Clearance

Reference Number: SOM0001) as presented in AppendiRe&earch permission was
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granted by théJniversty of Namibiaposigraduate resarch supporservicesAppendix

B).

3.9.2 MRI study

The MRI records of the cervical region done on patients at the Roman Catholic Hospital
were obtained. This retrospective study relied on a document review and did not require
contact with patients, only their records. The respect and dignity of partipane

valued since their anonymity was ensured with assigned numbers (names not used) and

their personal information was not managed by the collector.

This study held no risk to any paleingent 6s
Furthermore, future patients might potentially benefit from the proposed study as the data
could aid the development of improved approaches to the treatment chteedk pain.

All patient records were reviewed fairly and equitably.

The captured data was handled and stored with utmost care and privacy away from public
reach. No personal details whatsoever (for example, names, addresses, next of kin, etc.)
were collected. Transparency fromtdatdise r es e
were available for any concerns or queries. Ethical approval was obtained from the
superintendent of Roman Catholic Hosp{tabpendix C) as well as from the University

of Nami b({Apgpéngix A) Eilgally, to avoid plagiarism, the informatiebtained

was paraphrased, cited, quoted, and referenced.
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3.10 Chapter Summary

In this chapter, the focus was on research methods. The next chapter focused on research

results.
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CHAPTER 4: CADAVERIC RESULTS

4.1 Introduction

This chapter presents the findings obtained from the cadaveric study. This explored
anatomical variations of levator scapulae muscle in terms of its origin, insertion, and
morphology(muscle distance, muscle slip width and lengtihdlso explored the arterial
supply and nerve supply to the levator scapulae muscle. However, the venous drainage to
the levator scapulae muscle was excluded because veins are highly variable and often
closer to the skin, which might have increasecctiences of being destroybd students.

The resultsverepresented as figures, tables, as well as statisticalAlatample values

were presented in two decimal places.

This study was performed on the available cadavers during the research period, hence a
total of 21 (n = 21) cadavers were used in this study. Eight cadavers (n = 8) were from the

2021 intake, 10 (n = 10) cadavers from 2020, two (n = 2) cadavers froma2@l&ne (n

= 1) cadaver from the 2018 intake. The leading causes of death in the cadaver population
used in this study were respiratory pathologies (28.57%), natural causes (23.81%), cardiac
pathologies (19.05%), renal pathologies (9.52%), brain pathslo@e52%), liver

pathologies (4.76%) and malnutrition (4.76%) respectively.

The average age of the cadavers used was 69.76 + 16.06 years. The youngest cadaver was

26 years old, and the oldest cadaver was 90 years old respectively. The cadaver population

included a total of 11 female cadavers and a total of 10 male cadaversilafelb
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dissection was performed on 19 cadavers, whereas the unilateral dissection was performed

on two cadavers, giving a total of 40 levator scapulae muscles.

4.2 The levator scapulae muscle slips

Overall, 40 levator scapulae muscles had twaxaonuscle slips, with an average of 4.18
+ 1.08 muscle slips. The majority of the levator scapulae muscles had four muscle slips
(62.50%) and onlytwo levator scapulae muscle hait muscle slips§.00%), which was

the least in terms of frequency of muscle slips, as shown in Figure 4.1.

70.00%
62.50%
60.00%
50.00%
40.00%

30.00%

Percentage of LSMs

10.00% 7.50% 7.50% 5.00%

0.00%
2 3 4 5 6

Number of LSM slips

Figure 4.1: Frequency of the levator scapulae muscle Klgys LSM(s) levator scapulae

muscle(s)

4.3 The lateral differences in levator scapulae muscle slips

With regards to the differences observed between muscle slips of the right and the left

levator scapulae muscles, the muscles with four slips dominated, with 65.00% on the right
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and60.00% on the left. The muscles with five slips were observed second highest, with
20.00% onthe right and15.00% on the lefside The lowest occurrence was 5.00%,
observed in muscles with twouscleslips (left)andthreemuscleslips (right) as presented

in Figure 4.2.

70.00% 65.00%
60.00%
60.00%

50.00%
40.00%

30.00%
20.00%

20.00% 15.00%
10.00% 10.00% 10.00%
10.00% i.OO% 5.00%

H
2 slips 3 slips 4 slips 5 slips 6 slips
Number of muscle slips

Frequenct of LSMs

0.00%
0.00%

® Right LSM m Left LSM

Figure 4.2: The difference in muscle slips between the right and left levator scapulae .muscles

Key: LSM(s) levator scapulae muscle(s).

The majority(13 of 19)of the bilaterally dissected levator scapulae mudtéesequal
numbers of muscle slips on both sides (symmetrievever, there were some cases
observed with asymmetric numbers of muscle slips between the two sides (left and right).
Out of 19 bilaterally dissected cadavess;, cadavers had different numbers of levator
scapulae muscle slips. Thederality differences observed were five slips and four slips

which was the most common difference, six slips and four slgpsvell assix slips and
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five slips. An example of a bilateral dissection with asymmetrical six muscle slips on the

left side and four muscle slips on the right side is presented in Figure 4.3.

Figure 4.3: Asymmetrical levator scapulae muscle slips within a cadehisrfigure illustrates a

posterior view of the left and right levator scapulae muscle ofye&6€old cadaver (c# 21).
Key: LSM- levator scapulae muscle, amauscle slips, Rarhomboid minor, RMrhomboid

major, and Traptrapezius. Arrows identify the muscle slips.

4.4 The variations in the number of levator scapulae muscle slips and their
attachments
With regards to the variations associated with the individual levator scapulae muscle slips,

some of the muscle slips were we#fined whereas others had variations. The first

78



instance of variation presented three cases of levator scapulae with two muscle slips. Two
instances were observed bilaterally in ayéarold female (c# 9) as presented in Figure
4.4 and one instance was observed unilaterally on the right side eyearfdld male

cadaver (c#. 19).

Figure 4.4: The levator scapulae muscle with two muscle #lgs A and B show the right
and left levator scapulae muscles with two muscle slips (2 ms) ofyeed8old mixedrace
female cadaver (c# 9). LSNevator scapulae muscle, amauscle slip, Occipocciput, Scap

scapula.

The second observed variation included three levator scapulae muscles with three muscle
slips, whereby one was unilaterally observed, and two were bilaterally observed-in a 59

yearold male cadaver (c# 18). In both instances, the first muscle lips wedenphy



attached to C1, whereas the second and third muscle slips were both proximally attached

to C2, as presented in Figure 4.5.

Figure 4.5: The levator scapulae muscle with three muscle slips (C2 skagd) and B The
right and left posterior view of the levator scapulae muscle ofyee&8old white male cadaver
(c# 18). C A clear diagrammatic presentation of the right levator scapulae muscle sl C1
cervical vertebrae-b, LSM- levator scapulae muscle, mmuscle slip, Occipocciput, s slip,

Scap scapula
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The third type of variation was found with four muscle slips, which dominated in terms
of the number of muscle slips. The four muscle slip variations were observed in-twenty
three (23) levator scapulae muscles. Although most of them (91.30%) weiaeiredd,

there were some (8.70%) feslipped muscles with accessalyps observed. A great
example of weldefined four muscle slips was found on the left side of -geg8old

white female cadaver (c# 17) and the right side of @€¥¥Fold cadaver (c# 12as

presented in Figure 4.6.

Figure 4.6: The levator scapulae muscle with four-gdefined muscle slip&Key: A- A left
posterior view of the levator scapulae muscle of-gésold white female cadaver (c# 17) with
four well-defined muscle slips.-BA right-side posterior view of the levator scapulae muscle of a

90-yearold cadaver (c# 12). LSMevator scapulae muscle, fmuscle slip, Occipocciput,

Scap scapula.
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The fourth observed variation had five muscle slips, which was the second dominant in
terms of frequency of muscle slips. Similar to the third variation, some levator scapulae
muscles had five welllefined muscle slips, whereas others had additional ateuis

and accessory musciips Examples of five weltlefined slips were observed in a-73
yearold white female cadaver (c# 15), as well as in alyé&dold white female cadaver

(c# 20). The muscle slips were proximally attached ta@051as presented Figure 4.7.

e I

‘ Occip Occip

Figure 4.7: The levator scapulae muscle with five adefined muscle slipKey: A- A left

posterior view of the levator scapulae muscle of g&&old white female cadaver (c# 15). B
A right posterior view of the levator scapulae muscle of age&-old white female cadaver (c#
20). CXC5- cervical vertebrae-b, LSM- levator scapulae muscle, fmauscle slip, Occip

occiput, Scapscapula.

The fifth instance of variation observed had six muscle slips. These muscle slips were

observed unilaterally in two levator scapulae muscles. The firgshgscle slip instance
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was observed on the left muscle of ay2@rold black male cadaver (c# 14). In this
instance, the first three muscle slips were individually attached 463;1the fourth and

the fifth muscle slips were both proximally attached to C4, and the sixth nalipoleas
proximally attached to C5. All six muscle slips converged before inserting to the

superomedial border of the scapula, as presented in Figure 4.8.

Sup

latoI-. Med

Inf

Figure 4.8: The levator scapulae with six muscle slips (C4 sh&teg)A- Posterior view of the
levator scapulae muscle with six slips, found in ay@érold black male cadaver (c# 14)- B
clear diagrammatic presentation of the levator scapulae muscle with six muscle slgis. C1
cervical vertebrae-b, LSM- levator scapulae muscle, mmuscle slip, Occipocciput, s slip,

Scap scapula.

The second sirmuscleslip instance was observed on the left side of-geé&fkold female

cadaver (c# 21). The first muscle slip was proximally attached to C1. The second and third
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were both proximally attached to C2. The fourth, fifth, and sixth were individually
attached to C3, C4, and C5. All six muscle slips were distally attached to the superomedial

borders of the scapula, as presented in 4.9.

Figure 4.9: The levator scapulae muscle with six muscle slips (C2 sh&egdf\- Posterior

view of the levator scapulae muscle with six slips, found on the left side ejeaB0ld female
cadaver (c# 21). BA clear diagrammatic presentation of the levator scapulae muscle slips. C1
C5- cervical vertebrae-b, LSM- levator scapulae muscle, fmauscle slip, Occipocciput, s

slip, Scap scapula.

Moreover, the sixth variation observed the left levator scapulae muscle of aygér
old male cadaver (c# 11). The levator scapulae muscle had three muscle slips, whereby
the first slip originated from C1, the second slip originated from C2, and the third slip

originated from C4. Interestihg there was no muscle slip attached to C3. Nevertheless,
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all the slips converged before they were distally inserted onto the superomedial border of

the scapula as presented in Figure 4.10.

Sup
lah-I—o Med

Figure 4.10: The levator scapulae muscle with three muscle kskys A- A left posterior view

of thelevator scapulae musctd a 54yearmixedrace maleadaver (c# 11) with three muscle
slips (3ms). BA clear diagrammatic presentation of the levator scapulae muscle slips with their
origins and insertions. GC5- cervical vertebrae-b, LSM- levator scapulae muscle, mmuscle

slip, Occip occiput, s slip, Scap scapula.

4.5The levator scapulaemuscle with accessory muscle slips and attachments
The levator scapulae muscle is well known to originate from the cervical transverse
processes of the vertebral column and inserts onto the superomedial border of the scapula

(Au et al., 2017; Beger et al., 2018; Naik & Lokanadham, 2019; Smit & Todd, 2019).
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However, this study has observed variations associated with the origins and insertions of
the levator scapulae muscl€3verall, a total of seven levator scapulae muscles were
observed with accessory attachments. Six of them were from thenfmaieslipped

category, whereas one was from the Hfimascleslipped category.

With regards to the origins (proximal attachmembgjority of the levator scapulae
muscles had welllefined muscle slips that originated from the transverse processes. Most
of the levator scapulae muscle had muscle slips individually attached to the cervical
transverse processes, whereas a few levatpukm muscles had muscle slips sharing
proximal attachments. Concerning the insertions (distal attachments) of the levator
scapulae muscles, most of the muscles were distally inserted on the superomedial borders

of the scapula. However, there were few aariinsertions observed in this study.

A first type of variation in terms of origin and insertion was observed unilaterally in two
cadavers. One instance was observed on the left levator scapulae muscle-géan 84
old white male cadaver (c# 8), while another instance was observed on tlegdtdt
scapulae muscle of a-f@arsold female cadaver (c# 7). In both instances, the two levator
scapulae muscles héour muscle slips, with four welllefined muscle slips, proximally

originating from the cervical transverse processes e€€.1

However, thee was an accessory muscle slipph a common proximal attachment (C2)

as the seconohuscleslip (Lengths = 128.97 mm and 117.22 mm, widths = 9.32 mm and
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5.64 mm) The accessory muscle skatended superficially and distally inserted onto the

anterolateral surfaces of the first and second ribs, as presented in Figure 4.11.

Figure 4.11: The levator scapulae muscle witbus muscle slips and atcessory muscle slip
Key: A- A posterior view of the left levator scapulae muscle of agestold white male
cadaver (c# 8). BA posterior view of a levator scapulae muscle demonstrating the nature of the

87



accessorynuscle slip(a*). C- A Posterior view of th@ccessory muschkdip (s5). D A clear
diagrammatic presentation of the levator scapulae muscle sligg5CErvical vertebrae-5,
LSM- levator scapulae muscle, mmuscle slips, Occipocciput, r= theaccessorynuscle slip

tendon at a level of the first rib, r1 and fizst and second ribs, s: slip, Scap: scapula.

The second form of variation concerning the origin and insertion was found on the left
levator scapulae muscle of an-g€arold white female cadaver (c# 5). The levator
scapulae muscle had four muscle slips, proximally originating from the cervicalers@sv
processes of GC4 and inserted onto the scapula. However, two accessory rsiigsle
were also observed. The first (superior) accessory mabplbifurcated from the third
muscle slip at about 39.89 mm from its origin (C3) and had an averageoivgi88 mm

and a length of 41.55 mm from the point of bifurcation to its distal insertion.

The second (inferior) muscHip bifurcated from the fourth muscle slip at about 25.63
mm from its point of origin (C4), with an average width of 5.66 mm and an average length
of 40.30 mm from its point of bifurcation. Bothccessorymuscle slips extended
superficially and distally inserted on the anterolateral aspects (surface fascia) of the first

and second ribs as presented in Figure 4.12.
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Figure 4.12: The levator scapulae muscle four muscle slips and two accessorystipséley:
A- A posterior view of théeft levator scapulae muscle of anrg€arold white female cadaver
(c# 5), with four muscle slips and two accessory muslige(a* and a**). B A clear
diagrammatic presentation of thauscleslips with their origins and insertions. {Cb- cervical
vertebrae 55, LSM- levator scapulae muscle, rmuscle slips, Occiocciput, rl and r2first

and second rib-slip, Scap scapula.

The third variation was observenh the right levator scapulae muscle of ayéarold

female cadaver (c# 7). The muscle had four sgdefined muscle slips, proximally
originaing from the first four cervical transverse processes@2) and distally inserted

onto the superomedial border of the scapula. However, this levator scapulae muscle was

observed with a single accessslip, that shared a common proximal attachment with the
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fourth muscle slip and distally inserted onto the middle scalene musclectassory

muscleslip had an average width of 4.54 mm as presented in Figure 4.13.

Figure 4.13: The levator scapulae muscle with four muscle slips and an accessorslipuscle
Key: A and B Posterior views of the levator scapulae muscle of-ge&@old female cadaver

(c# 7), with four slips and an accessory mustife(a*), distally attached to the middle scalene
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muscle C- A clear diagrammatic presentation of the levator scapulae muscle slips with their
attachments. CC5- cervical vertebrae-b, LSM- levator scapulae muscle, M&iddle scalene,

ms- muscleslip, Occip occiput, s slip, Scap scapula.

The fourth variation had five muscle slips, with three accessory muscle slips. This instance
of variation was only observed in a single levator scapulae muscle ofyaaBald white
female cadaver (c# 5). The five welkfine muscle slips originated frothe cervical
transverse processes (CH) and united before inserting on the scapiilae three
accessory muscle slips shared the proximal attachment with the third, fourth, and fifth

muscle slips.

The superior accessory muscle slip originated from C3 with the third musoleesiigth
=98.35 mmwidth =6.16 mn), the middle accessory muscle slip originated from C4 with
the fourth muscle slifLength= 88.56 mm width =6.96 mn), and the inferior accessory
muscle slip originated from C5 with the fifth muscle glijgngth= 79.13 mm width =

4.17 mn). These muscle slips extended superficially and were inserted onto the lateral

aspects of the first and second ribs, as presented in Figure 4.14.

91



Lat

Figure 4.14: The levator scapulae muscle with five muscle slips and three accessory muscle
slips Key: A- A posterior view of the levator scapular muscle with five prominent muscle slips

and three accessory muscle slips, was found on the right side ofyaar@dd white female

cadaver (c# 5). BAnterolateral view of the muscle; @ diagrammatic representation of a
posterior view of the levator scapulae muscle slipsC8-cervical vertebrae-b, LSM- levator

scapulae muscle, arccessory muscle slips amauscle slip, Occipocciput,a*- superior
accessory muscle slip, a*middle accessory muscle slgot** - inferior accessory muscle slip,

rl and r2 first and second rib-slip, Scap
scapula.
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Moreover, a fifth variation with similar minor features was observed in two cadavers. The
first instance was found on the left side of ayéarold cadaver ((c# 3) while the second
instance was also found on the left side of &&old male cadaver (c#). Both levator
scapulae muscles in these instances had four muscle slips, proximally originated from the
cervical transverse processes{CA4), and distally inserted onto the superomedial borders

of the scapula.

However, in each instance, there was a muslgbewith an average length of 13.10 mm
and an average width of 5.41 mm. These muslips proximally bifurcated from the
second muscle slips at about 28.13 mm from their proximal origin (C2) and distally joined
the middle part of the third muscle slip at about 26.97 mm from the proximal attachment
(C3). Nevertheless, all four prominent musdipssconverged before they were inserted

on the superomedial border of the scapula as presented in Figure 4.15.
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Figure 4.15: The levator scapulae muscle with four muscle slips and an acoesscdeyslip
Key: A- A posterior view of the left levator scapulae muscle with four slips ofye@gold
white male cadaver (c# 3)ith four muscle slips originating from €14, and araccessory

muscle sliporiginating from C2 and unite with the third muscle sBp A Posterior view of the
left levator scapulae muscle with four slips found in ay&8rold white male cadaver (c# 4)- C

A clear posterior diagrammatic presentation of the levator scapulae muscla*slggessory
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muscle slip C1-C5- cervical vertebrae-b, LSM- levator scapulae muscle, fmuscleslip,

Occip- occiput, s slip, Scap scapula.

In summarythe levator scapulae muscle is mainly known to have an average of four
muscle slips, originating from GT4 and inserts onto the superomedial borders of the
scapulaDalley & Agur, 2023;Dixon et al., 2017)As per Anatomy textbooks Hyalley

and Agur (2023)Dixon et al. (2017), Ellis et al. (20p7andNetter (2014)the levator
scapulae muscles normally originate from the transverses processes of the cervical
vertebrae and insert to the superomedial borderescapuladence, this studyegarded

muscle slips with additional attachments as accessory muscle slips.

According to the study findings,total 40 levator scapulae mussigere observed in this
study, ranging between two to six muscle slipisree (7.50%) of them had two well
defined muscle slips originating from C1 and C2 and inserted to the superomedial border
of the scapula. Another thré@.50%)levator scapulae muscles had three muscle slips:
two of these muscles shared a proximal attachment (C2), hence, they were proximally
attached to C1 and C2, whereas the other muscle originated from CandC24.All

three muscle slip instancesere distally inserted to the superomedial borders of the

scapula.

A total of 25 (62.50%) levator scapulae muscles had four muscle slips: of3meuacles,
19 had four weldefined muscle slips originating from €4 andinserted to the

superomedial border of the scapu& of the 5 levator €£apulae musctewith four
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muscle slips hadiccessory muscle slipghe first instanceof the six muscle had an
accessorynuscleslip originating from C4 and inserted to the middle scalene musgaie,
muscles had an accessory muscle slip originating from C2 and inserted to the anterolateral
aspects of the first and second ribs, anoth@ration among this category had two
accessory muscle slips originating from C3 and C4 and inserted on the anterolateral
aspects of the first and second ribs. The last instance in this categgooyserved in two
levator scapulae muscles wih accessory muscle slip originating from C2 and inserted

to themiddle aspects of the third muscle slip.

Seven(17.90%) of the 40 Levator scapulae muscles had five musagbs: dix of the
muscles had five welllefined muscle slips originating from CC5 and distally inserted

to the superomedial borders of the scapulbereas one muscle had three accessory
muscle slips in addition to the five muscle slif$ie accessory muscle slips were
proximally attached to G&5 and distally inserted the anterolateraspects of the first

and second ribs.

Lastly two (5.00%) of the 40 levator scapulae muscle had six muscle slips proximally
attached to GC5 and inserted to the superomedial borders of the scapula. However, in
both instances there were two muscle slips sharing a proximal attachment: intio@e of
instances, the second and third muscle slips both originated from C2, while in the second
instance, the fourth and fifth muscle slips both originated from C4. The overall cadaveric

results in terms of the levator scapulae muscle slips are summaricziole. 1.
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Table 4.1: Summary of the levator scapulae musligde results

Cadaver Age Sex | Race Number of LSM slips
numbers Right Left
1 56 M B 4 4
2 64 M w 4 4
3 73 M W 4 4* (1 accessory slip from
C2 to 3 slip)
4 79 M " 4 4* (1 accessory slip from
C2 to 3 slip)
5 80 F W 5*(3 accessory slips | 4* (2 accessory slips fron
from C3-C5 to rl and C3C4torlandr2)
r2)
6 82 F W 4* (1 accessory slip 4
from C2 to rl and r2)
7 79 F N/S 4* (1 accessory slip 5
from C4 to middle
scalene)
8 84 M W 4 4*(1 accessory slip from
C2torl and r2)
9 43 F C 2 2
10 85 F E 4 4
11 54 M C X 3*
12 90 M W 4 4
13 64 F w 5 5
14 26 M B 5 6*
15 73 F w 4 5
16 83 M W 4 4
17 68 F W 4 4
18 59 M w 3* 3*
19 71 M W 2 X
20 86 F wW 5 4
21 60 F N/S 4 6*

Key: B- black, G coloured, Ffemale, M male, NG notspecified, W white, x- LSM absent, *

- variationsin terms of muscle slip attachments
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4.6 Blood supply to the levator scapulae muscle

In this study, out of 40 levator scapulae muscles observed, only 27 muscles had arterial
blood supply kept intact, while blood supplies to the 13 muscles were destroyed by
medical students. Nevertheless, this study falidthe three blood supply types based on

the branch of origin and mode of birth as described by Bulbul et al. (2019); Ikka et al.
(2016);Manyacka Ma Nyembt al.(2018), stated that Type I: Both dorsal scapular artery
and transverse cervical artery originated from a common trunk stemming from the
subclavian artery, in Type II: dorsal scapular artery originated directly from subclavian
artery while transverse cecal artery originated from thyrocervical trunkhereas in

Type llI: Both dorsal scapular artery and transverse cervical artery are collateral branches

of the thyrocervical trunk

According to this study's findings, out of 27 levator scapulae muscles, seven (25.93%)
levator scapulae muscles received two arterial branches. One of the branches came from
the transverse cervical artery, a branch of the thyrocervical trunk, while trelde@anch

was from the dorsal scapular artery, which branched off from the transverse cervical artery
(Type 1lI). Another seven (25.93%) levator scapulae muscles received two arterial
branches, one branch from the transverse cervical artery a branah tbiytbcervical

trunk, and another one from dorsal scapular arteries, a branch of the subclavian arteries

(Type Il) Figure 4.16

Six (22.22%) levator scapulae muscles were supplied by the dorsal scapular artery, a

branch of the subclavian arteries. Five (18.52%) levator scapulae muscles were supplied
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by arterial branches from the transverse cervical artery only. Two (7.41%) levator
scapulae muscles were also supplied by two arterial branches from the transverse cervical
artery as well as from the ascending cervical arterygratiching fronthe thyrocervical

trunk respectively, as presented in Figure 4.16.

30.00%
25.93% 25.93%

20.00%  18.52%

15.00%

10.00% 7.41%

5.00% I

0.00%
TCA (TCT) DSA(SCA) TCA(TCT) TCA(TCT) TCA(TCT)
only only and DSA and DSA and ACA
(TCA) Type Il (SCA) Type Il (TCT)

Type of blood supply to the LSMs

Frequency of arterial supply

Figure 4.16: The sources of arterial branches to the levator scapulae mM{(esgidCA-
ascending cervical artery, S€subclavian artery, TCAransverse cervical artery, TET

thyrocervical trunk.

4.6.1 The variations of blood supply to the levator scapulae muscle
The levator scapulae muscle is known to be supplied mainly by the dorsal scapular artery,
which usually originates from the subclavian, or as a collateral branch of transverse

cervical artery (Beger et al., 2018; Fakoya et al., 2020; Netter, 2014). Tiseerse
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cervical artery is also known to supply the levator scapulae muscle (Netter, 2014; Reiner

& Kasser, 1996).

The first fascinating variation instance of arterial supply to the levator scapulae muscle
was observed on the lsidesof 56-yearold (c# 1) and 9§earold (c# 12) male cadavers,

these levator scapulae muscles received blood from two main sources, both stemming
from the thyrocervical trunk. The first branch was the transverse cervical artery, which
bifurcated into two clateral branches, one of them extended towards and supplied the
superficial distal part of the levator scapulae muscles, while the other collateral branch
extended towards and supplied the deeper aspects of the levator scapulae muscles. On the
other handthe second arterial branch was the ascending cervical artery, which gave off a
collateral branch towards the superficial middle parts of the levator scapulae muscles

respectively, as presented in Figure 4.17.
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Figure 4.17: Blood supply to levator scapulae muscles from transverse cervical artery and
ascending cervical arteri{ey: A and B The left anterolateral cervical view of blood supply to
the levator scapulae muscle of ayg&rold male cadaver (c# 1).-Ceft anterolateral cervical

view of a 90yearold male cadaver (c# 12)-[B diagrammatic drawing of an anterolateral view
of the neck. ACAascending cervical artery, A8nterior scalene, A*an arterial branch from
the ascending cervical artery, Bftachial plexus, MSmiddle scalene, LSMevator scapulae
muscle, TCAtransverse cervical artery, TCT: thyrocervical trunk, T* and T**: first and second

collateral branches of the transverse cervical artery.
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The second variation in terms of arterial supply was observed in seven levator scapulae
muscles. These levator scapulae muscles were supplied by two collateral branches of the
transverse cervical artery, as well as two collateral branches of the dopaaseatery.

The transverse cervical artery branched stemmed the thyrocervical trunk, while the dorsal
scapular artery stemmed from the subclavian artery. The first collateral branches from the
transverse cervical artery and the dorsal scapular arteepded towards the deeper
aspects of the levator scapulae muscle, while the second collateral branches of the
transverse cervical artery and the dorsal scapular artery extended towards the superficial

distal part of the levator scapulae muscles as presenkegure 4.18.

TCT

clavicle Inf

Figure 4.18: Blood supply to levator scapulae muscle from dorsal scapular artery and transverse
cervical artery(Type Il). Key: A- An anterolateral view of the left side of a-gdarold male
cadaver (c# 2). BA Diagrammatic drawing of an anterolateral view illustrating two arterial
branch supplies to the levator scapulae musclesb&fehial plexus, MSmiddle scalene, DSA

dorsal scapular artery, D* affidst and second collateral branches of the dorsal scapular artery,
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LSM- levator scapulae muscle, S€gubclavian artery, TCAransverse cervical artery, TET
thyrocervical trunk, T* and T**first and second collateral branches of the transverse cervical

artery.

A third case was observed in a total of six levator scapulae muscles. These levator
scapulae muscles received arterial blood from the collateral branches of the dorsal
scapular artery only, a branch of the subclavian artery. One of the collateral branches
extended towards the deeper aspects of the levator scapulae muscles, while the other
collateral branch extended towards the superficial distal aspects of the levator scapulae

muscles. An example of this variation is presented in Figure 4.19.
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Figure 4.19: Blood supply to levator scapulae muscle from the dorsal scapular artel§egnly
A and B An anterolateral view of the right side of an@arold female cadaver (c# 5) and an
82-yearold female cadaver (c# 6)- @ diagrammatic drawing of an anterolateral region of the
neck showing arterial supplies from the dorsal scapular artery to the levator scapulae muscle.
BP- brachial plexus, MSmiddle scalene, DSAdorsal scapular artery, D* and D*tollateral

branches of the dorsal scapular arté&/SM- levator scapulae muscle, S€gubclavian artery.
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Moreover, a fourth variation observed was found in a total ¢é\#tor scapulae muscles.
These muscles were supplied by the transverse cervical artery and the dorsal scapular
artery. However, in this instance, the transverse cervical artery stemmed from the
thyrocervical trunk, while the dorsal scapular artery steminoea the transverse cervical
artery. The transverse cervical artery extended from the thyrocervical trunk towards the
superficial distal aspects of the levator scapulae muscles, while the dorsal scapular artery
extended from the transverse cervical artenyards the deeper aspects of the levator
scapulae muscles. The bifurcation of the dorsal scapular artery from the transverse artery

in this instance began at the level of the brachial plexus as presented in Figure 4.20.
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Figure 4.20: Blood supply to levator scapulae muscle tratransverse cervical artery and its
branch, the dorsal scapular ariesiemming from the thyrocervical trunk (Type IKey: A- An
anterolateral view of the right side of a¥@arold male cadaver (c# 1) and B andRight and
left anterolateral view of an 8@earold male cadaver (c1# 6).-Diagrammatic drawing of the
arterial supply of the left levator scapulae muscle. lBBRchial plexus, MSmiddle scalene,
DSA- dorsal scapular artery, LSNevator scapulae muscle, TE&ansverse cervical artery,

TCT- thyrocervical trunk.
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In summarythe levator scapulae muscles in this study were mostly suppligégideyll

and Type lll. The rest of the levator scapulae muscles were only observed with a single
blood supply: from He transverse cervical artery (TCA), a branch of the thyrocervical
trunk, andthe dorsal scapular artery, a branch of the subclavian ahteagldition the
levator scapulae musctarelyreceived blood supply from the ascending cervical artery,

a branch of the thyrocervical truikable 42).
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Table 42: Summary of arterial blood supply to the levator scapulae muscle

Cadave | Age Sex | Race Source of arterial branches to the LSMs
r Right Left
number
S
1 56 M B | TCA(TCT) and DSA (TCA)
Type lll TCA (TCT) and ACA (TCT)
2 64 M w TCA (TCT) and DSA (SCA)
DSA (SCA) only Type I
3 73 M W | TCA (TCT) and DSA (TCA)
Type lll DSA (SCA) only
4 79 M W | TCA (TCT) and DSA (SCA)| TCA (TCT) and DSA (SCA)
Type Il Type Il
5 80 F w DSA (SCA) only TCA (TCT) only
6 82 F W TCA (TCT) and DSA (SCA)
DSA (SCA) only Type I
7 79 F N/P TCA (TCT) and DSA (SCA)
TCA (TCT) only Type ll
8 84 M W | TCA (TCT) and DSA (SCA)
Type I X
9 43 F C X TCA (TCT) only
10 85 F E X X
11 54 M C - X
12 90 M W | TCA (TCT) and DSA (TCA)
Type llI TCA (TCT) and ACA (TCT)
13 64 F W | TCA (TCT) and DSA (SCA)
Type I TCA (TCT) only
14 26 M B X X
15 73 F W TCA (TCT) only X
16 83 M W | TCA (TCT) and DSA (TCA)| TCA (TCT) and DSA (TCA)
Type llI Type llI
17 68 F W TCA (TCT) and DSA (TCA)
X Type llI
18 59 M wW DSA (SCA) only X
19 71 M wW X -
20 86 F w TCA (TCT) and DSA (TCA)
DSA (SCA) only Type lll
21 60 F N/P X X

Key: ACA: ascending cervical artery, B: black, C: coloured, DSA: dorsal scapular artery, F:

female, M: male, N/P: not specified, SCA: subclavian artery, TCA: transverse cervical artery,

TCT: thyrocervical artery, W: white, x: arterial supply destroyed.
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4.7 Nerve supply to the levator scapulae muscle

The levator scapulae muscles used in this study were innervated by up to six nerve
branches that vary in terms of their origins, as well as in terms of the number of nerve
branches from each nerve root. Since this study was performed on the same caddvers u
by medical students, oat 40levator scapulae muscles, only 29 levator scapulae muscles
had nerve branches kept intact, whereas nerves supplying the remaining 11 levator

scapulae muscles were destroyed.

A range of 16 nerve branches were observed to innervate a single levator scapulae
muscle, with an average number of 3.45 + 1.35. This study found that 37.93% of the 29
levator scapulae muscles were innervated by four nerve branches, 17.24% were supplied
by two nerve branches, 17 %4weresupplied by five nerve branches, 13.79% were
supplied by three nerve branches, 10.34% were supplied by a single nerve branch and
3.45% of the levator scapulae were supplied by six nerve branches as presented by Figure

4.21.
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Figure 4.21: The percentage of nerve branches to the levator scapulae muscles (LSMs)

4.7.1 The variations of nerve supply to the levator scapulae muscle

The first instance o¥ariation associated with the number of nerve supply was observed
on the right levator scapulae muscle of ayédrold female cadaver (c# 13), with a total
number of six nerve branches. This levator scapulae muscle received two nerve branches
originatingfrom the C2 nerve root, three nerve branches from the C3/C4 nerve root, and
one nerve branch from the C5 nerve rddte C2 nerve branches extended towards the
proximal aspects of the first superior muscle slip of the levator scapulae muscle, the C3/C4
root nerve branches extended towards the middle part of the levator scapulae muscle,
while the C5 root nerve branek known as a dorsal scapular nervep@sced through

the middle scalene musdlEakoya et al., 2020; Nguyen et al., 2016; Som & Laitman,
2017),and extended towards the distal aspects of the levator scapulae asyszasented

by Figure 4.22.
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Figure 4.22: Six nerve branches to the levator scapulae miisgleA- An anterolateral view of

the six nerve branches to the levator scapulae muscle eyeadld female cadaver (c# 13)-B
A diagrammatic presentation of six nerve branches to the levator scapulae musblacBRl
plexus,(C2-C5)- cervical nerve root-8, LSM- levator scapulae muscle, M@iddle scalene,

(n1-n6)- nerve number 1 6, 6 nb 6 nerve branches.

The second observed variation in the nerve supply was observed symmetrically in a 90
yearold female cadaver (c# 12) and any&&rold female cadaver (c# 20). The levator
scapulae muscles in these cadavers were innervated by two nerve branchibs €8m
nerve root, two nerve branches frame C3/C4 nerve root, and a single nerve branch from
the C5 nerve root, giving a total of five nerve branches to these levator scapulae muscles.
Two nerve branches from C2 nerve root extended towards the proximabkasjteetfirst
superior muscle slip of the levator scapulae muscle, another two nerve branches from
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