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Abstract 

Morphological traits pertaining to the humerus and scapula have previously been linked 

to the occurrence and perhaps development of certain shoulder pathologies such as, 

osteoarthritis, rotator cuff impingement and chronic shoulder dislocations. Few studies have 

investigated these traits in a South African sample and therefore the aim of this study was to 

investigate the differences in various skeletal and soft tissues components of the glenohumeral 

joint (GHJ) in individuals with known or diagnosed shoulder pathology. 

The sample included a cadaveric (n=46), X-ray (n=94) and MRI (n=46) component. In 

the cadaver component, only 11 presented with shoulder pathology, while all the individuals in 

the imaging component (X-ray and MRI) presented with known/diagnosed shoulder 

pathologies. Several measurements and observations were taken and included; acromial type 

(AT), intertubercular groove width (ITGW), glenoid fossa depth (GFD), acromial index (AI), 

lateral acromial angle (LAA), acromioclavicular joint distance (ACJ), acromiohumeral distance 

(AHD), glenoid fossa length (GFL), maximum humeral head diameter (HHMax_dia), humeral 

angle of inclination (HHI) and presence/absence of pathology. 

The results indicated that males had a higher occurrence of AT I than AT II and the 

females an even ratio between AT I and AT II in the X-ray and cadaveric component, while 

black males in the X-rays had a higher occurrence of AT II than AT I. In both the X-ray and 

MRI samples, female groups showed a higher occurrence of AT I than AT II. Significant 

differences in morphology of the AI, ACJ, LAA, HHI and GHD were noted between the various 

acromial types (I, II, III). The HHMax_dia was the only morphometric variable that showed 

significance differences across all three samples (cadaver, X-ray and MRI). The AI, LAA, GFL 

showed significant morphological differences in both the X-ray and MRI groups, the HHI and 

ACJ only showed significant differences in the X-ray group, while the GH only showed 

differences in the MRI group. 

The results gained in this study suggest that AT, AI, ACJ, LAA, HHMax_dia, HHI, 

GHD and GFL in individuals with known or diagnosed shoulder pathologies such as chronic 

joint instability, osteoarthritic and osteoporotic changes, rotator cuff pathologies, frozen 

shoulder/adhesive capsulitis and tendinopathy/calcific tendinitis, are different from no-

pathology individuals and these traits may provide more insight, if studied further, into the 

development of shoulder pathology. 

 

Keywords: Morphometric, Skeletal, Soft tissue, Pathologies, Glenohumeral joint 



 

1 

 

Chapter 1: Introduction 

 

The glenohumeral joint (GHJ) is a one of the most mobile joints in the human body and 

is actively involved in normal, everyday use, as well as in a majority of sporting activities. The 

smooth movement and functionality of the GHJ is dependent on a number of muscles, ligaments 

and bony elements synchronously working together (Schenkman and De Cartaya, 1987). 

Pathology, disease and trauma of the shoulder is perhaps one of the most prevalent and 

contentious musculoskeletal conditions impacting activities of daily life. Complications, 

whether soft tissue (muscle tear, inflammation, impingement) or skeletal tissue (bone spurs, 

degeneration), associated with this joint, often present the medical profession with the most 

challenges. 

 Compromised musculoskeletal well-being decreases quality of life and significantly 

adds to the physical limitations due to acute and/or chronic pain. This can result in reduced 

participation in recreational activities, withdrawal from usual social, community, and 

occupational activities, whilst increasing the burden in other health domains, including mental 

health well-being (Briggs et al., 2016). Research has alluded to the fact that intrinsic causes 

such as patient age, decreased vascularisation of tissue, degeneration of the muscle with fatty 

deposits and, genetic predisposition as well as extrinsic causes for example, acromion 

morphological changes, are associated with tendon injury causing shoulder pain (Braman et al., 

2013; Yu et al., 2013; Balke et al., 2016). 

The 2015 global burden of disease report from the World Health Organisation (WHO), 

which included 183 WHO member states, Asia and the West Bank, estimated that 42.2% of 

developed and developing nations live with the burden of musculoskeletal disease (Mathers et 

al., 2017). Evidence suggests that shoulder pathologies may have a direct effect on worker 

productivity, thus causing monetary loss for companies about time off work and ultimately 

placing strain on the economy (Gemne et al., 1987; Bodin et al., 2016). An estimated 20% of 

the dental profession in North India, 5 million of the work population in the United States of 

America, 70% of the occupational groups in Germany and, 17.3 million of the work population 

in France suffer from a musculoskeletal condition, many of those associated with the shoulder 

(Gemne et al., 1987; Kumar et al., 2013; Palazzo et al., 2014). These workers often visit 

medical specialists to establish the source of their shoulder discomfort, leading to time off work 

and medical costs incurred. During these medical consultations, the common denominator for 

most shoulder problems is pain and movement limitations. This guides the orthopaedic 
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surgeon/medical specialist to diagnose and pursue the disease aetiology of possible conditions 

which could be considered as problematic (Guyver et al., 2014).  

During the process of identifying these conditions, diagnostic equipment such as X-

rays, CT-scans and MRI images are often used. These diagnostic tools guide the 

specialist/orthopaedic surgeon to establish a pathoanatomic diagnosis, treatment regime and 

rehabilitation (Hodler et al., 1991; Aragão et al., 2014; McClure and Michener, 2015). The 

choice of diagnostic tool is usually dependent on the clinical presentation but often, the first 

choice is a plain X-ray image of the affected shoulder. X-ray images provide insight into the 

skeletal components of the GHJ such as the acromion, humeral head position, and the scapula, 

which could all be linked to GHJ pathology such as, bone spurs or degeneration causing pain 

and movement restriction (Michener et al., 2003; Aragão et al., 2014). MRI images provide 

additional and in-depth soft tissue component evaluation. MRI images assist the medical 

specialist in evaluating the soft tissue component of GHJ pathology such as tears, capsulitis or 

tendinitis/tendinosis causing decreased range of motion (ROM) and pain.  

Most studies investigating shoulder pathologies use these imaging techniques to 

evaluate specific elements of the GHJ. These include pathologies of the humeral head, glenoid 

fossa, rotator cuff (RC) and tendons (Montsat and Bonnevialle, 2012; Yu et al., 2013; Kim et 

al., 2012). Over the past couple of years, studies have associated certain morphometric skeletal 

(Michener et al., 2003; Cadet et al., 2008; Imhoff et al., 2010; Urita et al., 2016) and soft tissue 

components (Habermeyer et al., 2004; Choi et al., 2015) to existing or underlying pathological 

conditions. However, to the author’s knowledge no studies have researched these morphometric 

components of the GHJ associated with shoulder pathologies in South African populations.  

Therefore, the aim of this study was to investigate the association of the humeral and 

scapula morphology of the GHJ as well as the soft tissue elements relating to the stabilization 

of the joint with commonly diagnosed shoulder pathologies using MRI scans. X-ray images 

from pathological shoulders as well as cadaveric shoulders were also measured and compared 

to what the current normal standards are for certain measurements.  
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Chapter 2: Literature Review 

 

The aim of this study was to evaluate the differences in various skeletal and soft tissues 

components of the glenohumeral joint (GHJ) in individuals with known or identified shoulder 

pathology. This review outlines the skeletal and soft tissue components of the GHJ in order to 

create an understanding of the basic anatomy and interactive functionality these components 

have. The skeletal and soft tissue components of the GHJ work synchronously together to form 

a highly functional, complex and mobile joint (Basmajian, 1982; Culham and Peat, 1993). 

AIM: To evaluate and classify the skeletal and soft tissue morphology of the 

glenohumeral joint (GHJ) of individuals who present with commonly diagnosed shoulder 

pathologies. 

RESEARCH OBJECTIVES: The research objectives of this study were to: 

- Measure humeral and scapula dimensions on both X-ray images from patients with 

known glenohumeral pathologies; 

- Measure soft tissue dimensions on MRI images from patients with known glenohumeral 

pathologies; 

- Evaluate shoulder pathology and measure humeral and scapula dimensions in 26 

embalmed, human cadaveric specimens in order to establish the association between 

commonly diagnosed shoulder pathologies and bony morphology.  

 

 

2.1. Anatomy of the glenohumeral joint (GHJ) 

 

The humerus and scapula are the skeletal components that directly form the GHJ 

(Boileau and Walch, 1997) (Fig. 2.1). The humeral head articulates with the glenoid fossa of 

the scapula forming a synovial, ball-and-socket joint. The humeral head is twice as large as the 

glenoid fossa, but this is compensated for by the glenoid labrum, which is a cartilaginous 

structure surrounding the periphery of the fossa (Wilk et al., 1997). The GHJ is also kept in 

place through directional forces created between both the dynamic stabilizers (muscles) of the 

joint as well as the static stabilizers (ligaments/tendons) (Wilk et al., 1997; Terry and Chopp, 

2000; An, 2002). 
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Fig. 2.1. Osteological components forming the GHJ (adapted from Culham and Peat, 1993) 

 

 

2.1.1. Skeletal tissue components 

 

Proximal humerus 

 The head of the humerus is directed medially, superiorly and is tilted slightly posterior 

at an angle of between 26 and 31 degrees (O’ Connell et al., 1990). The articular surface of the 

humeral head is spherical in shape and smooth. A rough area just lateral to, and surrounding 

the periphery of the articular surface, is known as the anatomical neck. The anatomical neck is 

an important area for attachment of the joint capsule and rotator cuff (RC) unit of the GHJ 

(Boileau and Walch, 1997). 

The greater and lesser tubercles, as well as the intertubercular groove, are located on the 

proximal aspect of the humerus. The larger, greater tubercle, is rounded and serves as an 

attachment site for a majority of the RC muscle unit. It is positioned more lateral than the lesser 

tubercle, which is located on the anteromedial aspect of the humeral head and serves as the 

attachment for subscapularis (O’ Connell et al.,1990). The intertubercular groove separates the 

two tuberculi and becomes shallower and wider as it continues downwards onto the humeral 

shaft. This groove houses the long head of the biceps tendon (LHBT) as it courses from its 

origin on the supraglenoid tubercle and glenoid labrum to its muscular belly in the arm (O’ 

Connell et al.,1990; Marieb et al., 2014). The transverse humeral ligament forms a superior 

arch between the two tuberculi and serves to keep the LHBT within the intertubercular groove 

(Brodie, 1890), as does the extensor hood created by the interdigitating fibres of supraspinatus 

and subscapularis (Clark et al., 1992; Vosloo et al., 2017). The second neck of the proximal 

humerus is the surgical neck, and is situated beneath the humeral tuberculi. It is an area closely 

associated with the axillary nerve and both circumflex humeral arteries (Zhang et al., 2013). 
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The surgical neck also distinguishes between the proximal part of the humerus and the 

beginning of the shaft; it is also a common fracture site (Marieb and Zao, 1992; Tischer et al., 

2011). 

The head of the humerus and the shaft are not aligned in the same longitudinal axis, but 

are positioned in a manner that creates what is known as the angle of inclination. The 

importance of the angle of inclination lies with the fact that it provides the GHJ with anterior 

stability. This stability occurs because the humeral head articulates with the upper part of the 

glenoid fossa creating stability in the GHJ during movement (Oh et al., 2014). Normal ranges 

for the angle of inclination are between 130 and 150 degrees with the humeral shaft (Sarrafian, 

1983; Iannotti et al., 1992; Halder et al., 2000). 

 

Scapula 

The scapula is a thin, flat bone held in close proximity to the thoracic wall by various 

muscular attachments (Peat, 1986). Three fossae and three borders provide attachment for these 

muscles and they include the 1) supraspinous; 2) infraspinous and 3) subscapular fossae as well 

as the 1) superior; 2) lateral and 3) medial borders (Bdaiwi, 2014). On the posterior surface a 

large slanted spinous process divides the scapular area into two fossae. The lateral end of this 

process forms the acromion. Scapular connections form between the clavicle, at the acromion 

process, and the humeral head at the glenoid fossa. This anatomical alignment forms the GHJ 

and is located between the humerus and the glenoid fossa (Bdaiwi, 2014; Marieb et al., 2014).  

The acromion is a bony spinous continuation of the scapular spine, and extends laterally 

over the glenoid fossa. The acromion process differs in size and shape and these differences 

have been classified accordingly; Type I - flat under surface; Type II - round under surface; 

Type III - acquired hooked under surface (Bigliani et al., 1986). The acromion plays a 

functional role in GHJ stability because the deltoid lateral muscle fibers (acromial fibers) 

originates from the lateral margin of the acromion; the subacromial space provides sufficient 

freedom for the humeral head to glide during movement; the lateral acromion angle (LAA) and 

the glenoid angle (GA) affords stability to the humeral head in the GHJ (Mullaji et al., 1994; 

Nakata et al., 2011; El-Din and Ali, 2015; Saha and Vasudeva, 2017). 

The lateral border of the scapula has been adapted to form the glenoid fossa. The bony 

fossa is shallow and curved with a concave articular surface. Both the long head of triceps 

brachii and the LHBT have attachments to the rim of the glenoid fossa (supra- and infraglenoid 

tubercles) and glenoid labrum (Culham and Peat, 1993). The fossa offers only a small 
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contribution to GHJ stability and makes up only one third of the articulation area. The 

articulation area has a cartilage floor that covers the fossa and this deepens in the middle 

offering increased stability. Additional and assistive stability is further provided by the soft 

tissue labrum (glenoid labrum) that fuses to the fossa rim. These soft tissue components enlarge 

the shallow fossa so that the humeral head can move smoothly and stably within the joint 

complex (Mullaji et al., 1994; Nakata et al., 2011). 

The superior border of the fossa is tilted 40 and 120 degrees towards the scapular plane 

while the inferior border is tilted towards the coracoid process. This anatomical feature 

contributes to the scapulohumeral rhythm, allowing a wide range of motion in the coronal, 

sagittal and scapular planes (Amabile et al., 2016). Therefore, movements such as flexion, 

abduction, adduction, circumduction and arm extension are possible (Mullaji et al., 1994; Paine 

and Voight, 2013). Functions of the scapula are to connect the arm to the axial skeleton via the 

clavicle, assist the arm during movement by moving upwards and sliding away from the spine 

and the muscles of the scapula position the glenoid in the most favourable position for smooth 

GHJ movement and absorbs extra directional force stress burdens placed on the GHJ during 

movement (Paine and Voight, 2013). 

 

2.1.2. Soft tissue components 

 

 The soft tissue components are attached to the scapula and humerus. They facilitate 

movement of the upper limb, provide important stabilisation to the GHJ and, essentially connect 

the skeletal components with each other (Basmajian and Bazant 1959; Culham and Peat 1993). 

 

Rotator cuff muscles (RC) 

The RC muscles extend from the scapula towards the humerus where they insert onto 

the tuberculi (Fig. 2.2). Their primary function is to stabilise the GHJ during movement (Hess 

et al., 2000). This group of muscles include the subscapularis (SC), infraspinatus (IS), teres 

minor (TM) and supraspinatus (SS). These muscles, with their tendons, form a cuff-like 

structure that firmly attaches to the humeral tubercles. (Alilet et al., 2016). The tendons form 

broad layers before inserting onto the humeral head. These broad layers function as a 

strengthening force in the GHJ and the SC together with the SS tendon provides a cover for the 

LHBT at the entrance of the intertubercular groove (Pandey and Willems, 2015). 
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During shoulder movement stability is provided by the RC muscles through firm medial 

compression of the humeral head against the glenoid fossa and the glenoid labrum (Phadke et 

al., 2009). The RC functions as a unit where the SC, IS and TM allow a small offset (1 mm to 

2 mm) of superior conversion of the humeral head by balancing the deltoid muscle vector force 

(Phadke et al., 2009), whilst simultaneously the IS and TM externally rotates the humeral head 

during arm elevation (Phadke et al., 2009). During the initial stages of abduction, SS initiates 

the movement for the first 15 degrees and then acts as an accessory elevator to the deltoid 

muscle to produce a slight shoulder abduction force with elevation of the arm (Poppen and 

Walker, 1978; Otis et al., 1994; Ackland et al., 2008; Reed et al., 2013). The SS also functions 

effectively as a GHJ compressor during arm elevation and not as a GHJ depressor which 

adheres to the RC synergy (Nicholson et al., 1996). The SS is implicated in pathologies such 

as subacromial impingement syndrome associated with its anatomical position underneath the 

acromion (Nicholson et al., 1996). 

 

Fig. 2.2. Lateral view of the rotator cuff orientation around the glenoid fossa (adapted from 

Burbank et al., 2008) 

 

The long head of the biceps brachii tendon (LHBT) 

The double headed biceps muscle has strong connective tissue tendons at the insertional 

as well as origin sites. The two heads include the long head of biceps brachii and the short head 

of biceps brachii (Edelson et al., 1991; Nakata et al., 2011). The LHBT originates from the 

supraglenoid tubercle and superior aspect of the glenoid labrum. The LHBT arches over the 

humeral head and exits the joint capsule to follow the path of the intertubercular groove 

downwards towards the muscle belly. The LHBT is stabilised in the intertubercular groove by 

a capsuloligamentous complex, the biceps pulley system (Nakata et al., 2011). This pulley is 

formed by the middle portion of the CHL, SGHL and the SS tendon and these stabilise the 
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tendon in its path (Nakata et al., 2011; Choi et al., 2015). This pulley system is present between 

the front edge of the SC tendon and the upper edge of the SS tendon (Nakata et al., 2011). 

The LHBT arch acts to depress the humeral head in the GHJ and to prevent it from 

dislocating during arm movements, especially abduction, while the groove’s primary function 

is to guide and protect the LHBT (Edelson et al., 1991; Vangsness et al., 1994; Chung and 

Steinbach, 2008; Nakata et al., 2011). The main function of the LHBT is to provide static 

stabilisation and protection of the GHJ. The LHBT achieves this stabilisation by lessening the 

stress placed on other soft tissue components such as the inferior glenohumeral ligament 

(IGHL) during active rotation of the arm. 

 

Glenoid labrum 

The glenoid labrum functions as a soft tissue static stabiliser and prevents the humeral 

head from over rolling during arm movement (Cooper et al., 1992). The labrum is an ovoid disc 

made up of dense fibrous cartilage similar to the knee meniscus, and it covers the shallow 

articulation glenoid fossa of the scapula (Moseley and Overgaard 1962; Shuman et al., 1983; 

Cooper et al., 1992; Huber and Putz 1997) (Fig. 2.3). The collagen fibrils and hyaline cartilage 

intertwine and form a smooth articulation area for the bony fossa and its edges (Nishida et al., 

1996). The labrum stretches over the edges or rim of the fossa to increase the size of the 

articulation area, especially the depth. In the middle of the labrum it deepens significantly 

forming a cup-like appearance. This deep area is of biomechanical importance because it creates 

a suction effect or a lock effect with the articulation with the humeral head, preventing 

uncoordinated movement within the GHJ, thereby increasing GHJ stability (Tischer et al., 

2011). It also it contributes to stabilising the LHBT anchor (Cooper et al., 1992). 

 

 

Fig. 2.3. Internal view of the glenoid labrum and synovial capsulolabral tissue (adapted from 

Wiley et al., 2005) 
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Glenohumeral Joint (GHJ) capsule 

The GHJ capsule consists of two soft tissue layers, a loose fibrous outer layer and an 

inner layer lined with a synovial membrane. The synovial membrane provides lubrication and 

suppleness to the capsule. The capsule stretches outwards over the GHJ and forms a soft tissue 

covering. The capsule extends out laterally from the rim of the glenoid fossa to the anatomical 

neck of the humeral head (Itoi et al., 1993). The anterior side of the capsule is thicker than the 

posterior side. In a neutral arm position, a pouch is formed in the area between the humeral 

head and scapula known as the axillary recess (Carmichael and Hart, 1985). During elevation 

and rotation of the arm the axillary recess extends to provide increased rotational movement 

(Carmichael and Hart, 1985; Omoumi et al., 2011). The joint capsule is not a very stable 

structure and therefore needs reinforcement which is provided through the combined strength 

of the RC muscles, the CHL and GHL soft tissue components as well as the anatomical features 

of the glenoid fossa (Carmichael and Hart, 1985; Massengill et al., 1994). 

 

 

Fig. 2.4. Layout of the glenohumeral ligaments around the glenohumeral joint (adapted from 

O’ Brien et al., 1990) 

 

Glenohumeral ligaments (GHL) 

The GHLs are three ligaments that provide static stability to the GHJ. The ligaments are 

continuations of the capsular soft tissue components. The ligaments follow the same 

attachments as the joint capsule in the anterior part of the GHJ and thereby also strengthen the 

capsule (Yang et al., 2009). The ligaments are arranged according to their anatomical position 

between the glenoid and the humerus: superior, middle and inferior. These are referred to as the 

superior glenohumeral ligament (SGHL), middle glenohumeral ligament (MGHL) and the 
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inferior glenohumeral ligament (IGHL) (Edelson et al., 1991) (Fig. 2.4). The CHL is also 

considered a GHL and plays a role in the reinforcement for the superior part of the joint capsule 

by depicting a Z-pattern (Edelson et al., 1991; Brown et al., 2004; Omoumi et al., 2011). The 

ligament that provides primary stability for the GHJ is the IGHL. The IGHL has an anterior and 

a posterior band and is referred to as a complex. These two bands with the axillary recess 

provide sturdy joint stability (Omoumi et al., 2011; Shahabpour et al., 2017). 

 

2.2. Biomechanics of the glenohumeral joint (GHJ) 

 

The position of the humerus, clavicle and the scapula in relation to the thorax allows for 

coordinated biomechanical functionality (Grewal, 2011). Proper and efficient biomechanical 

functionality is necessary to sustain structural loads often associated with demanding workplace 

environments such as the use of heavy machinery with repetitive and continuous movements 

or even being in a non-anatomical position for an extended period of time such as in Dentistry 

(Grewal, 2011). 

The shoulder’s ability to perform various degrees of motion is due to the skeletal and 

soft tissue components that respond to mechanical stimuli and adjust accordingly (Lugo et al., 

2008). Biomechanics of the GHJ entails the forces exerted by soft tissues such as the RC unit, 

glenoid labrum and the capsule and the effect of gravity on the skeletal components such as the 

humerus and scapula (Amabile et al., 2016). The anatomy of the scapula is relevant since the 

direction of the forces transmitted across the GHJ originates from the scapula (De Duca et al., 

1973). The scapula, knee, spine and ankle joints share a unique skeletal feature in that the joint 

positions are a set of sequential rotations about three axes that are anatomically aligned (Wei-

Xun and Chun-Tu 1993; Wu et al., 2005). Scapular anatomy within its approximation to the 

thoracic alignment is unique in the sense that the three scapular rotations are able to exceed 50 

degrees, but within the boundaries of 90 degrees (McQuade et al., 1995; de Groot, 1997). These 

scapular rotations allow the humerus to articulate in directions such as lateral rotation, retraction 

and posterior tilting, within the boundaries of 90 degrees, whilst the humerus head remains 

secure within the GHJ (Harryman et al., 1990; van der Helm, 1996). 

Articulative motion and anatomical structural angles such as the humeral head angle of 

inclination together with humeral head diameter creates directional forces between muscles and 

the skeleton (Saha, 1971). This biomechanical arrangement orchestrates alignment and co-

ordination in sequence to ensure upper limb muscle movement. (Saha, 1971; Poppen and 
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Walker 1978; Cooper et al., 1992; Yang et al., 2009; Dunham et al., 2012). The anatomical 

arrangement of the skeletal and soft tissue does however create a balance via existing forces 

such as pull-out, compression and integration, which actively coordinate the soft tissues such 

as the ACL, ACJ, IGHLC, and RC to provide functional movement and stabilisation to the GHJ 

(O’ Connell et al., 1990; Vangsness et al., 1994; Tischer et al., 2011). GHJ movements such as 

abduction and adduction and external rotation are interdependent on these skeletal and soft 

tissue components to function optimally (Gerber et al., 1985; Warth et al., 2013; Yu et al., 

2013). A negative intraarticular pressure exists within the GH articulation component. This 

pressure is a suction pressure that facilitates stability during the movement of the humeral head 

(Halder et al., 2000). The glenoid labrum acts as a static stabiliser of the GHJ (Kanatli et al., 

2010). Therefore, the intraarticular pressure functions to ensure smooth and stable articulative 

motion (Lugo et al., 2008). 

Scapular kinematic alterations are associated with shoulder pathologies such as, humeral 

head instability, RC tears, and impingement syndrome (Tate et al., 2009). Impingement 

syndrome, for example, causes altered compensatory angular rotations of the scapula such as 

greater superior rotation during flexion; greater posterior tilt and greater upward rotation, 

increasing the subacromial space to accommodate the RC complex (McClure et al., 2006). The 

RC is a complex musculotendinous structure which functions as a unit in the GHJ (De Franco 

and Cole, 2009). This unit is a fine biomechanical muscle system that provides dynamic 

stability to the humerus head during arm movement, keeping the humeral head centralised 

during articulation in the GHJ (Halder et al., 2000) and function as cotensioners for the capsular 

ligaments i.e. IGHLC (Lugo et al., 2008); creates a compressive force across the GHL to 

maintain the consistent contact between the humeral head and glenoid fossa (Lugo et al., 2008); 

decreases shear forces during humeral head stabilisation; facilitates antishear in the GHJ due to 

organised muscular contraction; functions with the deltoid to generate a sinuous trajectory of 

the humerus during all phases of GH elevation (Inman et al., 1944; McMahon et al., 1995; 

Alpert et al., 2000) and provides passive stability due to their location and orientation around 

the GHJ (Lugo et al., 2008). The dual stabilisation that is created by the RC counters the forces 

applied through the GHJ at different positions in the motion arc (Halder et al., 2000; Lugo et 

al., 2008). 

The biomechanics of the GHJ is multifaceted (as described above) and designed to 

stabilise the GHJ in a coordinated intrinsic manner (Michener et al., 2003). When this 
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coordinated mechanism is disturbed due to disease of its skeletal-and/or soft tissue components, 

associated pathology can develop in the GHJ (Michener et al., 2003). 

 

 

2.3. Glenohumeral joint (GHJ) pathologies 

 

 The study of joint pathology is the science whereby causes and effects of structural 

abnormalities produced by disease due to either acute or chronic factors are investigated 

(McClure and Michener, 2015). In the healthy GHJ a synergistic relationship exists between 

skeletal and soft tissue components (Ruckstuhl-Knüsel, 2008). However, factors such as 

biomechanical composition, inheritability, lifestyle, ageing, and environment may contribute to 

several dysfunctions, such as osteoarthritis, frozen shoulder, dislocations and calcifications of 

the healthy GHJ (Pandey and Willems, 2015). These factors expose the healthy skeletal and 

soft tissue components to functional and structural changes such as erosion, tears, inflammation, 

degeneration and bone lesions (Ruckstuhl-Knüsel, 2008; Pandey and Willems, 2015). GHJ 

pathology contributes to loss of functional everyday living as well as high pain levels (McClure 

and Michener, 2015). Several authors have investigated osteoarthritis, enthenophytes, adhesive 

capsulitis (frozen shoulder), tendinopathy, bursitis, osteophytes and RC tears as GHJ 

pathologies (Ruckstuhl-Knüsel, 2008; Singh et al., 2013; Aragão et al., 2014; Henderson et al., 

2015) and have found that if RC tears or tendinopathy occur first, instability and SS 

impingement is due to glenohumeral cartilage loss as well as acromion curvature deviance 

which is associated with SS tendon impingement independent of the ageing process. 

 

2.3.1. Chronic instability (dislocation) 

 

A shoulder dislocation less than one month old was suggested by Souchon, (1891) not 

to be chronic but recent, whilst others (Schulz et al., 1969) argued that a time lapse of more 

than twenty-four hours should be considered a chronic dislocation (Goga, 2003). Chronic 

dislocation is associated with instability, which is caused by an overly laxed and stretched GHJ 

capsule (Bencardino et al., 2013). This unsupportive GHJ capsule causes multidirectional 

instability often associated with Hill-Sachs defects (humeral head cortical erosion) and glenoid 

rim erosion, causing shoulder clicking, or popping sounds, within the GHJ during movement 

(Bencardino et al., 2013). Chronic dislocation is also associated with an anatomical anomaly 
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such as a flattened glenoid fossa in the anterior to posterior and superior to inferior directions 

(decreased depth) (von Eisenhart-Rothe et al., 2010; Peltz et al., 2015) (Fig. 2.5). A flattened 

fossa anatomically compromises the glenoid and is also associated with multidirectional GHJ 

instability (von Eisenhart-Rothe et al., 2010; Peltz et al., 2015). During contact sport activities 

or high impact injuries, sudden impact forces on the RC, pulls the muscles into different 

directions which can cause GHJ dislocation (Imhoff et al., 2010; Peltz et al., 2015). 

 

 

Fig. 2.5. Illustration of chronic dislocation (left) versus a normally articulated glenohumeral 

joint (right) (adapted from researchers’ own X-ray study sample) 

 

Chronic instability of the GHJ is prevented by dynamic (RC) and static (glenoid labrum, 

ligaments and LHBT) stabilisers (Wilk et al., 1997; Bencardino et al., 2013). These stabilisers 

in coordination with each other maintain a precise rotation of the humeral head over the center 

of the glenoid fossa (Bencardino et al., 2013). However, when there is over joint play of the 

capsular ligaments, during midrange glenohumeral movement, the glenoid fossa concavity 

compression provides stability to the GHJ (Gerber and Nyffeler, 2002; Bencardino et al., 2013). 

Stability of the GHJ is compromised by hyper flaccidness and over stretching of the GHJ 

capsule (Smith and Brunolli, 1989; Bencardino et al., 2013). A distorted, inflamed GHJ capsule 

is associated with pathological involuntary dislocation of the humeral head (Hayes et al., 2002). 

The GHJ capsule provides some humeral head support during GHJ movement (Hayes et al., 

2002; Ranjan and Antao, 2002). A chronic tendency of the humeral head to dislocate can be 

caused by movements such as hyper-abduction when the humeral head translates in a lower 

grade out of the glenoid fossa with some support provided by the GHJ capsule (Terry and 

Chopp, 2000). 
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Glenoid labral lesions associated with chronic GHJ instability include Bankart, SLAP, 

and ALPSA lesions (Hecker et al., 1993; Tischer et al., 2011; Bencardino et al., 2013; Wilk et 

al., 2013). The Bankart lesion is an anterior-inferior labrum separation from the glenoid, the 

SLAP lesion is a superior labrum anterior to posterior separation from the glenoid and the 

ALPSA lesion is an anterior labral periosteal sleeve avulsion (Hecker et al., 1993; Tischer et 

al., 2011; Carrazzone et al., 2012; Bencardino et al., 2013). The glenoid labrum is vital in GHJ 

stability during humeral movement and therefore, chronic glenoid labrum pathology, is 

associated with humeral head dislocation (Yiannakopoulos et al., 2007). Humeral head defects 

associated with chronic GHJ instability include typical secondary Hill-Sachs lesions (Tischer 

et al., 2011). This lesion is associated with a forceful traction on the humeral head during GHJ 

movement, causing a posterolateral fracture, which destabilises the humeral head at the 

anteroinferior glenoid fossa rim (Tischer et al., 2011; Wilk et al., 2013). 

 

2.3.2. Osteoarthritis (OA) and osteoporosis (degenerative disease) 

 

There is a vast amount of literature on OA which is described as a progressive bone 

cartilage degenerative disease and is also referred to as wear and tear disease (Kanatli et al., 

2013; Yu et al., 2013; Spiegl et al., 2014; Huegel et al., 2015; Jacxsens et al., 2016; Knowles 

et al., 2016). This disease progressively erodes the bony articulation surfaces and also occurs 

at the elbow, thumb, hip and knee joints (Martinoli et al., 2003). This erosion results in the 

formation of osteochondral bodies in the GHJ (Martinoli et al., 2003). As the disease progresses 

in the GHJ, intraarticular osteochondral bodies migrate into the joint and remain trapped in the 

axillary pouch and LHBT sheath (Martinoli et al., 2003). These free osteochondral bodies can 

be associated with GHJ stiffness and inflammation as this osteoarthritic disease progresses 

(Martinoli et al., 2003; Millett et al., 2008). Progression of OA on the glenoid surface influences 

the articular arch of the GHJ. The glenoid labrum and fossa cartilage becomes sheared/shaved 

and the humeral head is subjected to this shear strain as degeneration progresses and becomes 

loosely compressed (Kanatli et al., 2013; Yu et al., 2013). This articulation stress on the 

humeral head is associated with morphological changes (Kanatli et al., 2013; Yu et al., 2013; 

Spiegl et al., 2014; Huegel et al., 2015; Jacxsens et al., 2016; Knowles et al., 2016). 

GHJ pathology is not only associated with OA but also with osteoporosis which is a 

disease characterised by low bone density and microarchitectural bone matrix deterioration in 

the humeral head (Christodoulou and Cooper, 2003) These microarchitectural changes are 
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associated with a weakened bony matrix, which increases the occurrence of humeral head 

fractures (Christodoulou and Cooper, 2003). Osteoporotic change in the humeral head is 

associated with a decrease in tuberculi bone, which predisposes the RC tendons to tears 

(Christodoulou and Cooper, 2003; Briggs et al., 2016). RC tendon tears are therefore associated 

with fragile humeral head attachment surfaces and intraarticular tension forces (Christodoulou 

and Cooper, 2003; Cadet et al., 2008). Osteoporotic humeral head changes are also commonly 

associated with surgical neck fractures in different population groups over 40 years of age 

(Briggs et al., 2016). 

 

2.3.3. RC pathology (tears and degeneration) 

 

Studies on the natural aetiology/history of RC pathology have been limited to anatomic 

investigations, indicating RC pathological changes (Sher et al., 1995; Yamaguchi et al., 2001). 

Asymptomatic shoulder RC pathology is seen in an ageing population where degenerative RC 

tears are not common prior to 40 years of age whereas partial-thickness tears are more common 

after 60 and full-thickness tears after 70 years of age. (Milgrom et al., 1995; Yamaguchi et al., 

2001; Hsu and Keener, 2015). Although demographic factors such as dominant-hand, sex and 

activity level were investigated for correlation with pain development, none could be associated 

with the development of pain (Yamaguchi et al., 2001). 

Pain development in RC tears and degeneration is a common musculoskeletal problem 

associated with skeletal and soft tissue pathology (Seitz et al., 2011). This pathology weakens 

and compromises the RC and interferes with the symbiosis that exists within the GHJ (Seitz et 

al., 2011; Pandey and Willems, 2015). The GHJ with the RC is part of the shoulder girdle and 

the shoulder girdle is part of the axial skeleton, which all function in unity with each other (Peat, 

1986). Shoulder pain is often associated with various RC pathology such as full-thickness, 

massive, partial tears and tendinopathy (Thomazeau et al., 1996; Goutallier et al., 2011). Full-

thickness tears present as a complete rupture within the tendon due to osteological changes on 

the under surface of the acromion, such as either bony spurs or enthenophytes (Bigliani et al., 

1997). Enthenophytes (pulling osteophytes) exert a pulling force on the greater tubercle of the 

humerus, causing these RC tears. Continuous chafing of bony spurs against the RC during 

movement in the GHJ often progresses to full-thickness tears. (Gupta et al., 2014). Massive 

tears accompanied by muscle fatty infiltration is associated with pain, with or without loss of 

range of motion (Denard et al., 2012; Collin et al., 2014). Partial-thickness tears occur on the 
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bursa surface of the tendon, intratendinous or at the joint which is on the side of the tendon 

adjacent to the joint (Fukuda, 2003). 

In RC tendinopathy pathology, the process starts with tendonitis which then progresses 

to tendinosis associated with degeneration and partial thickness tears, and finally results in full 

thickness tears (Neer, 1972). Tendinosis and/or tendinitis associated with RC tears, is an 

inflammatory response that causes pain, swelling and loss of tensile strength (Gursel et al., 

2004). This loss of tensile strength impacts the RC tendons attachment around the humeral head 

and often functional loss is associated with inflammation of the tendons. This inflammation 

associated with the inflammatory pathway produces and adds to greater tension force during 

articulation, contributing to tears (Codman, 1931; Romeo et al., 1999; Dugas et al., 2002; Mehta 

et al., 2003). 

 

2.3.4. Frozen shoulder/Impingement syndrome/Adhesive capsulitis 

 

The aetiology of frozen shoulder (or impingement syndrome or adhesive capsulitis) was 

initially unidentified but later described by Codman (1931) as a frozen/contracted shoulder 

displaying shoulder muscle spasm (deltoid) and stiffness of the GHJ. In later studies, Neviaser 

(1945) differed with this finding and concluded that the GHJ capsule appeared thickened and 

contracted, and during dissection it had to be peeled from the humeral head, like adhesive 

plaster from the skin. Hence the name, adhesive capsulitis (Neviaser, 1945). Adhesive capsulitis 

is associated with inflammation of the capsule (Neviaser, 1945). 

In 1952, De Palma stated that this disease progression is rather associated with the 

inelastic and inflamed anterosuperior capsule and the CHL, restricting humeral head movement. 

Neer et al. (1992), suggested that the CHL was contracted rather than inflamed. Therefore, loss 

of external humeral head rotation in the GHJ is associated with a contracted CHL, that acts as 

a check-rein, causing loss of passive and active movement (Bunker and Anthony, 1995). 

Lundberg (1969), differed with these findings and concluded that the capsule morphology 

resembled fibromatosis, similar to Dupuytren’s contracture of the hand, with concentrations of 

fibroblasts present. This fibromatose capsule is associated with passive and active movement 

restriction in the GHJ (Lundberg, 1969). Later studies referred to this GHJ pathology as 

impingement syndrome and concurred with these previous studies (Koester et al., 2005; Lewis 

2009; Heron et al., 2017). 
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This pathology is identified by different names and is universally experienced as a 

painful shoulder with slow onset, associated with stiffness, difficulty sleeping on the affected 

side and, reduced movement during forward elevation and external rotation (Bunker and 

Anthony, 1995; Dias et al., 2005). The slow onset of pain is primarily associated with synovitis 

and capsule contracture and not capsular adhesions, which tend to resolve spontaneously, by 

itself over a period of months (Dias et al., 2005; Laubscher and Rösch, 2009). The occurrence 

of frozen shoulder can be primary or secondary (Hand et al., 2007). A primary occurrence is 

associated with severe muscle spasms and stiffness (Codman, 1931; Hand et al., 2007) and a 

secondary occurrence is associated with osteoarthritis or fractures (Hand et al., 2007). 

During the progression of the impingement symptoms, pain typically develops with a 

menacing onset over a period of weeks to months (Dias et al., 2005). These symptoms are in 

response to proinflammatory cytokines, collagen accumulation by myofibroblast and 

fibroblasts and, synovial inflammation associated with capsular fibrosis which appear and 

resolve spontaneous over a period of months (Dias et al., 2005; Ko and Wang, 2011). 

 

2.3.5. Tendinopathy (Calcific tendinitis and calcific tendinosis) 

 

Tendinopathy is a broad term, describing pathology in and pain, arising from a tendon 

but the definite cause remains uncertain (Lewis, 2009). However, certain mechanisms – 

intrinsic (which origiates within the tendon itself, i.e. degeneration and calcification) and 

extrinsic (which originates outside the tendon itself, i.e. acromial irritation of the tendon) may 

attribute to this condition (Lewis, 2009). Tendinopathy includes but is not limited to, calcific 

tendinitis which is an intrinsic pathology of the GHJ associated with metabolic cellular 

pathways and soft tissue degeneration (ElShewy, 2016) and calcific tendinosis which is 

associated with deposition of hypdroxyapatite (calcium builds up) (Hamada et al., 2006; Lin et 

al., 2015). 

Calcific tendinitis of the shoulder is associated with decreased subcoracoacromial arch 

space leading to GHJ pain and disability (DePalma and Kruper, 1961; Gerber et al., 1985). 

Calcific deposits, which are classified as Type I (acute) and Type II (chronic), increases the 

mechanical load across the RC tendons because of a decreased subcoracoacromial space and 

this is often associated with tendinopathy (Bosworth, 1941; Evolve, 2017). Calcium deposition 

essentially enlarges the coracoid’s rounded end, precipitating entrapment of RC tendons 
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between the coracoid process and acromion tip which is further associated with decreased 

subcoracoacromial arch space (Gerber et al., 1985). 

The aetiology of calcific tendinosis is degenerative and metabolic, thus intrinsic 

mechanisms (Sansone et al., 2016). Metabolic calcium and sodium channel dysfunction are 

associated with calcium deposition within the tendons (Evolve, 2017). This deposition often 

causes disproportionate mechanical load over the RC tendons leading to tendinitis (ElShewy, 

2016; Sansone et al., 2016). 
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Chapter 3: Methods and Materials 

 

This study made use of three sample types in order to gather both skeletal-and soft tissue 

component data, which consisted of: 1) cadavers to gather skeletal-and soft tissue data; 2) 

retrospective X-ray images to gather skeletal data; and 3) retrospective MRI images to gather 

soft tissue data. 

 

3.1. Sample 

 

Cadaver sample 

The sample used in this study comprised of thirteen male cadavers (n=13) where thirteen 

left shoulders (n=13) and thirteen right shoulders (n=13) were dissected. The sample’s female 

cadavers were eleven (n=11), of which nine left shoulders (n=9) and nine right shoulders (n=9) 

were dissected. Of the remaining two female cadavers (n=2), only the one left shoulder of one 

female cadaver (n=1) could be dissected and one right shoulder of the other female cadaver 

(n=1) could be dissected. Thus, there is a cadaver sample of twenty-four cadavers, which 

included both male and female cadavers, (n=24). Twenty-two of the cadavers’ left and right 

shoulders (n=22) were dissected, thus totalling to forty-four left and right cadaver shoulders 

(n=44). The remaining two female cadavers (n=2) alternate sides were dissected - one left 

shoulder, ( n=1) and one right shoulder (n=1) giving a sample total of forty-six dissected male 

and female cadaver shoulders (n=46), which were selected from a sample of white South 

Africans (13 male; 11 female) (Table 3.1). Only adult cadavers (>25 years of age) were used in 

this study and were randomly selected, comprising of different body sizes, from the donated 

bodies used for undergraduate medical and dental students, and also for research within the 

Department of Anatomy (UP) (Ethical clearance 304/2017 – see Appendix A). Sex, age and 

population were recorded and not considered exclusion factors. Cadaver specimens that showed 

signs of surgery were excluded. The cadaveric component of this study is covered by the 

National Health Act, 61 of 2003. 

 

Table 3.1. Demographic information for cadaver sample 

Sample 
Sample size 

(left and right) 
Mean age (years) 95 % CI range 

White female 20 68.9 61.59-76.22 

White male 26 61 57.14-64.86 
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X-ray imaging sample 

The sample for this part of the study comprised of a total of 94 X-ray images (n=94) 

taken from a South African sample; 42 black males, 22 black females, 17 white males and 13 

white females (Ethical clearance 304/2017 – see Appendix A). X-ray images were obtained 

from the Department of Radiology at the Steve Biko Academic Hospital. The sample included 

individuals between 25 and 65 years of age with known shoulder injury or shoulder pathology 

(Table 3.2). Patients who underwent known shoulder surgeries were excluded. Only 

retrospective X-ray images were used. 

 

Table 3.2. Demographic information for X-ray imaging sample 

Sample Sample size Mean age (years) 95 % CI range 

Black males 42 41.71 38.27-45.16 

Black females 22 49.27 44.10-54.44 

White males 17 41.12 35.45-46.78 

White females 13 51.77 44.38-59.16 

 

 

MRI imaging sample 

This sample for the study comprised a total of 46 MRI images (n=46) taken from a white 

South African population; 26 white females and 20 white males (Table 3.3) (Ethical clearance 

304/2017 – see Appendix A). MRI scans were obtained from the Department of Radiology at 

the Life Groenkloof Hospital (Little Company of Mary) and from the Department of Radiology 

at the Steve Biko Academic Hospital. The sample included individuals between 25 and 65 years 

of age with a known, diagnosed shoulder injury or shoulder pathology (Table 3.3). Patients who 

underwent previous known shoulder surgeries were excluded. Only retrospective MRI scan 

images were used and permission was obtained from the Chief Executive Officer of the Steve 

Biko Academic Hospital and the Head of Radiology. 

 

Table 3.3. Demographic information for MRI imaging sample 

Sample Sample size Mean age (years) 95 % CI range 

White females 26 46.8 43.31-50.36 

White males 20 41.2 37.57-45.88 
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During the MRI data collection diagnoses of pathologies were grouped to represent 

pathology groups within the sample. The diagnosis of GHJ pathologies were grouped into four 

categories according to the dominant factor within a diagnosis of the sample. The categories 

represent some of the common pathologies that have been discussed in Chapter 2: Literature 

Review, 2.3. GHJ pathologies. The groups are as follows: 

 

Group 1: Tendinopathy of RC tendons due to calcifications and ACJ joint degeneration. 

Group 2: Tears and degeneration of: glenoid labrum, GHJ ligaments and RC tendons 

with complications of tears and degeneration causing chronic instability and chronic 

dislocation of humeral head occur. 

Group 3: Osteoarthritis and osteoporosis degenerative changes in acromion type. 

Group 4: Adhesive capsulitis/impingement syndrome of GHJ capsule and osteoarthritic 

degenerative disease of glenoid fossa and humeral head within the capsule in the GHJ. 

 

3.2. Methods  

 

Cadaver sample procedures and measurements 

The cadavers were placed in supine position. The muscles of the shoulder were exposed by 

removal of the skin with the underlying subcutaneous tissue. The deltoid was detached from its 

origin and reflected to its insertion on the humeral shaft which exposed the acromion, clavicle, 

humeral head and humeral shaft (Nakazawa et al., 2016). Medially adjacent to the capsule 

axillary fold, the skin, subcutaneous fat, fascia and pectoralis muscle was dissected from the 

humerus to reveal the biceps (Nakazawa et al., 2016). The acromion was partially cleaned of 

soft tissue on the superior and inferior surface. 

The following observations and measurements were taken: 

- Acromion type (AT): The shape of the bony inferior surface of the acromion to ascertain 

either a flat, round or hooked surface area to classify acromion type as Type I, II, III, 

according to the Bigliani-Morrison-April classification scale (Paraskevas et al., 2008) 

(Fig. 3.1). 
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Figure 3.1. Acromial types - A = flat, B = round and C = hooked according to the Bigliani-

Morrison-April scale (schematic) (adapted from Naidoo et al., 2015) 
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- Acromial-humeral distance (AHD): Fascia and soft tissue were removed between the 

acromion and humeral head, anteriorly, to measure the acromial-humeral distance 

(AHD). The calibrated sliding calliper was placed on the bony acromion inferior edge 

and bony superior humeral head edge to measure this distance (Flatow et al., 1994). 

(Fig. 3.2). 

 

 

Fig. 3.2. Measuring the LAA-lateral acromion angle, AHD-acromial-humeral distance and 

GFL-glenoid fossa length in GHJ (schematic) (adapted from Hanciau et al., 2012) 

 

- Maximum humeral head diameter (HHMax_dia): The capsule was cut away to expose 

the whole humeral head. The RC muscles and the biceps brachii long head tendon were 

cut away until the humeral head was free to move out of the glenoid fossa and turned 

outwards to measure humeral head diameter with the calibrated sliding calliper (Boileau 

and Walch, 1997). (Fig. 3.3). 
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Fig. 3.3. Measuring of the AI-acromial index, GA-glenoacromial distance, GH-glenohumeral 

distance and HHMax_dia-maximum humeral head diameter in the GHJ (schematic) (adapted 

from Nyffeler et al., 2006) 

 

- Humeral head angle of inclination (HHI): An angle measured in degrees (°). Two rulers 

were used. One was placed in the humeral head plane and one was placed in the plane 

of the humeral shaft. A protractor was used to measure the medial angle formed (Boileau 

and Walch, 1997). (Fig. 3.4). 

- Intertubercular groove width (ITGW): The bicep tendon was located and cut to follow 

the path in the intertubercular groove. The capsule was cut away partially, from the 

humeral head. Intertubercular groove width was measured with a calibrated sliding 

calliper between the lesser and greater tuberculi of the humerus head (Chan et al., 1991; 

Murlimanju et al., 2012; Rajani and Man, 2013; Gupta et al., 2014). (Fig. 3.4). 

  



 

 

 

25 

 

 

Fig. 3.4. Measuring of the ITGW-intertubercular groove width and HHI humeral head angle of 

inclination on the humeral head (schematic) (adapted from Rajani and Man, 2013) 

 

- Glenoid fossa depth (GFD): A calibrated depth sliding calliper with a ruler was placed 

across the glenoid fossa to provide an anchor point for the depth measure instrument in 

order to obtain the depth measure (Howell and Galinat, 1989). (Fig. 3.5). 

 

                             

Fig. 3.5. Measuring of GFD-glenoid fossa depth (schematic) (adapted from Lippitt et al., 2003) 

 

X-ray imaging procedure and measurements 

The CD with X-ray images downloaded onto it, was studied by using Agfa Impax EE CD 

viewer version: R20 XV SU2 HF1 on Windows 7. The following observations and 

measurements were taken: 

- Acromion type (AT): Classification was done according to the Bigliani-Morrison-April 

classification scale as Type I, II and III acromion shapes (Aragão et al., 2014; 

Paraskevas et al., 2008). (Fig. 3.1). 
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- Acromial Index (AI): This index represents a ratio between two distances (a) and (b). 

The first distance (a) exists between the glenoid joint surface and the lateral border of 

the acromion (GA). The second distance (b) exists between the glenoid joint surface and 

the greater tubercle of the humeral head (GH). The AI is calculated by dividing 

(GA)/(GH). (Nyffeler et al., 2006; Torrens et al., 2007; Balke et al., 2013; Gu and Yu, 

2013). (Fig. 3.3). 

- Glenoacromial distance (GA): The distance between the joint surface of the glenoid and 

the lateral border of the acromion (Hanciau et al., 2012). (Fig. 3.3). 

- Glenohumeral distance (GH): The distance between the glenoid and the lateral border 

of the greater tubercle (Hanciau et al., 2012). (Fig. 3.3). 

- Lateral acromion angle (LAA): This angle was measured with lines drawn on the image, 

between the subacromial surface and the joint surface of the glenoid (Hanciau et al., 

2012). The first line is a straight line that is drawn parallel on the under surface of the 

acromion and the second line is a straight line that is drawn from the inferior glenoid 

fossa rim, upwards towards the superior glenoid fossa rim, towards the acromion. At 

the point where the two lines intersect an angle is formed (Banas et al., 1995; Nyffeler 

et al., 2006). (Fig. 3.2). 

- Acromioclavicular joint (ACJ) space: The joint was measured between the junction of 

the lateral clavicle and the acromion process of the scapula (Oppenheimer, 1943, Zanca, 

1971; van der Helm, 1996; Buttaci et al., 2004). (Fig. 3.6). 

 

                          

Fig. 3.6. Measuring of the ACJ-acromioclavicular space in the GHJ (schematic) (adapted from 

Zanca, 1971) 

 



 

 

 

27 

 

- Acromial-humeral distance (AHD): AHD represents the bone-to-bone distance. This 

distance is a space that exists between the under surface of the acromion and the humeral 

head. In the space between the acromion and the humeral head, soft tissue components 

such as the GHJ capsule, RC tendons and bursae are found. (Flatow et al., 1994; Bdaiwi, 

2014; França et al., 2016). (Fig. 3.2). 

- Glenoid fossa length (GFL): The superior to inferior length of the glenoid fossa (Lewis 

and Armstrong, 2011; Sarwar et al., 2015; Rajendra et al., 2016). (Fig 3.2). 

- Maximum humeral head diameter (HHMax_dia): The distance at the anatomical neck 

measured from superior to inferior (Hertel et al., 2002; Iyem et al., 2017). (Fig. 3.3). 

- Humeral head angle of inclination (HHI): An angle measured in degrees (°). This angle 

exists between the humerus shaft axis and the most superior articulation surface of the 

humeral head (Iyem et al., 2017). Humeral head angle of inclination exists between the 

intersection of two lines. A line through the longitudinal axis of the humeral shaft 

(metaphyseal axis) and a line oblique from the most superior articulation point of the 

humeral head, connecting the two lines. An angle is formed and varies between 130 and 

150 degrees and present with differences between sex groups and population groups 

(Hertel et al., 2002; DeLude et al., 2007; Matsumura et al., 2016; Iyem et al., 2017). 

(Fig. 3.4). 

 

MRI imaging procedure and measurements 

The CD with MRI scan images downloaded onto it, was studied by using a digital 

software programme GearViewpacsgear Osiri X launcher on Windows 7. The following 

observations and measurements were taken: 

- Acromion type (AT): Classification was done according to the Bigliani-Morrison-April 

classification scale as Type I, II and III acromion shapes (Aragão et al., 2014; 

Paraskevas et al., 2008). (Fig.3.1). 

- Acromial Index (AI): This index represents a ratio between two distances (a) and (b). 

The first distance (a) exists between the glenoid joint surface and the lateral border of 

the acromion (GA). The second distance (b) exists between the glenoid joint surface and 

the greater tubercle of the humeral head (GH). The AI is calculated by dividing 

(GA)/(GH). (Nyffeler et al., 2006; Torrens et al., 2007; Balke et al., 2013; Gu and Yu, 

2013). (Fig. 3.3). 
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- Glenoacromial distance (GA): The distance between the joint surface of the glenoid and 

the lateral border of the acromion (Hanciau et al., 2012). (Fig. 3.3). 

- Glenohumeral distance (GH): The distance between the glenoid and the lateral border 

of the greater tubercle (Hanciau et al., 2012). (Fig. 3.3). 

- Lateral acromion angle (LAA): An angle measured in degrees (°). This angle is 

measured with lines drawn on the image, between the subacromial surface and the joint 

surface of the glenoid (Banas et al., 1995; Hanciau et al., 2012). The first line is a 

straight line that is drawn parallel on the under surface of the acromion and the second 

line is a straight line that is drawn from the inferior glenoid fossa rim, upwards towards 

the superior glenoid fossa rim, towards the acromion. At the point where the two lines 

intersect an angle is formed (Banas et al., 1995; Nyffeler et al., 2006). (Fig. 3.2). 

- Acromial-humeral distance (AHD): AHD represents the bone-to-bone distance. This 

distance is a space that exists between the under surface of the acromion and the superior 

humeral head surface. In the space between the acromion and the humeral head, soft 

tissue components such as the GHJ capsule, RC tendons and bursae are found. (Flatow 

et al., 1994; Gu and Yu 2013; Yu et al., 2013; Bdaiwi, 2014; França et al., 2016). (Fig. 

3.2). 

- Glenoid fossa length (GFL): The superior to inferior distance of the glenoid fossa 

measured for length (Lewis and Armstrong, 2011; Sarwar et al., 2015; Rajendra et al., 

2016). (Fig. 3.2). 

- Maximum humeral head diameter (HHMax_diam): The distance at the anatomical neck 

measured from superior to inferior (Hertel et al., 2002; Iyem et al., 2017). (Fig. 3.3). 

- Humeral head angle of inclination (HHI): An angle, measured in degrees (°). This exists 

between the humerus shaft axis and the most superior articulation surface of the humeral 

head (Iyem et al., 2017). Humeral head angle of inclination exists between the 

intersection of two lines. A line through the longitudinal axis of the humeral shaft 

(metaphyseal axis) and a line oblique from the most superior articulation point of the 

humeral head, connecting the two lines. An angle is formed and varies between 130 to 

150 degrees and present with differences between sex groups and population groups 

(Hertel et al., 2002; DeLude et al., 2007; Matsumura et al., 2016; Iyem et al., 2017). 

(Fig. 3.4). 
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- Acromioclavicular joint (ACJ) width: This joint was measured between the junction of 

the lateral clavicle and the acromion process of the scapula (van der Helm, 1996; 

Miyazaki et al., 2014). (Fig. 3.6). 

- RC tendons (RC): The SSP, IS, TM and SC were observed for pathology such as 

intactness, tears or avulsions (Huegel et al., 2015). (Fig.3.7). 

 

 

Fig. 3.7. Internal view of the RC-rotator cuff tendons and GHJ_Ligaments surrounding the 

glenoid fossa of the GHJ (schematic) (adapted from O’ Brien et al., 1990) 

 

- Glenohumeral joint capsule (GHJ_C): The capsule was observed for pathology such as 

tears or impingement (Carmichael and Hart, 1985). (Fig. 3.8). 

 

 

Fig. 3.8. GHJ_C-glenohumeral joint capsule (schematic) (adapted from Moore et al., 2010) 

 

- GHJ ligaments (GHJ_L): The SGHL, MGHL and IGHLC were observed for pathology 

such as tears, intactness and fraying (Lugo et al., 2008). (Fig. 3.7). 

- Glenoid labrum (GL): Existing pathology such as fraying and/or tears were observed 

and documented (Nishida et al., 1996). (Fig. 3.9). 
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Fig. 3.9. Internal view of GL-glenoid labrum in a healthy shoulder and labrum tear (schematic) 

(adapted from Hata et al., 1992) 

 

3.4. Statistical Analysis 

 

Statistical analyses for the morphometric skeletal- and soft tissue measurements were 

done with STATA version 14.0, statistical analysis software programme, after data was sorted 

on an Excel spreadsheet (Pinzon, 2016). Statistical analysis commonly assumes that a random 

variable (e.g. sex) is normally distributed in data (Park, 2002). This normality assumption is 

essential for insight into descriptive statistics, which provides important information by means 

of sex or age, mean, standard deviation (SD), standard error (SE) and 95% Confidence Interval 

of the data (Park, 2002). Deviations from normality (non-normality), render those statistical 

tests inaccurate, therefore it is of importance to know if data is normal or non-normal (Park, 

2002). The Shapiro-Wilk W test for normality was run, which is s a universal normality test, to 

detect all deviations from normality. A p-value<0.05 for this test rejects the hypothesis of 

normality (Shapiro and Wilk, 1965). 

Probability of relationship was analysed by means of the Fisher exact test, between two 

nominal variables e.g. sex and AT (Tea, 1981). The p-value of 0.05, for the Fisher exact test is 

the probability value assigned to ascertain whether the result is greater or smaller than the p-

value of 0.05 (Tea, 1981; Dahiru, 2008). P-value or probability value is a number between 0 

and 1 and an alpha of 0.05 is used as the cut-off point for significance (Dahiru, 2008). A p-

value<0.05 indicated that the means of the two groups differed significantly (Dahiru, 2008).  

A two-sample t-test with unequal and equal variances and Kruskal-wallis equality-of-

populations rank test, were statistical tests used to compare group means (Park, 2009). The two-

sample t-test was used because of the distributions of the respective variables and to test if the 
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means of the two respective groups are the same (Park, 2009). The two-sample t-test’s, p-value 

or probability (p<0.05), measured how probable it was that an observed difference, between 

two groups, were due to coincidence (Dahiru, 2008).  

The Kruskal-wallis is a non-parametric test, with an assigned p-value>0.05, which 

measures effect size and tests for equality of medians in STATA (Kruskal and Wallis, 1952). 

Kruskal-wallis tests were used in the MRI sample for non-parametric variables (Park, 2009). 

These variables had distributions which were either not normally distributed or where outliers 

were a problem (Kruskal and Wallis, 1952). The Kruskal-wallis test only indicated that 

differences existed between two groups of an independent variable on a continuous dependant 

variable (Park, 2009). The p-value tested if the two groups had the same distribution, 

specifically with respect to location (median) (Park, 2009). A p-value<0.05 indicated that the 

two groups differed with respect to the variable of interest (Park, 2009). The Mann-Whitney is 

a non-parametric test, with an assigned p-value>0.05, which measures effect size and tests for 

equality of medians in STATA (Pettitt, 1979; Conroy, 2012). The Mann-Whitney test was used 

because some morphometric variables in the cadaver-, X-ray and MRI samples had 

distributions which were either skewed or not normally distributed (Conroy, 2012). 

A chi-square (r²) value was used with the Kruskal-wallis test, to test group differences 

in proportions when a contingency table was created (Green and Salkind, 2008). Chi-square 

statistic was calculated by comparing observed rate of recurrence and expected rate of 

recurrence (Polit and Beck, 2012). 

 

3.4.1. Intra-and Interobserver error (repeatability tests) 

 

Repeatability tests were conducted to achieve the aim of intra- and interobserver error 

tests and to test the repeatability of the proposed method. The results are presented in Table 

4.26 and Table 4.27. The primary observer and an external observer determined whether the 

observer is able to repeat his/her own results. The interobserver error was done and tests 

whether the results can be reproduced by anyone trying to make use of the proposed method. 

In order to test the repeatability, 14 X-ray images and 10 MRI images (male and female) 

were randomly chosen from the study sample and re-analysed and compared to the original 

results. The time between reanalysis varied from a month to six months. The interobserver test 

was done by an experienced anatomist. 
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Chapter 4: Results 

 

In order to evaluate the skeletal- and soft tissue components of the GHJ several statistical 

procedures were used. The study’s sample descriptive statistics which include the mean, 

median, standard deviation and 95% confidence intervals were determined. Normality tests 

using the Shapiro-Wilk test was run to determine if the data were normally distributed. Two 

sample t-tests were run to investigate possible differences between all parameters by sex and 

population in the study sample. Raw measurements for all the data are provided in Appendices 

B, C and D. 

 

4.1. Cadaver component 

4.1.1. Normality tests 

 

Table 4.1. Normality tests for data distribution for the measured variables (AHD, HHMax_dia, 

HHI, ITGW and GFD) in the cadaver sample 

Variable Sex Side N p-value** 

AHD* 

M 
L 13 0.1816 

R 13 0.0264 

F 
L 10 0.5920 

R 10 0.8005 

HHMax_dia 

M 
L 13 0.4460 

R 13 0.8078 

F 
L 10 0.8595 

R 10 0.7638 

HHI*(°) 

M 
L 13 0.0308 

R 13 0.0218 

F 
L 10 0.0002 

R 10 0.0000 

ITGW 

M 
L 13 0.6000 

R 13 0.0310 

F 
L 10 0.7039 

R 10 0.8291 

GFD 

M 
L 13 0.2568 

R 13 0.8865 

F 
L 10 0.5585 

R 10 0.6524 

Key: N = number of individuals, M = male, F = female, L = left, R = right, AHD = acromial-

humeral distance, HHMax_dia = maximum humeral head diameter, HHI = humeral head angle of 

inclination, ITGW = intertubercular groove width, GFD = glenoid fossa depth, *non-parametric 

data, **Shapiro-Wilk normality test 
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In Table 4.1 it is clear that only the AHD for the male’s right side (p=0.0264) and the 

HHI for both males (p=0.0022) and females (p=0.0000) did not have a normal distribution. 

Normal distributions are observed for all other variables measured (p>0.05) (Table 4.1). 

 

4.1.2. Descriptive statistics  

 

Acromial type 

Table 4.2 shows that the male sample had a higher ratio for the occurrence of AT I than 

AT II compared to the female sample who showed a more even ratio of occurrence of AT I to 

AT II. Out of the whole sample, AT I was the most common type identified, with no difference 

observed between left and right distributions in the males and in the females (p=1; p=0.6531) 

(Table 4.2). 

  

Table 4.2. Frequency distribution of acromial types (AT) present in the male and female cadaver 

sample 

Sex Side AT I AT II Total 
Fisher’s exact p-

value 

Male 
L 11  2  13 

1 
R 11 2  13 

TOTAL 22  4  26  

Female 
L 5  5  10 

0.6531 
R 6  4  10 

TOTAL 11 9 20  

SAMPLE TOTAL 33  13 46 

Key: L = left, R = right, AT = acromion type 

 

Morphometric variables 

 Similar means were seen between males and females for all measured variables except 

the HHMax_dia, which was much larger in males (49 mm) compared to the females (43-46 

mm) (Table 4.3). No significant differences were noted between left and right sides in each of 

the male and female sample group p>0.05 and therefore for the comparative analysis, left and 

right sides were pooled together for males and for females (Table 4.3). 
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Table 4.3. Summary statistics with Mann-Whitney test of the morphometric skeletal variables 

(AHD, ITGW, HHI, HHMax_dia and GFD) measured in the cadaver sample 

Variable Sex Side N Mean SE SD 95% CI p-value 

AHD 

Female 
L 10 4.49 0.27 0.84 3.89-5.09 

0.1678 
R 10 3.86 0.35 1.11 3.06-4.65 

Male 
L 13 4.36 0.29 1.05 3.73-5.00 

0.4118* 
R 13 4.42 0.34 1.22 3.68-5.15 

ITGW 

Female 
L 10 6.39 0.49 1.56 5.27-7.51 

0.4804 
R 10 5.86 0.53 1.69 4.66-7.07 

Male 
L 13 5.64 0.35 1.28 4.87-6.41 

0.3939 
R 13 5.15 0.44 1.57 4.21-6.10 

HHI (°) 

Female 
L 10 132.20 1.17 3.71 129.55-134.85 

0.8979* 
R 10 131.50 0.90 2.84 129.47-133.53 

Male 
L 13 130.77 0.36 1.30 129.98-131.56 

0.5233* 
R 13 130.69 0.57 2.06 129.45-131.94 

HHMax_dia 

Female 
L 10 43.64 1.33 4.20 40.64-46.644 

0.3319 
R 10 45.47 1.27 4.01 42.61-48.34 

Male 
L 13 49.64 1.17 4.22 47.09-52.19 

0.8087 
R 13 49.15 1.63 5.87 4.61-52.69 

GFD 

Female 
L 10 4.16 0.59 1.87 2.83-5.50 

0.2570 
R 10 5.58 1.06 3.36 3.18-7.98 

Male 
L 13 4.95 0.59 2.14 3.66-6.24 

0.6642 
R 13 5.32 0.62 2.22 3.98-6.67 

Key: N = number of individuals, SD = standard deviation, SE = standard error, CI = confidence interval, AHD = acromial-

humeral distance, ITGW = intertubercular groove width, HHI = humeral head angle of inclination, HHMax_dia = maximum 

humeral head diameter, GFD-glenoid fossa depth, L = left, R = right, p-value – two-sample t-test, *Mann-Whitney p-value 

due to non-parametric data distribution 

 

 

4.1.3. Comparative statistics 

 

Contingency tables were constructed to look at possible differences between, 1) AT in 

the male and female sample and 2) AT versus shoulders with pathologies and shoulders without 

pathologies.  

Normal data was run through a two-sample t-test while a Mann-Whitney U test was 

conducted on the non-parametric data to determine if differences existed in the variable 

measurements (AHD, HHMax_dia, HHI, ITGW and GFD) between males and females and also 

if differences existed between variable measurement and the two types of acromial shapes 

observed in the sample. 
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Acromial type: Contingency tables 

The results in Table 4.4 indicate that there is a significant difference in the ratio of 

acromial types between the male and female sample group (p=0.046). As mentioned in section 

4.1.1, males tend to have a significantly higher occurrence of AT I than AT II, where females 

have a more even distribution between the two types (Table 4.2). 

 

Table 4.4. Contingency table for AT occurrence between males and females in the cadaver 

sample using the Fisher’s exact test 

Sex 
AT I AT II Total Fisher’s exact 

N N N p-value 

Female 11  9  20 
0.046 

Male 22  4  26 

Total 33  13 46   

Key: N = sample size, AT = acromion type 

 

The results in Table 4.5 indicate that there is a significant difference in the ratio of AT 

in the non-pathology and pathology groups both in the male and female sample group as well 

as a significant difference between male and female groups (p<0.05). (Table 4.5). From this 

table it is clear that for AT I the chances of having pathology are minimal compared to an AT 

II where there is a higher percentage of pathology associated with this acromial type; this can 

be seen in both the female and male group (p<0.001).  

 

Table 4.5. Contingency table for AT occurrence between non-pathology/pathology in males 

and females in the cadaver sample using the Fisher’s exact test 

Sex Condition 
AT I AT II Total 

p-value 
Fisher’s exact 

N  N N  p-value 

Female 
NP 11  2 13 

<0.001 

0.000 

P 0 7 7 

TOTAL  11 9 20  

Male 
NP 22 0 22 

<0.001 P 0 4 4 

TOTAL  22 4 26 

SAMPLE TOTAL 33 13 46   

Key: N = sample size, NP = non-pathology, P = pathology, AT = acromion type 

 

  



 

 

 

36 

 

Morphometric variables  

 Males and females showed no significant differences (p>0.05) between most variables 

measured except for the HHMax_dia (p=0.0010) (Table 4.6). Males showed a significantly 

larger humeral head diameter (49.405.01 mm) when compared to the female sample 

(44.564.10 mm) (Table 4.6).  

 

Table 4.6. Two sample t-test/Mann-Whitney tests comparing male and female variable 

measurements in the cadaver sample 

Variable Sex N Mean SE SD 95% CI p-value 

AHD 
Male 26 4.39 0.22 1.12 3.94-4.84 

0.4921* 
Female 20 4.17 0.23 1.01 3.70-4.65 

HHMax_dia 
Male 26 49.40 0.98 5.01 47.37-51.42 

0.0010 
Female 20 44.56 0.92 4.10 42.64-46.48 

HHI (°) 
Male 26 130.73 0.33 1.69 130.05-131.41 

0.3772* 
Female 20 131.85 0.72 3.23 130.34-133.36 

ITGW 
Male 26 5.40 0.28 1.42 4.82-5.97 

0.1098 
Female 20 6.13 0.36 1.61 5.38-6.88 

GFD 
Male 26 5.14 0.42 2.15 4.27-6.00 

0.7163 
Female 20 4.87 0.61 2.74 3.59-6.16 

Key: N = number of individuals, SD = standard deviation, SE = standard error, CI = confidence interval , AHD = acromial-

humeral distance, HHMax_dia = maximum humeral head diameter, HHI = humeral head angle of inclination, ITGW = 

intertubercular groove width, GFD = glenoid fossa depth, * Mann-Whitney test used for HHI 

 

No differences were noted for the majority of the variables measured when grouped into 

acromial types (Table 4.7). The only measured variables that showed significant difference 

between AT I and AT II was the HHMax_dia in the male sample, and the GFD (males and 

females combined). With AT I specimens, the HHMax_dia in males was significantly larger 

(50.214.53 mm) than the diameter observed in AT II (44.945.88 mm). The GFD appears to 

be significantly deeper with an AT I (5.802.31 mm) than an AT II (3.061.24 mm) (Table 

4.7). 

No differences were noted in the majority of the measured variables when comparing 

the shoulders identified with pathology versus those without pathology (p>0.05) (Table 4.8). 

The only variables that showed significant differences were the HHMax_dia in the male sample, 

where shoulders with pathologies showed a significantly smaller diameter (44.94±5.88 mm) 

compared to the shoulder without pathologies (50.21±4.53 mm) (Table 4.8). The second 

variable that showed significant differences between the pathology and without pathology 

group was the GFD, where a significantly (p=0.0000) shallower depth was noted in the shoulder 



 

 

 

37 

 

with pathologies (Table 4.8). 

Table 4.7. Two sample t-test and Mann-Whitney test comparing male and female variable 

measurements with AT in the cadaver sample  

Variable Sex AT N Mean SE SD 95% CI p-value  

AHD *** 
I 33 4.12 0.19 1.12 3.72-4.52 

0.0854 
II 13 4.74 0.22 0.80 4.25-5.22 

HHMax_dia 

Male 
I 22 50.21 0.97 4.53 48.20-52.21 

0.0500* 
II 4 44.94 2.94 5.88 35.59-54.30 

Female 
I 11 44.40 1.27 4.20 41.58-47.22 

0.8554 
II 9 44.75 1.41 4.22 41.51-48.00 

HHI (°) *** 
I 33 131.27 0.49 2.79 130.28-132.26 

0.7459** 
II 13 131.08 0.47 1.71 130.05-132.11 

ITGW *** 
I 33 5.63 0.23 1.33 5.16-6.10 

0.5643 
II 13 5.92 0.56 2.01 4.71-7.14 

GFD *** 
I 33 5.80 0.40 2.31 4.98-6.61 

0.0002 
II 13 3.06 0.34 1.24 2.30-3.81 

Key: N = sample number, SE = standard error, SD = standard deviation, CI = confidence interval, AHD = acromial-humeral 

distance, HHMax_dia = maximum humeral head diameter, ITGW = intertubercular groove width, GFD = glenoid fossa depth, * 

HHMax_dia showed significant difference between males and females and thus were kept separate for t-test, ** Mann-Whitney 

test used for HHI due to non parametric data, *** male and female sample combined due to no significant difference in 

measurements 

 

 

Table 4.8. Comparative tests (t-test & Mann-Whitney) comparing variable measurements 

between shoulders with pathology versus shoulders without pathologies in the cadaver sample 

Variable Sex Condition N Mean SE SD 95% CI p-value 

AHD *** 
NP 35 4.18 0.19 1.13 3.79-4.56 

0.1782* 
P 11 4.68 0.22 0.74 4.18-5.17 

HHMax_dia** 

Male 
NP 22 50.21 0.97 4.53 48.20-52.21 

0.0513 
P 4 44.94 2.94 5.88 35.59-54.30 

Female 
NP 13 44.01 1.10 3.98 41.60-46.41 

0.4302 
P 7 45.57 1.68 4.44 41.47-49.68 

HHI (°) *** 
NP 35 131.2 0.46 2.72 130.3-132.1 

0.4683* 
P 11 131.3 0.54 1.79 130.1-132.5 

ITGW *** 
NP 35 5.56 0.23 1.34 5.10-6.02 

0.2171 
P 11 6.21 0.61 2.03 4.85-7.58 

GFD *** 
NP 35 5.76 0.38 2.25 5.00-6.53 

0.0000 
P 11 2.68 0.25 0.83 2.12-3.24 

Key: N = sample number, SE = standard error, SD = standard deviation, CI = confidence interval, AHD = acromial-humeral 

distance, HHMax_dia = maximum humeral head diameter, ITGW = intertubercular groove width, GFD = glenoid fossa depth, 

HHI = humeral head angle of inclination, (°)- degrees, *Mann-Whitney test used for HHI due to non parametric data, NP=no-

pathology, P=pathology **HHMax_dia showed significant difference between males and females and thus were kept separate for 

t-test, *** male and female sample combined due to no significant difference between groups 
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4.2. X-ray imaging component 

4.2.1. Normality tests 

 

Table 4.9. Normality tests for data distribution for the measured variables (AI, GA, GH and 

LAA) in the X-ray sample 

Variable Sex Side N p-value* 

AI 

BM 
L 14 0.8887 

R 28 0.1103 

BF 
L 12 0.8225 

R 10 0.0418 

WM 
L 5 0.5838 

R 12 0.7828 

WF 
L 8 0.3035 

R 5 0.9414 

GA 

BM 
L 14 0.1996 

R 28 0.8735 

BF 
L 12 0.6849 

R 10 0.6152 

WM 
L 5 0.8566 

R 12 0.8787 

WF 
L 8 0.7811 

R 5 0.5366 

GH 

BM 
L 14 0.1138 

R 28 0.0252 

BF 
L 12 0.4150 

R 10 0.4956 

WM 
L 5 0.4204 

R 12 0.1030 

WF 
L 8 0.9775 

R 5 0.0367 

LAA (°) 

BM 
L 14 0.0055 

R 28 0.1312 

BF 
L 12 0.2393 

R 10 0.2236 

WM 
L 5 0.6843 

R 12 0.4220 

WF 
L 8 0.8431 

R 5 0.6195 

Key: N = number of individuals, AI = acromial index, GA = glenoacromial distance, 

GH = glenohumeral distance, LAA = lateral acromial angle, (°)- degrees, BM = black 

male, BF = black female, WM = white male, WF = white female, L = left, R = right, 

*Shapiro-Wilk normality test 
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Table 4.10. Normality tests for data distribution for the measured variables (ACJ, AHD, GFL, 

HHMax_dia and HHI) in the X-ray sample 

Variable Sex Side N p-value* 

ACJ 

BM 
L 14 0.0083 

R 28 0.0467 

BF 
L 12 0.4663 

R 10 0.4418 

WM 
L 5 0.0287 

R 12 0.0963 

WF 
L 8 0.3174 

R 5 0.7596 

AHD 

BM 
L 14 0.3927 

R 28 0.6703 

BF 
L 12 0.4365 

R 10 0.8016 

WM 
L 5 0.9287 

R 12 0.0248 

WF 
L 8 0.2065 

R 5 0.6858 

GFL 

BM 
L 14 0.6223 

R 28 0.2634 

BF 
L 12 0.1522 

R 10 0.5772 

WM 
L 5 0.8740 

R 12 0.3493 

WF 
L 8 0.7072 

R 5 0.2159 

HHmax_dia 

BM 
L 14 0.2656 

R 28 0.3149 

BF 
L 12 0.0918 

R 10 0.9105 

WM 
L 5 0.2384 

R 12 0.7296 

WF 
L 8 0.1318 

R 5 0.1180 

HHI (°) 

BM 
L 14 0.8487 

R 28 0.9421 

BF 
L 12 0.0068 

R 10 0.7408 

WM 
L 5 0.8381 

R 12 0.5538 

WF 
L 8 0.1782 

R 5 0.2692 

Key: N = number of individuals, ACJ = acromioclavicular joint, AHD = acromial-humeral distance, GFL = 

glenoid fossa length, HHMax_dia = maximum humeral head diameter, HHI = humeral head angle of 

inclination, (°)- degrees, BM = black male, BF = black female, WM = white male, WF = white female, L = 

left, R = right, *Shapiro-Wilk normality test 
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In Table 4.9 it is clear that the AI for black females’ right side (p=0.0418); the GH for 

black males’ right side (p=0.0252) and white females’ right side (p=0.0367) as well as the 

LAA for black males left side (p=0.0055) did not have a normal distribution of data. Normal 

distribution was observed for all other variables measured (p>0.05) (Table 4.9). 

In Table 4.10 it is clear that the ACJ for black males’ right side (p=0.0467) and white 

males left side (p=0.0287); the AHD for white males’ right side (p=0.0248) and HHI for black 

females left side (p=0.0068) did not have normal distribution. Normal distribution was observed 

for all other variables measured (p>0.05) (Table 4.10). 

 

4.2.2. Descriptive statistics 

 

Acromial type 

Table 4.11 shows that the white male sample had a slightly higher ratio for the 

occurrence of AT I than AT II compared to the black male sample, who showed a higher 

percentage for the occurrence of AT II  than AT I or AT III. The white and black female sample 

showed a higher ratio of occurrence of AT I compared to the occurrence of AT II (Table 4.11).  

In general AT I was the most common type represented in the sample total with AT II 

represented as the second most common type (Table 4.11). In this sample AT I representation 

in the white female population was the most with black male AT I the least representative (Table 

4.11). AT II was however the most representative in the black male population with AT II in 

white female population the least representative (Table 4.11). AT III was not present in the 

white population at all. No significant differences between black males and white males, and 

between black females and white females were noted with regard to distribution of AT (p>0.05). 
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Table 4.11. Contingency table for AT between sex and side in X-ray sample using the Fisher’s 

exact test 

Sex Side AT I AT II AT III Total 
Fisher’s exact 

p-value 

Black male 
L 7  6  1  14  

0.6653 
R 12 15  1  28 

TOTAL  19  21  2 42  

White male 
L 2  3  0  9 

0.6199 
R 7 5  0 8 

TOTAL  9  8  0 17  

Black female 
L 7 4  1  12 

1.0000 
R 5 4  1  10 

TOTAL  12 8  2 22  

White female 
L 7 1 0 8 

0.5105 
R 3 2  0 5 

TOTAL  10  3  0 13 
 

SAMPLE TOTAL 46 44 4  94 

Key: L = left, R = right, AT = acromion type 

 

Morphometric variables 

Similar means were seen between left and right sides in both the male and female groups 

for all measured variables except the AI and ACJ (Tables 4.12 and 4.13). The AI was 

significantly larger (p=0.0318) on the right side (0.87±0.08 mm) compared to the left sides 

(0.78±0.10 mm) in the black females (Table 4.12). The ACJ was significantly larger (p=0.0478) 

in black males left side (9.94±8.86 mm) versus the right side (5.13±2.92 mm), and significantly 

larger in the white female left side (7.68±3.92 mm) compared to the right side (3.08±1.93 mm; 

p=0.0341) (Table 4.13). 
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Table 4.12. Summary statistics with Mann-Whitney test of morphometric skeletal variables (AI, 

GA, GH and LAA) measured in the X-ray sample 

Variable Sex Side N Mean SE SD 95% CI p-value 

AI 

BM 
L 14 0.78 0.03 0.10 0.72-0.84 

0.4237 
R 28 0.81 0.02 0.12 0.76-0.85 

BF 
L 12 0.78 0.03 0.10 0.72-0.85 

0.0318* 
R 10 0.87 0.03 0.08 0.81-0.93 

WM 
L 5 0.69 0.02 0.04 0.65-0.74 

0.3609 
R 12 0.75 0.04 0.13 0.67-0.83 

WF 
L 8 0.76 0.04 0.11 0.67-0.85 

0.9611 
R 5 0.76 0.06 0.02 0.60-0.92 

GA 

BM 
L 14 40.50 1.08 4.05 38.16-42.83 

0.4148 
R 28 41.7 0.88 4.67 39.90-43.51 

BF 
L 12 40.33 1.64 5.68 36.72-43.95 

0.9392 
R 10 40.48 0.65 2.05 39.01-41.95 

WM 
L 5 39.94 1.93 4.31 34.59-45.30 

0.5788 
R 12 38.46 1.47 5.10 35.22-41.70 

WF 
L 8 38.23 2.11 5.96 33.24-43.21 

0.9631 
R 5 38.38 2.39 5.34 31.75-45.02 

GH 

BM 
L 14 52.23 1.37 5.12 49.27-55.18 

0.8728* 
R 28 51.80 1.17 6.16 49.41-54.19 

BF 
L 12 51.38 1.83 6.34 47.35-55.42 

0.0669 
R 10 46.71 1.46 4.61 43.41-50.01 

WM 
L 5 57.64 2.61 5.83 50.40-64.88 

0.0588 
R 12 51.76 1.51 5.24 48.43-55.09 

WF 
L 8 50.15 1.41 3.98 46.83-53.48 

0.8835* 
R 5 50.74 3.11 6.96 42.10-59.38 

LAA (°) 

BM 
L 14 72.4 5.18 19.37 61.22-83.58 

0.9362* 
R 28 74.1 2.01 10.66 69.97-78.24 

BF 
L 12 71.30 3.29 11.41 64.05-78.55 

0.7089 
R 10 69.63 2.77 8.76 63.36-75.90 

WM 
L 5 81.42 2.16 4.82 75.44-87.40 

0.9862 
R 12 81.53 4.00 13.85 72.73-90.34 

WF 
L 8 72.26 4.52 12.78 61.58-82.95 

0.8525 
R 5 70.90 5.44 12.16 55.80-86.00 

Key: N = number of individuals, AI = acromial index, GA = glenoacromial distance, GH = glenohumeral distance, LAA = 

lateral acromial angle, (°)- degrees, BM = black male, BF = black female, WM = white male, WF = white female, L = left , 

R = right, *Mann-Whitney p-value due to non-normal distribution 

 

  



 

 

 

43 

 

Table 4.13. Summary statistics with Mann-Whitney test of morphometric skeletal variables 

(ACJ, AHD, GFL, HHMax_dia and HHI) measured in the X-ray sample 

Variable Sex Side N Mean SE SD 95% CI p-value 

AHD 

BM 
L 14 10.39 0.87 3.27 8.50-12.28 

0.3963 
R 28 11.43 0.73 3.86 9.93-12.92 

BF 
L 12 10.29 1.26 4.37 7.52-13.07 

0.7091 
R 10 10.86 0.63 2.00 9.43-12.29 

WM 
L 5 10.56 0.47 1.05 9.26-11.86 

0.3703* 
R 12 11.03 0.89 9.43 9.07-12.98 

WF 
L 8 12.36 0.94 2.66 10.14-14.58 

0.0922 
R 5 8.98 1.80 4.02 3.99-13.97 

ACJ 

BM 
L 14 9.94 2.37 8.86 4.83-15.06 

0.0478* 
R 27 5.13 0.56 2.92 3.98-6.28 

BF 
L 12 4.86 0.88 3.04 2.93-6.79 

0.5269 
R 10 5.54 0.47 1.49 4.48-6.60 

WM 
L 5 3.58 0.73 1.62 1.56-5.60 

0.1134* 
R 12 6.07 0.96 3.33 3.95-8.18 

WF 
L 8 7.68 1.38 3.92 4.40-10.95 

0.0341 
R 5 3.08 0.86 1.93 0.68-5.48 

GFL 

BM 
L 14 36.79 1.18 4.26 34.22-39.37 

0.7765 
R 28 37.23 0.88 4.67 35.42-39.04 

BF 
L 12 32.27 0.79 2.74 30.53-34.01 

0.0769 
R 10 34.76 1.12 3.54 32.23-37.29 

WM 
L 5 40.76 2.01 4.48 35.19-46.33 

0.6720 
R 12 41.83 1.37 4.73 38.83-44.84 

WF 
L 8 36.64 1.35 3.81 33.45-39.82 

0.4293 
R 5 34.80 1.85 4.13 29.68-39.92 

HHMax_dia 

BM 
L 14 49.74 0.96 3.61 47.66-51.83 

0.7378 
R 28 49.26 0.89 4.69 47.44-51.08 

BF 
L 12 43.83 1.05 3.62 41.52-46.13 

0.7796 
R 10 44.29 1.29 4.07 41.38-47.20 

WM 
L 5 55.06 2.15 4.80 49.11-61.02 

0.2375 
R 12 51.81 1.45 5.03 48.62-55.00 

WF 
L 8 44.86 1.26 3.58 41.87-47.85 

0.4468 
R 5 46.28 0.99 2.22 43.52-49.04 

HHI (°) 

BM 
L 14 139.96 1.59 5.94 136.53-143.39 

0.5565 
R 28 138.87 1.03 5.45 136.76-140.98 

BF 
L 12 138.94 3.85 13.34 130.46-147.42 

0.9737 
R 10 137.18 1.75 5.54 133.22-141.14 

WM 
L 5 142.2 2.96 6.62 133.99-150.41 

0.5482 
R 12 140.49 1.33 4.61 137.56-143.42 

WF 
L 8 141.93 1.73 4.90 137.83-146.02 

0.8409 
R 5 142.48 1.98 4.43 136.98-147.98 

Key: N = number of individuals, AHD = acromial-humeral distance, ACJ = acromioclavicular joint width, GFL = glenoid fossa 

length, HHMax_dia = maximum humeral head diameter, HHI = humeral head angle of inclination, (°)- degrees, BM = black male, 

BF = black female, WM = white male, WF = white female, L = left, R = right, *Mann-Whitney p-value due to non-normal distribution 
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4.2.3. Comparative statistics 

 

Contingency tables were constructed to look at possible differences between, 1) AT in 

the male and female population groups with regard to side and 2) AT versus shoulders with 

pathlogies and shoulders without non-pathologies.  

Normal data was run through a two-sample t-test while a Mann-Whitney U test was 

conducted on the non-parametric data to determine if differences existed in the variable 

measurements (AI, GA, GH, LAA, ACJ, GFL, AHD, HHMax_dia, and HHI) between males 

and females and then also if differences existed between variable measurement and the two 

types of acromial shapes.  

 

Acromial type: Contingency tables 

Table 4.14. Contingency table for AT between sex and side in the X-ray sample using the 

Fisher’s exact test 

Sex Side AT I AT II AT III Total 
Fisher’s exact Fisher’s exact 

p-value p-value 

Black male 
L 7  6  1  14  

0.5350 

0.1056 

R 12 15 1 28 

TOTAL  19 21 2  42 

Black female 
L 7 4 1 12 

R 5 4 

 

1 10 

TOTAL  12 8 2 22  

White male 
L 2 3 0 9 

0.2595 

R 7 5 0 8 

TOTAL  9 8 0 17 

White female 
L 7 1 0 8 

R 3 2 0 5 

TOTAL  10 3 0 13  

SAMPLE TOTAL 46 44 4 94  

Key: L = left, R = right, AT = acromion type 

 

Table 4.14 shows that no differences between the distribution of acromial types between 

the black males and black females, between the white males and white females or between the 

black population group and the white population group exist (p>0.05). In general, all groups 

showed a higher distribution of AT I than AT II, with only the black males and black females 

presenting with four AT III (Table 4.14). 
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Morphometric variables  

The only variables that showed no significant differences (p>0.05) between the male 

and female groups across both populations was the GA, GH and AHD. All other variables (AI, 

LAA, GFL, ACJ, HHMax_dia and HHI) showed significant differences between some of the 

comparison groups (Tables 4.15 and 4.16). 

The AI was significantly larger (p=0.0390) in black males (0.80±0.11 mm) compared 

to white males (0.73±0.11 mm) and larger (p=0.0098) in the black female right sides (0.87±0.08 

mm) compared to the white females (0.76±0.11 mm) (Table 4.15). The LAA was significantly 

larger in white males (81.50±11.7) when compared to black males (73.54±13.94) and white 

females (71.74±12.05) (p=0.01823 and p=0.0338) (Table 4.15). The GFL showed significant 

differences for all comparison groups; BM vs WM (p=0.0120), BF vs WF (p=0.0479), BM vs 

BF (p=0.0012) and WM vs WF (0.0014) (Table 4.16). In general, the GFL was larger in the 

white (41.52±4.55 mm) and black (37.09±4.50 mm) male groups compared to the white 

(35.93±3.87 mm) and black (33.40±3.30 mm) females (Table 4.16).  

The ACJ was significantly larger in the white female left side (7.68±3.92 mm) and in 

the black male left side (9.94±8.86 mm) when both were compared to black females (5.17±2.43 

mm) (Table 4.16). The only comparison group that showed no significant difference with regard 

to the HHMax_dia was the black females and white females (p=0.2740). Significant differences 

were observed between the black males and white males (p=0.0130), between the black males 

and black females (p=0.0000) and between the white males and white females (p=0.0000). 

White males displayed the largest HHMax_dia (52.76±5.04 mm) compared to the black males 

(49.42±4.32 mm), black females (44.04±3.74 mm) and white females (45.41±3.10 mm) (Table 

4.16). 

The HHI was significantly larger (p=0.0153) in the white female group (142.14±4.54) 

compared to the black females (138.14±10.35) (Table 4.16). No other differences were noted 

for the HHI between the other comparison groups (p>0.05). 
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Table 4.15. Comparative tests (t-test & Mann-Whitney) comparing variable measurements 

between population groups and side for AI, GA, GH and LAA in the X-ray sample  

Variable Group Side N Mean SE SD 95% CI p-value 

AI 

BM * 42 0.80 0.02 0.11 0.76-0.83 
0.0390 

WM * 17 0.73 0.03 0.11 0.67-0.79 

BF L 12 0.78 0.03 0.10 0.72-0.85 
0.5741 

WF * 13 0.76 0.03 0.11 0.69-0.83 

BF R 10 0.87 0.03 0.08 0.81-0.93 
0.0098** 

WF * 13 0.76 0.03 0.11 0.69-0.83 

BM * 42 0.80 0.02 0.11 0.76-0.83 
0.7194 

BF L 12 0.78 0.03 0.10 0.72-0.85 

BM * 42 0.80 0.02 0.11 0.76-0.83 
0.0668 

BF R 10 0.87 0.03 0.08 0.81-0.93 

WM * 17 0.73 0.03 0.11 0.67-0.79 
0.4454 

WF * 13 0.76 0.03 0.11 0.69-0.83 

GA 

BM * 42 41.30 0.69 4.46 39.91-42.69 
0.0717 

WM * 17 38.90 1.16 4.80 36.43-41.36 

BF * 22 40.40 0.92 4.33 38.48-42.32 
0.2155 

WF * 13 38.29 1.53 5.50 34.96-41.61 

BM * 42 41.30 0.69 4.46 39.91-42.69 
0.4427 

BF * 22 40.40 0.92 4.33 38.48-42.32 

WM * 17 38.90 1.16 4.80 36.43-41.36 
0.7487 

WF * 13 38.29 1.53 5.50 34.96-41.61 

GH 

BM * 42 51.95 0.89 5.78 50.15-53.75 
0.5579** 

WM * 17 53.49 1.44 5.92 50.45-56.53 

BF * 22 49.26 1.28 5.99 46.60-51.92 
0.5766** 

WF * 13 50.38 1.40 5.05 47.33-53.43 

BM * 42 51.95 0.89 5.78 50.15-53.75 
0.0860** 

BF * 22 49.26 1.28 5.99 46.60-51.92 

WM * 17 53.49 1.44 5.92 50.45-56.53 
0.1401** 

WF * 13 50.38 1.40 5.05 47.33-53.43 

LAA (°) 

BM * 42 73.54 2.15 13.94 69.19-77.88 
0.0183** 

WM * 17 81.50 2.85 11.74 75.47-87.54 

BF * 22 70.54 2.15 10.09 66.07-75.01 
0.7542 

WF * 13 71.74 3.34 12.05 64.46-79.02 

BM * 42 73.54 2.15 13.94 69.19-77.88 
0.3762** 

BF * 22 70.54 2.15 10.09 66.07-75.01 

WM * 17 81.50 2.85 11.74 75.47-87.54 
0.0338 

WF * 13 71.74 3.34 12.05 64.46-79.02 

Key: N = number of individuals, AI = acromial index, GA = glenoacromial distance, GH = glenohumeral distance, LAA = lateral acromial 

angle, (°)- degrees, BM = black male, BF = black female, WM = white male, WF = white female, L = left, R = right, *left and right combined 

due to no significant difference, p-value – two sample t-test or **Mann-Whitney p-value 

 



 

 

 

47 

 

Table 4.16. Comparative tests (t-test & Mann-Whitney) comparing variable measurements 

between population groups and sides for ACJ, AHD, GFL, HHMax_dia and HHI in the X-ray 

sample 

Variable Group Side N Mean SE SD 95% CI p-value 

ACJ 

BM L 14 9.94 2.37 8.86 4.83-15.06 
0.0739** 

WM * 17 5.34 0.75 3.10 3.74-6.93 

BM R 27 5.13 0.56 2.92 3.98-6.28 
0.9232** 

WM * 17 5.34 0.75 3.10 3.74-6.93 

BF * 22 5.17 0.52 2.43 4.09-6.25 
0.0438 

WF L 8 7.68 1.38 3.92 4.40-10.95 

BF * 22 5.17 0.52 2.43 4.09-6.25 
0.0860 

WF R 5 3.08 0.86 1.93 0.68-5.48 

BM L 14 9.94 2.37 8.86 4.83-15.06 
0.0514** 

BF * 22 5.17 0.52 2.43 4.09-6.25 

BM R 27 5.13 0.56 2.92 3.98-6.28 
0.8016** 

BF * 22 5.17 0.52 2.43 4.09-6.25 

WM * 17 5.34 0.75 3.10 3.74-6.93 
0.1225** 

WF L 8 7.68 1.38 3.92 4.40-10.95 

WM * 17 5.34 0.75 3.10 3.74-6.93 
0.0997** 

WF R 5 3.08 0.86 1.93 0.68-5.48 

AHD 

BM * 42 11.08 0.57 3.67 9.94-12.22 
0.9933** 

WM * 17 10.89 0.63 2.61 9.55-12.23 

BF * 22 10.55 0.73 3.43 9.03-12.07 
0.6760 

WF * 13 11.06 0.98 3.53 8.93-13.19 

BM * 42 11.08 0.57 3.67 9.94-12.22 
0.5761 

BF * 22 10.55 0.73 3.43 9.03-12.07 

WM * 17 10.89 0.63 2.61 9.55-12.23 
0.7856** 

WF * 13 11.06 0.98 3.53 8.93-13.19 

GFL 

BM * 41 37.09 0.70 4.50 35.67-38.51 
0.0012 

WM * 17 41.52 1.10 4.55 39.18-43.86 

BF * 22 33.40 0.70 3.30 31.94-34.86 
0.0479 

WF * 13 35.93 1.07 3.87 33.59-38.27 

BM * 41 37.09 0.70 4.50 35.67-38.51 
0.0012 

BF * 22 33.40 0.70 3.30 31.94-34.86 

WM * 17 41.52 1.10 4.55 39.18-43.86 
0.0014 

WF * 13 35.93 1.07 3.87 33.59-38.27 

HHMax_dia 

BM * 42 49.42 0.67 4.32 48.07-50.77 
0.0130 

WM * 17 52.76 1.22 5.04 50.17-55.36 

BF * 22 44.04 0.80 3.74 42.38-45.70 
0.2740 

WF * 13 45.41 0.86 3.10 45.53-47.28 

BM * 42 49.42 0.67 4.32 48.07-50.77 
0.0000 

BF * 22 44.04 0.80 3.74 42.38-45.70 

WM * 17 52.76 1.22 5.04 50.17-55.36 
0.0000 

WF * 13 45.41 0.86 3.10 45.53-47.28 

HHI (°) 

BM * 42 139.23 0.86 5.57 137.50-140.97 
0.2648 

WM * 17 140.99 1.24 5.12 138.36-143.63 

BF * 22 138.14 2.21 10.35 133.55-142.73 0.0153** 
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Variable Group Side N Mean SE SD 95% CI p-value 

WF * 13 142.14 1.26 4.54 139.39-144.88 

BM * 42 139.23 0.86 5.57 137.50-140.97 
0.2160** 

BF * 22 138.14 2.21 10.35 133.55-142.73 

WM * 17 140.99 1.24 5.12 138.36-143.63 
0.5298 

WF * 13 142.14 1.26 4.54 139.39-144.88 

Key: N = number of individuals, ACJ = acromioclavicular joint, AHD = acromial-humeral distance, GFL = glenoid fossa 

length, HHMax_dia = maximum humeral head diameter, HHI = humeral head angle of inclination, (°)- degrees, BM = black 

male, BF = black female, WM = white male, WF = white female, L = left, R = right, *left and right combined due to no significant 

difference, **Mann-Whitney p-value 

 

4.3. MRI imaging component 

4.3.1. Normality tests 

 

In Table 4.17 it is clear that the AI for the white females right side (p=0.0233), GA for 

the white males right side (p=0.0249) and white females right side (p=0.0224), ACJ for the 

white males left side (p=0.0263), AHD for the white females left side (p=0.0121) and 

HHMax_dia for white females left side (p=0.0445) did not have a normal distribution. Normal 

distributions are observed for all other variables measured (p>0.05) (Table 4.17). 

  



 

 

 

49 

 

Table 4.17. Normality tests for data distribution for the measured variables (AI, GA, GH and 

LAA) in the MRI sample 

Variable Sex Side N p-value 

AI 

WM 
L 9 0.9769 

R 11 0.1068 

WF 
L 14 0.4758 

R 12 0.0233 

GA 

WM 
L 9 0.9451 

R 11 0.0249 

WF 
L 14 0.6932 

R 12 0.0224 

GH 

WM 
L 9 0.8993 

R 11 0.5974 

WF 
L 14 0.4511 

R 12 0.0516 

LAA (°) 

WM 
L 9 0.9513 

R 11 0.5709 

WF 
L 14 0.1446 

R 12 0.1112 

ACJ 

WM 
L 9 0.0263 

R 11 0.1077 

WF 
L 14 0.1811 

R 12 0.2896 

GFL 

WM 
L 8 0.0766 

R 11 0.1721 

WF 
L 14 0.9638 

R 12 0.6076 

AHD 

WM 
L 9 0.1748 

R 11 0.4661 

WF 
L 14 0.0121 

R 12 0.0683 

HHMax_dia 

WM 
L 9 0.2345 

R 11 0.8548 

WF 
L 14 0.0445 

R 12 0.7767 

HHI (°) 

WM 
L 9 0.2429 

R 11 0.5586 

WF 
L 14 0.0620 

R 12 0.5442 

Key: N = number of individuals, AI = acromial index, GA = glenoacromial distance, GH = glenohumeral distance, 

LAA = lateral acromial angle, (°)- degrees, ACJ = acromioclavicular joint width, GFL = glenoid fossa length, AHD 

= acromial-humeral distance, HHMax_dia = maximum humeral head diameter, HHI = humeral head angle of 

inclination, WM = white male, WF = white female, L = left, R = right 
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4.3.2. Descriptive statistics 

 

Acromial type 

 Table 4.18 shows that both the male and female samples had a higher ratio for the 

occurrence of AT I than AT II. Only the female sample presented with two AT III. In general, 

AT I was the most common type to present in this MRI sample with no difference observed 

between left and right distributions in the males and in the females or between the AT 

distributions between the sexes (p=0.3357) (Table 4.18). 

 

Table 4.18. Contingency table for AT between males and the females left and right side in the 

MRI sample using Fisher’s exact test 

Sex Side AT I AT II AT III Total Fisher’s exact 

p-value 

Fisher’s exact 

p-value 

Male 
L 7  6 0 13 

0.4439 

0.3357 

R 5  2 0 7 

TOTAL 12 8 0 20  

Female 
L 9 4 1 14 

0.9762 
R 8 3 1 12 

TOTAL 17 7 2 26  

SAMPLE TOTAL 29 15 2 46  

Key: L = left, R = right, AT = acromion type 

 

Morphometric variables 

Similar means were seen between the left and right sides in both the male and female 

groups for all measured variables except the GH, LAA and ACJ (Tables 4.19 and 4.20). The 

GH on the right side in the white females was significantly larger (47.09±3.04 mm) compared 

to the left side (44.21±3.77 mm) (p=0.0445). The LAA and ACJ was observed to be 

significantly larger (LAA; p=0.0165 and ACJ; p=0.0432) on the left side (LAA; 83.14±5.02 

mm and ACJ; 5.86±1.99 mm) in the white females when compared to the right side (LAA; 

78.17±4.76 mm and ACJ; 4.42±1.31 mm) (Tables 4.19 and 4.20).  
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Table 4.19. Summary statistics with Mann-Whitney test of morphometric skeletal variables (AI, 

GA, GH and LAA) measured in the MRI sample 

Variable Sex Side N Mean SE SD 95% CI p-value 

AI 

WM 
L 9 0.60 0.03 0.10 0.53-0.68 

0.5308 
R 11 0.63 0.01 0.05 0.59-0.66 

WF 
L 14 0.68 0.02 0.08 0.63-0.72 

0.9589** 
R 12 0.66 0.03 0.09 0.60-0.72 

GA 

WM 
L 9 31.90 1.48 4.45 28.48-35.32 

0.5918** 
R 11 33.64 1.17 3.88 31.03-36.24 

WF 
L 14 30.07 1.07 4.01 27.76-32.39 

0.3368** 
R 12 31.17 1.17 4.06 28-59-33.75 

GH 

WM 
L 9 52.89 1.16 3.48 50.21-55.56 

0.7179 
R 11 53.46 1.02 3.39 51.18-55.73 

WF 
L 14 44.21 1.01 3.77 42.04-46.39 

0.0445 
R 12 47.09 0.88 3.04 45.16-49.02 

LAA (°) 

WM 
L 9 83.33 1.91 5.72 78.93-87.73 

0.8726 
R 11 83.82 2.19 7.28 78.93-88.71 

WF 
L 14 83.14 1.34 5.02 80.24-86.04 

0.0165 
R 12 78.17 1.38 4.76 75.14-81.19 

Key: N = number of individuals, SE = standard error, SD = standard deviation, CI = confidence interval, AI = acromial index, GA = 

glenoacromial distance, GH = glenohumeral distance, LAA = lateral acromial angle, (°)- degrees, WM = white male, WF = white 

female, L = left, R = right, **Mann-Whitney p-value due to non-normal distribution 
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Table 4.20. Summary statistics with Mann-Whitney test of morphometric skeletal variables 

(ACJ, AHD, GFL, HHMax_dia and HHI) measured in the MRI sample 

Variable Sex Side N Mean SE SD 95% CI p-value 

ACJ 

WM 
L 9 5.11 0.42 1.27 4.14-6.09 

0.4323** 
R 11 5.64 0.45 1.50 4.63-6.65 

WF 
L 14 5.86 0.53 1.99 4.71-7.01 

0.0432 
R 12 4.42 0.38 1.31 3.58-5.25 

AHD 

WM 
L 9 9.00 0.91 2.74 6.90-11.11 

0.7133 
R 11 8.64 0.47 1.57 7.58-9.69 

WF 
L 14 8.00 0.39 1.47 7.15-8.85 

0.2657** 
R 12 7.67 0.33 1.16 6.93-8.40 

GFL 

WM 
L 9 36.50 1.89 5.35 32.03-40.97 

0.3704 
R 11 34.36 1.43 4.74 31.18-37.55 

WF 
L 14 29.50 1.20 4.50 26.90-32.10 

0.0857 
R 12 32.67 1.29 4.48 29.82-35.51 

HHMax_dia 

WM 
L 9 48.22 1.32 3.96 45.17-51.27 

0.7626 
R 11 48.73 1.03 3.41 46.44-51.02 

WF 
L 14 41.50 0.63 2.35 40.15-42.85 

0.4336** 
R 12 42.50 0.54 1.88 41.30-43.70 

HHI (°) 

WM 
L 9 136.44 1.68 5.03 132.58-140.31 

0.5931 
R 11 135.45 0.95 3.13 133.34-137.55 

WF 
L 14 135.36 1.27 4.77 132.61-138.11 

0.5902 
R 12 136.42 1.48 5.13 133.16-139.67 

Key: N = number of individuals, SE = standard error, SD = standard deviation, CI = confidence interval, ACJ = acromioclavicular 

joint width, AHD = acromial-humeral distance, GFL = glenoid fossa length, HHMax_dia = maximum humeral head  diameter, 

HHI = humeral head angle of inclination, (°)- degrees, WM = white male, WF = white female, L = left, R = right, **Mann-Whitney 

p-value due to non-normal distribution 

 

 

4.3.3. Comparative statistics 

 

Normal data was run through a two-sample t-test while a Mann-Whitney U test was 

conducted on the non-parametric data to determine if differences existed in the variable 

measurements (AI, GA, GH, LAA, ACJ, GFL, AHD, HHMax_dia and HHI) between males 

and females and then also if differences existed between left and right sides. A Kruskal-wallis 

test was conducted on the non-parametric data to determine if differences existed in the 

variable’s measurements (AI, GA, GH, LAA, ACJ, GFL, AHD, HHMax_dia and HHI) 

between: 1) 1,2,3 and 4 pathology groups and 2) the intact and fray/tear glenoid labrum. 
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Morphometric variables 

In Tables 4.21 and 4.22 it is can be seen that no significant differences were noted 

between the male and female groups for the GA, ACJ, AHD and HHI (p>0.05). Variables that 

showed significant differences between males and females included the AI, GH, LAA, GFL 

and the HHMax_dia (Tables 4.21 and 4.22).  

The AI was observed to be larger in white females (0.67±0.09 mm) compared to the 

white males (0.62±0.07 mm, p=0.0094). The GH was larger in white males (53.20±3.35 mm) 

compared to the white females left side (44.21±3.77 mm, p=0.0000) as well as the right side 

(47.09±3.04, p=0.0000). The LAA was also significantly larger (p=0.0171) in the white males’ 

right side (83.60±6.46) compared to white females’ right side (78.17±4.76); no difference was 

noted between the white males left side and white females left side (p=0.8260) (Table 4.21).  

The GFL and HHMax_dia were significantly larger (GFL; p=0.0037 and HHMax_dia; 

p=0.0000) in white males (GFL; 35.30±4.85 mm and HHMax_dia; 48.50±3.58 mm) compared 

to the white females (GFL; 30.96±4.69 mm and HHMax_dia; 41.96±2.16 mm) (Table 4.22).  

 

Table 4.21. Comparative tests (t-test & Mann-Whitney) comparing variable measurements 

between males and females and side for AI, GA, GH and LAA in the MRI sample 

Variable Sex Side N Mean SE SD 95% CI p-value 

AI 
WM * 20 0.62 0.02 0.07 0.58-0.65 

0.0094** 
WF * 26 0.67 0.02 0.09 0.64-0.70 

GA 
WM * 20 32.86 0.92 4.13 30.92-34.79 

0.0707** 
WF * 26 30.58 0.78 3.99 28.97-32.19 

GH 

WM * 20 53.20 0.75 3.35 51.63-54.77 
0.0000 

WF L 14 44.21 1.01 3.77 42.04-46.39 

WM * 20 53.20 0.75 3.35 51.63-54.77 
0.0000 

WF R 12 47.09 0.88 3.04 45.16-49.02 

LAA (°) 

WM * 20 83.60 1.44 6.46 80.58-86.62 
0.8260 

WF L 14 83.14 1.34 5.02 80.24-86.04 

WM * 20 83.60 1.44 6.46 80.58-86.62 
0.0171 

WF R 12 78.17 1.38 4.76 75.14-81.19 

Key: N = number of individuals, SE = standard error, SD = standard deviation, CI = confidence interval, AI = acromial 

index, GA = glenoacromial distance, GH = glenohumeral distance, LAA = lateral acromial angle, (°)- degrees, WM = white 

male, WF = white female, L = left, R = right, *left and right combined, **Mann-Whitney p-value 

 

  



 

 

 

54 

 

Table 4.22. Comparative tests (t-test & Mann-Whitney) comparing variable measurements 

between males and females and side for ACJ, AHD, GFL, HHMax_dia and HHI in the MRI 

sample 

Variable Sex Side N Mean SE SD 95% CI p-value 

ACJ 

WM * 20 5.40 0.31 1.39 4.75-6.05 
0.6027** 

WF L 14 5.86 0.53 1.99 4.71-7.01 

WM * 20 5.40 0.31 1.39 4.75-6.05 
0.1096** 

WF R 12 4.42 0.38 1.31 3.58-5.25 

AHD 
WM * 20 8.80 0.47 2.12 7.81-9.79 

0.1704** 
WF * 26 7.85 0.26 1.32 7.31-8.38 

GFL 
WM * 20 35.30 1.10 4.85 33.03-37.57 

0.0037 
WF * 26 30.96 0.92 4.69 29.07-32.85 

HHMax_dia 
WM * 20 48.50 0.80 3.58 46.83-50.17 

0.0000** 
WF * 26 41.96 0.42 2.16 41.09-42.84 

HHI (°) 
WM * 20 135.90 0.90 4.01 134.02-137.77 

0.9712 
WF * 26 135.85 0.95 4.86 133.88-137.81 

Key: N = number of individuals, SE = standard error, SD = standard deviation, CI = confidence interval, ACJ = 

acromioclavicular joint width, AHD = acromial-humeral distance, GFL = glenoid fossa length, HHMax_dia = maximum 

humeral head diameter, HHI = humeral head angle of inclination, (°)- degrees, WM = white male, WF = white female, L = 

left, R = right, *left and right combined, **Mann-Whitney p-value 

 

 

Table 4.23 shows the pathology groups 1,2,3 and 4 compared to morphometric 

variables. No significant differences (p>0.05) are observed for all measured morphometric 

variables (Tables 4.23). Table 4.24 shows that the means for the GH, LAA, AHD and GFL did 

not differ significantly between the intact glenoid labrum compared to the fray/tear glenoid 

labrum (p>0.05) and therefore they were grouped together for a single mean (Table 4.25). Only 

the AI, GA and ACJ showed significant differences between their mean values. The AI shows 

a significant difference in the means between the intact glenoid labrum (0.69±0.06 mm) when 

compared to the fray/tear glenoid labrum (0.62±0.09 mm; p=0.0169). The GA distance is larger 

in the intact glenoid labrum (33.54±4.16 mm) when compared to the fray/tear glenoid labrum 

(30.61±4.14 mm; p=0.0363), whereas the ACJ distance tends to be smaller with the intact 

glenoid labrum (4.38±1.04 mm) when compared to the fray/tear glenoid labrum (5.64±1.71 

mm; p=0.0181) (Table 4.24). 
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Table 4.23. Kruskal-wallis test comparing pathology groups 1,2,3 and 4 and variable 

measurements in the MRI sample 

Variable Path group N Median r² d

f 

iqr p-value  

AI 1,2,3,4 46 0.637 3.281 3 0.60-0.69 0.3502 

GA 1,2,3,4 46 31 0.637 3 30-34 0.8879 

GH 1,2,3,4 46 49 2.314 3 45-53 0.5098 

LAA (°) 1,2,3,4 46 82 2.127 3 78-86 0.5465 

ACJ 1,2,3,4 46 5 1.398 3 4-6 0.7061 

AHD 1,2,3,4 46 8 3.540 3 7-9 0.3156 

GFL 1,2,3,4 46 33 2.267 3 29-36 0.5189 

HHMax_dia 1,2,3,4 46 43.5 0.915 3 42-48 0.8218 

HHI (°) 1,2,3,4 46 135.5 4.935 3 132-138 0.1766 

Key: N = sample size, pathology groups = 1,2,3,4, r² = chi squared, df = degree of freedom, iqr = interquartile range, AI = 

acromial index, GA = glenoacromial distance, GH = glenohumeral distance, LAA = lateral acromion angle, (°)- degrees, 

ACJ = acromioclavicular joint, AHD = acromial-humeral distance, GFL = glenoid fossa length, HHMax_dia = maximum 

humeral head diameter, HHI = humeral head angle of inclination, (°)- degrees 

 

Table 4.24. Two-sample t-tests comparing the glenoid labrum (intact, fray/tear) and AI, GA, 

GH, LAA, ACJ, AHD and GFL in the MRI sample 

Variable GL N Mean SE SD 95 % CI p-value 

AI 
Intact 13 0.69 0.02 0.06 0.65-0.73 

0.0169 
Fray/tear 33 0.62 0.02 0.09 0.59-0.66 

GA 
Intact 13 33.54 1.15 4.16 31.03-36.05 

0.0363 
Fray/tear 33 30.61 0.72 4.14 29.14-32.08 

GH 
Intact 

46 48.87 0.77 5.20 47.33-50.41 0.6492 
Fray/tear 

LAA (°) 
Intact 

46 82.04 0.88 5.99 80.26-83.82 0.2658 
Fray/tear 

ACJ 
Intact 13 4.38 0.29 1.04 3.75-5.02 

0.0181 
Fray/tear 33 5.64 0.30 1.71 5.03-6.24 

AHD 
Intact 

46 8.28 0.26 1.76 7.76-8.80 0.9019 
Fray/tear 

GFL 
Intact 

46 32.78 0.76 5.16 31.25-34.31 0.2039 
Fray/tear 

Key: N = number of individuals, GL = glenoid labrum, SE = standard error, SD = standard deviation, CI =confidence interval, AI 

= acromial index, GA = glenoacromial distance, GH = glenohumeral distance, LAA = lateral acromion angle, (°)- degrees, ACJ = 

acromioclavicular joint width, AHD = acromial-humeral distance, GFL = glenoid fossa length 

 

Table 4.25 shows the intact glenoid labrum compared to the fray/tear glenoid labrum 

with no significant differences (p=0.3113) for the HHI variable. The HHMax_dia in the sample 

with an intact glenoid labrum was smaller (43 mm) when compared to the fray/tear glenoid 

labrum (45 mm; p=0.0383) in the same sample (Table 4.25). 
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Table 4.25. Kruskal-wallis test comparing the glenoid labrum (intact, fray/tear) and 

HHMax_dia and HHI in the MRI sample 

Variable GL N Median r² df iqr p-value 

HHMax_dia* 
Intact 13 43 

4.293 1 
41.44 

0.0383 
Fray/tear  33 45 42-49 

HHI (°)* 
Intact 

46 135.5 1.033 1 132-138 0.3113 
Fray/tear 

Key: N = number of individuals, GL = glenoid labrum, r² = chi squared, df = degree of freedom, iqr = 

interquartile range, HHMax_dia = maximum humeral head diameter, HHI = humeral head angle of inclination, 

(°)- degrees, *non-parametric data 

 

 

 

4.4. Intra- and Interobserver error (repeatability tests) 

 

Intraclass Correlation Coefficient measurements are presented in Tables 4.26 to 4.29 as 

intra- and interobserver results for X-ray an MRI samples. Intraclass Correlation Coefficient is 

one test that is capable of assessing the repeatability of a method. The ideal result for these tests 

is to obtain a value of 1.00, which would indicate a 100% repeatability of the method. 

 

Table 4.26 shows the intraobserver results for the X-ray sample. The highest correlation 

with regard to the intraobserver error was noted for the AI, GH, ACJ, AHD and GFL(r=1) and 

the lowest for the GA (r=0.9969). In general, the most reliable variables to measure would be 

the AI, GH, ACJ AHD and GFL; the most unreliable would be the average glenoacromial 

distance. The intra observer’s results were compared to the original results and tabulated. (Table 

4.26). (See Appendix C) 
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Table 4.26. Intraclass Correlation Coefficient and confidence interval test for the intraobserver 

results of the X-ray sample 

Variable ICC (r) 95 % CI 

AI 1  

GA 0.9969  0.9906-0.9989 

GH 1  

LAA (°) 0.9998 0.9995-0.9999 

ACJ 1  

AHD 1  

GFL 1  

HHMax_dia 0.9999 0.9999-0.9999 

HHI (°) 0.9995 0.9986-0.9998 

Key: ICC = intraclass correlation coefficient, CI = confidence interval, AI = acromial index, GA = glenoacromial 

distance, GH = glenohumeral distance, LAA = lateral acromion angle, ACJ = acromioclavicular joint width, AHD 

= acromial-humeral distance, GFL = glenoid fossa length, HHMax_dia = maximum humeral head diameter, HHI 

= humeral head angle of inclination, (°)- degrees,  

 

 

Table 4.27 shows the analysis of the intraobserver results for the MRI sample. The 

highest correlation in the sex-pooled sample shows the percentage of AI, GH, LAA, AHD, GFL 

and HHMax_dia (r=1) and the lowest for the ACJ (r=0.9705). In general, all the measurements 

seem to be reliable of which AI, GH, LAA, AHD, GFL and HHMax_dia (r=1) would be the 

most reliable variable to measure given the small sample number used to check intraobserver 

reliability (Table 4.27). (See Appendix D). 

 

Table 4.27. Intraclass Correlation Coefficient and confidence interval test for the intraobserver 

results of the MRI sample 

Variable ICC (r) 95 % CI 

AI 1  

GA 0.9999 0.9997-0.9999 

GH 1  

LAA (°) 1  

ACJ 0.9705 0.8929-0.9925 

AHD 1  

GFL 1  

HHMax_dia 1  

HHI (°) 1  

Key: ICC = intraclass correlation coefficient, CI = confidence interval, AI = acromial index, GA = glenoacromial 

distance, GH = glenohumeral distance, LAA = lateral acromion angle, ACJ-acromioclavicular joint width, AHD 

= acromial-humeral distance, GFL = glenoid fossa length, HHMax_dia = maximum humeral head diameter, HHI 

= humeral head angle of inclination, (°)- degrees,  
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Table 4.28 shows the interobserver results for the X-ray sample. The highest correlation 

with regard to the interobserver error was noted for the GH (r=0.9980) and the lowest for the 

LAA (r=0.9113). In general, the most reliable variables to measure would be the GH, ACJ and 

HHI; the most unreliable would be the average lateral acromion angle. The interobserver’s 

results were compared to the original results, with the highest correlation coefficient derived 

for (r=0.9980) GH and the lowest (r=0.9113) for LAA (Table 4.28). (See Appendix C). 

 

Table 4.28. Intraclass Correlation Coefficient and confidence interval test for the interobserver 

results of the X-ray sample 

Variable ICC (r) 95 % CI 

AI 0.9169 0.7617-0.9725 

GA 0.9858 0.9579-0.9953 

GH 0.9980 0.9940-0.9993 

LAA (°) 0.9113 0.7546-0.9703 

ACJ 0.9974 0.9982-0.9992 

AHD 0.9830 0.9494-0.9944 

GFL 0.9951 0.9704-0.9987 

HHMax_dia 0.9920 0.9732-0.9975 

HHI (°) 0.9969 0.9987-0.9990 

Key: ICC = intraclass correlation coefficient, CI = confidence interval, AI = acromial index, GA = glenoacromial 

distance, GH = glenohumeral distance, LAA = lateral acromion angle, ACJ = acromioclavicular joint width, AHD 

= acromial-humeral distance, GFL = glenoid fossa length, HHMax_dia = maximum humeral head diameter, HHI 

= humeral head angle of inclination, (°)- degrees,  

 

 

Table 4.29 shows the analysis of the interobserver results for the MRI sample. The 

highest correlation in the sex-pooled sample shows (r=0.9999) for GA and the lowest 

(r=0.9336) for GFL. Given the small sample size used to check interobserver reliability the 

most reliable variable to measure will be the GA (Table 4.29). (See Appendix D) 
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Table 4.29. Intraclass Correlation Coefficient and confidence interval test for the interobserver 

results of the MRI sample 

Variable ICC (r) 95 % CI 

AI 0.9932 0.9748-0.9983 

GA 0.9999 0.9997-0.9999 

GH 0.9974 0.9905-0.9993 

LAA (°) 0.9989 0.9961-0.9997 

ACJ 0.9485 0.8104-0.9869 

AHD 0.9688 0.8871-0.9920 

GFL 0.9336 0.7648-0.9829 

HHMax_dia 0.9798 0.9210-0.9949 

HHI (°) 0.9934 0.9740-0.9983 

Key: ICC = intraclass correlation coefficient, CI = confidence interval, AI = acromial index, GA = glenoacromial 

distance, GH = glenohumeral distance, LAA = lateral acromion angle, ACJ-acromioclavicular joint width, AHD 

= acromial-humeral distance, GFL = glenoid fossa length, HHMax_dia = maximum humeral head diameter, HHI 

= humeral head angle of inclination, (°)- degrees 
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Chapter 5: Discussion 

 

Research has defined numerous musculoskeletal disorders involving the GHJ, with 

some of these disorders having correlations to the osseous anatomy of the scapula and proximal 

humerus (Boileau and Walch, 1997, Wilk et al., 1997, McClure and Michener, 2015; Pandey 

and Willems, 2015). Previous studies have shown that certain skeletal morphology such as the 

acromion type (AT) and the dimensions of the glenoid fossa, are often correlated with common 

shoulder pathologies (Reilly et al., 2006; Rajput et al., 2012; Sarwar et al., 2015). In this 

discussion this study’s aim of investigating the association of certain morphological traits of 

the humerus and scapula, as well as some soft tissue components commonly associated with 

shoulder pathologies in a South African sample, are presented. The researcher’s aim was met 

with regard to the above by dividing the study into three parts in an attempt to establish a trend, 

and to inter-relate the results that were obtained within the three parts; 1) cadaver part; 2) X-

ray images part and 3) MRI images.  

Measurements and observations of the morphometric skeletal and soft tissue 

components of the shoulder joint have often been used to analyse associations with commonly 

diagnosed shoulder pathologies (Wafae et al., 2010; Singh et al., 2013; Nyffeler and Meyer, 

2017). These measurements and observations have included, acromial type (AT–type I (flat), 

II (round) or III (hooked)), intertubercular groove width (ITGW), glenoid fossa depth (GFD), 

acromial index (AI), lateral acromial angle (LAA), acromioclavicular joint distance (ACJ), 

acromiohumeral distance (AHD), glenoid fossa length (GFL), maximum humeral head 

diameter (HHMax_dia), humeral angle of inclination (HHI), rotator cuff (RC) -

intact/pathology; capsule-pathology/non-pathology, ligaments tears/intact/fray and GL-intact, 

tears/fray (Carmichael and Hart, 1985; Bigliani et al., 1986; Zanca, 1971; Perry, 1978; Howell 

and Galinat, 1989; Flatow et al., 1994; Banas et al., 1995; Nishida et al., 1996; Boileau and 

Walch, 1997; Nyffeler et al., 2006; Martínez et al., 2006; Murlimanju et al., 2012; Balke et al., 

2013; Hanciau et al., 2013; Gupta et al., 2014; Sarwar et al., 2015). All these 

measurements/observations were used in this study with some being specific to the cadaver part 

versus the imaging (X-ray & MRI) parts, and were all measured/observed according to 

definitions provided and extrapolated from multiple supportive studies methods (Carmichael 

and Hart, 1985; Bigliani et al., 1986; Howell and Galinat, 1989; Chan et al., 1991; Flatow et 

al., 1994; Banas et al., 1995; Nishida et al., 1996; van der Helm, 1996; Boileau and Walch, 
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1997; Nyffeler et al., 2006; Reilly et al., 2006; Lugo et al., 2008; Lewis and Armstrong, 2011; 

Hanciau et al., 2012; Rajput et al., 2012; Balke et al., 2013; Huegel et al., 2015). 

All of the above listed variables were used in this study to examine the relationship of 

commonly diagnosed shoulder pathologies with general skeletal measurements and 

observations.  

 

5.1. Acromial type (AT) 

 

Cadaveric component: incidence of AT 

In the cadaver specimens only, AT I (flat) and AT II (round) variations were observed 

in accordance with the definitions provided in the Bigliani-Morrison-April classification 

(Bigliani et al., 1986); no AT III were observed. The morphology of the acromial process is 

considered to be an extrinsic factor in the development of RC pathology. Individuals with AT 

I have been shown to be at lower risk of RC impingement, while individuals with AT II or III 

have been shown to have higher incidences of subacromial impingement linked to partial and 

full RC tears (Bigliani et al., 1986; Dave et al., 2006; Seitz et al., 2011). Therefore, when 

considering the study sample split into shoulders without pathologies and shoulders with 

pathologies the incidence of AT I was found to be significantly higher (p<0.0001) in the group 

without pathologies, in both males and females (Table 4.5), while AT II was more commonly 

associated with shoulders with pathologies (degenerative osteoarthritic changes, acromial 

thickness). This is to be expected and further strengthens the evidence of the extrinsic influence 

that the acromial process may have on pathology of the shoulder.  

When pathology was not considered as an exclusion factor, the distribution of AT I and 

AT II between left and right sides was found to be fairly equal among the male and female 

sample (Table 4.2). A significant difference (p=0.046) was noted between males and females 

with regard to the distribution of AT I versus AT II (Table 4.4). Of the total AT I present in the 

sample, males had higher counts, while females had higher incidences of AT II in all the AT II 

observed in the sample (Table 4.4). Although vast amounts of cadaveric studies were noted in 

the literature, only a few met the criteria to form a comparison with this study. Of the 

comparable literature, most studies showed contradictory results to those found in this study. 

Previous authors instead found higher incidences of AT II in males and higher incidences of 

AT I in females (Getz et al., 1996; Green et al., 2004; Natsis et al., 2007; Paraskevas et al., 

2008; and Collipal et al., 2010). Another study found that AT II had higher incidences in both 
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males and females compared to AT I (Sangiampong et al., 2007). Of the many studies showing 

opposite results, one study that also used a South African sample, was found to show similar 

results to this current study, in that higher incidences of AT I was observed in males when 

compared to females (Naidoo et al., 2015). It is unclear as to why there are different results 

reported in the literature, but it could be suggestive of the possible population specificity, which 

is known to exist between various population groups in the European, Asian and South Africans 

context (Natsis et al., 2007; Miyazaki et al., 2011; Naidoo et al., 2018). Previous studies have 

suggested that in addition to population specificity with regard to just acromial morphology, 

other factors such as age, occupation, diet and disease prevalence on the different continents 

could also be causative to the occurrence of different shoulder diseases amongst different 

population groups and the link to acromion type (Schippinger et al., 1997; Natsis et al., 2007; 

Sangiampong et al., 2007). 

 

Cadaveric component: measurements relating to different AT 

The only measurements that showed any difference between the pathology versus 

without pathology group as well as between the two acromial type groups (AT I and AT II) was 

the maximum humeral head diameter (HHMax_dia) in males, and the depth of the glenoid fossa 

(GFD).The only measurements that showed any difference between the pathological versus 

non-pathological group as well as between the two acromial type groups (AT I and AT II) was 

the maximum humeral head diameter (HHMax_dia) in males, and the depth of the glenoid fossa 

(GFD).  

When considering the shape of the acromion, the AT I male specimens displayed a 

significantly larger HHMax_dia (50.214.53mm) when compared to the HHMax_dia 

(44.945.88 mm) in AT II male specimens (p=0.0500) (Table 4.7). Although these results show 

significance, they should be interpreted with caution due to the small sample of AT II (n=4) 

compared to AT I (n=22). This difference was also observed when the pathology versus without 

pathology groups were compared (Table 4.8); once again a much larger humeral head diameter 

was noted in the without pathology group compared to the pathology group; however, the same 

can be said with regard to the sample size. It should be noted the 4 male samples that were 

classified as AT II were also the sample that comprised the pathological group and therefore 

the measurements are the same. It is unclear as to the possible reason why the humeral head 

diameter would be larger in healthy shoulders compared to shoulders with pathologies, but it 
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may be considered, like the acromial morphology, to be an extrinsic influence for the incidence 

of shoulder pathology, especially if it is found in conjunction with another skeletal abnormality. 

The GFD appears to be significantly deeper in individuals with AT I (5.802.31 mm) 

when compared to those with AT II (3.061.24 mm) (Table 4.7). For the GFD group, male and 

female measurements were combined due to the non-significant difference between the two 

samples (Table 4.6; p>0.05). In the group without pathologies, the GFD was also significantly 

deeper (5.762.25 mm) compared to the group with pathologies (2.680.83 mm) (Table 4.8). 

To the authors knowledge, no studies comparing the GFD and AT in shoulders with pathologies 

and shoulders without pathologies could be found. However, what was noted in the literature 

was rather comparisons of the AT to soft tissue components associated with common diagnosed 

shoulder pathologies; i.e. RC tears and impingement syndrome in cadaveric studies (Aragão et 

al., 2014; Naidoo et al., 2015; Yadav and Zhu, 2017; Sinha et al., 2018).  

The results of this study provide a unique insight into the possible relationship between 

humeral head size and glenoid fossa depth with the occurrence of shoulder pathology. If an 

interpretation had to be made from the results presented here, it is possible that with a smaller 

humeral head, and shallower glenoid fossa, there could be a higher chance for the occurrence 

of a shoulder pathology. This would make sense due to the fact that a large portion of the 

mechanical stability of the GHJ relies on the shape of the humeral head (Torrens et al., 2007) 

and the concavity of the glenoid fossa (Ovesen and Nielsen, 1985). Should there be an 

imbalance in this structural alignment, the normal functionality of the joint will be affected and 

could therefore potentially place strain on the soft tissues surrounding the joint, eventually 

leading to pathology. Another interesting observation in this study is that more females (n=7) 

were recorded with pathology that males (n=4) and, in general, females tend to have smaller 

humeral head diameters than males (evident in Table 4.6). It was not evident from the results 

that there was any significant difference between the size of the humeral heads in females 

between the group with pathology and the group without pathology or even between acromial 

types, however what is interesting is that the average size of the female humeral head 

(44.564.10 mm) is very similar to the humeral head size of the male sample shoulder with 

pathologies (44.945.88 mm) (Tables 4.6 and 4.8). Ultimately, what the results show is that 

those with an AT II are linked to the shallower glenoid fossa depth as well as the smaller 

humeral head in males; this being said, it is likely that a combination of irregular morphological 

traits (AT II, shallow glenoid fossa and small humeral head), are strong extrinsic factors leading 

to the incidence of pathology of the shoulder; e.g. humeral head dislocation. This finding 
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corresponds to what von Eisenhart-Rothe et al. (2010) and Peltz et al. (2010) suggest in their 

studies in that chronic humeral head dislocation is associated with a flattened glenoid fossa in 

the anterior to posterior and superior to inferior directions (decreased depth). The flattened fossa 

anatomically compromises the glenoid and is also associated with multidirectional GHJ 

instability as seen in the results of this study and, corresponds with what von Eisenhart-Rothe 

et al. (2010) and Peltz et al. (2015) suggests in their studies.  

 

Imaging component: AT incidence in the X-ray and MRI sample 

In the X-ray sample, the white male (n=17), white female (n=13) and the black female 

(n=22) samples showed a higher ratio of the occurrence of AT I compared to AT II, whereas 

the black male sample (n=42) showed a higher incidence of AT II, compared to AT I and AT 

III (Table 4.11). The MRI sample, which was just from a white population group, also showed 

a higher incidence of AT I in both males and females (Table 4.18). Comparison to other studies 

with regard to the incidence of AT I, showed similar and dissimilar results in that AT II had a 

higher incidence in male individuals with common diagnosed shoulder pathologies than 

females (Jacobson et al., 1995; Akram et al., 2014; Jacinth et al., 2018), which concurs with 

the black male sample but disagrees with what was observed in the white male sample in both 

the X-ray and MRI groups. However, when just considering the white sample, these are similar 

AT incidences seen with the cadaveric part of this study.  

The presence of AT III was only observed in the black sample (black male=2; black 

female=2) in the X-ray group and in the white females (n=2) in the MRI group, but this could 

probably be attributed to the fact that the white X-ray sample size was considerably smaller 

than the black sample (n=64 vs n=30) and could be misrepresentative of the truth; although 

Bigliani et al. (1986) do state that AT III is a rare acromial morphology. What is interesting 

about this sample however, is the fact that all of the X-ray and MRI individuals had some or 

other form of diagnosed shoulder pathology and even so, the incidence of AT I in the sample is 

generally higher than AT II, which was seen to be of higher prevalence in the shoulders without 

pathologies in the cadaveric component. 

Based on the previous literature, which states that individuals with AT I are less inclined 

to have shoulder pathology (Bigliani et al., 1986; Dave et al., 2006; Seitz et al., 2011) and that 

it is more likely in those with AT II and AT III, the results of this study contradict those findings 

when only the imaging sample is considered. Could it therefore be possible that AT, when 

considered on its own, may not necessarily be a strong extrinsic factor contributing to the 
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development of shoulder pathology, especially since these results provide evidence that there 

was almost an even chance of seeing AT I (n=46) and AT II (n=44) in a sample of 94 shoulders 

with pathologies? Few previous studies have shown that AT I demonstrates a relationship with 

rotator cuff tears (Aoki et al., 1986) and that in some pathology instances, a higher ratio of AT 

I (45.8%) and a lower occurrence of AT II (37.5%) was found in black male individuals (Naidoo 

et al., 2015). Few previous studies have shown that AT I demonstrates a relationship with 

rotator cuff tears (Aoki et al., 1986) and that in some pathology instances, a higher ratio of AT 

I (45.8%) and a lower occurrence of AT II (37.5%) was found in black male individuals (Naidoo 

et al., 2015). Other studies however, have reports that demonstrate an association between 

shoulder pathology, such as impingement syndrome, in males with AT II and in females with 

AT I (Dwivedi and Varshney, 2015). Acromion type II in an MRI study conducted by 

Mayerhoefer et al. (2005) and in an X-ray study conducted by Peh and Totty (1995), were most 

commonly associated with shoulder pathologies such as, RC tears and subacromial 

impingement. It is likely, that the AT alone, does not play a strong enough role to influence the 

mechanics of the shoulder, but it is possible that there may have to be another accompanying 

morphological factor such as perhaps a modified GFD, in order for a prominent pathology to 

develop. 

Left and right side distribution of AT I and AT II showed no significant difference 

within, and between the white and black population groups (p>0.05) in the X-ray sample 

however,  then AT I showed a higher incidence on the left in the female sample, while males 

had a higher incidence of AT I on the right side (Table 4.11). In three of the groups, the 

incidence of AT II was higher on the right side whilst black females showed a 50/50 distribution 

between AT II on the left and right side. The MRI group showed a higher incidence of AT I on 

the left side in both males and females as well as a higher incidence of AT II on the left. Previous 

studies indicated a higher incidence of AT I and AT II on the right side within their sample 

groups (Peh and Totty, 1995; Mayerhoefer et al., 2005; Naidoo et al., 2015; Ravindranath, et 

al. 2018) and this may be indicative of possible population differences such as handedness 

which is a genetic component that could present strong control over this kind of incidence. 

It is clear based on the contradicting literature, and the results presented in this study 

across all three components (cadaver, X-ray and MRI) that the actual extrinsic role of the 

acromial morphology in the development of shoulder pathology is not clearly understood. It is 

possible that the incidence of different AT ratios could be ascribed to the differences in 

occupation, age and prevalence to disease within these population groups as suggested by 
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previous literature studies with other population demographics (Jacobson et al., 1995; Akram 

et al., 2014; Jacinth et al., 2018) and not necessarily a standalone contributor to shoulder 

pathology development.  

 

5.2. Morphometric variables 

 

 The morphometric variables measured in this study varied slightly between the cadaver, 

X-ray and MRI components. In the cadaver part, 5 measurements were taken which included; 

the AHD, ITGW, HHI, HHMax_dia and GFD. In the X-ray and MRI components, 9 

measurements were taken which included; the AI, GA, GH, LAA, ACJ, AHD, GFL, 

HHMax_dia and HHI. Of all the measurements taken, HHMax_dia was the only measurement 

that showed a significant difference in all three sample groups; the AI, LAA, GFL showed 

significant differences in both the X-ray and MRI groups, the HHI and ACJ only showed 

significant differences in the X-ray group, while the GH only showed differences in the MRI 

group. Therefore, only the measurements that showed significance will be discussed.  

 

Humeral head diameter (HHMax_dia) 

The diameter of the humeral head is a well-studied morphological trait especially in an 

anthropological setting (Steyn and İşcan, 1997). It has been used to successfully differentiate 

between males and females (İşcan, 1998; Milner and Boldsen, 2012), as well as between 

population groups (Steyn and İşcan, 1997). Humeral head diameter differences between males 

and females may also be influenced by oestrogen and androgen hormones, which allow for a 

thicker cortical humeral bone in males because of a larger cortical distribution, a considerable 

periosteal bone layering and a larger endosteal width because of a longer bone maturation 

period than females during puberty (Bonjour et al., 1999; Laurent et al., 2014).  

Few studies have looked at the relationship of the humeral head with various shoulder 

pathologies (Tackett and Ablove, 2011; Iyem et al., 2017; Syed et al., 2017). Studies that did 

look at dimensions of the humeral head such as the diameter, neck angle, medial offset and 

posterior offset in a clinical setting, included fresh cadaveric shoulders and dried cadaveric 

humeri but excluded comparative parameters used in this study such as common shoulder 

pathologies. In other cases, MRI methods were used to measure cadavers and often sex was 

unreported (Boileau and Walch, 1997; Hertel et al., 2002; Roche et al., 2005; DeLude et al., 

2007). Minimal cadaveric studies were found that were comparable with the methodology 
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employed in this study. Most studies focussed on comparing AT to soft tissue components such 

as RC, and impingement syndrome (Aragão et al., 2014; Yadav and Zhu, 2017). 

Looking at group comparisons in this study, the male specimens’ HHMax_dia was 

significantly larger when compared to the female specimens in all three test groups; cadaver, 

X-ray and MRI (Tables 4.6, 4.16 and 4.22). In the cadaver sample, which included a control 

group without shoulder pathologies, the humeral head diameters were significantly (p=0.0153) 

larger in the male, group without pathologies (50.21±4.53 mm) compared to the male group 

with pathologies (44.94±5.88 mm); interestingly the females showed no difference between the 

pathology and without pathology groups (Table 4.8). According to Steyn and İşcan (1999) the 

average humeral head diameter for white South African males is around 49±3.2 mm, for white 

South African females, 43.2±3.5 mm, for black South African males, 43.7±2.1, and for black 

South African females around 37.7±2.0 (Steyn and İşcan, 1999). Comparing the reasercher’s 

results with what the normal averages are, the cadaver sample in this study showed a much 

smaller humeral head diameter for the white male pathology group (44.94±5.88 mm) compared 

to the average range (49±3.2 mm) (Steyn and İşcan, 1999), and both the pathology X-ray 

(52.76±5.04 mm) and MRI (48.50±3.58 mm) groups. This is an odd finding especially since 

the X-ray sample humeral head diameter was larger than the normal range and the MRI was 

smaller. All three the groups (cadaver, X-ray and MRI) were shoulder samples with pathologies, 

and yet displayed varying means compared to the normal range as well as to each other. Perhaps 

it could be attributed to the method of measurements for each sample as measuring the diameter 

on an X-ray is dependent on the angle of GHJ while the X-ray was taken, and the MRI could 

also be misaligned during the imaging procedure. The only comparable method to that of Steyn 

and İşcan (1999) is probably the cadaver sample, since these were physically measured from 

the dry bone and may present more accurate results if comparison with the normal range is 

considered. 

For the white female cadaver group, the average humeral head diameter (45.57±4.44 

mm) was larger than the normal average (43.2±2.5 – Steyn and İşcan, 1999) as well as both the 

X-ray (45.41±3.10 mm) and MRI group (41.96±2.16 mm). The MRI group showed a 

considerably smaller humeral head diameter for white females than any of the other groups. 

The only sample that included black South Africans was the X-ray sample and the results 

indicated that the average humeral head diameters for both the male (49.42±4.32 mm) and 

female (44.04±3.74 mm) pathology groups was considerably larger than what the reported 

normal averages (Steyn and İşcan, 1999) are for black males (43.7±2.1 mm) and females 
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(37.7±2.0 mm), which is similar to what was observed with the white female group mentioned 

above. Male and female humeral head pathology could be attributed to different osteoporotic 

changes in the humeral head as suggested by Kanatli et al. (2013) and places shear strain on the 

surrounding rotator cuff tendons during humeral head articulation. This articulative stress 

causes morphological and morphometric changes of the humeral head and this, in turn causes 

an interaction between soft tissues and the humeral head as suggested by Huegel et al. (2015). 

 

Humeral head angle of inclination (HHI) 

The humeral head angle of inclination is a known morphological measurement that has 

previously been well associated with various shoulder pathologies, i.e. rotator cuff tears and 

impingement syndrome (Takase et al., 2004; Iyem et al., 2017). Studies that did look at 

dimensions of the humerus such as the neck angle, posterior and medial offset in clinical 

settings, included different population groups and dried cadaveric humeri and excluded 

comparative parameters used in this study such as common shoulder pathologies. In other 

studies, computed tomography (CT) methods were used to measure individuals and often sex 

was unreported (Boileau and Walch, 1997; Hertel et al., 2002; Roche et al., 2005; DeLude et 

al., 2007; Matsumura et al., 2015). Minimal X-ray studies were found that were comparable 

with the methodology employed in this study. Most studies focussed on anthropometric analysis 

with arthroplasty in mind (Hertel et al., 2002; Matsumura et al., 2015; Matsuki et al., 2017). 

Looking at group comparisons in this study, the three test groups; cadaver, X-ray and 

MRI (Tables 4.6, 4.16 and 4.22) only the white females could be compared since the black 

females were not represented in the cadaver and MRI sample. The white female angle of 

inclination was 142.14±4.54 compared to the black females’ HHI of 138.14±10.35 in the X-ray 

sample (Table 4.16). This shows a significant difference between the two population groups; 

p=0.0153 (Table 4.16). This is an odd finding for the white female group especially since the 

X-ray sample humeral head angle of inclination was so much larger than the average range of 

the cadaver (131.85±3.23) and the MRI (Table 4.6, 4.16 and 4.22). All three the groups 

(cadaver, X-ray and MRI) were pathological samples and yet displayed varying means 

compared to the average range as well as to each other. Perhaps it could be attributed to the 

method of measurements for each sample as measuring the diameter on an X-ray is dependent 

on the angle of GHJ while the X-ray was taken, and the MRI could also be misaligned during 

the imaging procedure. Comparing the researcher’s results with what the suggested averages 

are, both female pathology X-ray groups in this study showed a larger and smaller humeral 
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angle of inclination compared to the average range (139.5±4.4) (Takase et al., 2004). When the 

researcher compared this study’s results to an Indian study, which suggests that the average 

humeral head angle of inclination of females was 136.2±3.53 on anteroposterior X-rays (Iyem 

et al., 2017) a large difference was noted between their results and the researcher’s results which 

may be indicative of possible population differences.  

 

Acromial index (AI) 

The acromial index is a well-known morphological measurement that has previously 

been well associated with various shoulder pathologies, i.e. rotator cuff tears and tendinopathy 

within the shoulder joint (Nyffeler et al., 2006; Sukthankar et al., 2009). The acromial index is 

a measurement ratio where the distance from the glenoid plane to the lateral border of the 

acromion (GA) is divided by the distance from the glenoid plane to the lateral aspect of the 

humeral head (GH) (Nyffeler et al., 2006). It has been used to differentiate between males and 

females (Nyffeler et al., 2006) as well as between population groups (Kum et al., 2016).  

Previous studies have shown AI’s of between 0.60 and 0.73 in shoulders displaying 

various degrees and, types of shoulder pathology (Miyazaki et al., 2010; Ames et al., 2012; 

Kim et al., 2012; Kircher et al., 2012; Kum et al., 2016) and an acromial index of 0.640.06 

and 0.6677 have been reported for individuals with undamaged RC units (Nyffeler et al., 2006; 

Miyazaki et al., 2010). The first noticeable difference between this study and the literature with 

regard to the AI taken in the X-ray group, is that all groups (BM, BF, WM and WF) showed 

significantly larger AI’s than the range given above. The black males and females displayed the 

largest AI’s (0.80±0.11 mm and 0.78-0.87±0.08-0.10 mm, respectively) compared to the white 

males and females (0.73±0.11 mm and 0.76±0.11 mm). In both instances, the females showed 

a significantly larger AI than the males (Table 4.15). These large differences could be attributed 

to either population specify or the measurement methodology. The black and white South 

African population groups present with differing body size and may be a reason for acromial 

index differences (Robinette et al., 1979; Miyazaki et al., 2010; Naidoo et al., 2018). In order 

to measure GA and GH for the AI, the X-ray needs to be a true AP orientation; it may be 

possible that some of the X-rays used in this study may have been slightly misaligned which 

may lead to measurement errors.  

The reason that the authors have taken this into account is based largely on the results 

obtained in the MRI portion of this study. In the MRI group (which has a true AP orientation), 

the white male group showed an AI of 0.62±0.07 mm and the white females an AI of 0.67±0.09 
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mm; the AI in the female group was significantly larger than the males (p=0.0094) (Table 4.21). 

Similar ratios were found in male and female individuals (0.62±0.09 mm) with fray/torn glenoid 

labrum and in male and female individuals with an intact glenoid labrum in common diagnosed 

shoulder pathology (0.69±10.06 mm) (p=0.0169) (Table 4.24). These results all fall within the 

ranges found in previous studies (Miyazaki et al., 2011; Ames et al., 2012; Kim et al., 2012; 

Kircher et al., 2012; Kum et al., 2016). An average AI ratio in shoulders with pathology was 

0.73±0.06 and 0.72±0.07 in RC tears and 0.60±0.08 in those with osteoarthritic degeneration 

(Nyffeler et al., 2006; Miyazaki et al., 2011). Shoulders without pathologies’ AI was 0.64±0.06 

(Nyffeler et al., 2006). 

The question arises, does the presence of pathology change the strain and stress on the 

shoulder to a degree that there is morphological adaptation occurring in the skeleton resulting 

is slightly altered measurements leading to differing AI’s, or is it the different morphological 

features that, over time, lead to increased stress and strain on the shoulder, leading to pathology 

development. 

 

Lateral acromial angle (LAA) 

The LAA is a well-known morphometric measurement and differences in the LAA is 

often associated with common diagnosed shoulder pathologies (Banas et al., 1995). A LAA of 

less than 75 degrees has been previously associated with diagnosed shoulder pathologies, due 

to the smaller space present to house the soft tissue components of the shoulder joint (Hanciau 

et al., 2012). This being said, studies have however found LAA’s of ±76.8-87 degrees in 

individuals (male and female) with different diagnosed stages of impingement syndrome 

pathology (Kanatli et al., 2013; Yu et al., 2013) as well as between 77±8 and 83±6 degrees in 

other commonly diagnosed shoulder pathologies (Balke et al., 2013); showing an angle of 

greater than 75 degrees. In another study looking at a Korean population, the LAA was 72.6±6.5 

degrees in individuals with diagnosed shoulder pathologies (Lee et al., 2008); which falls within 

the range of less than 75 degrees.  

In this study, the LAA for the black males in the X-ray group was 73.54±13.94 and the 

black females, 70.54±10.09. The white males in the X-ray and MRI group showed a LAA of 

81.50±11.74 and 83.6±6.46 and the white females, 71.74±12.05 and 78.17-83.14±4.76-12.05 

in the X-ray and MRI sample, respectively. What is clear from the results is that the black 

population both had LAA’s of less than 75 degrees which corresponds with what Banas et al. 

(1995) suggested for shoulders with pathology conditions. 
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However, the white population group in both X-ray and MRI samples had most LAA’s 

over 75 degrees (except the white female X-ray group). All of these individuals had a diagnosed 

shoulder pathology and therefore these results align more with what was found by Balke et al. 

(2013), Kanatli et al. (2013) and Yu et al. (2013).  

This could be another indicator of population specificity and is a worthwhile trait to 

further explore, especially obtaining a control sample to see what the general normal LAA 

would be in a South African sample. Lateral acromial angle differences between population 

groups and, between males and females could be influenced by the thickness of the acromion 

process in its anterior third (Hanciau et al., 2012; Miyazaki et al., 2010). The thick acromion 

process entraps the soft tissue components, i.e. the capsule and Supraspinatus tendon 

predisposing the components to pathological changes (Nyffeler et al., 2006). This could also 

tie in with the acromial type classification; perhaps the different morphology of the acromion 

in AT I, AT II and AT III could lead to changes in the LAA since the measurement is dependent 

on the slope of the acromion process. 

 

Glenoid fossa length (GFL) 

The glenoid fossa length is a morphometric measurement that is measured in 

conjunction with other glenoid cavity measurements such as the glenoid height, glenoid width 

and glenoid depth (Hassanein, 2015). The actual shape of the glenoid cavity is highly variable 

and few studies have investigated the actual classification of the various shapes and sizes (De 

Wilde et al., 2004). The dimensions of the glenoid cavity have been used in previous studies to 

classify sex (Di Vella et al., 1994; Prescher and Klümpen, 1995; Frutos, 2002; Macaluso, 2010) 

and estimate stature (Campobasso et al., 1998). The GFL in the X-ray group showed significant 

differences (p<0.05) between the black males (37.09±4.5 mm) and white males (41.52±4.55 

mm) and between the black females (33.40±3.30 mm) and white females (35.93±3.87 mm); 

these measurements were also significantly different between males and females in each 

population group. In the MRI group, there was also a significant difference between the white 

males (35.30±4.85 mm) and females (30.96±4.69 mm). Strangely, the white males between the 

X-ray and MRI group show a ±6.0 mm difference in the GFL and the white females between 

the 2 groups show a ±5.0 mm difference; in both cases the GFL is smaller in the MRI group. 

This could be attributed to the different imaging modalities and clearly could have a role in the 

correct and accurate measurement of the GFL. In X-rays the GFL is measured from a sagittal 
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view point whereas in the MRI’s, the GFL is measured from a coronal view point; this could 

account for the large discrepancy between the two groups. 

Coskun et al. (2006) suggests that the GFL in shoulders with pathologies measured 36.3 

± 3 mm, which differed from both the black and white male groups in this study sample. While 

the females in this study sample (black - 33.40±3.30 mm and white - 35.93±3.87 mm) fell below 

the suggested 36.3 ± 3 mm, by Coskun et al. (2006) for females with shoulder pathology. These 

varying measurements could be another indicator of population specificity and is a worthwhile 

trait to further explore, especially to research the GFL of a healthy shoulder in a South African 

population group, with the interest to obtain thus values of shoulders without pathologies. GFL 

differences between population groups and males and females could also be influenced by the 

different body types between males and females as mentioned in Goud et al. (2008). This could 

also be linked to changes in AI ratio and LAA angle since these morphometric measurements 

depend on the angle of the glenoid cavity. These changes in morphometric measurements could 

also tie in with glenoid cavity bone loss, osteoarthritic degeneration, shoulder instability and 

shoulder dislocations (Moineau et al., 2012; Lee et al., 2014; Skupiński et al., 2017). 

 

Acromioclavicular joint distance (ACJ) 

The soft tissue components, which surround the ACJ, such as the acromioclavicular 

ligaments, provide protection and some laxity to the ACJ and forms an integral part of the 

biomechanical support of the GHJ (Väätäinen et al., 1991). The ACJ is stabilised anterior-to-

posterior by the acromioclavicular ligaments, and superior stability is provided by the 

coracoclavicular ligaments (Li et al., 2014). Osteoarthritic degeneration in the ACJ is often 

accidentally noticed on an X-ray image taken of a symptomatic shoulder/GHJ, and this 

degeneration has previously been said not to be linked to the aging process (Zanca, 1971). 

However, contradictory studies have said that the presence of ACJ osteoarthritic degeneration 

is indeed age-related degeneration of the ACJ and can be associated with the normal ageing 

process (Worcester and Green, 1968; Stein, 2001).  

The ACJ space is either measured on a true anteroposterior (AP) X-ray image or on an 

MRI scan (Lehtinen, 1999; Stein, 2001). In the presence of suspected ACJ pathology, Zanca 

(1971) suggests that an X-ray focussing on the ACJ, should also be taken simultaneously with 

the true AP shoulder X-ray. With the ACJ space being a well-known measurement, it has been 

suggested that a distance between 1 mm and 3 mm between the clavicle and acromion can be 

considered normal (Oppenheimer, 1943; Zanca, 1971), however some authors have suggested 
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that to be considered normal and not a pathology, a leeway of not wider than 6mm in females 

and 7 mm in male shoulders can be considered (Petersson and Redlund-Johnell, 1983).  

All individuals in this study’s X-ray and MRI sample had some form of diagnosed 

shoulder pathology, with known ACJ pathology, i.e. joint degeneration. In the X-ray sample, it 

was interesting to note that there was a significant difference between the left and right sides in 

the black male (L = 9.94±8.86 mm; R = 5.13±2.92 mm) and white female (L = 7.68±3.92 mm; 

R = 3.08±1.93 mm) groups, with the left side being significantly larger in both; no side 

difference was noted in the black females and white males. The white females in the MRI 

sample once again showed a side difference with the left side (5.86±1.99 mm) being 

significantly larger than the right (4.42±1.31 mm); white males again showed no side difference 

in ACJ measurement. 

All the ACJ measurements taken from the sample exceeded the 1 mm to-3 mm range as 

suggested by (Oppenheimer, 1943; Zanca, 1971) and clearly fell in line with what Lehtinen et 

al. (1999) suggest with regard to the presence of a wider ACJ space in diagnosed shoulder 

pathology. However, Petersson and Redlund-Johnell (1983) also suggest that in general, 

shoulders without pathologies should have an ACJ space smaller than 7 mm in males and 6 mm 

in females, only some of the measurements in this study do exceed this range as well, especially 

the left sides of the black males and white females. Comparing to an average ACJ space of 

6.9±5.1 mm in males and 4.5±3.0 mm in females which Lehtinen et al. (1991) suggest, it 

measures smaller than this study’s black male population but compares well with the white 

female population’s right shoulders. Authors such as Yu et al. (2000) concur with Petersson 

and Redlund-Johnell (1983) in that an ACJ space of 6 mm is considered the cut off for a joint 

without pathology in anteroposterior X-rays, with measurement above 6 mm coinciding with 

pathologies such as osteoarthritic degeneration and calcifications. With an ultrasound method 

used to measure the ACJ space with osteoarthritic degeneration, Alasaarela et al. (1997) suggest 

that the average joint space be 4.1 mm. With this in mind, Lehtinen et al. (1999) used X-rays 

to measure the ACJ space with osteoarthritic degeneration and found their results to be only 0.8 

mm less than what Alasaarela et al. (1997) suggested. This shows that regardless of which 

preferred method is used to measure the ACJ space, the results compared well with each other 

in the presence of osteoarthritic changes (Lehtinen et al., 1999). Although the ACJ is 

comparable between different studies and different population groups, it appears that 

differences between different degrees/types of pathology is rather seen than between non-

pathology and pathology. 
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X-rays are the preferred method to classify ACJ pathologies (Rockwood and Green, 

1984) and to examine the ACJ (Zanca, 1971; Li et al., 2014; Gastaud et al., 2015). This method 

of research is not supported by Ernberg and Potter (2003) and Väätäinen et al. (1991) who 

disagree and suggest that with X-rays the structures often overlap each other, soft tissues cannot 

be outlined and joints are often tilted at the incorrect angle. With that being said, their preferred 

method as well as other studies are computed tomography, ultrasound, MRIs and comparing 

various treatment modalities (Alasaarela et al., 1997; Buttaci et al., 2004; Gordon and Chew, 

2004; Sanders and Miller, 2005) to assess the ACJ for pathology because of the advantage to 

directly see any ligamentous disruptions (Alyas et al., 2008; Li et al., 2014).  

 

Glenohumeral distance (GH) 

 The glenohumeral distance is a well-studied morphometric measurement and is always 

used in conjunction with the GA to define the AI, which is a morphometric ratio that is obtained 

when the GA is divided by the GH (Nyffeler et al., 2006). The GH is linked to the AI and 

existing studies usually only focus on the AI ratio and not the GH in isolation (Mohamed and 

Abo-Sheisha, 2014; Engelhardt et al., 2017). Vast amounts of X-ray and MRI studies looking 

at the AI were noted in the literature and only a few met the criteria to form a comparison with 

this study. Although the AI is comparable between different studies and different population 

groups, the GH has not been compared in isolation from the AI. The GH forms part of the 

differences that appear to be between different degrees/types of pathology rather than between 

no-pathology and pathology. An average AI ratio in shoulders with pathologies were 0.73±0.06 

and 0.72±0.07 in RC tears and 0.60±0.08 in those with osteoarthritic degeneration (Nyffeler et 

al., 2006; Miyazaki et al., 2011). Shoulders without pathologies’ AI was 0.64±0.06 (Nyffeler 

et al., 2006). 

 Interesting results were noted by the researcher with regard to the GH taken in the X-

ray group, versus the GH taken in the MRI group. Only significant differences between males 

and females were noted in the MRI group; no significant differences were noted in the X-ray 

group between both sexes and between population groups. This once again brings about the 

question as to the measurement methodology employed in the X-rays versus the MRI’s. It may 

be that the two different imaging modalities would have to have two defined sets of 

measurements to accurately measure the GH distance. It is strange that there is this difference 

seen in the MRI group nut not in the X-ray group. The GH of the MRI group was measured as 

suggested by Nyffeler et al. (2006) and Hanciau et al. (2012). The white male group showed no 
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difference between the left and right sides, while the white females showed significantly larger 

right-side GH measurements (47.09±3.04 mm) compared to the left side (44.21±3.77 mm) 

(Table 4.19). The white males in general showed a significantly larger GH distance (53.20±3.35 

mm) than both sides of the white female group (Table 4.21). In the X-ray group, the males 

(black and white) had GH measurements between 51.95-53.49 mm and the females (black and 

white) between 49.26-50.38 mm. It is clear from the results that the males between the two 

imaging modalities are similar whereas the MRI female sample showed much smaller GH 

distances that than the females in the X-ray group. This is difficult to explain and could possibly 

be linked to the measuring technique more than anything else.  

 It is clear based on the literature, and the results presented in this study’s X-ray 

component that the actual extrinsic role of the glenohumeral distance in the development of 

shoulder pathology is not clearly understood. It is possible that the incidence of different GH 

ratios could be ascribed to the differences in sport preferences, occupation, age and prevalence 

to disease within population groups as suggested by previous literature studies with other 

population demographics (Kumar et al., 2013; Engelhardt et al., 2016; Kum et al., 2016) and 

not necessarily a standalone contributor to shoulder pathology development.  
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5.3. Limitations of study 

 

Several limitations were encounter in this study. The first being the limited sample size 

for X-ray and MRI imaging components. Having a small sample size reduces the accuracy of 

comparative testing and therefore results obtained from such samples should be interpreted with 

caution and serve as more of a guide as to the identification of possible trends and associations. 

Another limitation was the lack of actual diagnoses for the X-ray group; the only information 

provided was that the patients had some or other shoulder pathology but these were not 

specified and we did not have access to the patient files for a retrospective investigation.  

Limitations with regard to the measurement methodology were also encountered during 

this study. At times it was found difficult to measure some of the variables on the X-rays due 

to malalignment as well as the MRI’s due to a poorly positioned patient and blurring of the MRI 

itself led to difficulties in defining measurement landmarks. This may account for some of the 

differences noted between the same measurements taken in the X-ray and MRI samples; some 

showed significant differences between measurements of the same variable. 
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Chapter 6: Conclusion and Recommendations 

 

This morphometric study illustrated that variations in certain skeletal-and soft tissue 

components could possibly be associated with common shoulder pathologies and anticipated 

that some of the morphometric components would show a statistically significant trend across 

all three samples; i.e. cadaver-, X-ray images and MRI images.  

 

Acromial type 

The association of the acromial type (AT) and shoulder pathology was found to be 

contradicting in this study when compared to various other published works. In the cadaver 

component of this study it was clear that AT I was linked to non-pathological shoulders, while 

AT II was more likely found in pathological shoulders. This, together with the glenoid fossa 

depth and humeral head diameter, provided an interesting insight into the association of these 

morphological traits and shoulder pathology. Based on the results for this component, it appears 

as though the AT may not alone lead to the development of shoulder pathology, but rather the 

combined morphological deviations from the norm in respect of the glenoid fossa depth and 

humeral head diameter, may be the link that can be associated with the development of shoulder 

dysfunction and pathology. A shallower glenoid fossa depth and smaller humeral head appear 

to be linked to the incidence of shoulder pathology, together with an AT II.  

In the imaging component (X-ray and MRI) it was clear that AT I displayed a higher 

incidence in most groups compared to AT II or AT III; except in black males who had a higher 

incidence of AT II. This was found contradictory to the cadaver component and what has been 

published in the literature. Since all individuals in the X-ray and MRI sample presented with 

shoulders with pathologies, it would have been expected to note higher incidences of AT II and 

AT III, and this was not the case. This brings to question does the AT really have such an 

extrinsic role on the development of shoulder pathology, especially the development of rotator 

cuff (RC) pathology as previously thought – or is it dependant on the accompanying 

morphology of the glenoid and the humeral head.   

 

Morphometric variables 

The maximum humeral head diameter (HHMax_dia) was the only variable to show a 

significant difference between males and females in all three (cadaver, X-ray and MRI) sample 

components. This interesting trend was followed throughout the three study samples and the 
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humeral head diameter difference corresponded marginally in all three study samples in 

individuals diagnosed with shoulder pathologies. The association of the maximum humeral 

head diameter, glenoid fossa length, lateral acromion angle and the acromion index and 

shoulder pathology was found to be contradicting in this study when compared to various other 

published works. In the cadaver and MRI component of this study it was clear that a smaller 

humeral head diameter was linked to shoulders with pathology, while a larger humeral head 

diameter in the X-ray sample was also linked to shoulders with pathologies. 

This, together with the glenoid fossa length, provided an interesting insight into the 

association of these morphological traits and shoulder pathology. Based on the results for these 

components, it appears as though these variables are the lead in the development of shoulder 

pathology, especially the combined morphological deviations from the norm in respect of the 

glenoid fossa length and humeral head diameter, may be the link that can be associated with the 

development of shoulder debilitation and pathology. A smaller glenoid fossa length could also 

be linked to changes in acromion index ratio and lateral acromion angle since these 

morphometric measurements depend on the angle of the glenoid cavity. Interesting results were 

noted in the study with regard to the GH taken in the X-ray group, versus the GH taken in the 

MRI group. Only significant differences between males and females were noted in the MRI 

group; no significant differences were noted in the X-ray group between both sexes and between 

population groups. This once again brings about the question as to the measurement 

methodology employed in the X-rays versus the MRI’s. 

In the imaging component (X-ray and MRI) it was clear that the acromion index was 

significantly larger in South African black population groups compared to South African white 

population groups. Since all individuals in the X-ray and MRI sample presented with shoulders 

with pathologies, it would have been expected to see some morphometric deviations. This 

brings to question the extrinsic impact and role these skeletal components have and play in the 

development of shoulder pathology, especially the development of rotator cuff (RC) pathology 

as previously thought – or is it dependant on the concomitant morphology of the glenoid and 

the humeral head. 

In South African population groups where there is a clinically difficult diagnosis, the X-

ray and MRI measurements could be helpful to clinicians in diagnosis and treatment planning. 

 

Future recommendations: 
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- Investigate the role - function and position of the acromial type (AT) in a larger 

sample of shoulders with pathologies and shoulders without pathologies across sexes 

and population groups. 

- Investigate the role - function and position of the glenohumeral distance (GH) in 

isolation from the acromial index in a larger sample of shoulders with pathologies 

and shoulders without pathologies across sexes and population groups. 

- Investigate the role - function and position of the glenoid labrum (GL) in a larger 

sample of shoulders with pathologies and shoulders without pathologies across sexes 

and population groups. 

- Investigate the role - function and position of the lateral acromion angle (LAA) in a 

larger sample of shoulders with pathologies and shoulders without pathologies across 

sexes and population groups. 

- Investigate the role - function and position of the glenoid fossa length (GFL) in a 

larger sample of shoulders with pathologies and shoulders without pathologies across 

sexes and population groups. 
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Appendix C 
X-ray measurements with intra-and inter observer 

 

Number sex race Age side AT NK MCK MCK AI NK MCK MCK GA NK MCK MCK GH NK MCK MCK ACJ NK MCK MCK LAA NK MCK MCK AHD NK MCK MCK GFL NK MCK MCK
HHMax 

Diam
NK MCK MCK HHI NK MCK MCK

1 male black 26 r III 0,7 38,3 50,6 3,6 95,7 12,3 32,6 47,3 135,6

2 male black 27 r II 0,92 45,5 49,6 4,9 55,8 14,1 48 45,6 137,8

3 male black 28 r II 0,69 32,7 47 2,4 74,6 10,9 33,4 41,3 133,3

4 male black 28 l II 0,84 39,4 46,7 9,4 64,8 12,1 36,6 52,6 142,5

5 male black 29 r I 0,72 40,5 56,2 3,2 72,3 9,8 39,4 51,6 144

6 male black 30 l I 0,81 38,1 46,7 7,8 93,4 12,4 31,8 45,1 141,2

7 male black 30 r II 0,72 40,4 56 3,1 72,1 8,7 34,9 38,6 142,4

8 male black 31 r I 0,86 38,5 44,4 7,4 77,3 18,4 37,1 45 144,9

9 male black 33 r I 0,84 39,4 46,7 5,9 78,9 11,5 39,2 50,5 143,9

10 male black 33 l II 0,93 39,7 42,4 4,8 69 12,3 30,4 48,8 130,7

11 male black 34 l I 0,59 30,2 51 24,5 90 10,9 35 51 138,2

12 male black 34 r I 0,63 36 57 9,6 91,1 8,6 32,8 46,9 141,2

13 male black 34 r I 0,79 44,2 55,9 2,3 80,5 4 33,1 49,3 130

14 male black 36 r I 0,81 42,5 52,4 3,3 77,1 11,8 38,5 52,9 136

15 male black 36 r I 0,8 41,6 52 5,2 76 10,6 33,5 46,4 143,5

16 male black 37 r II 0,74 42,7 57,6 7,1 74,5 11,4 35,1 54 137,9

17 male black 37 l II 0,74 41,4 55,4 33 76,3 12,7 33,2 49,3 141

18 male black 37 r II 0,83 46,9 55,9 3 79,3 13,7 42 42 141

19 male black 38 r II II II II 0,63 0,6 0,63 0,63 37,1 35,5 35,6 37,1 56,5 56,2 56,5 56,5 1,8 1,6 1,8 1,8 82,6 82,5 81,9 82,6 5,9 3,5 5,9 5,9 39,1 39,3 39,1 39,1 55,3 55,5 55,3 55,3 127,3 127,5 127,3 127,3

20 male black 38 r I 0,67 41 60,5 6,3 71,1 15 35,8 45,7 133,1

21 male black 38 l II II II II 0,79 0,8 0,79 0,79 45,4 46,3 45,4 45,4 57,5 57,7 57,5 57,5 2,2 2,5 2,2 2,2 68,3 49,2 68,3 68,3 10,9 11 10,9 10,9 38,2 38,3 38,2 38,2 50,2 51,6 50,2 50,2 132,1 131,7 132,1 132,1

22 male black 39 r II 0,96 53,9 55,9 9,2 90,2 14,5 31,3 48 134

23 male black 39 l I 0,92 44,7 48,2 11 63,3 11 45,6 134,5

24 male black 39 r I 0,8 44,8 56 11,8 72,4 9,2 32,1 46,4 139,3

25 male black 42 l I 0,88 42 47,6 9 78,7 5,6 36,4 42 146,5

26 male black 43 r II II II II 0,75 0,73 0,75 0,75 43,4 43,3 43,4 43,4 57,6 58,8 57,6 57,6 6,5 6,8 6,5 6,5 80,9 81,6 80,9 80,9 13,5 13,5 13,5 13,5 43,5 43,9 43,5 43,5 57,1 57 57 57,1 132,8 132,9 132,8 132,8

27 male black 44 l II II II II 0,72 0,7 0,72 0,72 42,2 42,8 42,2 42,2 58 58,1 58 58 6,9 7 6,9 6,9 76,5 76 76,5 76,5 7,7 7,8 7,7 7,7 43 43,7 43 43 53 53,4 53 53 144 144,3 144 144

28 male black 44 l II 0,75 39,7 52,6 11,6 77,9 9 32,9 51,6 150

29 male black 44 r II 0,93 39,7 42,4 72,8 14,1 43 54 141

30 male black 44 r II 0,7 31,9 45,5 3 62,8 9,6 30,1 46,2 145,6

31 male black 45 r II 0,8 44,7 55,8 6,6 65,3 15,9 41,8 51,4 139,5

32 male black 51 l III 0,63 36,1 57,2 4,7 96,8 16,8 37,9 54,2 136,6

33 male black 54 r I 0,94 42,1 44,7 3,7 69,7 19,8 35,9 47,4 144,8

34 male black 54 r II 1,17 46,5 39,5 7 74,3 9,6 30,9 53,5 136

35 male black 55 l I 0,7 40,7 57,4 11 75,4 10,7 42 53,2 137

36 male black 55 l I 0,73 41,2 56,4 0 15,6 3,4 36,9 52,5 148,7

37 male black 55 r II 0,68 41 59,9 11,3 82,3 13,2 42,9 52,3 142,6

38 male black 57 l I II II I 0,85 0.9 0,85 0,85 46,1 46,5 46,1 46,1 54,1 54 54,1 54,1 3,3 3,4 3,3 3,3 67,6 67,7 67,6 67,6 10 10,2 10 10 44 44,1 44 44 47,3 47,3 47,3 47,3 136,4 136,7 136,4 136,4

39 male black 62 r II 0,88 42 47,2 0,9 41,6 1,9 39 47,3 152

40 male black 63 r I 0,92 45,8 49,7 3,1 68 9,4 34,3 54,2 137

41 male black 64 r II 0,91 36,7 39,9 4,2 67,4 12,2 39,5 53,7 133,7

42 male black 65 r I I I I 0,82 0.8 0,82 0,82 47,8 47,9 47,8 47,8 58,1 58 58,1 58,1 2,1 2,3 2,1 2,1 68,3 68,9 68,3 68,3 10,3 10,5 10,3 10,3 43,6 43,8 43,6 43,6 55,4 55,5 55,4 55,4 138,1 138,2 138,1 138,1

43 female black 29 r II 0,91 37 41,4 8,7 81,9 11,2 34,1 42,8 130

44 female black 31 r II 0,84 40,5 47,9 6 78,3 11,9 28,5 39,2 146,7

45 female black 33 r I 1,05 42,2 40,2 4,7 58,9 9,4 34 38 141

46 female black 34 r II 0,83 39,6 47,3 5,7 69 12,8 39,1 45 134,2

47 female black 36 l III III III III 0,87 0,9 0,87 0,87 39,5 39 39,5 39,5 45,2 45,3 45,2 45,2 9,8 9,8 9,8 9,8 53,9 54,1 53,9 53,9 11,1 11,3 11,1 11,1 38,6 38,8 38,6 38,6 42,8 42,6 42,8 42,8 133 133,8 133 133
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Number sex race Age side AT NK MCK MCK AI NK MCK MCK GA NK MCK MCK GH NK MCK MCK ACJ NK MCK MCK LAA NK MCK MCK AHD NK MCK MCK GFL NK MCK MCK
HHMax 

Diam
NK MCK MCK HHI NK MCK MCK

48 female black 39 r III 0,85 40,1 46,7 6,6 79,6 13,6 32,4 42,8 137,4

49 female black 42 l I I I I 0,65 0.6 0,65 0,65 31 30 31 31 47,6 47,8 47,6 47,6 8 8 8 8 82,3 82,4 82,3 82,3 18,2 18,3 18,2 18,2 33,5 35,8 33,5 33,5 43 42 43 43 137 137,7 137 137

50 female black 43 l I 0,8 41,9 52,1 6,2 81,4 11,9 29,3 41,5 144,5

51 female black 47 r II 0,85 40,1 46,7 5,5 76,1 10,6 37,5 43,3 138,2

52 female black 48 l II 0,97 53,3 54,7 4,6 71,5 9,9 30,7 40,6 176

53 female black 52 l I 0,68 41 60,2 3 85,1 13,4 33,7 53 137,4

54 female black 52 l I 0,63 36,4 57 1,9 48,6 2,3 32,6 47 120

55 female black 55 l I 0,79 44,7 55,9 7,1 69,8 10,4 28,9 44,7 138

56 female black 55 l II 0,73 41 56 3,4 79,8 9,2 32,8 43,2 144

57 female black 57 r I 0,94 40,1 42,5 5,4 60 10,9 35,4 45,5 143,8

58 female black 57 l I 0,91 36,7 39,9 0,8 79,6 9,6 31,9 42,2 133

59 female black 60 l II II II II 0,81 0.8 0,81 0,81 35,2 35 35,2 35,2 43 42,9 43 43 1,42 1,4 1,42 1,42 64,5 64,2 64,5 64,5 9,5 9,7 9,5 9,5 33,3 33,6 33,3 33,3 39 39,2 39 39 139,2 139,2 139,2 139,2

60 female black 62 r I 0,79 44,7 55,9 4,7 61 8,3 38,4 51,7 133,5

61 female black 63 r I 0,82 41,6 50,7 5,2 63,4 12,5 37,7 48,5 137

62 female black 63 l I 0,78 38,6 49,1 8,8 71 14,7 28,6 46 130,2

63 female black 63 l II 0,79 44,7 55,9 3,3 68,1 3,3 33,3 42,9 135

64 female black 63 r I 0,81 38,9 47,8 2,9 68,1 7,4 30,5 46,1 130

65 male white 26 l I 0,68 41,4 60,4 2,9 88,7 9,2 35,6 53,1 143,5

66 male white 26 r I 0,69 32,7 47,1 4,3 97,9 13,3 40,7 47,2 140

67 male white 32 l II II II II 0,64 0,7 0,64 0,64 38,9 39,1 38,9 38,9 60 59,2 60 60 3,5 3,7 3,5 3,5 82,1 82 82,1 82,1 11,1 11,1 11,1 11,1 43,4 43 43,4 43,4 58 60,2 58 58 138,3 138,9 138,3 138,9

68 male white 33 r I 0,63 34,9 55 9,5 76,5 9,7 44,4 51,5 139

69 male white 34 l I 0,68 38,2 56,1 2,5 82 10,3 39,6 51,1 149,5

70 male white 35 r I 0,53 29,8 55,5 7,1 89,5 12,8 38,9 42 144,1

71 male white 35 r I 0,72 40,7 56 14,3 93,2 10,1 44,2 50,9 144,9

72 male white 35 r I 0,87 46,1 52,9 3,6 80,9 5,1 42,5 56 142

73 male white 38 r II 0,71 33 46 6 86,8 13,5 49,3 55 146,4

74 male white 41 r I 0,81 38,1 46,7 6,8 87,7 11,6 39,1 49 145,3

75 male white 44 r II 0,86 42 48,6 6,2 55,9 11,9 41,9 52,4 139,8

76 male white 45 r II II II II 0,64 0,63 0,64 0,64 40,2 40 40,2 40,2 62,3 62,7 62,3 62,3 2,2 2,1 2,2 2,2 81,9 82 81,9 81,9 14,3 14,3 14,3 14,3 45,4 45,5 45,4 45,4 62,7 63,9 62,7 62,7 141,5 141,3 141,5 141,5

77 male white 45 r II 0,66 37 56 6,2 98,7 11,4 39,5 53 134,2

78 male white 52 l II II II II 0,73 0.7 0,73 0,73 46,4 46,6 46,4 46,4 63,4 63,5 63,4 63,4 2,6 2,8 2,6 2,6 78,3 78,3 78,3 78,3 10,2 10,5 10,2 10,2 47 47,9 47 47 62 62,1 62 62 133 133,6 133 133

79 male white 57 l II 0,72 34,8 48,3 6,4 76 12 38,2 51,1 146,7

80 male white 59 r I 0,86 42,1 48,6 4 68,8 13,4 45,6 52 131

81 male white 62 r II 0,96 44,9 46,4 2,6 60,6 5,2 30,5 50 137,7

82 female white 29 r II II II II 0,81 0,8 0,81 0,81 45,1 45,5 45,1 45,1 55,2 55,3 55,2 55,2 1,5 1,9 1,5 1,5 51,7 50,7 51,7 51,7 3,4 3,3 3,4 3,4 39,3 39,6 39,3 39,3 50 51,9 50 50 135,2 135,2 135,2 135,2

83 female white 31 l I 0,61 32,1 52,1 3,2 56,7 15,2 39,4 51 142

84 female white 37 l I 0,9 49,4 54,4 5,7 74,4 15,1 34,3 41,3 141

85 female white 49 l I I I I 0,81 0,9 0,81 0,81 36 38,8 36 36 44,3 44,2 44,3 44,3 15,2 !! 15,2 15,2 54,3 54,6 54,3 54,3 12,9 12,1 12,9 12,9 37 37,1 37 37 43,5 43,2 43,5 43,5 147,8 147,6 147,8 147,8

86 female white 51 l I 0,83 40,1 48,1 9,6 80,5 9,3 35 43 140,5

87 female white 54 l II 0,81 38,1 46,7 9 69,8 10,6 37,7 43 143,2

88 female white 55 l I 0,6 30 50 9,4 90,8 12 31,5 49,3 142

89 female white 55 r I 0,58 32,5 55,9 1 83,6 12,3 39 45,4 145

90 female white 58 r II 0,93 39,7 42,4 3,2 74,3 6,7 33,6 46,6 141,6

91 female white 63 r I 0,73 41,2 56,3 5,8 67,7 13,1 30,5 44,8 146,4

92 female white 63 l I 0,73 41,4 56,3 4,6 83,9 8,7 34,3 41,8 147,1

93 female white 63 l I 0,78 38,7 49,3 4,7 67,7 15,1 43,9 46 131,8

94 female white 65 r I 0,76 33,4 43,9 3,9 77,2 9,4 31,6 44,6 144,2
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Appendix D 
MRI measurements with intra-and inter observer 

 

Number Age
Path 

group
sex Side LAA NK MCK MCK ACJ NK MCK MCK RC GHJ_L_C GL AT NK MCK MCK AI NK MCK MCK GA NK MCK MCK GH NK MCK MCK AHD NK MCK MCK GFL NK MCK MCK

GHJ_ 

space
NK MCK MCK

HHMax

_Diam
NK MCK MCK HHI NK MCK MCK

1 25 2 male l 88 88 88 88 4 5 4 4 Pathology Pathology tear I I I I 0,57 0,57 0,57 0,57 33 33 33 33 58 58 58 58 9 9 9 9 45 45 45 45 4 4 4 4 53 54 53 53 142 142 142 142

2 25 1 male l 82 4 Pathology Pathology intact I 0,7 35 50 10 36 2 43 138

3 25 1 male l 88 4 Pathology Pathology tear I 0,53 30 56 15 36 1 49 143

4 31 2 male l 81 5 Pathology Pathology tear I 0,43 24 56 7 32 5 52 131

5 32 3 male l 84 7 Pathology Pathology tear I 0,61 33 54 8 31 4 53 130

6 33 2 male l 73 73 73 73 5 5 5 5 Pathology Pathology tear II II II II 0,76 0,76 0,76 0,76 39 39 39,1 39 51 51 51 51 7 7 7 7 44 44 44 44 4 4 4 4 48 49 48 48 138 138 138 138

7 35 3 male r 72 8 Pathology Pathology tear I 0,63 35 55 9 27 4 46 135

8 36 2 male l 92 4 Pathology Pathology tear I 0,66 35 53 6 32 3 43 141

9 36 2 male r 87 5 Pathology Pathology tear II 0,6 31 51 7 27 2 42 142

10 37 2 male r 91 6 Pathology Pathology tear I 0,59 32 54 10 37 4 55 137

11 41 1 male r 73 4 Pathology Pathology intact I 0,74 43 58 11 35 2 48 134

12 42 1 male r 93 94 93 93 7 8 7 7 Pathology Pathology tear I I I I 0,60 0,60 0,60 0,60 32 32 32 32 53 53 53 53 9 9 9 9 39 44 39 39 5 5 5 5 50 50 50 50 136 136 136 136

13 45 1 male r 94 6 Pathology Pathology tear II 0,66 33 50 11 34 2 48 134

14 46 2 male r 82 5 Pathology Pathology tear II 0,6 32 53 8 35 4 50 137

15 48 2 male l 84 7 Pathology Pathology tear II 0,60 28 47 11 36 3 45 132

16 51 2 male r 85 85 85 85 4 4 4 4 Pathology Pathology tear II II II II 0,63 0,63 0,63 0,63 30 30 30 30 48 48 48 48 8 8 8 8 41 42 41 41 3 3 3 3 46 44 46 46 137,9 138 137,9 137,9

17 52 4 male r 82 8 Pathology Pathology tear I 0,63 38 60 8 29 6 52 131

18 53 1 male l 78 6 Pathology Pathology tear I 0,58 30 51 8 36 5 48 133

19 57 2 male r 80 4 Pathology Pathology tear II 0,64 34 53 6 37 5 50 131

20 57 1 male r 83 5 Pathology tear tear II 0,56 30 53 8 37 4 49 135

21 29 3 female r 74 6 Pathology Pathology intact II 0,67 34 51 10 32 2 41 143

22 34 2 female l 82 4 Pathology Pathology tear I 0,57 28 49 9 30 1 43 141

23 34 1 female r 80 80 80 80 4 4 4 4 Pathology Pathology intact II II II II 0,67 0,67 0,67 0,67 32 32 32 32 48 48 48 48 9 9 9 9 33 33 33 33 4 4 4 4 44 44 44 44 137 136 137 137

24 37 3 female l 74 3 Pathology Pathology intact II 0,79 34 43 8 31 1 38 131

25 39 3 female r 73 73 73 73 3 4 4 3 Pathology Pathology tear I I I I 0,67 0,69 0,67 0,67 30 30 30 30 43 43 43 43 7 8 7 7 32 31 31 31 4 4 4 4 42 42 42 42 130 130 130 130

26 40 3 female r 87 6 Pathology Pathology intact III 0,78 39 50 8 31 2 42 147

27 40 1 female r 76 3 Pathology Pathology intact I 0,76 33 43 6 29 4 41 133

28 42 3 female l 75 75 75 75 4 4 4 4 Pathology Pathology intact II II II II 0,69 0,69 0,69 0,69 34 34 34 34 49 49 49 49 5 5 5 5 39 39 39 39 3 3 3 3 43 43 43 43 142 142 142 142

29 43 1 female l 82 4 Pathology Pathology intact I 0,59 28 47 8 28 3 44 132

30 43 1 female r 79 4 Pathology Pathology intact I 0,61 30 49 9 26 4 42 134

31 46 3 female l 91 4 Pathology Pathology intact I 0,64 31 48 9 24 4 41 145

32 46 2 female r 86 6 Pathology Pathology tear II 0,7 31 44 8 26 5 39 138

33 47 3 female r 80 80 80 80 5 5 5 5 Pathology Pathology tear I I I I 0,69 0,69 0,69 0,69 30 30 30 30 43 43 43 43 7 7 7 7 37 38 37 37 4 4 4 4 42 42 42 42 131 131 131 131

34 48 3 female l 91 6 Pathology Pathology intact I 0,63 28 44 5 33 4 43 135

35 49 4 female l 82 8 Pathology Pathology tear I 0,68 28 41 8 28 4 42 133

36 51 2 female r 78 5 Pathology Pathology tear I 0,64 31 48 7 33 2 43 140

37 51 4 female r 73 4 Pathology Pathology tear I 0,42 21 50 7 34 2 46 131

38 53 4 female l 82 5 Pathology Pathology intact I 0,72 35 48 9 29 4 44 133

39 53 4 female l 81 5 Pathology Pathology tear I 0,86 37 43 7 22 1 38 132

40 54 4 female l 84 7 Pathology Pathology tear III 0,66 30 45 9 34 3 44 139

41 54 4 female l 82 9 Pathology Pathology fray II 0,64 24 37 10 27 4 41 131

42 55 1 female r 73 73 73 73 5 5 5 5 Pathology Pathology tear I I I I 0,63 0,63 0,63 0,63 31 31 31 31 49,1 49 49,1 49,1 7 7 7 7 40 40 40 40 3 3 3 3 45 45 45 45 137 138 137 137

43 57 1 female l 89 7 Pathology Pathology tear I 0,75 30 40 9 34 5 42 130

44 57 3 female l 86 7 Pathology tear tear II 0,57 23 40 8 29 6 41 138

45 58 2 female l 83 9 Pathology Pathology tear I 0,68 31 45 8 25 3 37 133

46 59 4 female r 79 79 79 79 2 2 2 2 Pathology Pathology tear I I I I 0,69 0,69 0,69 0,69 32 32 32 32 47 46 47 47 7 7 7 7 39 39 39 39 6 6 6 6 43 43 43 43 136 136 136 136


