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ABSTRACT 

 
This study will observe quantitative morphological changes in the human scapula 

regarding advancing age and sex. 21 standardized measurements were taken of 266 scapulae at 

the W.M. Bass Collection in at the University of Tennessee, Knoxville. All measurements were 

expected to vary between males and females, between age groupings: 4 measurements of the 

body were taken in order to determine general size differences in the scapula, 5 border 

measurements in order elucidate possible differences in shape, 8 measurements were recoded to 

identify curvature changes in the scapula, and 2 measurements were taken of the glenoid fossa. 

Many of these measurements were identified previously as having both sexually distinctive 

characteristics and some also identified as showing differences with advancing age. While there 

have been previous studies outlining differences in the scapula regarding both sex and age 

estimation, population is of great importance and supplementing these studies with another 

population is of value to the scientific record. Descriptive statistics and an independent samples 

t-test were utilized. Both statistical tests show significant sex differences between males and 

females in all categories with exception of one curvature measurement (CILC). Between age 

groups, this is much the same with one curvature measurements in the younger age group (CILB) 

and three in the older age group (CILC and CIBC) showing no statistically significant change. 

Overall the results suggest a larger scapula in males then females, with overall decreases in size 

with advancing age and increasing border robusticity.  
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CHAPTER 1 

INTRODUCTION 

 

Statement of Purpose 

 This study investigates quantitative variation of the human scapula between males and 

females with advancing age. In forensic cases, determining sex is often a crucial factor in 

establishing stature and age. This knowledge could therefore inform forensic scientists and be 

particularly helpful in cases where other bones often used to determine sex are either damaged, 

not present, or indeterminate.  

 Because bones develop, grow, and mature at different rates a comprehensive analysis of 

all skeletal material available will provide a more accurate determination of age of an individual. 

Alternatively, forensic investigations often deal with incomplete or damaged remains and an 

accurate determination of age from any bone may allow a more conclusive identification of 

remains. This study seeks to explore and further the protocol presented by Dabbs and Moore-

Jansen (2012) on a contemporary sample of males and females from the W. M. Bass Collection. 

 Sex estimation is anticipated to be attainable from a number of measurements based on 

past studies. Measurements of the glenoid fossa, for example, have shown to be sexually 

deterministic in both ancient and contemporary populations (DiVella et. al, 1994; Özer et. al, 2006; 

Hudson et. al, 2016; Peckman et. al, 2017). Scapular height is expected to show distinction in sex 

determination as well (Tormustu et. al, 2016) as is scapular breadth (DiVella et al, 1994). These 

measurements are also likely to change with advancing age. 

 The scapula has been observed to become thinner with advancing age (Graves, 1922; Bass 

1987; Schwartz, 1995). Qualitative studies prove difficult to consistently replicate and as is the 
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nature of these studies results are likely to vary significantly from researcher to researcher (Cotton, 

2016). It is expected that along with scapular thinning other, more easily quantifiable changes, will 

take place elsewhere in the scapula. As per Dabbs and Moore-Jansen (2012) it is likely that there 

will be an increase in scapular curvature with a corresponding decrease in scapular length. Such 

outcomes, as Dabbs and Moore-Jansen (2012) previously observed, would reflect the curvature 

increase often observed in the vertebral column of older individuals. The glenoid fossa is also 

likely to exhibit age changes. As an articulation point for the head of the humerus, it is anticipated 

that wear will show on the glenoid surface and bone lipping will be present. 

 Chapter 2 is an overview of background information on the scapula; scapular morphology, 

development, muscle attachments, structural morphology, paleo anthropological studies, and past 

studies done on the scapula referencing age and sex estimation. Chapter 3 explains material, 

methods, analytical methods and protocol. This includes an examination of the skeletal collection 

from which data was recorded from as well as results from a preliminary study. Plates of the 

measurements are presented along with definitions, and the tools used. The results of the statistical 

analyses, summary statistics and independent sample t-test are presented in chapter 4. Analyzation 

of the results and discussion of implications of the data are summarized in chapter 5.  
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CHAPTER 2 

BACKGROUND 

 

Introduction 

The scapula, also known as the shoulder blade, is a roughly triangular bone located on 

dorso-laterally on the upper quadrant of the skeleton. This bone attaches to the humerus at the 

glenoid cavity, thereby serving an important attachment of the shoulder girdle to the trunk. Studies 

of the scapula have shown that this bone lends itself well to a number of studies of value including 

evolution, age estimation, and sex determination. Along with a comprehensive overview of 

scapular development and morphology, an extensive analysis of scapular research is demonstrated. 

 

Scapula Morphology and Anatomy 

The scapula is part of the axial skeletal structure known as the shoulder girdle; at times it 

is referred to as the pectoral girdle (Schwartz, 2000; White and Folkens, 2005), or the upper limb 

girdle (Grays, 1973; Scheuer and Black, 2000). The shoulder girdle consists of the scapula and 

clavicle, which encircle the thorax. The scapula is dorsally located overlaying the 2nd to 7th ribs 

(Grays, 1973; Bass, 1987). Laterally, it articulates with the humeral head at the glenoid fossa 

together forming the shoulder joint. The scapula itself is roughly triangular in shape, with three 

borders that meet three angles and has a number of significant processes and landmarks. 

 

Borders 

 The three borders of the scapula are the superior (or cranial) border, the medial (or 

vertebral) border, and the lateral (or axillary) border. The superior border is the shortest and is 



 4 

somewhat irregular. Often observed to be concave it is also frequently the thinnest of the borders 

(Hrdlička, 1942; White, Black, and Folkens, 2012). This border is the most superior, extending 

from the base of the coracoid process to the superior angle. At the origin point of this border, along 

the scapular body, is often a scapular notch or foramen, sometimes known as the suprascapular 

notch (Schwartz, 1995). This notch is discussed further below. 

 The medial (or vertebral) border is the longest border, extending from the superior angle 

to the inferior angle. This border lays closest to the vertebrae and has been observed to be highly 

variable, presenting as straight, convex, or concave with many intermediates (Hrdlička, 1942; 

Bass, 1987).  

 The lateral (or axillary) border is frequently the thickest border and is usually concave 

(White, Black, and Folkens, 2012; White and Folkens, 2005; Grays, 1973). This border is extends 

from the inferior angle superiorly terminating at the head or neck of the scapula at the infra-glenoid 

tubercle.   

 

Angles 

The superior angle (or medial angle) is at the intersection of the superior and medial borders 

(White and Folkens, 2005). This angle may present as pointed or rounded and similar to the border 

it is attached to, is often quite thin.  

The inferior angle is at the intersection of the medial and lateral borders (White and Folkens 

2005). It is the most inferior point of the scapula and this angle tends to be relatively thick and 

rough. 
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The lateral angle is often referred to as the “head” or “neck” of the scapula. It is not an 

angle in the same way the other two are, rather it is a slightly constricted area immediately medial 

from where the glenoid cavity extends to make a concave surface for the humerus to articulate.  

 

Landmarks and Processes 

The largest part of the scapula is the body from which a number of landmarks project. The 

scapular body is divided dorsally by scapular spine into the supraspinous body, located above the 

scapular spine and the infraspinous body, located below the spine. The root of the scapular spine 

is referred to as the spinous axis, a small, often triangular area located a third of the way down the 

medial border. The spine extends out dorsally and laterally from the spinous axis terminating at 

the acromion process. The acromion process is where the scapula articulates with the clavicle. 

Hooking superiorly and anteriorly from the scapular neck is the coracoid process. This is an 

important landmark for muscle attachments and for anchoring the shoulder girdle. At the base of 

the coracoid process, at the lateral origin point for the superior border is the supra scapular notch. 

This notch is also known to be quite variable; sometimes completely absent, as a notch, as a 

foramen, and (irregularly) as two foramina. Further studies have observed the suprascapular notch 

variation in terms of a “J”, a “U”, or a “V” shape (Kour and Gupta, 2016; Singh and Suresh, 2017) 

or alternatively as absent, shallow, medium, deep, or as a foramen (Bass, 1987). This notch serves 

the function of relaying the supra scapular nerve (Schwartz, 1995).   

The scapular neck is a slightly constricted area of bone located directly behind the glenoid 

cavity, from which the lateral border extends inferiorly. The glenoid cavity (or fossa) is a flat, 

somewhat concave plate of bone located where the scapula laterally articulates with the head of 
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the humerus. Below the glenoid fossa, where it intersects with the lateral border at the neck there 

is often a glenoid sub fossa (infra-glenoid tubercle). 

For more information, please refer to appendix A. 

 

Development 

The scapula has two primary centers of ossification which appear in either the embryonic 

or early fetal stages at the scapular body and the coracoid (Bass, 1987; Scheuer and Black, 2000). 

Of the two, the first and “primary” center appears around the surgical neck around the 7th or 8th 

week (Schwartz, 1995; Scheuer and Black, 2000). The second center appears around the same time 

on the ventral aspect of the scapula near what will later become the base of the coracoid, this likely 

allows protection of the suprascapular nerve and suprascapular artery in development (Schwartz, 

1995; Scheuer and Black, 2000). Ossification progresses bidirectionally from the primary center, 

developing into the scapular body. By week 9 ossification reaches where the base of the spine will 

protrude at the spinous axis, and by week 12 it reaches the glenoid mass (Schwartz, 1995; Scheuer 

and Black, 2000).  By week 12-24 the scapula achieves close to adult morphology, changing little 

until birth (Corrigan, 1960; Schwartz, 1995; Scheuer and Black, 2000). At birth, the glenoid cavity, 

coracoid process, acromion, medial border, and lateral border all remain cartilaginous (Grays, 

1974; Schwartz, 1995; Scheuer and Black, 2000). 

 The scapula has seven or more secondary centers of ossification which appear after birth 

(Gray, 1973; Bass, 1987; Scheuer and Black, 2000; White and Folkens, 2005). There is 

considerable variation in the literature as to where these centers appear, and to some degree, in 

what order. McKern and Stewart (1957), outline the epiphyses as: two for the coracoid process, 

“one each for the margin of the glenoid cavity”, one for the acromion, one for the inferior angle 
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and one for the medial border. According to a figure in Bass (1987), it appears that there are two 

ossification centers from the acromion, two for the coracoid, two for the vertebral border and one 

for the inferior angle. According to Scheuer and Black (2000), there are at least three ossification 

centers for the coracoid, one for the inferior aspect of the glenoid, one (or several small islands) 

for the vertebral border, and at least one for the acromion. According to White and Folkens (2005), 

there is one ossification center for the body, two for the coracoid, two for the acromion, and one 

each for the vertebral border and the inferior angle. Regardless of where the ossification centers 

appear and in what order, seven ossification centers overall are generally agreed upon  According 

to Scheuer and Black (2000) it is between the ages of 8 and 10 that the first of the secondary 

ossification center begins to appear at the sub coracoid, located between the base of the coracoid 

process and the superior third of the glenoid cavity. Fusion of this epiphyseal center is completed 

between 14 and 15 years old.  Around the same time the ossification centers for the glenoid cavity 

and the angle of the coracoid process appear (Scheuer and Black, 2000). The glenoid cavity 

initially appears as several small islands of ossification before fusing with one another making up 

the lower two-thirds of the glenoid surface, it finally fuses with the sub coracoid around 17 and 18 

years old (Scheuer and Black, 2000). The ossification center for the angle of the coracoid 

completes fusion around 20 years old (Scheuer and Black, 2000). The acromial epiphyses vary 

significantly in reports as to number of epiphyses and timing of fusion (Scheuer and Black, 2000). 

According to the literature there are between two and four epiphyseal centers that appear between 

14 and 16 (Scheuer and Black, 2000). It is likely that in healthy scapular development there are 

either two or three epiphyseal centers at the acromion. Scheuer and Black (2000) propose that 

There is likely one epiphyseal center located at the spinous process, one (or likely several) 

epiphyses at the head of the acromion with a final epiphyseal center between the two. The last 
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epiphyses to fuse are those at the medial border and the inferior angle. The medial border likely 

appears initially as several small islands. Both the islands of the medial border and the inferior 

angle appear around 15 to 17 years old and complete fusion around 23 years old (Scheuer and 

Black, 2000). Some variation exists between authors as to when complete epiphyseal union of the 

scapula occurs. According to Scheuer and Black (2000) all epiphyses in the scapula are joined 

between the 22nd and 25th year, though other reports suggest earlier complete fusion around 18 

to 23 (Graves, 1922; Grays, 1979; Bass, 2005). Schwartz (1995) suggests the age in which the 

scapula completes its development is around 22 years old, Grays (1973) by 25, and Humphrey 

(1998) suggests it is between 18 and 24. 

 
 

 

 

Figure 1. Appearance and Fusion of the secondary ossification centers of the scapula  
(After Scheuer and Black 2000). 
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Muscle Attachments  

The scapula is almost completely suspended by muscle. Much of the structure of the 

scapula is dependent on habitual upper body motions and muscles most frequently used, 

consequently, scapular shape is variably unique. The more precise shape of the scapula is related 

to the types of stresses that are normally imposed upon it (Roberts, 1974; Anetzberger and Putz, 

1996; Scheuer and Black 2000; Paine and Voight, 2013). According to Scheuer and Black (2000), 

These functions fall into two categories; first, to provide an articular surface for the upper limb 

and second, as a large surface area for muscles which helps to facilitate mobility. As Roberts states 

“the unique properties and morphological structure of the scapula is strongly dependent on muscle 

attachment and forelimb movement” (Roberts, 1974). It is therefore worthwhile to delve into the 

different muscles attached to the scapula, originating from or inserting into the scapula, as well as 

the functions of these muscles and the movements these muscles are responsible for. 

According to Jarmey (2004) there are 19 muscles of the shoulder and arm, 17 of these 

include some manner of attachment to the scapula or shoulder girdle. These muscles are organized 

into three different categories: muscles attaching the upper limb to the trunk, muscles of the 

shoulder joint, and muscles of the arm (Jarmey, 2004). Of the muscles of the shoulder joint, the 

Brachialis and Anconeus don’t directly attach to the scapula or shoulder girdle (rather, they attach 

the humerus and the ulna and radius) and therefore will not be discussed further (Jarmey, 2004). 

There are nine muscles attaching the upper limb to the trunk: Trapezius, Rhomboideus 

Major, Rhomboideus Minor, Latissimus dorsi, Pectoralis Major, Pectoralis Minor, Levitator 

scapulae, Serratus anterior and Subclavius (Jarmey, 2004). The Subclavius and the Pectoralis 

major do not attach directly to the scapula, however, they do attach within the shoulder girdle; the 

Subclavius originates at the ribs inserting into the clavicle and the Pectoralis major originates at 
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the clavicle, manubrium, and the sternal body inserting into the humerus (Jarmey, 2004). These 

muscles are important in stabilizing the shoulder girdle, and in the case of the Pectoralis major 

helps to rotate the shoulder joint and the humerus (Jarmey, 2004). The Trapezius inserts at the 

scapular spine, the medial border of the acromion, and lateral third of the clavicle at upper, middle 

and lower attachments (Jarmey, 2004; Paine and Voight, 2013). This muscle functionally aids in 

both elevating and anchoring the shoulder girdle when weight is carried on the shoulder or the 

hand, it retracts (adducts) the scapula, depresses the scapula, and rotates and elevates the scapula 

(Scheuer and Black, 2000; Jarmey, 2004; Paine and Voight, 2013). The Levator Scapulae inserts 

from the first three or four cervical vertebrae to the medial border at the level of the scapular spine 

(Jarmey, 2004; Paine and Voight, 2013). This muscle elevates the scapula and helps to rotate the 

scapula downwards (Jarmey, 2004; Paine and Voight, 2013). The Rhomboideus major and 

Rhomboideus minor insert at the medial border (Jarmey, 2004). The Rhomboideus major inserts 

at of the infraspinous angle, at the lower two-thirds of the medial border and the Rhomboideus 

minor at the level of the scapular spine (Scheuer and Black, 2000; Jarmey, 2004). These muscles 

help to retract, stabilize, and elevate the scapula at the medial border (Jarmey, 2004; Paine and 

Voight, 2013). The rhomboids are particularly important in throwing and overhead arm 

movements (Paine and Voight, 2013). The Serratus anterior originates from the upper eight or nine 

ribs (Paine and Voight 1993; Jarmey, 2004). This muscle inserts at the costal surface of the scapula 

at the medial border and the inferior angle (Jarmey, 2004). This muscle rotates the scapula and 

protracts the scapula, these actions help to facilitate pushing movements such as press ups or 

punching, it is also known as the “Fencer’s muscle” due to its involvement in the lunging motion 

(Scheuer and Black, 2000; Jarmey, 2004). The Pectoralis minor inserts at the coracoid process 

from the outer third, fourth, and fifth ribs (Jarmey, 2004). This muscle helps to draw the scapula 
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forward and downward (Jarmey, 2004). The other muscle that has the same functional movement 

is the Latissimus dorsi, this muscle inserts at the humerus at the bicipital groove and takes up much 

of the lower torso predominantly originating at the lower six thoracic vertebrae, all the lumbar and 

all the sacral vertebrae, the posterior part of the iliac crest,  and the lower three or four ribs (Jarmey, 

2004). The upper border of this muscle covers the inferior angle of the scapula and it is known as 

one of the chief climbing muscles (Scheuer and Black, 2000; Jarmey, 2004). 

The six muscles of the shoulder joint originate at the scapula: these are the Deltoideus, 

Supraspinatus, Infraspinatus, Teres Major, Teres Minor, and Subscapularis (Jarmey, 2004).  The 

Deltoideus has several originating fibers, the first (anterior fibers) are from the lateral third of the 

scapula, the second (middle fibers) from the lateral border of the acromion process, and the third 

(the posterior fibers) from the spine of the scapula at the inferior crest (Scheuer and Black, 2000; 

Jarmey, 2004). This muscle inserts at the deltoid tuberosity of the humerus, the actions of which 

chiefly help to medially rotate, abduct, extend and laterally rotate the humerus. The Supraspinatus, 

Infraspinatus, Teres Minor, and the Subscapularis are all part the rotator cuff muscles and as such 

help to prevent dislocation of the shoulder joint (Scheuer and Black 2000; Jarmey, 2004). Each of 

these muscles insert into the greater, middle, lower, and lesser tubercle of the humerus 

respectively. They also all insert into the capsule of the shoulder joint. The Supraspinatus 

originates at the supraspinous fossa of the scapula and a superior medial portion of the spine, it 

aids in movements such as holding a shopping bag away from the body (Scheuer and Black, 2000; 

Jarmey, 2004). This muscle is active in bowling sports activities such as baseball pitching and 

cricket bowling and is the most common of the rotator cuff muscles to sustain injury (Scheuer and 

Black, 2000; Jarmey, 2004). The Infraspinatus originates at the infraspinous fossa of the scapula 

at the lower two-thirds of the scapula body and at the medial border, aiding in movements such as 
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brushing back of hair (Scheuer and Black, 2000; Jarmey, 2004). The Teres minor has the same 

basic functional movement as the Infraspinatus and originates at the lateral border of the scapula, 

dorsally, on the upper two-thirds of the border (Jarmey, 2004). The Subscapularis takes up much 

of the costal surface of the scapula, attaching at the lateral border (Scheuer and Black, 2000; 

Jarmey, 2004). Increased surface area of this muscle is achieved by intramuscular tendons, which 

may leave ridges on the surface of the bone (Scheuer and Black, 2000; Jarmey, 2004). This muscle 

aids in movements such as reaching into your back pocket (Jarmey, 2004). The Teres major, 

originates at lateral end of the inferior angle of the scapula (Scheuer and Black 2000; Jarmey, 

2004).  It inserts at the medial lip of the bicipital groove of the humerus; adducting, medially 

rotating, and extending the humerus from a flexed position (Jarmey, 2004).  

 Finally, the three muscles of the arm associated with the scapula; the Biceps brachii, 

Coracobrachialis, and the Triceps brachii (Jarmey, 2004). The Biceps brachii and Coracobrachialis 

originate at the coracoid process. The Biceps brachii also originates at the supraglenoid tubercle, 

located at the base of the coracoid process, and attaches to the superior part of the radius and ulna 

assisting in picking up an object or bringing food to mouth (Scheuer and Black, 2000; Jarmey, 

2004). The Coracobrachialis inserts at the medial aspect of the humerus at mid-shaft, weakly 

adducts shoulder joint and helps to stabilize the shoulder joint (Jarmey, 2004). The Triceps brachii 

originates from a long head at the infra-glenoid tubercle (neck) of the scapula. The lateral and 

medial head attach to the posterior shaft of the humerus. The muscle inserts at the posterior part 

of the olecranon process of the ulna assisting in extending the elbow joint and stabilizing the 

shoulder joint, functionally with throwing objects and pushing a door shut (Jarmey, 2004). 
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Figure 2. Muscle Attachments in the ventral and dorsal surface of the scapula 
(After Scheuer and Black 2000). 
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Figure 3. Muscle attachments on the lateral and superior surface of the scapula 
(After Scheuer and Black 2000). 
 

Paleoanthropology 

In an evolutionary context, the scapula is often not well preserved. Scapula have been 

found however, often fragmentary, and authors have attempted to reconstruct in both form and 

function the specimens that exist. Some of the fragments of the scapulae that have been found are 

of A. afracanus, in Sterkfontein, South Africa (Vrba, 1979),  juvenile scapulae from an A. afarensis 
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from Dikka, Ethiopia (Green and Alemseged, 2012), a Homo floresiensis scapula on the island of 

Flores (Larson, 2007), and various Neandertal specimens (Churchill and Trinkaus, 1990). Various 

approaches both methodological and analytical have been used by different authors to varying 

degrees of success. These studies help to reconstruct the locomotive patterns of hominids, 

specifically related to the upper body, and are therefore critical in interpreting the type of habitual 

upper body movements were most frequently used. Whereas lower body locomotion may be 

attainable from lower limbs such as the pelvis and the femur, our understanding of both upper and 

lower locomotive patterns allows for a more robust understanding of our fossil ancestors. 

Furthermore, these studies of the upper body are able to provide insight into tool construction and 

usage. 

 The scapular fragment STS 7 from Sterkfontein, South Africa is from the right side and 

noted to be considerably damaged and distorted (Vrba, 1979). Vrba (1979) attempted to 

extrapolate locomotive information from the specimen using measurements, best approximations, 

and comparisons. The comparison Vrba uses are from modern man, chimpanzees, gorillas, 

orangutans and gibbons (1979). A break in the scapular specimen, pre-fossilization through the 

glenoid, medial to the spine, created much difficulty in confidently determining a contact area for 

the joining fragments (Vrba, 1979). Vrba concludes that the scapular fragments of the STS 7 was 

likely to have belonged to a tall and muscular individual, and that this individual was likely to have 

a relatively larger pectoral girdle then modern man (1979). Vrba suggests that this specimens upper 

body was most similar to that of a modern orangutan, and had more potential for climbing, 

hanging, reaching and arm swinging, but she makes note that due to distortion there is possibility 

in this specimen being atypical from other A. africanus specimens (1979). 
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 Larson et al (2007) make inferences on the scapula of Homo floresiensis based on 

archaeological evidence and includes the entire shoulder girdle (clavicle and humerus) in their 

study. Humeral torsion (that is the orientation of the humeral head to the mediolateral axis of the 

distal humerus) is more “primitive”, in the Homo floresiensis with the humeral head positioned 

posteriorly (Larson et. al, 2007). This means that the humeral head lacks significant humeral 

torsion calling into question the locomotive patterns of Homo floresiensis (Larson et. al, 2007). 

Furthermore, the clavicle is relatively short, suggesting that the scapula was more protracted, as a 

result the glenoid fossa would face more anteriorly then laterally (Larson et. al, 2007). This would 

result in a posteriorly angled humeral head in order to maintain a functional elbow joint (Larson 

et. al, 2007). The glenoid fossa, in this instance would face more laterally and would articulate 

more medially with the humerus head (Larson et. al, 2007). These changes, more simply put, allow 

a greater range of motion at the shoulder, which is advantageous to arm-swinging but at the 

expense of internal humeral rotation (Larson et. al, 2007). Homo floresiensis was a tool making 

ancestor and information into the upper body locomotion may be able to provide insight into what 

adaptions took place in order for more manipulative tool making to take place. This knowledge 

can also be applied across a wider variety of species and allow us to make further inferences about 

species whom tool making is a possibility but not definite. Humans have a high degree of humeral 

torsion and it is hypothesized by Martin (1986) and Harrison (1987) that this is a shared derived 

feature of hominoids (Larson et. al, 2007). It is also hypothesized that the hominid shoulder was 

predominantly modern by the time of Homo erectus, Larson et. al (2007) attempts to make a 

comparison of the functional shoulder region between the H. floresiensis and the H. erectus known 

as Nariokotome boy as well. In comparing the H. floresiensis with H. erectus the authors concluded 

that the “shoulder material is indicative of a transitional stage in pectoral girdle evolution between 
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the earliest hominids and modern humans” (Larson et. al, 2007). Thus, the scapula undoubtedly 

provides crucial information regarding evolution, evolutionary connections, and highlights the 

importance of taking locomotion into account in paleoanthropological studies. 

 Churchill and Trinkaus (1990) review Neanderthal scapula with primary focus on glenoid 

morphology. According to their analysis Neandertal had long, narrow, and flat glenoid surfaces 

relative to modern humans (Churchill and Trinkaus, 1990). Taking humerus measurements 

(length, head diameter, and articular breadth) into account they estimate body size and stature of 

individuals and compare this further against glenoidal measurements (maximum articular length, 

glenoid physiological length, maximum glenoid articular breadth, and glenoid fossa maximum 

depth) (Churchill and Trinkaus, 1990). These metric analyses of the glenoid were compared and 

contrasted against the humeral measurements concluding that there was a significant correlation 

with the humerus, humeral torsion, and the glenoid cavity (Churchill and Trinkaus, 1990). This 

information helps us to better understand overall upper limb movement of the Neandertals, and 

the authors suggest that this correlation may be directly associated with tool making or throwing 

activities (Churchill and Trinkaus, 1990). There is a possibility, that the use of projectile 

technology may have been sufficient to alter the nature and direction of “joint reaction forces” on 

the glenoid fossa and produced selective pressure in favor of a wider glenoid (Churchill and 

Trinkaus, 1990). This development of a wider glenoid surface clearly suggests an alteration in 

habitual movement and changes in manipulative behavior and movement i.e evolution into a 

structure more correlated with that of the modern human (Churchill and Trinkaus, 1990).  

 



 18 

Age Estimation 

The rate at which bones ossify, mineralize, and complete epiphyseal union vary and 

different bones grow and mature at different rates. As previously mentioned, there is some 

discrepancy between sources as to when the scapula completes development, this is likely due 

either to the varying ages related to the great variance that may exist with biological skeletal 

maturity or the population samples used. While scapular development from fetal life to birth has 

already been reviewed, there also exists evidence of advancing age in the scapula, post epiphyseal 

fusion. 

Age estimation is most confidently assessed with the mineralization of the scapula and the 

timing of epiphyseal union. As noted previously, different epiphyses on the scapula are known to 

complete fusion around different ages and as such are a fairly confident indicator of age before the 

ages of 18 to 25 ( Graves, 1922; Grays, 1979; Bass, 1987; Schwartz, 1995; Humphrey; 1998; 

Scheuer and Black, 2000) However, there do prove to be studies which venture to determine age, 

post epiphyseal union, with varying degrees of success. 

 A study by Graves in 1922 describes scapular aging in adults. To Graves there are two 

process which take place in the scapula with advancing age; ossification processes and atrophic 

processes (1922). Ossification processes include; glenoidal and clavicular facet lipping, acromial 

under-surface and tip ossification, trapezoidal smooth surface ossification (granular proliferations 

below the scapular spine) and cristae ossification (or scapular body “roughness”) (Graves; 1922: 

p. 25). Atrophic processes include; increasing surface vascularity (as visible “to the naked eye”), 

deep vascularity, the presence of atrophic spots, and bucking (pleating) and distortion (a result of 

the vascularity) (Graves; 1922 pp. 27, 29). Grave’s notes that the atrophic spots become more 

apparent over 45 years old, stating that they appear greater in number, size, and degree then in 
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individuals under 45 years old. Bass (1987) also references these atrophic spots stating that they 

are somewhat irregular in the early stages and vary 3mm to 10mm becoming ovular or circular 

over time. Bass notes, however, that not all translucent spots in the scapula should be considered 

atrophic spots (1987). Schwartz (1995) observers that the scapula thins with advancing age 

“creating large patches of translucent bone within the two fossae” (p. 99). McKern and Stewart 

(1957) also attempt to make notes of age changes in the scapula but they conclude that the noted 

lipping of the acromial facet and glenoid fossa “cannot be used for other than supportive age 

evidence” (p. 119). 

A study by Dabbs and Moore-Jansen in 2012 reexamined age changes in the adult scapula 

with reference to group affiliation and sex. In this study, the authors used metric analysis and found 

increases in border thickness with advancing age in all subgroups (white males, white females, 

black males, and black females). There was also shown in in certain other subgroups to be an 

increase in curvature, increase in the size of the glenoid cavity, and changes in overall size in to 

varying degrees (Dabbs and Moore-Jansen, 2012). Dabbs and Moore-Jansen conclude that while 

many of these changes are a result of advancing age, there is also a likely correlation with 

occupation and socio-economic status (Dabbs and Moore-Jansen, 2012). The sample population 

of this study is an important component in this conclusion, and the authors note that in cases of 

heavy manual labor a substantial amount of stress on the muscles surrounding the scapula will 

have an overall effect on the scapula itself long term (Dabbs and Moore-Jansen, 2012). 

 

Sex Estimation  

There have been a number of studies regarding sexual dimorphism and sex estimation of 

the scapula throughout the years. These studies take numerous approaches to the topic. As early 
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as 1894 Thomas Dwight proposed there to be sex differences in the scapula with scapular length 

and the glenoid cavity height. Dwight states that scapular length of females is below 14 cm and 

the length of males is above 17 cm (Dwight, 1894). He further assesses that the glenoid cavity of 

females is “smaller and narrower” then that of the males, generally measuring less than 3.6 cm, 

while males measure above 3.6 cm (Dwight, 1894). Finally, Dwight also assesses that it is easier 

to define a female scapula then male scapula as male scapula are more variable (Dwight, 1894 p. 

10). Dwight also makes a number of qualitative observations of the sex differences of the scapula. 

According to him the female scapula is “narrow and delicate”, has a sharp inferior angle, a straight 

infraspinous border, a sharp superior angle with a steep decline to the supra-scapular notch, a 

“delicate” coracoid, and a narrow acromion (Dwight, 1894). Conversely, males, according to 

Dwight, have a broad lower angle, rounded infraspinous border, a higher, more horizontal upper 

border, a thick coracoid, with a large, square acromion. Dwight’s work has been severely criticized 

by Dabbs (2009), discussed in further detail below.  

 Hrdlička, as well as describing the great number of variances that exist in the scapula also 

made observations between sex differences of the scapula. In 1942 he wrote an article detailing 

visual observations he makes of the scapula. In this article he attempts to describe difference in 

scapula body and border shape. According to Hrdlička’s observations the female scapula body is 

often straight, infrequently concave, and at times (though not frequently) convex (1942). Many of 

Hrdlička’s conclusions appear somewhat vague, as he describes in the border differences in males 

and females that “border type 4 being distinctly more frequent in males, border 5 alone somewhat 

more frequent in females, and borders 4 and 5 together appreciably more frequent in females” 

(Hrdlička, 1942 p. 81). 
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 The approach by Bainbridge and Tarazanga (1956) on sex estimation is thorough, taking 

both qualitative and quantitative measurements. In their study, they use several historical 

collections (labeled as II, III, and IV) with known sex to determine sex of a fourth historical 

collection (labeled as I), with unknown sex. Comparing their results against those of Vallois (1926, 

1929) the authors took 14 qualitative measurements, and determined that of the 14 measurements, 

only 3; those of the glenoid tubercle, infra-glenoid tubercle, and axillary border appeared to be 

conclusive in sexual differences (Bainbridge and Tarazanga, 1956). The authors are conscious of 

the subjectivity of these observations and highlight that many of the differences observed may also 

be a result of the advanced ages of the specimens in their collections. They take a further12 metric 

measurements adapted either from Vallois (1926) or Livon (1879). Populations II and IV were 

pooled and limits calculated (Bainbridge and Tatazanga, 1956). Overall, it was found that scapular 

breadth and breadth of the glenoid fossa to be the most sexually distinctive characteristics in the 

study (Bainbridge and Tarazanga, 1956). 

 In a study conducted in 1994, Di Vella et. al looked at sexual determination of the scapula 

in an Italian population. Specimens had reported time of death around the 1960’s and included 40 

males and 40 females with ages ranging from 26 to 78 (Di Vella et. al, 1994).  Seven metric 

measurements were recorded. Descriptive statistics, univariate discriminant analysis and 

multivariate discriminant analyses are reported (Di Vella et. al, 1994). According to the descriptive 

statistical analysis the length of the glenoid cavity and the maximum scapular breadth were the 

most sexually discriminant (Di Vella et. al, 1994). The univariate statistical analysis reported only 

the maximum scapular breadth to have an acceptable sex misclassification rate (Di Vella et. al, 

1994). Finally, the multivariate statistical analysis revealed three measurements to be sexually 
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discriminant with a 95% confidence: maximum distance from the acromion to the coracoid, 

maximum length of coracoid, and length of glenoid cavity (Di Vella et. al, 1994). 

 Another study in sex determination of the scapula was conducted by Özer et. al in 2006 of 

a historical Turkish population. The specimens for this study were from a medieval collection 

(10th and 11th century AD) and consisted of 47 males and 46 females (Özer et. al, 2006). 

Maximum scapula height maximum scapular breadth, glenoid cavity height and glenoid cavity 

breadth were the only measurements taken. All four measurements were shown to have some 

degree of accuracy with the highest being maximum scapular breadth at 94.8% (Özer et. al, 2006). 

Furthermore, females were shown to be more accurately determined then males (Özer et al, 2006).  

 In an article published in 2009, Gretchen Dabbs rebukes the claims of the 1894 study done 

by Thomas Dwight. Using a sample of 308 females and 495 males from the Hamann-Todd 

Collection, she took measurements of the maximum height of the scapula and determined 

Dwight’s method to be inadequate (Dabbs, 2009). The overall accuracy for Dwight’s method was 

only 29.27% with a majority of the specimens falling between the demarcation points Dwight 

defined (Dabbs, 2009). Dabbs further found there to be a correlation with age in her study citing 

that no males with a scapular height less than 140 mm were older than 35 years old (2009). This 

study brings several important factors in sex determination to light and speaks to the importance 

of testing and retesting methodologies (2009).  

 Scholtz, Steyn, and Pretorus conducted a study in 2010 observing sexual dimorphism in 

the scapula using geometric morphometrics. This method used 21 landmark points on the scapula, 

some of known “traditional” landmarks and others of “curve data” between the landmarks 

(Scholtz, Steyn, and Pretorus, 2010 p. 255). The sample size of this study was 45 adult black males 

and 45 adult black females ranging from 20 to 96 from a fairly modern skeletal collection (Scholtz, 
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Steyn and Pretorus, 2010; Abbé, Loots and Meiring, 2005). The data revealed that with traditional 

landmarks more than 91% of females and 95% of males were correctly assigned with a high 

probability of accuracy with a p-value of 0.00015 (Scholtz, Steyn and Pretorus, 2010 p. 258).  

 Dabbs and Moore-Jansen published two articles, one in 2010 and one 2012, reviewing 

sexual dimorphism of the scapula. The 2010 article written by Dabbs and Moore-Jansen uses a 

discriminant function technique estimate sex. Using a sample of 804 individuals, with ages ranging 

from 19 to 93, from the Hamann-Todd Collection the authors determined all of 23 measurements 

taken showed statistical significance in sex determination (Dabbs and Moore-Jansen, 2010). The 

authors further found that the five variable model for estimating sex had a 95.8% accuracy overall, 

with a 95.7% accuracy on a 80 individual holdout sample (Dabbs and Moore-Jansen, 2010) 

 In the 2012 article by Dabbs and Moore-Jansen they observe how age changes in the 

scapula are variable per sex and ancestry. Once more using 23 measurements from an 804 

individual sample from the Hamann-Todd Collection, the authors propose that scapular variability 

is determinant on age, group affiliation, and sex (Dabbs and Moore-Jansen, 2012). The sample 

consists of 169 Black females, 194 Black males, 139 White females, and 302 White males (Dabbs 

and Moore-Jansen, 2012). While highlighting the changes with advancing age, the differences 

between Black females, Black males, White females, and White males, is evident enough between 

the groups to further determine differences in age within the groups (Dabbs and Moore-Jansen, 

2012). 

 Hudson et. al in 2016 conducted a study on sex determination of the scapula in a 

contemporary Mexican population. Researchers took two measurements: length of the glenoid 

cavity, and breadth of the glenoid cavity. The sample had 177 individuals; 101 males 76 females, 

with ages ranges from 21 to 100 (Hudson et. al, 2016). Researchers used discriminant function 
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techniques and a two sample t-test to compare their sample (the Mexican population) with that of 

an indigenous Guatemalan sample and a White sample (Hudson et. al, 2016). Results of this study 

on the contemporary Mexican population showed the length and breadth of the glenoid cavity were 

larger in males and females with statistical significance (Hudson et. al, 2016). With the Mexican 

population compared against the indigenous Guatemalan population, the Guatemalan population 

was shown to be smaller with both males and females. When the Mexican population was 

compared to the White population the males were found to be larger than the Mexican population 

males in both length and breadth, and the White females were found to be larger only in the breadth 

with statistical significance (Hudson et al, 2016). Between the Mexican population and the 

Guatemalan population it was found when using a discriminant function that males were more 

accurately classified (100% in length and breadth) then females (51.32% in length, 48.68% in 

breadth) with overall accuracy between the two measurements at 79.10% in length and 77.97% in 

breadth (Hudson et. al, 2016). The differences that were found between the Mexican population 

and the Guatemalan population and the White population are concluded to likely result from a 

combination of environmental factors and genetic factors (Hudson et. al, 2016). The importance 

of a population specific discriminant function for determining sex is highlighted (Hudson et al, 

2016).  

 Torimitsu et. al conducted a study on scapula sex estimation in 2016 using multidetector 

computed tomography. Similar to the Hudson et. al (2016) study, the authors aim for a populations 

specific study, citing low classification rates in non-population specific studies (Torimutsu et. al, 

2016). Using three dimensional CT scans, researchers took 10 measurements of 218 Japanese 

cadavers (109 males and 109 females) with ages ranging from 22 to 91 (Torimutsu et. al, 2016). 

Statistics run included a one-way ANOVA, a paired t-test (on left and right scapulae), univariate 
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discriminant function analysis, and Wilk’s lambda (Torimutsu et. al, 2016). Results concluded 

male scapula to be larger than female scapula with statistical significance (p < 0.001), and no 

differences were found between left and right scapula (Torimutsu et. al, 2016). Scapular height 

was shown to be a highly accurate classification of sex with an over 95% correct classification of 

specimens (Torimutsu. et al, 2016). 

 In a contemporary Thai population sex estimation of the scapula was studied by Peckman 

et al in 2017. Similar to Hudson et. al (2016) researchers took only measurements of glenoid cavity 

height and width, comparing their Thai sample population with other populations including 

Chilean, Mexican, Guatemalan, White American, and Greek populations (Peckman et. al, 2017). 

191 individuals were studies (95 males and 95 females), with ages ranging from 19 to 96 years 

old. Both breadth and height of the glenoid cavity in males was larger than that of females with 

statistical significance (Peckman et. al, 2017). Comparison to other populations were variable, but 

nevertheless highlighting the importance of populations specific studies of sexual dimorphism. 
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CHAPTER 3 

MATERIALS AND METHODS 

 

Introduction 

Protocol for this study was developed at Wichita State University’s Biological 

Anthropology Lab (WSU-BAL). Data for this study was collected at the William M. Bass 

Collection, which is a large modern skeletal sample, established to be appropriate for the scope of 

this study. A total of 266 scapulae of known age and sex were measured. Quantitative 

measurements of the scapula were taken, and metric analyses were run in order to discern 

morphological differences between male and female scapula, and to observe variation between age 

groups in both males and females. Even distribution size across males and females between age 

groupings was best attempted for statistical analysis.  

 

Materials  

Sliding calipers, spreading calipers, and coordinate calipers were all used to measure the 

size and shape of the scapula. A total of 266 scapulae were measured, 131 females and 135 males. 

Both left and right scapulae were recorded. Only complete and undamaged scapula with complete 

union at all epiphyses were used. Ages ranged from 26 to 99 years old.   

 

WSU-BAL Cadaver Collection  

Protocol for this study was developed at Wichita State University in the Biological 

Anthropology Lab. Individuals in this collection are of known age, sex, and group affiliation. 

Consisting of both males and females, the ages range from 45 to 99 years old. Because the 
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collection is primarily comprised of individuals from the University of Kansas Medical School, 

cause and manner of death is known on many of the individuals (Dabbs, 2005; 22). Measurements 

of both left and right scapula, regardless of age and group affiliation were taken in order to 

maximize sample size. The only selection criteria for the specimens were that they were complete 

and undamaged. Measurements were taken per Dabbs and Moore-Jansen (2012). Thickness 

measurements and coracoid measurements were omitted in the primary study due to lack of 

statistical significance. The thickness measurements, having been taken with calipers, were 

determined to be imprecise and lacking in necessary variation. 

 

W.M. Bass Donated Skeletal Collection  

 The W.M. Bass Donated Skeletal Collection is located in Knoxville, Tennessee at the 

University of Tennessee. This collection has over 1800 specimens with birth ranges of individuals 

spanning from 1892 to present. Individuals ages range from fetal to over 100 years (WM Bass 

Collection).  

The collection began in 1981 with donation of unclaimed bodies from the State of 

Tennessee Medical examiner and unfortunately little is known about these earliest donations 

(Shirley, Wilson, and Jantz, 2011). Remains are now donated to the Forensic Anthropology Center 

(FAC) where they are cleaned and processed before being curated at the William M. Bass 

Collection. As of 1999, the remains of donated individuals require extensive paperwork from 

individuals wishing to donate their, or a loved ones remains (Shirley, Wilson and Jantz, 2011; WM 

Bass Collection). Questions range from birthdate, sex, ancestry, height, and weight, to number of 

children, medical history, occupation, habitual activities, handedness, shoe size, education level, 

and childhood socioeconomic status (Wm Bass collection; Shirley, Wilson, and Jantz 2011) As of 
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2008, hair, blood, and fingerprinting samples were added as additional protocol for the remains 

housed at the William M. Bass Collection (WM Bass collection).  

The Bass Collection mostly consists of White males constituting around 70% of the 

remains (Shirley, Wilson, and Jantz, 2011; WM Bass collection).  While diversity is increasing 

over time, as of 2011 Americans of European descent make up 91% of the remains with females 

making up only about 30% of the collection (Shirley, Wilson, and Jantz, 2011).  

 

Methods 

Measurements were initially adapted from Dabbs and Moore-Jansen (2012), with further 

protocol developed at Wichita State University’s Biological Anthropology Lab (WSU-BAL). Both 

left and right scapula were recorded. Age range for this sample were of skeletally mature adults 

with completion of epiphysial union ranging from 26 to 99 years old.  Only complete and 

undamaged scapula were used.  

A total of 20 measurements were taken of the size and shape of the scapula. 6 unique 

measurements were added to this study; 3 of the size and shape of the superior border and superior 

angle and 3 of the curvature between the superior and inferior angles. Measurements were 

determined to belong to one of four categories; body measurements, border measurements, 

curvature measurements, and gross measurements of the glenoid fossa. Body measurements 

include maximum heights, widths and breadths of the scapula. Border measurements are expressed 

as measurement referring directly to the borders of the scapula. Curvature measurements were 

taken with coordinate calipers at the ventral surface of the scapula and were taken at 1/4, 1/2, and 

3/4 intervals. Gross measurements of the glenoid fossa were measurements regarding height and 

breadth of the glenoid fossa. 
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Measurement Grouping 

Tables are presented by type of measurement: body measurements, border measurements, 

curvature measurements, and gross measurements of the glenoid fossa. The following is an 

explanation of what these measurements are and what they define. 

Body measurements are shown in plates 1, 2, 3, and 9. These measurements include Maximum 

Breadth of the Scapula (XBS), Maximum Length of Spine (XLS), Maximum Length of Scapula 

(XHS), and Breadth of Infraspinous Body (BXB). These measurements characterize size 

dimensions of the scapula.  

Border measurements are shown in plates 4, 5, 6, 7, 8 and 10. These include Length of 

Infraspinous Line (LIL), Length of Supraspinous Line (LSL), Length of Superior Border (LSB), 

Length of Superior Margin (LSM), Length of Superior Line (LSI), and Length of Infraspinous 

Lateral Margin (LXC). These measurements characterize shape dimensions of the scapula. 

Curvature Measurements are further separated from two main groupings: curvature between 

Medial Notch and Inferior Border (CIL), and curvature between Superior Border and  Inferior 

Border (CIB). These measurements are shown in plates 13, 14, 15, 16, 17, 18, 19, and 20 Both of 

these curvature measurements are taken at 1/4 (A), 1/2 (B), and 3/4 (C), the length starting at the 

most superior (medial notch or superior border respectively). These measurements define the 

curvature of the scapula.  

Gross measurements of the glenoid fossa are shown in plates 11 and 12. These include 

Height of the Glenoid Fossa (HAX) and Breadth of the Glenoid Fossa (BCB). These 

measurements define the height and the breadth of the glenoid fossa.  
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Analytical Methods 

All statistical analyses were done through SPSS. 

Descriptive statistics were run including number of individuals, mean, standard deviation, 

variance, maximum, and minimum. Particular importance was put on the means between the sex 

and age groupings as well as on the standard deviation and variance.  

Levene’s test for equality of means determines whether equal variances were assumed or not 

assumed between sex.  

T test for equality of means with an alpha level ≤ 0.05 signifies whether or not the means of two 

populations are equal, or alternatively if they are different enough to be determined statistically 

significant. 
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Measurement Protocol 
 

Plate 1  Maximum Breadth of Scapula (XBS) 

 
             Instrument: Sliding Caliper 
 

Place the stationary end of the sliding calipers on the 
spinous axis, extend the moveable end of the 
calipers to the middle of the glenoid fossa. 
Measurement taken from the posterior surface. 
(Moore-Jansen et al, 1994). 

Plate 2  Maximum Length Spine (XLS) 

 
               Instrument: Sliding Caliper          

 
Place the stationary end of the sliding calipers on the 
spinous axis and extend to the greatest maximum 
distance to the end of the scapular spine at the 
acromion process. Measurement taken from the 
posterior surface. (Moore-Jansen et al, 1994). 

 
 
Plate 3  Maximum Length Scapula (XHS) 

 
             Instrument: Sliding Caliper 
 

Place the stationary end of the sliding calipers at the 
most superior point of the superior angle and extend 
the movable end to the most inferior point of the 
inferior angle. Measurement taken from the 
posterior surface (Moore-Jansen et al, 1994). 

 
Plate 4  Length of Infraspinous Line (LIL) 

 
               Instrument: Sliding Caliper 

 
Place the stationary end of the sliding calipers on the 
spinous axis. Extend the moveable arm to the most 
inferior point of the inferior angle. Measurement taken 
from the posterior surface (Moore-Jansen et al, 1994). 
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Plate 5  Length of Supraspinous Line (LSL) 

 
             Instrument: Sliding Caliper 
 

Place the stationary end of the sliding calipers at the 
most superior point of the superior angle, extend the 
moveable arm down to the spinous axis. 
Measurement taken from the posterior surface 
(Moore-Jansen et al, 1994). 

 
Plate 6  Length of Superior Border (LSB) 

 
               Instrument: Sliding Caliper 
 

Place the stationary arm of the sliding calipers on the 
most superior point of the superior angle, extend the 
moveable end to the most superior, medial point of 
the suprascapular notch (if present) if fossae, take 
from the center. Measurement taken from the 
posterior surface (Weatherall and Moore-Jansen, 
n.d.). 

 
Plate 7  Length of Superior Margin (LSM) 

 
             Instrument: Sliding Caliper 
        

Place the stationary arm of the sliding calipers on the 
most superior part of the superior angle, extend the 
moveable arm of the calipers to the top of the 
glenoid fossae (Weatherall and Moore-Jansen, n.d.). 

 
Plate 8  Length of Superior Line (LSI) 

 
              Instrument: Sliding Caliper 
 

The stationary end of the sliding calipers should be 
placed at the most superior point of the superior angle, 
the moveable end should be extended to the glenoid 
subfossa (Weatherall and Moore-Jansen, n.d.). 
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Plate 9  Breadth of Infraspinous Body (BXB) 

 
             Instrument: Sliding Caliper 
 

Place the stationary end of the sliding calipers at the 
glenoid subfossa. Extend the moveable end to the 
spinous axis (Dabbs and Moore-Jansen, 2012). 

 
Plate 10  Length of Infraspinous Lateral Margin (LXC) 

 
               Instrument: Sliding Caliper 
 

Place the stationary arm of the sliding calipers on the 
glenoid subfossa. Extend the moveable end of the 
calipers to the most inferior point of the inferior angle 
(Dabbs and Moore-Jansen, 2012). 

 
Plate 11  Height of Glenoid Fossa (HAX) 

 
             Instrument: Spreading Caliper 
        

Measurement should be taken from the most 
superior point of the glenoid fossa to the most 
inferior point of the glenoid fossa (Dabbs and 
Moore-Jansen, 2012). 

 

 
Plate 12  Breadth of Glenoid Fossa (BCB) 

 
               Instrument: Spreading Caliper 
 

Measurement should be taken at the widest maximum 
distance from the dorsal end of the glenoid fossa to the 
ventral end of the glenoid fossa (Dabbs and Moore-
Jansen, 2012). 



 34 

Plate 13  Superior Border & Inferior Border (CIB) 

 
           Instrument: Coordinate Caliper 
 

Place the stationary arm of the coordinate calipers 
on the most superior point of the superior angle. 
Extend the moveable arm to the most inferior point 
of the inferior angle. Measurement taken from the 
ventral surface (Weatherall and Moore-Jansen, n.d.). 

Plate 14  CIBA 1/4 

 
             Instrument: Coordinate Caliper 
 

Divide the measurement for CIB by four. Position the 
subtense arm to the 1/4th mark on the horizontal arm 
of the coordinate calipers and drop the subtense arm. 
This measurement should be nearest the superior 
border. Measurement taken from the ventral surface 
(Weatherall and Moore-Jansen, n.d.). 

 
Plate 15  CIBB 1/2 

 
           Instrument: Coordinate Caliper 
 

Divide the measurement for CIB by two. Position 
the subtense arm to the 1/2 mark on the horizontal 
arm of the coordinate calipers and drop the 
subtense arm. Measurement taken from the ventral 
surface (Weatherall and Moore-Jansen, n.d.). 

 
Plate 16  CIBC 3/4 

 
               Instrument: Coordinate Caliper  
 

Divide the measurement for CIB by four. Position the 
subtense arm to the 3/4th mark on the horizontal arm 
of the coordinate calipers and drop the subtense arm. 
This measurement should be nearest the inferior 
angle. Measurement taken from the ventral surface 
(Weatherall and Moore-Jansen, n.d.). 
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Plate 17  Inferior Border & Medial Notch (CIL) 

 
              Instrument: Coordinate Calipers 
 

Place the stationary arm of the coordinate calipers 
on the most superior point of the medial notch if 
present, if fossa take from the center of the fossa. 
Extend the moveable arm to the most inferior point 
of the inferior angle. Measurement taken from the 
ventral surface (Dabbs and Moore-Jansen 2012). 

Plate 18  CILA 1/4 

 
           Instrument: Coordinate Calipers 
 
Divide the measurement for CIL by four. Position the 
subtense arm to the 1/4th mark on the horizontal arm 
of the coordinate calipers and drop the subtense arm. 
This measurement should be nearest the superior 
border. Measurement taken from the ventral surface 
(Dabbs and Moore-Jansen 2012). 

 
 

Plate 19  CILB 1/2 

 
            Instrument: Coordinate Calipers 
 

Divide the measurement for CIL by two. Position 
the subtense arm to the 1/2 mark on the horizontal 
arm of the coordinate calipers and drop the 
subtense arm. Measurement taken from the ventral 
surface (Dabbs and Moore-Jansen, 2012). 

 
 

Plate 20  CILC 3/4 

 
                 Instrument: Coordinate Calipers 
 

Divide the measurement for CIL by four. Position the 
subtense arm to the 3/4th mark on the horizontal arm 
of the coordinate calipers and drop the subtense arm. 
This measurement should be nearest the inferior 
angle. Measurement taken from the ventral surface 
(Dabbs and Moore-Jansen, 2012). 
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CHAPTER 4 

RESULTS 

 

Introduction 

Both univariate and multivariate statistics were compiled for analysis with Statistical 

Package for the Social Sciences (SPSS) Software. Summary statistics were reviewed, age 

groupings were determined based on sample sizes. The group ranges are: 49 years or less, 50 to 

69 years, and 70 years old or greater. Summary statistics are shown between males and females 

with age groupings in tables 1-5 and just between males and females in tables 6-9. Independent 

samples t-tests were performed on all the data between males and females with age groupings in 

tables 6-9 and again between males and females in tables 10-18. Significance was defined with an 

alpha level of p £ 0.05. Decimal places have been rounded off to two places, with an exception for 

statistical findings which have been rounded to six decimal places.  

 
Descriptive Statistics 

Descriptive statistics are presented in order to illustrate differences that exist between 

maximums, minimums, means, standard deviations and variances between males and females and 

between age groups. Tables 1- 9 are summary statistics for the data: number of individuals (n), 

mean, standard deviation (S.D.), variance, minimum value, and maximum values are reported. 

Discrepancies in the varying number of individuals (n) is due to the omission of some 

measurements, due to either error by the observer or the measurement being discarded as a result 

of damage. 
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Tables 1 to 5 are summary statistics divided into males and females. These tables are 

presented by different categories based on body measurements, border measurements, curvature 

measurements, and gross measurements of the glenoid fossa. Output in each table is presented in 

three age ranges: 49 years or less, 50 to 69 years, and 70 years old or greater. 

Tables 6 to 9 are summary statistics of males and females only, output is presented by body 

measurements, border measurements, curvature measurements, and gross measurements of the 

glenoid fossa. 

 

Body Measurements  

 
The summary statistics presented in Table 1 are body measurements of the scapula. Measurements 

are separated into male and female, and output is separated into age ranges. Number (n), mean, 

standard deviation (S.D.), variance, minimum (min), and maximum (max) are shown. 

Table 1 Body Descriptive Statistics for Males and Females with Age Groupings 
Age Group   Sex  n Mean S.D. Variance min max 
≤ 49  Male Max Breadth Scapula (XBS) 41 10.77 .4417 .195 9.8 11.6 

Max Length Spine (XLS) 42 14.41 .5674 .322 13.3 15.6 
Max Length Scapula (XHS) 42 16.50 .8221 .676 14.8 18.0 
Breadth of Infraspinous Body (BXB) 42 10.58 .4636 .215 9.6 11.6 

 Female Max Breadth Scapula (XBS) 38 9.98 .8323 .693 8.6 13.3 
Max Length Spine (XLS) 37 13.25 .8903 .793 11.9 16.4 
Max Length Scapula (XHS) 38 14.77 .9270 .859 13.4 16.7 
Breadth of Infraspinous Body (BXB) 38 9.66 .7329 .537 8.3 11.8 

50 - 69  Male Max Breadth Scapula (XBS) 37 10.91 .5915 .350 9.6 12.1 
Max Length Spine (XLS) 37 14.63 .8583 .737 13.1 16.4 
Max Length Scapula (XHS) 37 16.41 1.0609 1.126 14.5 18.5 
Breadth of Infraspinous Body (BXB) 37 10.59 .5335 .285 9.1 11.4 

 Female Max Breadth Scapula (XBS) 49 9.74 .5525 .305 8.8 10.8 
Max Length Spine (XLS) 49 13.05 .6202 .385 11.9 14.3 
Max Length Scapula (XHS) 48 14.12 .7296 .532 12.8 16.1 
Breadth of Infraspinous Body (BXB) 48 9.37 .5709 .326 8.3 10.5 
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Table 1 (cont.)         
≥ 70  Male Max Breadth Scapula (XBS) 50 10.86 .4550 .207 9.8 11.9 

Max Length Spine (XLS) 50 14.43 .5573 .311 13.2 15.9 
Max Length Scapula (XHS) 50 16.44 .9185 .844 14.7 18.1 
Breadth of Infraspinous Body (BXB) 50 10.59 .4720 .223 9.5 11.7 

 Female Max Breadth Scapula (XBS) 46 9.82 .5495 .302 8.7 11.3 
Max Length Spine (XLS) 46 13.02 .5959 .355 12.1 15.0 
Max Length Scapula (XHS) 46 14.38 .6262 .392 12.9 15.8 
Breadth of Infraspinous Body (BXB) 46 9.50 .5574 .311 8.3 11.3 

 
 

In table 1, shown above, there is little difference in the means between age groupings among the 

male and female groups, there are notably larger means among the males then among the females 

in all age groupings. This is particularly noticeable in Max Length Scapula (XHS). Between age 

groupings most body measurements showed very little change between the younger and older age 

groupings, particularly in males. Among females, many of the measurements showed an overall 

decrease in size between the younger and older age groupings. The middle age groupings showed 

some fluctuation in size often an increase in males Maximum Breadth of Scapula (XBS) and 

Maximum Length of Spine (XLS) and a decrease in females Maximum Breadth Scapula (XBS), 

Maximum Length Spine (XLS), and Maximum Length Scapula (XHS).  There appeared to be little 

to no change in males between age groups in Breadth of Infraspinous Body (BXB). 

Border Measurements  

The summary statistics presented in Table 2 are the scapular border measurements. The 

measurements are separated into male and female and output is presented by different age ranges.  
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Table 2 Border Descriptive Statistics for Males and Females with Age Groupings  
Age Group Sex Length Dimensions n Mean S. D. Variance min max 
≤ 49 Male Infraspinous line (LIL) 42 12.2 0.917 0.841 10.2 13.6 

Supraspinous line (LSL) 42 5.91 0.6284 0.395 4.8 7.3 
Superior Border (LSB) 42 4.64 0.6235 0.389 3.4 5.7 
Superior Margin (LSM) 42 8.38 0.7537 0.568 6.9 9.7 
Superior line (LSI) 42 9.93 0.6752 0.456 8.5 11.5 
Inf. Lateral Margin (LXC) 42 13.29 0.7399 0.547 11.8 14.9 

Female Infraspinous line (LIL) 38 10.96 0.8146 0.664 9.6 12.8 
Supraspinous line (LSL) 38 5.07 0.4667 0.218 4.2 6.1 
Superior Border (LSB) 38 4.26 0.7398 0.547 3 6.1 
Superior Margin (LSM) 38 7.66 0.8952 0.801 6.4 10.1 
Superior line (LSI) 38 8.93 0.7344 0.539 7.8 10.9 
Inf. Lateral Margin (LXC) 38 12.26 0.9266 0.859 10.7 14.9 

50 - 69 Male Infraspinous line (LIL) 37 12.19 0.7351 0.54 10.6 13.5 
Supraspinous line (LSL) 37 5.91 0.6297 0.397 4.6 7.3 
Superior Border (LSB) 37 4.68 0.757 0.573 3.4 6 
Superior Margin (LSM) 37 8.38 0.848 0.719 6.8 10.2 
Superior line (LSI) 37 10.1 0.7755 0.601 8.6 11.6 
Inf. Lateral Margin (LXC) 37 12.83 1.1173 1.248 10.4 15.1 

Female Infraspinous line (LIL) 49 10.52 0.6546 0.429 9.1 12.6 
Supraspinous line (LSL) 48 4.75 0.5308 0.282 3.6 5.9 
Superior Border (LSB) 48 4.3 0.5243 0.275 3.3 5.1 
Superior Margin (LSM) 48 7.71 0.6891 0.475 6.5 9.5 
Superior line (LSI) 48 8.82 0.5669 0.321 7.7 10.2 
Inf. Lateral Margin (LXC) 48 11.9 0.8269 0.684 10.3 13.6 

≥ 70 Male Infraspinous line (LIL) 50 12.28 0.9623 0.926 10.5 14.1 
Supraspinous line (LSL) 50 5.62 0.5193 0.27 4.5 6.7 
Superior Border (LSB) 50 4.82 0.6403 0.41 3.2 6.3 
Superior Margin (LSM) 50 8.57 0.6705 0.45 7 9.9 
Superior line (LSI) 50 10.27 0.7041 0.496 8.5 11.6 
Inf. Lateral Margin (LXC) 50 13.18 0.7445 0.554 11.3 14.5 

Female Infraspinous line (LIL) 46 10.79 0.6772 0.459 8.8 11.9 
Supraspinous line (LSL) 46 4.92 1.0626 1.129 3.8 11.1 
Superior Border (LSB) 46 4.31 0.6098 0.372 2.9 5.7 
Superior Margin (LSM) 46 7.67 0.8812 0.777 4.1 9.2 
Superior line (LSI) 46 8.976 0.6114 0.374 7.6 10.2 
Inf. Lateral Margin (LXC) 46 11.68 1.1553 1.335 5.1 13.4 
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As per the previous table, males appear to be overall larger than females. This is particularly 

evident in Length of Infraspinous line (LIL), Length of Superior line (LSI), Length of Superior 

Margin (LSM), and Length of Infraspinous Lateral Margin (LXC). Differences of means between 

age groups is negligible. Border measurements noticeably go up between age groups among both 

males and females in Length of Superior Border (LSB) and among males in Length of Superior 

line (LSI), and Length of Superior Margin (LSM). Many more of the measurement means were 

variable, going down for the middle age grouping (50 to 69) and coming back up for the older age 

grouping (≥ 70). This is prevalent in Length of Infraspinous Lateral Margin (LXC) and Length of 

Supraspinous line (LSL) in males. Length of Infraspinous Lateral Margin (LXC) decreases in 

females. 

 

Curvature Measurements 

Tables 3 and 4 are summary statistics for curvature among males and females with the age 

groupings. Measurements in table 3 show curvature between the Inferior Border and Medial Notch 

(CIL) at 1/4 (CILA), 1/2 (CILB), and 3/4 (CILC) dimensions starting at the superior border at the 

most superior point of the medial notch and moving down to the inferior angle. Table 4 shows 

measurements between the Superior Angle and Inferior Angle (CIB) at 1/4 (CIBA), 1/2 (CIBB), 

and 3/4 (CIBC) dimensions, starting at the superior angle and moving down to the inferior angle. 
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Table 3  Curvature Descriptive Statistics for Males and Females with Age Groupings 

Age 
Groups Sex n Mean S.D. Variance min max 
≤ 49 Male Inferior Border & Medial Notch (CIL) 42 15 0.8697 0.756 13.5 16.8 

CILA 1/4 42 16.33 2.515 6.325 10 22 
CILB 1/2 42 12.29 2.68 7.185 6 19 
CILC 3/4 42 6.26 2.44 5.954 2 12 

Female Inferior Border & Medial Notch (CIL) 38 13.71 0.8094 0.655 12.3 15.8 
CILA 1/4 38 15 2.427 5.892 7 18 
CILB 1/2 38 11.97 2.843 8.08 6 19 
CILC 3/4 38 7.16 2.824 7.974 3 16 

50 - 69 Male Inferior Border & Medial Notch (CIL) 37 15.04 1.0297 1.06 12.9 17.2 
CILA 1/4 37 17.11 2.221 4.932 13 21 
CILB 1/2 37 13.51 2.422 5.868 9 18 
CILC 3/4 37 7.38 2.822 7.964 3 14 

Female Inferior Border & Medial Notch (CIL) 48 13.39 0.7067 0.499 12.1 14.8 
CILA 1/4 48 14.48 2.397 5.744 10 19 
CILB 1/2 48 12.04 2.767 7.658 6 23 
CILC 3/4 48 7.02 2.283 5.212 3 16 

≥ 70 Male Inferior Border & Medial Notch (CIL) 50 15.22 0.8958 0.802 13.6 17 
CILA 1/4 50 18.06 2.394 5.731 13 22 
CILB 1/2 50 13.3 3.144 9.888 7 22 
CILC 3/4 50 7.5 3.34 11.153 1 16 

Female Inferior Border & Medial Notch (CIL) 46 13.53 0.6463 0.418 12.7 15.7 
CILA 1/4 46 14.78 2.065 4.263 11 20 
CILB 1/2 46 11.83 2.939 8.636 5 19 
CILC 3/4 46 7.15 2.108 4.443 2 12 

 

Once again means among males were shown to be larger than means among females in almost all 

categories. Interestingly, the female mean is actually larger in CILC 3/4 in the young and middle 

age groupings. Male means presented a significantly increased curvature in CILA 1/4, and CILC 

3/4. Female means were shown to be much more variable, often decreasing in curvature between 

young and middle age groupings, increasing again between the middle and older age groups. This 

is shown in the means of females with CIL, CILA 1/4, and CILC 3/4. In CILB 1/2 both male and 
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female means showed an initial increase between young and middle age groups, with a decrease 

between middle and older age groupings. 

 
Table 4  Curvature Descriptive Statistics for Males and Females with Age Groupings 

Age 
Groups Sex n Mean S.D. Variance min max 
≤ 49 Male Superior & Inferior Borders (CIB) 42 16.4 0.8413 0.708 14.7 17.9 

CIBA 1/4 42 19.6 3.17 10.052 13 25 
CIBB 1/2 42 18.6 2.338 5.466 14 23 
CIBC 3/4 42 10.1 2.139 4.576 6 15 

Female Superior & Inferior Borders (CIB) 38 14.65 0.91909 0.845 13.3 16.7 
CIBA 1/4 38 16.84 3.429 11.758 11 23 
CIBB 1/2 38 15.87 2.801 7.847 11 21 
CIBC 3/4 38 9.26 1.826 3.334 6 14 

50 - 69 Male Superior & Inferior Borders (CIB) 37 16.24 1.16577 1.359 13 18.3 
CIBA 1/4 37 20.95 4.859 23.608 8 33 
CIBB 1/2 37 19.32 3.317 11.003 11 27 
CIBC 3/4 37 11.59 3.27 10.692 4 18 

Female Superior & Inferior Borders (CIB) 48 14.03 0.70961 0.504 12.8 16 
CIBA 1/4 48 16.71 3.614 13.062 8 23 
CIBB 1/2 48 16.17 2.563 6.567 9 21 
CIBC 3/4 48 9.33 2.035 4.142 4 14 

≥ 70 Male Superior & Inferior Borders (CIB) 50 16.33 0.94399 0.891 14.5 18.1 
CIBA 1/4 50 20.31 4.051 16.408 11 30 
CIBB 1/2 50 19.74 3.481 12.115 13 26 
CIBC 3/4 50 10.72 2.778 7.716 6 16 

Female Superior & Inferior Borders (CIB) 46 14.22 0.63896 0.408 12.9 15.7 
CIBA 1/4 46 16.28 3.959 15.674 10 28 
CIBB 1/2 46 15.91 2.572 6.614 10 24 
CIBC 3/4 46 9.7 2.89 8.35 5 24 

 

In table 4 presented above, the means of males were shown in every category to be larger than 

females. The means in these curvature measurements were variable in most every category except 

for CIBC 3/4 in which among both males and females the means increased with age grouping. 

Curvature means among males in CIBB 1/2 increased as well. In the CIB measurement means 

decreased between the younger and middle age grouping, increasing between the middle and older 
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age grouping. The net means for these however is decrease between the younger and older age 

groupings.  

 

Gross Measurements of the Glenoid Fossa  

Table 5 presents summary statistics of the gross measurements of the glenoid fossa among males 

and females and separated into different age ranges previously defined. These measurements are 

of the dimensions of the glenoid fossa: Height of the Glenoid Fossa (HAX) and Breadth of the 

Glenoid Fossa (BCB). 

Table 5  Glenoid Descriptive Statistics for Males and Females with Age Groupings 

Age Group Sex 
Glenoid 
Dimensions n Mean S.D. Variance min max 

≤ 49 Male Height (HAX) 42 4.04 0.2922 0.085 3.1 4.9 
Breadth (BCB) 42 2.93 0.1776 0.032 2.6 3.3 

Female Height (HAX) 38 3.52 0.1684 0.028 3.3 3.9 
Breadth (BCB) 38 2.55 0.1751 0.031 2.1 2.8 

50 - 69 Male Height (HAX) 37 4.12 0.2551 0.065 3.7 4.6 
Breadth (BCB) 37 3.09 0.211 0.045 2.7 3.4 

Female Height (HAX) 49 3.55 0.2355 0.055 3.1 4.5 
Breadth (BCB) 49 2.61 0.2223 0.049 2.2 3.5 

≥ 70 Male Height (HAX) 50 4.2 0.3585 0.129 3.6 5.3 
Breadth (BCB) 49 3.21 0.2723 0.074 2.8 3.9 

Female Height (HAX) 46 3.68 0.9288 0.863 3.2 9.7 
Breadth (BCB) 46 2.9 1.2868 1.656 2.3 11.2 

 
The means between males and females once again showed males to be overall larger than females 

in both categories and in all age groupings. Both males and females showed steady increase in 

both Breadth of the Glenoid Fossa and Height of the Glenoid Fossa among all age groupings.  
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Body Measurements 

Shown in table 6 are summary statistics for body measurements between males and females. Body 

measurements are organized to take size measurements of the body of the scapula: Maximum 

Breadth of Scapula (XBS), Maximum Length Spine (XLS), Maximum Length Scapula (XHS), 

and Breadth of Infraspinous Body (BXB). Included are number of specimens (n), mean, standard 

deviation (S.D.), variance, minimum (min), and maximum (max). 

Table 6  Body Descriptive Statistics for Males and Females 
Sex n Mean S.D. Variance min max 

Male 

Max Breadth Scapula (XBS) 128 10.85 0.4936 0.244 9.6 12.1 
Max Length Spine (XLS) 129 14.48 0.6625 0.439 13.1 16.4 
Max Length Scapula (XHS) 129 16.45 0.926 0.858 14.5 18.5 
Breadth of Infraspinous Body (BXB) 129 10.59 0.484 0.234 9.1 11.7 

Female 

Max Breadth Scapula (XBS) 133 9.84 0.6467 0.418 8.6 13.3 
Max Length Spine (XLS) 132 13.1 0.7004 0.491 11.9 16.4 
Max Length Scapula (XHS) 132 14.4 0.7985 0.638 12.8 16.7 
Breadth of Infraspinous Body (BXB) 132 9.5 0.6235 0.389 8.3 11.8 

 
 
Males are overall larger than females in body measurements means. Females however appear to 

have more variance overall with Maximum Breadth of Scapula (XBS), Max Length Spine (XLS) 

and Breadth of Infraspinous Body (BXB) having a larger difference in minimum and maximum 

numbers. This appears to be a result of females having a lower minimum value in these categories, 

rather than a greater variance overall as reflected in the variance shown. 
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Border Measurements  

Shown in table 7 are summary statistics for border measurements between males and females. 

Included are number of specimens (n), mean, standard deviation (Std. Dev), variance, minimum 

(min), and maximum (max).  

Table 7 Border Descriptive Statistics for Males and Females 
Sex Length Dimensions n Mean S.D. Variance min max 

Male 

Infraspinous line (LIL) 129 12.23 0.8818 0.778 10.2 14.1 
Supraspinous line (LSL) 129 5.8 0.6012 0.361 4.5 7.3 
Superior Border (LSB) 129 4.72 0.6703 0.449 3.2 6.3 
Superior Margin (LSM) 129 8.45 0.7514 0.565 6.8 10.2 
Superior line (LSI) 129 10.11 0.7246 0.525 8.5 11.6 
Infraspinous Lateral Margin (LXC) 129 13.12 0.8793 0.773 10.4 15.1 

Female 

Infraspinous line (LIL) 133 10.74 0.7278 0.530 8.8 12.8 
Supraspinous line (LSL) 132 4.9 0.7531 0.567 3.6 11.1 
Superior Border (LSB) 132 4.29 0.6176 0.381 2.9 6.1 
Superior Margin (LSM) 132 7.68 0.8148 0.664 4.1 10.1 
Superior line (LSI) 132 8.91 0.6328 0.400 7.6 10.9 
Infraspinous Lateral Margin (LXC) 132 11.93 1.0006 1.001 5.1 14.9 

 
The mean of males is overall larger than the means of females. Of note, the difference in Length 

of Superior Border (LSB) is very small.  
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Curvature Measurements  

Shown in table 8 are summary statistics for curvature measurements between males and females. 

Included are number of specimens (n), mean, standard deviation (S.D.), variance, minimum (min), 

and maximum (max). 

Table 8  Curvature Descriptive Statistics for Males and Females 
Sex n Mean S.D. Variance min max 

Male 

Inferior Border & Medial Notch (CIL) 129 15.1 0.9258 0.857 12.9 17.2 
CILA1/4 129 17.22 2.479 6.144 10 22 
CILB 1/2 129 13.03 2.831 8.015 6 22 
CILC 3/4 129 7.06 2.955 8.73 1 16 
Superior Border & Inferior Border (CIB) 129 16.32 0.97674 0.954 13 18.3 
CIBA 1/4 129 20.26 4.052 16.423 8 33 
CIBB 1/2 129 19.25 3.118 9.719 11 27 
CIBC 3/4 129 10.77 2.788 7.774 4 18 

Female 

Inferior Border & Medial Notch (CIL) 132 13.53 0.7239 0.524 12.1 15.8 
CILA 1/4 132 14.73 2.288 5.235 7 20 
CILB 1/2 132 11.95 2.829 8.005 5 23 
CILC 3/4 132 7.11 2.378 5.653 2 16 
Superior Border & Inferior Border (CIB) 132 14.28 0.78879 0.622 12.8 16.7 
CIBA 1/4 132 16.6 3.667 13.448 8 28 
CIBB 1/2 132 15.99 2.62 6.863 9 24 
CIBC 3/4 132 9.44 2.309 5.332 4 24 

 
In curvature measurements between the Medial Notch and Inferior Angle, males have larger 

curvature in the means then females in CILA 1/4 and CILB 1/2. Females are shown to have a 

larger curvature at CILC 3/4, closest to the inferior angle. CILC 3/4, however is also shown to 

have a high standard deviation and variance between both males and females.  
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In curvature measurements between the Superior Border and the Inferior Border the means of 

males are significantly larger than the means of females in all categories. Both males and females 

have a high degree of variance and larger standard deviations in all categories as well. 

 

Gross Measurements of the Glenoid Fossa 

Shown in table 9 are summary statistics for glenoid measurements between males and females. 

Included are number of specimens (n), mean, standard deviation (S.D), variance, minimum (min), 

and maximum (max). 

Table 9  Glenoid Descriptive Statistics for Males and Females 
Sex Glenoid Dimensions n Mean Variance S.D. min max 

Male 
Height (HAX) 129 4.12 0.099 0.3149 3.1 5.3 
Breadth (BCB) 128 3.09 0.065 0.2547 2.6 3.9 

Female 
Height (HAX) 132 3.54 0.042 0.2044 3.1 4.5 
Breadth (BCB) 132 2.63 0.062 0.2496 2.1 3.9 

 
In both measurements of the glenoid fossa male means are larger than female means. Variances 

and standard deviations are similar in both males and females. 

 

Independent Samples t-test 

 Tables 10 - 18 are independent samples t-test comparing the means of males and females. 

Tables are organized as body measurements, border measurements, curvature measurements, and 

gross measurements of the glenoid fossa. In tables 10 – 14 The output within these tables is 

separated into the different age groupings: 49 years old or less (younger), 50 to 69 years old 

(middle), and 70 years or greater (older). In tables 15 – 18 an independent samples t-test comparing 

means was run without the inclusion of age ranges. In all the tables Levene’s test for equality of 

variances is considered in order to determine whether equal variances are assumed or equal 
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variances are not assumed. F characterizes the nature of the similarity in the variances in the male 

and female populations, the larger F value the more variable it is between male and female samples. 

In the t-test for equality of means; t, degrees of freedom (df), mean differences as well as upper 

and lower confidence intervals are presented in the tables and discussed. An alpha level was set at 

0.05 (p ≤ 0.05). 

 

Body Measurements  

Presented in table 10 is an independent samples t-test on the body measurements of the scapula 

comparing the means of the males and females. Output is organized by age ranges: less than or 

equal to 49, 50 to 69, and 70 or greater. Included is Levene’s test for equality of variances. F, 

significance (Sig.), t, degrees of freedom (df), mean differences as well as upper and lower 

confidence intervals. An alpha of 0.05 is considered 
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Table 10  Body Independent t-test Males and Females with Age Groupings 

Age Group 

Levene's Test 
for Equality of 

Variances 
t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 

Std. 
Error 
Diff. 

95% 
Confidence 

Interval of the 
Difference 

Lower Upper 
≤ 49 

XBS 

Equal 
variances 
assumed 

1.959 0.166 5.301 77 .000 0.7865 0.1484 0.4911 1.082 

Equal 
variances 
not 
assumed 

    5.187 55.35 .000 0.7865 0.1516 0.4827 1.0903 

XLS 

Equal 
variances 
assumed 

0.561 0.456 6.933 77 .000 1.1507 0.166 0.8202 1.4812 

Equal 
variances 
not 
assumed 

    6.747 59.67 .000 1.1507 0.1705 0.8095 1.4919 

XHS 

Equal 
variances 
assumed 

0.482 0.49 8.84 78 .000 1.7287 0.1955 1.3394 2.118 

Equal 
variances 
not 
assumed 

    8.787 74.4 .000 1.7287 0.1967 1.3367 2.1207 

BXB 

Equal 
variances 
assumed 

5.251 0.025 6.781 78 .000 0.9207 0.1358 0.6504 1.191 

Equal 
variances 
not 
assumed 

    6.636 61.38 .000 0.9207 0.1387 0.6433 1.1981 
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Table 10 (cont.) 
          

50-69 

XBS 

Equal 
variances 
assumed 

0.00 0.994 9.465 84 .000 1.1741 0.124 0.9274 1.4208 

Equal 
variances 
not 
assumed 

    9.374 74.73 .000 1.1741 0.1252 0.9246 1.4236 

XLS 

Equal 
variances 
assumed 

4.949 0.029 9.935 84 .000 1.5835 0.1594 1.2665 1.9004 

Equal 
variances 
not 
assumed 

    9.504 62.68 .000 1.5835 0.1666 1.2505 1.9164 

XHS 

Equal 
variances 
assumed 

6.04 0.016 11.752 83 .000 2.2846 0.1944 1.8979 2.6712 

Equal 
variances 
not 
assumed 

    11.213 60.84 .000 2.2846 0.2037 1.8771 2.692 

BXB 

Equal 
variances 
assumed 

1.39 0.242 10.057 83 .000 1.2211 0.1214 0.9796 1.4626 

Equal 
variances 
not 
assumed 

    10.146 79.91 .000 1.2211 0.1203 0.9816 1.4606 
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Table 10 (cont.) 
          

≥ 70 

XBS 

Equal 
variances 
assumed 

1.199 0.276 10.118 94 .000 1.0386 0.1026 0.8348 1.2424 

Equal 
variances 
not 
assumed 

    10.039 87.65 .000 1.0386 0.1035 0.833 1.2442 

XLS 

Equal 
variances 
assumed 

0.044 0.834 11.932 94 .000 1.4043 0.1177 1.1706 1.6379 

Equal 
variances 
not 
assumed 

    11.898 91.91 .000 1.4043 0.118 1.1699 1.6387 

XHS 

Equal 
variances 
assumed 

12.99 0.001 12.881 93 .000 2.0887 0.1622 1.7667 2.4107 

Equal 
variances 
not 
assumed 

    13.146 86.08 .000 2.0887 0.1589 1.7728 2.4045 

BXB 

Equal 
variances 
assumed 

0.053 0.818 11.485 93 .000 1.1364 0.099 0.9399 1.3329 

Equal 
variances 
not 
assumed 

    11.459 91.01 .000 1.1364 0.0992 0.9395 1.3334 

 
With an alpha value set at 0.05 according to Levene’s test for equality of variances of the younger 

age grouping (≤ 49) only Breadth of Infraspinous Body (BXB) suggests significance in variances 

between the male and female mean. In the middle age grouping (50 to 69) Maximum Length Spine 

(XLS) and Maximum Length Scapula (XHS) both show significance in variance between males 

and females. In the older age grouping (70 years or greater) Maximum Length Scapula (XHS) 

shows significance in variance between males and females. In these groups mentioned, equal 

variances are not assumed. In the t-test for equality of means, all variables are considered 

statistically significant with the 2-tailed significance (p value) of all variables being less than 0.05. 
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Border Measurements  

Presented in table 11 is an independent samples t-test on the border measurements of the scapula 

comparing the means of the males and females. Output is organized by age ranges: less than or 

equal to 49, 50 to 69, and 70 or greater. Included is Levene’s test for equality of variances. F, 

significance (Sig.), t, degrees of freedom (df), mean differences as well as upper and lower 

confidence intervals. An alpha level of 0.05 is considered. 

Table 11  Border Independent t-test Males and Females with Age Groupings 

Age Group 

Levene’s Test 
for Equality 
of Variances 

t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

taile
d) 

Mean 
Differ
ence 

Std. 
Error 
Diff. 

95% 
Confidence 

Interval of the 
Difference 

Lower Upper 
≤ 49 

LIL 

Equal 
variances 
assumed 

1.084 0.301 6.366 78 .000 1.24 0.1948 0.8522 1.6277 

 
Equal 
variances not 
assumed 

    6.404 77.977 .000 1.24 0.1936 0.8545 1.6254 

 

LSL 

Equal 
variances 
assumed 

4.74 0.032 6.698 78 .000 0.8361 0.1248 0.5876 1.0846 

 
Equal 
variances not 
assumed 

    6.797 75.242 .000 0.8361 0.123 0.5911 1.0811 

 

LSB 

Equal 
variances 
assumed 

0.345 0.558 2.509 78 .014 0.3826 0.1525 0.079 0.6862 

 
Equal 
variances not 
assumed 

    2.487 72.731 .015 0.3826 0.1538 0.076 0.6892 

 

LSM 

Equal 
variances 
assumed 

0.237 0.628 3.879 78 .000 0.7154 0.1844 0.3482 1.0826 

 
Equal 
variances not 
assumed 

    3.845 72.696 .000 0.7154 0.186 0.3446 1.0862 
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Table 11 (cont.)           

 

LXC 

Equal 
variances 
assumed 

1.086 0.301 5.491 78 .000 1.0249 0.1867 0.6533 1.3965 

 
Equal 
variances not 
assumed 

    5.43 70.752 .000 1.0249 0.1888 0.6485 1.4013 

50-69 

LIL 

Equal 
variances 
assumed 

1.17 0.282 11.073 84 .000 1.6647 0.1503 1.3657 1.9637 

Equal 
variances not 
assumed 

    10.894 72.519 .000 1.6647 0.1528 1.3601 1.9693 

LSL 

Equal 
variances 
assumed 

1.148 0.287 9.199 83 .000 1.1587 0.126 0.9082 1.4093 

Equal 
variances not 
assumed 

    8.997 70.117 .000 1.1587 0.1288 0.9019 1.4156 

LSB 

Equal 
variances 
assumed 

8.535 0.004 2.789 83 .007 0.388 0.1391 0.1113 0.6646 

Equal 
variances not 
assumed 

    2.664 61.141 .010 0.388 0.1457 0.0967 0.6792 

LSM 

Equal 
variances 
assumed 

1.935 0.168 4.051 83 .000 0.6755 0.1667 0.3438 1.0071 

Equal 
variances not 
assumed 

    3.944 68.398 .000 0.6755 0.1713 0.3337 1.0172 

LXC 

Equal 
variances 
assumed 

1.262 0.265 4.443 83 .000 0.9366 0.2108 0.5173 1.3559 

Equal 
variances not 
assumed 

    4.276 64.07 .000 0.9366 0.2191 0.499 1.3742 
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Table 11 (cont.)           

≥ 70 

LIL 

Equal 
variances 
assumed 

8.301 0.005 8.672 94 .000 1.4847 0.1712 1.1448 1.8246 

Equal 
variances not 
assumed 

    8.796 88.143 .000 1.4847 0.1688 1.1493 1.8201 

LSL 

Equal 
variances 
assumed 

1.033 0.312 4.142 94 .000 0.6984 0.1686 0.3637 1.0332 

Equal 
variances not 
assumed 

    4.036 64.105 .000 0.6984 0.173 0.3528 1.0441 

LSB 

Equal 
variances 
assumed 

0.034 0.854 3.996 94 .000 0.511 0.1279 0.2571 0.7648 

Equal 
variances not 
assumed 

    4.004 93.882 .000 0.511 0.1276 0.2576 0.7643 

LSM 

Equal 
variances 
assumed 

1.336 0.251 5.663 94 .000 0.9008 0.1591 0.585 1.2166 

Equal 
variances not 
assumed 

    5.6 83.859 000 0.9008 0.1609 0.5809 1.2207 

LXC 

Equal 
variances 
assumed 

3.61 0.061 9.704 93 .000 1.3556 0.1397 1.0782 1.633 

Equal 
variances not 
assumed 

    9.814 91.916 .000 1.3556 0.1381 1.0812 1.6299 

According to Levene’s test for equality of variances, only the younger age grouping (≤ 49), 

significance (Sig. or p) of variance is statistically significant in LSL. In the 50 to 69 year age 

grouping, only Length of Superior Border (LSB) is shown to have significant variance between 

the male and female group. In the 70 years old or above age grouping Length of Infraspinous Line 

(LIL) is shown to have statistically significant difference in variance. In these categories equal 

variances are not assumed. In the t-test for equality of means, all variable means are considered 

statistically significant with the 2-tailed significance (p value) being less than 0.05. 
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Curvature Measurement 

Presented in tables 12 and 13 are independent samples t-tests on the curvature measurements of 

the scapula comparing the means of the males and females. Output is organized by age ranges: 

less than or equal to 49, 50 to 69, and 70 or greater. Included is Levene’s test for equality of 

variances, F, significance (Sig.), t, degrees of freedom (df), mean differences as well as upper and 

lower confidence intervals. An alpha of 0.05 is considered. Table 12 is curvature between inferior 

border and medial notch, table 13 is between superior border and inferior border. 

 

Table 12  Curvature Independent t-test Males and Females with Age Groupings 

Age Group 

Levene's 
Test for 

Equality of 
Variances 

t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 

Std. 
Error 
Diff. 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

≤ 49 

CIL 

Equal 
variances 
assumed 

1.002 0.32 6.859 78 .000 1.2924 0.1884 0.9172 1.6675 

 

Equal 
variances 
not 
assumed 

    6.884 77.93 .000 1.2924 0.1877 0.9186 1.6661 

CILA 

Equal 
variances 
assumed 

0.073 0.788 2.407 78 0.018 1.333 0.554 0.231 2.436 

Equal 
variances 
not 
assumed 

    2.412 77.66 0.018 1.333 0.553 0.233 2.434 

CILB 

Equal 
variances 
assumed 

0.005 0.945 0.505 78 0.615 0.312 0.618 -0.918 1.542 

Equal 
variances 
not 
assumed 

    0.504 76.06 0.616 0.312 0.619 -0.922 1.546 
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Table 12 (cont.)          

 

CILC 

Equal 
variances 
assumed 

0.024 0.877 -1.522 78 0.132 -0.896 0.589 -2.068 0.276 

 
  

Equal 
variances 
not 
assumed 

    -1.511 73.58 0.135 -0.896 0.593 -2.078 0.286 

50 - 
69 

CIL 

Equal 
variances 
assumed 

3.748 0.056 8.782 83 .000 1.6557 0.1885 1.2808 2.0307 

Equal 
variances 
not 
assumed 

    8.378 60.75 .000 1.6557 0.1976 1.2605 2.051 

CILA 

Equal 
variances 
assumed 

0.232 0.631 5.175 83 .000 2.629 0.508 1.619 3.639 

Equal 
variances 
not 
assumed 

    5.227 80.16 .000 2.629 0.503 1.628 3.63 

CILB 

Equal 
variances 
assumed 

0.216 0.643 2.565 83 0.012 1.472 0.574 0.33 2.613 

Equal 
variances 
not 
assumed 

    2.61 81.61 0.011 1.472 0.564 0.35 2.594 

CILC 

Equal 
variances 
assumed 

3.527 0.064 0.646 83 0.52 0.358 0.554 -0.744 1.459 

Equal 
variances 
not 
assumed 

    0.628 68.19 0.532 0.358 0.569 -0.778 1.493 
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Table 12 (cont.)          
≥ 70 

CIL 

Equal 
variances 
assumed 

8.304 0.005 10.48 94 .000 1.6836 0.1606 1.3646 2.0025 

Equal 
variances 
not 
assumed 

    10.62 89.08 .000 1.6836 0.1585 1.3686 1.9985 

CILA 

Equal 
variances 
assumed 

0.924 0.339 7.154 94 .000 3.277 0.458 2.368 4.187 

Equal 
variances 
not 
assumed 

    7.198 93.62 .000 3.277 0.455 2.373 4.181 

CILB 

Equal 
variances 
assumed 

0.421 0.518 2.367 94 0.020 1.474 0.623 0.238 2.71 

Equal 
variances 
not 
assumed 

    2.374 93.97 0.020 1.474 0.621 0.241 2.707 

CILC 

Equal 
variances 
assumed 

6.751 0.011 0.604 94 0.540 0.348 0.576 -0.795 1.491 

Equal 
variances 
not 
assumed 

    0.615 83.56 0.540 0.348 0.565 -0.777 1.472 

 
Table 12 shows no significance of variances in the 49 years old or less age grouping or in the 50 

to 69 year age grouping. Equal variances can be assumed. In the 70 years or older age grouping 

CIL and CILC both show significance in variances between the male and female group, equal 

variances are therefore not assumed in these two categories. In the t-test for equality of means, 

CILB and CILC in the younger age grouping, CILC in the middle age grouping, and CILC in the 

older age grouping are not considered statistically significant as the2-tailed sig (p value) is above 

the alpha level of 0.05. 
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Table 13  Curvature Independent t-test Males and Females with Age Groupings 

Age Group 

Levene's Test 
for Equality 
of Variances 

t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 
Diff. 

Std. 
Error 
Diff. 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

≤ 49 

CIB 

Equal 
variances 
assumed 

0.131 0.718 8.881 78 .000 1.74787 0.19681 1.35605 2.13969 

Equal 
variances 
not 
assumed 

    8.841 75.30 .000 1.74787 0.19769 1.35408 2.14166 

CIBA 

Equal 
variances 
assumed 

0.284 0.596 3.731 78 .000 2.753 0.738 1.284 4.222 

Equal 
variances 
not 
assumed 

    3.717 75.57 .000 2.753 0.741 1.278 4.229 

CIBB 

Equal 
variances 
assumed 

1.69 0.197 4.742 78 .000 2.727 0.575 1.582 3.872 

Equal 
variances 
not 
assumed 

    4.7 72.39 .000 2.727 0.58 1.57 3.883 

CIBC 

Equal 
variances 
assumed 

0.521 0.472 1.861 78 0.066 0.832 0.447 -0.058 1.722 

Equal 
variances 
not 
assumed 

    1.876 77.75 0.064 0.832 0.444 -0.051 1.715 
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Table 13 (cont.)          

50 - 
69 

CIB 

Equal 
variances 
assumed 

8.312 0.005 10.762 83 .000 2.2018 0.20459 1.79487 2.60873 

Equal 
variances 
not 
assumed 

    10.132 56.00 .000 2.2018 0.2173 1.76649 2.63711 

CIBA 

Equal 
variances 
assumed 

1.841 0.179 4.612 83 .000 4.238 0.919 2.41 6.065 

Equal 
variances 
not 
assumed 

    4.442 64.30 .000 4.238 0.954 2.332 6.143 

CIBB 

Equal 
variances 
assumed 

1.422 0.237 4.953 83 .000 3.158 0.637 1.89 4.426 

Equal 
variances 
not 
assumed 

    4.792 66.04 .000 3.158 0.659 1.842 4.473 

CIBC 

Equal 
variances 
assumed 

7.904 0.006 3.911 83 .000 2.261 0.578 1.111 3.411 

Equal 
variances 
not 
assumed 

    3.691 56.83 0.001 2.261 0.613 1.034 3.488 
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Table 13 (cont.)          

≥ 70 

CIB 

Equal 
variances 
assumed 

12.77
8 0.001 12.716 94 .000 2.11043 0.16597 1.78089 2.43998 

Equal 
variances 
not 
assumed 

    12.916 86.58 .000 2.11043 0.1634 1.78565 2.43522 

CIBA 

Equal 
variances 
assumed 

0.906 0.344 4.915 94 .000 4.023 0.819 2.398 5.649 

Equal 
variances 
not 
assumed 

    4.919 93.65 .000 4.023 0.818 2.399 5.647 

CIBB 

Equal 
variances 
assumed 

6.781 0.011 6.083 94 .000 3.827 0.629 2.578 5.076 

Equal 
variances 
not 
assumed 

    6.159 89.93 .000 3.827 0.621 2.593 5.061 

CIBC 

Equal 
variances 
assumed 

0.818 0.368 1.771 94 0.08 1.024 0.579 -0.124 2.173 

Equal 
variances 
not 
assumed 

    1.768 92.58 0.08 1.024 0.58 -0.127 2.175 

 
In the table above equal variances are assumed in the 49 years or less age grouping. In the 50 to 

69 year age grouping CIB and CIBC variances are not assumed equal between the male and female 

groups. In the 70 years old or greater, CIB and CIBB are rejected at the alpha level of 0.05 and for 

these two categories equal variances are not assumed. In the t-test for equality of means, CIBC in 

both the younger age grouping and the older age grouping prove to not be statistically significant 

with the 2-tailed sig (p value) being larger than the alpha value set as 0.05. 
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Gross Measurements of the Glenoid Fossa 

Presented in table 14 is an independent samples t-test on the gross measurements of the glenoid 

fossa, comparing the means of the males and females. Output is organized by age ranges: less than 

or equal to 49, 50 to 69, and 70 or greater. Included is Levene’s test for equality of variances. F, 

significance (Sig.), t, degrees of freedom (df), mean differences as well as upper and lower 

confidence intervals. An alpha of 0.05 is considered. 

Table 14  Glenoid Independent t-test Males and Females with Age Groupings 

Age Group 

Levene's Test 
for Equality 
of Variances 

t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 
Std. Error 
Difference 

95% 
Confidence 

Interval of the 
Difference 

Lower Upper 

≤ 49 

HAX 

Equal 
variances 
assumed 

2.96 0.089 9.557 78 .000 0.5168 0.0541 0.409 0.6244 

Equal 
variances 
not 
assumed 

    9.803 66.658 .000 0.5168 0.0527 0.412 0.622 

BCB 

Equal 
variances 
assumed 

0.001 0.981 9.839 78 .000 0.3886 0.0395 0.31 0.4672 

Equal 
variances 
not 
assumed 

    9.846 77.414 .000 0.3886 0.0395 0.31 0.4672 
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Table 14 (cont.)          

50 - 69 

HAX 

Equal 
variances 
assumed 

0.625 0.431 10.81 84 .000 0.5747 0.0532 0.469 0.6804 

Equal 
variances 
not 
assumed 

    10.689 74.197 .000 0.5747 0.0538 0.468 0.6818 

BCB 

Equal 
variances 
assumed 

0.796 0.375 10.009 84 .000 0.4742 0.0474 0.38 0.5685 

Equal 
variances 
not 
assumed 

    10.082 79.663 .000 0.4742 0.047 0.381 0.5679 

≥ 70 

HAX 

Equal 
variances 
assumed 

7.527 0.007 10.777 93 .000 0.6516 0.0605 0.532 0.7716 

Equal 
variances 
not 
assumed 

    11.084 78.203 .000 0.6516 0.0588 0.535 0.7686 

BCB 

Equal 
variances 
assumed 

0.019 0.891 8.435 92 .000 0.501 0.0594 0.383 0.6189 

Equal 
variances 
not 
assumed 

    8.396 88.685 .000 0.501 0.0597 0.382 0.6195 

 
In the 49 years or less category, equal variances are not assumed in Height of Glenoid Fossa 

(HAX). Equality of variances are assumed in both categories in the 50 to 69 year age grouping. In 

the 70 years old or older are grouping, equality of variances is not assumed in Height of Glenoid 

Fossa (HAX). In the t-test for equality of means, all variable means are considered statistically 

significant with the 2-tailed sig (p value) being less than 0.05 
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Body Measurements 

Presented in table 15 is an independent samples t-test for equality of means of body measurement 

between males and females. Levene’s test for equality of means is considered. An alpha is set at 

0.05. 

Table 15  Body Independent t-test Males and Females 

  

Levene's Test 
for Equality of 

Variances 
t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 

Std. 
Error 
Diff. 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

XBS 

Equal 
variances 
assumed 

3.458 0.064 14.13 259 .000 1.0092 0.071 0.869 1.1498 

Equal 
variances 
not 
assumed 

    14.21 246.34 .000 1.0092 0.071 0.869 1.1491 

XLS 

Equal 
variances 
assumed 

0.212 0.646 16.36 259 .000 1.3813 0.084 1.215 1.5476 

Equal 
variances 
not 
assumed 

    16.37 258.73 .000 1.3813 0.084 1.215 1.5475 

XHS 

Equal 
variances 
assumed 

4.752 0.03 19.25 258 .000 2.0611 0.107 1.85 2.272 

Equal 
variances 
not 
assumed 

    19.23 251.2 .000 2.0611 0.107 1.85 2.2722 

BXB 

Equal 
variances 
assumed 

5.399 0.021 16.23 258 .000 1.1044 0.068 0.97 1.2384 

Equal 
variances 
not 
assumed 

    16.26 247.59 .00 0 1.1044 0.068 0.971 1.2382 

 



 64 

Equal variances are not assumed between males and females in Maximum Height of the Scapula 

(XHS) or Breadth of Infraspinous Body (BXB) as the significance level set in Levene’s Test for 

Equality of Variances is below 0.05. In the t-test for equality of means, all variable means are 

considered statistically significant with the 2-tailed sig (p value) being less than 0.05 

 

Border Measurements 

Presented in table 16 is an independent samples t-test for equality of means of border measurement 

between males and females. Levene’s test for equality of means is considered. An alpha is set at 

0.05. 

Table 16  Border Independent t-test Males and Females 

  

Levene's Test 
for Equality of 

Variances 
t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 

Std. 
Error 
Diff. 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

LIL 

Equal 
variances 
assumed 

7.143 0.008 14.89 260 .000 1.485 0.1 1.289 1.6814 

Equal 
variances 
not 
assumed 

    14.84 248.03 .000 1.485 0.1 1.288 1.682 

LSL 

Equal 
variances 
assumed 

0.153 0.696 10.58 259 .000 0.8939 0.085 0.728 1.0602 

Equal 
variances 
not 
assumed 

    10.61 249.14 .000 0.8939 0.084 0.728 1.0598 
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Table 16 (cont.)         

LSB 

Equal 
variances 
assumed 

1.435 0.232 5.431 259 .000 0.4331 0.08 0.276 0.5902 

Equal 
variances 
not 
assumed 

    5.425 256.19 .000 0.4331 0.08 0.276 0.5903 

LSM 

Equal 
variances 
assumed 

0.019 0.89 7.957 259 .000 0.7724 0.097 0.581 0.9636 

Equal 
variances 
not 
assumed 

    7.964 258.14 .000 0.7724 0.097 0.581 0.9634 

 
In border measurements, the Length of Infraspinous Line (LIL) is the only measurements that, 

between males and females, variance is not assumed equal. In the t-test for equality of means, all 

variable means are considered statistically significant with the 2-tailed sig (p value) being less than 

0.05 

Curvature Measurements 

Presented in tables 17 and 18 are independent samples t-tests for equality of means of curvature 

measurement between males and females. Levene’s test for equality of means is considered. An 

alpha is set at 0.05.  
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Table 17  Curvature Independent t-test Males and Females 

  

Levene's Test 
for Equality of 

Variances 
t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 

Std. 
Error 
Diff. 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

CIL 

Equal 
variances 
assumed 

9.121 0.003 15.24 259 .000 1.5658 0.103 1.364 1.7681 

Equal 
variances 
not 
assumed 

    15.2 242.18 .000 1.5658 0.103 1.363 1.7687 

CILA 

Equal 
variances 
assumed 

0.569 0.451 8.436 259 .000 2.49 0.295 1.909 3.071 

Equal 
variances 
not 
assumed 

    8.428 256.28 .000 2.49 0.295 1.908 3.072 

CILB 

Equal 
variances 
assumed 

0.548 0.46 3.094 259 .002 1.084 0.35 0.394 1.774 

Equal 
variances 
not 
assumed 

    3.094 258.86 .002 1.084 0.35 0.394 1.774 

CILC 

Equal 
variances 
assumed 

7.023 0.009 -0.13 259 .894 -0.044 0.332 -0.697 0.609 

Equal 
variances 
not 
assumed 

    -0.13 245.28 .895 -0.044 0.332 -0.699 0.611 

 
In curvature measurements between the inferior border and the medial notch, equal variances are 

not assumed between the measurement from the inferior border to the medial notch (CIL) or in 

CILC 3/4, closest to the inferior border as significance is below 0.05 in Levene’s Test for Equality 

of Variances. In the t-test for equality of means, CILC does not prove to have a statistically 
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significance difference in mean values between males and females with the 2-tailed sig (p value) 

being above the alpha value set at 0.05 

Table 18  Curvature Independent t-test Males and Females 

  

Levene's Test 
for Equality of 

Variances 
t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 

Std. 
Error 
Diff. 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

CIB 

Equal 
variances 
assumed 

7.085 0.008 18.67 259 .000 2.04903 0.11 1.833 2.2652 

Equal 
variances 
not 
assumed 

    18.62 245.65 .000 2.04903 0.11 1.832 2.2658 

CIBA 

Equal 
variances 
assumed 

1.238 0.267 7.653 259 .000 3.66 0.478 2.718 4.601 

Equal 
variances 
not 
assumed 

    7.644 255.17 .000 3.66 0.479 2.717 4.602 

CIBB 

Equal 
variances 
assumed 

3.762 0.054 9.142 259 .000 3.256 0.356 2.554 3.957 

Equal 
variances 
not 
assumed 

    9.124 249.51 .000 3.256 0.357 2.553 3.958 

CIBC 

Equal 
variances 
assumed 

8.557 0.004 4.195 259 .000 1.328 0.317 0.705 1.951 

Equal 
variances 
not 
assumed 

    4.186 248.16 .000 1.328 0.317 0.703 1.953 

 
In curvature measurements between the superior angle and inferior angle equal variances are not 

assumed in the measurement between the measurement from the superior angle to the inferior 

angle (CIB) or in the CIBC 3/4 , measurement closest to the inferior border as significance level 
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in Levene’s Test for Equality of Variances is below 0.05, where the alpha level was set. In the t-

test for equality of means, all variable means are considered statistically significant with the 2-

tailed sig (p value) being less than 0.05 

Gross Measurements of the Glenoid Fossa 

Presented in table 19 is an independent samples t-test for equality of means of gross measurements 

of the glenoid fossa between males and females. Levene’s test for equality of means is considered. 

An alpha is set at 0.05. 

Table 19  Glenoid Independent t-test Males and Females 

  

Levene's Test 
for Equality of 

Variances 
t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 

Std. 
Error 
Diff. 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

HAX 

Equal 
variances 
assumed 

12.588 0.00 17.828 259 .000 0.5846 0.0328 0.5201 0.6492 

Equal 
variances 
not 
assumed 

    17.745 218.865 .000 0.5846 0.0329 0.5197 0.6496 

BCB 

Equal 
variances 
assumed 

2.53 0.113 14.639 258 .000 0.4579 0.0313 0.3963 0.5195 

Equal 
variances 
not 
assumed 

    14.634 257.324 .000 0.4579 0.0313 0.3963 0.5195 

 
In gross measurements of the glenoid fossa equal variances are not assumed in Breadth of the 

Glenoid Fossa (BCB) between males and females as the significance value in Levene’s test for 

Equality of means is above 0.05. 
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CHAPTER 5 

DISCUSSION 

 

Introduction 

Previous chapters have demonstrated background information on the scapula, protocol 

behind data collection, and the results of statistical analyses done on the data collected. Whether 

the results of the data presented are congruent with previous studies will be discussed in the 

following chapter, along with an assessment on what conclusions may be drawn from the statistical 

analyses of this study. The data presented is overall congruent with the data previously reviewed 

and additional measurements added for this study (LSB, LSM, LSI, CIB, CIBA, CIBB, CIBC) 

have themselves proved some amount of statistical significance between sexes and in the age 

groupings presented. Males and females are shown to both vary between the sexes and between 

age groups, although the latter is to a lesser degree. It is important to note that within skeletal 

collections bones, particularly bones that can exhibit significant thinning such as the scapula, may 

be subject to the conditions in which they are found or stored, this may lead to advancing 

deterioration or warping. This could possibly have an effect on the results. 

 

Changes in Size and Shape 

 Overall, females tended to decrease in curvature based on mean value from the ≤ 

49 age grouping to the ≥ 70 age grouping. The only exceptions to this are CIBB and CIBC. It is 

possible that this is due to the rugose and thick inferior border, with which muscle attachment are 

likely to become more irregular. Males, on the other hand tended to overall increase in curvature 

from the ≤ 49 age grouping to the ≥ 70 age grouping. The only exception to this is CIB, which is 
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actually not a curvature measurement but rather a length measurement between which curvature 

points were taken. This observation does not include the middle age grouping as variation shows 

both more curvature and less curvature to varying degrees.  

 

Glenoid Increases 

Consistent with studies such as those conducted by Özer et. al (2006), Dabbs and Moore-Jansen 

(2012), Hudson et. al (2016), Tormitsu et. al (2016) and Peckman et. al (2017) glenoid 

measurements were shown to vary significantly between the sexes. These measurements were also 

shown to vary significantly increase between age groups. Both the height and breadth of the 

glenoid fossa (HAX and BCB) increased with advancing age and were shown to be overall larger 

in males then in females. As the connection point to the humerus, the glenoid cavity is well 

protected by muscles and ligaments. Therefore, in instances where the rest of the scapula may be 

damaged, the glenoid area is likely to stay intact (Peckman et al, 2017). This is therefore a useful 

area to study in looking at sex identification. 

 

XLS increases 

The scapula tended to display more change and variation in length then in width. According 

to mean values XLS tends to decrease with age in females and increase in age with males. Mean 

XLS in females decreased with age and with males this measurement fluctuated. XHS fluctuated 

with both males and females in this sample, however it is worth noting that the standard deviation 

of XHS in males in the 50-60 age grouping is 1.06, which speaks to a large variation in this 

measurement. 
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Superior Border Increase  

An increase in Length of Superior Border (LSB) is observed between both males and 

females with advancing age. Further increase is observed in Length of Superior line (LSI) and 

Length of Superior Margin (LSM) in males. Both measurements in the females is very limited in 

change. This is consistent with increasing length of the scapula (XHS) with advancing age, likely 

resultant of the muscle attachments at the superior and inferior angles. 

 

 Quantifiable changes in the scapula between males and females are evident. Changes in 

advancing age while more elusive and unclear are still apparent within certain parameters. It has 

been shown that these changes in the scapula both between males and females and between age 

groupings are statistically significant. Males are overall larger than females and with advancing 

age these differences remain. Based on the findings of this study, further research is hopeful in 

confidently identifying sex in the scapula and with further studies, advancing age of the scapula 

may become more apparent as well. This information is expected to be helpful to forensic scientists 

in cases where a scapula is present in order to determine sex and age of an individual. Further 

studies, with different populations and larger sample sizes would undoubtedly be beneficial to 

advancing the scientific record.  
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Appendix A 
 

Plate 21 Dorsal View Borders 

 
 
 
Plate 22 Dorsal View Angles  

 
 
 

Borders: 
a. Superior Border 
b. Medial Border 
c. Lateral Border 

Angles: 
d. Superior Angle  
e. Inferior Angle  
f. Lateral Angle / Scapular neck 
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Plate 23 Dorsal View Landmarks and Processes 

 
 
 
Plate 24 Ventral View Landmarks and Processes 

 
 
Plate 25 Lateral View Landmarks and Processes 

Landmarks and Processes: 
g. Supraspinous Body 
h. Infraspinous Body 
i. Spinous Axis  
j. Acromion Process (Dorsal View) 

Landmarks and Processes: 
k. Scapular Body 
l. Suprascapular Notch 
m. Coracoid Process (ventral view) 
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Landmarks and Processes: 
n. Coracoid Process (lateral view) 
o. Glenoid Fossa 
p. Acromion Process (lateral view) 
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Appendix B 

 
 
 

 

Data Recording Form  
 

 Scapula Recording Form  
 

 
 
 

 
 

 
Body Measurements  

1. Maximum Breadth (XBS)         ________  
2. Maximum Length Spine (XLS)        ________ 
3. Maximum Length Scapula (XHS)        ________ 
4. Breadth of Infraspinous Body (BXB)           ________  

Border Measurements   
5. Length of Infraspinous Line (LIL)        ________ 
6. Length of Supraspinous Line (LSL)        ________ 
7. Length of Superior Border (LSB)        ________ 
8. Length of Superior Margin (LSM)        ________ 
9. Length of Superior Line (LSI)        ________ 
10. Length of Infraspinous Lateral Margin (LXC)     ________ 

 
Curvature Measurements                1/4         1/2     3/4 

11. Inferior Border & Medial Notch (CIL)                    _______        _______     _______ 
Length Between Inf. Border and Inf. Notch       ________ 
Length Between Inf. Border and Suprascapular Notch   ________      _______ 

12. Inferior border and Superior Border (XHS)       ________         
Curvature Between Medial & Lateral Body (CIB)                   _______        _______     _______ 

 
Gross Measurements of the Glenoid Fossa  

13. Height of Glenoid Fossa (HAX)      ________ 
14. Breadth of Glenoid Fossa (BCB)      ________  

 
15. Humerus length (HML)        ________ 
16. Humerus Distal Breadth (HDB)       ________ 

 
 

Age _______ Collection ____________ 
Sex _______ Observer ____________ 

Group Affiliation _______ Date ____________ 
Height _______ Prim. Key ____________ 
Weight _______ Side L      R 


