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ABSTRACT 

Bioarchaeologists often study muscle attachment sites on bone (i.e., entheseal 

changes [ECs]) to better understand physical activity in the past. However, without 

contextual data about these past populations, analyses can be fraught. Therefore, 

macroscopic EC assessments were combined with surface electromyography (EMG) for 

the first time to assess the impact of deltoid-focused movements from the 18th century 

Fortress of Louisbourg. Assessing ECs in an archaeological population with a modern 

proxy allowed for more accurate interpretations of activity based on observed skeletal 

changes and EMG. Specifically, a better understanding of the physical impact of the 

outlined arduous tasks were achieved, as well as contributions to the understanding of 

handedness and EC interpretation in skeletal remains. This study demonstrated how 

physically demanding 18th century Louisbourg was, as well as highlighting the 

complexities of the musculoskeletal system in a way that is not possible using 

macroscopic assessments alone.  
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CHAPTER 1 – INTRODUCTION 

1.1 Background and Significance  

Bioarchaeology is the study of human skeletal remains found in archaeological 

contexts. Through skeletal analysis, it is possible to identify markers of biomechanical 

stress (i.e., skeletal change caused by biomechanical loads applied during physical 

activity) to better understand the lived experience at both individual and population levels 

(Agarwal 2016). This biomechanical stress is generally assessed through macroscopic 

observations of muscle attachment sites on the skeleton, specifically known as entheseal 

changes (ECs) (Henderson and Cardoso 2012; Villotte et al. 2016). The use of muscle 

attachment sites has been well-established in the field of bioarchaeology, with research 

from modern populations showing a clear relationship between ECs in the skeleton and 

occupation/activity workload (Cardoso and Henderson 2013; Thibodeaux 2014). 

Entheseal changes provide an opportunity to assess specific aspects of past 

populations and are particularly valuable as EC analysis is accessible, reproduceable, and 

has low intra- and inter-observer error rates (Hawkey and Merbs 1995; Jurmain et al. 

2012). Despite the value of studying ECs however, there are common limitations such as 

small sample sizes, inconsistent methods of assessment, scoring inaccuracy, and most 

importantly the lack of contextual data about past activities and occupations relating to a 

specific population (Cardoso and Henderson 2013; Foster et al. 2014; Michopoulou et al. 

2015; Michopoulou et al. 2017; Sick 2021). Without a clear understanding of the types of 

activities that individuals were participating in in the past, the interpretation of ECs can 

be fraught. This is why it has been argued that assessing ECs in connection to activity and 
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occupation patterns are most effective when they are observable in both living and 

skeletal individuals of the same population (Kennedy 2000; Jurmain et al. 2012). 

 

1.2 Research Objectives and Questions 

This study will explore ECs associated with repetitive activity in an 

archaeological population with a modern proxy to help create a more accurate 

interpretation of daily activity based on observed skeletal changes. Specifically, ECs will 

be assessed in individuals excavated from the 18th century Fortress of Louisbourg, 

National Historic Site of Canada in Cape Breton, Nova Scotia. The Fortress itself was 

partially reconstructed by the Canadian Government between 1960-1980 on the original 

archaeological foundations, complete with historic interpreters who recreate daily life in 

the 18th century using the same techniques, tools, and completing similar activities as 

those more than 300 years prior (Parks Canada 2023). As such, these historic interpreters 

are an excellent proxy to compare with the archaeological skeletal material from the 

Fortress. Based on these unique research parameters, the objectives of this study are:  

1. To examine ECs in the upper limb (i.e., humerus) using macroscopic skeletal 

analysis. 

2. To use electromyography analysis with the historic interpreters at the Fortress of 

Louisbourg to quantify the overall activity produced by the muscle tissue of the 

upper limb (i.e., humerus) during a select number of 18th century tasks. 

3. To combine the macroscopic and electromyography data to try and understand 

occupational demands and which occupations would have caused the most stress 

on the upper limb (i.e., humerus) at the 18th century Fortress of Louisbourg.  
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1.3 Thesis Outline 

This thesis contains six chapters. The first chapter has briefly discussed the 

significance of the research and a background of why it is uniquely situated in the field of 

bioarchaeology. This chapter concludes with an outline of the research objectives for this 

study. Chapter Two is a literature review that provides details of bone biomechanics, ECs, 

and the methods used to study ECs in bioarchaeology. The relationship between the 

muscular and skeletal system are then reviewed, followed by an introduction to 

electromyography as a method and its use in anthropology. The second chapter concludes 

with a brief history of the Fortress of Louisbourg to establish context for the individuals 

being assessed. The third chapter reviews the materials and methods used in this research, 

beginning with an overview of the necessary permissions for this study, sampling criteria, 

and demographic details (i.e., age, sex, burial site) of those being assessed. The methods 

of macroscopic skeletal analysis are also outlined, followed by the methods of 

occupational analyses and processing via electromyography. This chapter concludes with 

an overview of the intraobserver error testing. Chapter Four summarizes and presents the 

results of this research. Specifically, the scoring results of the ECs assessed on the deltoid 

tuberosity, the distribution of these results across demographic divisions, and the 

amplitude of each occupation tested. Chapter Five is a discussion of the results of this 

research. The chapter reviews the possible interpretations of the EC data and a 

breakdown of each occupation assessed using amplitude, duration, and frequency data. 

These occupational data were then correlated with the EC data to determine how these 

occupations impacted these individuals living and dying at Louisbourg. The fifth chapter 

concludes with a summary of the study limitations. Chapter six is the conclusion chapter 
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which summarizes the main findings of this study through revisiting the research 

objectives, as well as discussing future research possibilities and highlighting the 

significance of this study. 
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CHAPTER 2 - LITERATURE REVIEW 

2.1 Introduction 

 This literature review will be split into three main sections to explain the concepts 

that form the basis of the research. The first section will discuss bone biomechanics, 

entheses, bioarchaeology, and their interconnected nature. The second section looks at the 

intricacies of the musculoskeletal system, electromyography, and its connection to 

bioarchaeology. Finally, the third section will discuss the relevant history of the Fortress 

of Louisbourg and its residents. Overall, this chapter will provide the contextual 

foundation for this thesis and situate its significance in the bioarchaeological study of 

habitual activity in past populations. 

 

2.2 Biomechanics, Entheses, and Bioarchaeology 

2.2.1 Biomechanics of Bone 

Human bone is a complex multifunctional component of the body that provides 

the essential structural foundation needed to support individual lifestyles and necessary 

functions. Broadly, bone is composed of two main types of hard tissue structures; cortical 

and trabecular bone (Buckwalter and Cooper 1987; Rubin et al. 2006; Teti 2011; White et 

al. 2011; Florencio-Silva et al. 2015). Cortical bone is the dense, compact tissue on the 

external surface of all bone that provides protection and strength, whereas the trabecular 

bone is the internal, porous tissue that provides flexibility and nutrients to the skeleton 

(Buckwalter and Cooper 1987; Teti 2011; White et al. 2011; Florencio-Silva et al. 2015). 

Within the skeleton there are three main cell types (i.e., osteoblasts, osteoclasts, and 

osteocytes) that regulate the growth, development, and remodeling of all skeletal 
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elements (Rubin et al. 2006). The relationship between these cell types and their ability to 

work in tandem with one another is what allows individuals to adapt to their environment 

and daily biomechanical load (Rubin et al. 2006; Niinimäki 2012; Larsen 2015). The 

biomechanical study of human movement looks at the load, motion, stress, and strain of 

biological systems in the body, including bones (i.e., tissue biomechanics) (Lu and Chang 

2012). In this context, biomechanical load refers to the typical load placed on the skeleton 

and its adaptation to daily tasks, whereas biomechanical stress occurs when the skeleton 

is being taxed beyond its normal resting state and will adapt in response to the 

biomechanical stress. These adaptations happen through an intricate process of bone 

remodeling where osteoblasts create new bone, osteoclasts remove old bone, while the 

osteocytes regulate and maintain homeostasis within the skeleton (Buckwalter et al. 

1995). The process of bone remodeling was first identified in 1882 by anatomist Julius 

Wolff, and is known as Wolff’s Law, which states that bone will continually adapt its 

external shape and internal structure in response to the biomechanical load and stress 

applied to ensure adequate function (Frost 1990; Prendergast and Huiskes 1995; Ruff et 

al. 2006; Wang et al. 2019). Furthermore, Wolff’s Law was built upon by Frost’s 

Mechanostat, which states that bone will maintain slightly higher density than what is 

mechanically required to provide extra stability and extra protection in daily life (Frost 

1987; Frost 2003).  

  Essentially, as biomechanical forces (either load or stress) are applied, the 

skeleton responds by depositing new bone if the force exceeds skeletal capacity, or by 

resorbing and eroding bone if there is excess tissue and the biomechanical load becomes 

reduced (Buckwalter et al. 1995; Hirschberg 2005; Chen et al. 2010; Crockett et al. 2011; 
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Walters 2017; Wang et al. 2019). There are four main extrinsic factors that trigger bone 

remodeling in response to biomechanical stimuli: changes in magnitude (i.e., the size and 

extent of force applied), the distribution of the load (i.e., if force is confined to one 

muscle or bone, versus being spread across multiple), the number of loading cycles (i.e., 

how repetitive the movement is), and the rate of strain (i.e., the frequency at which 

repetition occurs) (Rubin et al. 2006). Bone changes from biomechanical stress can be 

assessed through visible features such as muscle attachment sites (Buikstra and Ubelaker 

1994; Milner and Boldsen 2012).  

2.2.2 Entheseal Changes 

In bioarchaeology, there have been several terms used to describe the osteological 

changes seen at muscle attachment sites, including musculoskeletal stress markers, 

muscle crests, activity-induced pathology, muscle markings, markers of occupational 

stress, etc. (see Merbs 1983; Kennedy 1989; Hawkey and Merbs 1995; Henderson and 

Cardoso 2012; Lu and Thomopoulos 2013; Villotte and Knüsel 2013; Villotte et al. 

2016). However, using different terms to refer to the same skeletal feature has resulted in 

confusion and inconsistency in the literature, thus it has been proposed that all 

osteological changes seen on a muscle attachment site should be referred to as an enthesis 

or entheseal changes (ECs) (see Villotte et al. 2016). An enthesis (pl. entheses) is the 

osseous site where a muscle, tendon, or ligament may attach either directly onto the bone 

or indirectly via the periosteum and serves two main purposes: to provide joint stability, 

and to transduce and dissipate biomechanical force to optimize mechanical efficiency 

(Benjamin et al. 1986; Benjamin et al. 2002; Currey 2002; Benjamin and McGonagle 

2009; Villotte et al. 2010; Schwartz et al. 2013; Deymier et al. 2017; Schett et al. 2017; 
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Sick 2021). As muscle use, and subsequent muscle size, is increased through physical 

activity, the strain placed on the bone also increases causing microscopic tears to the 

connective tissue (Currey 2002; Frost 2003; Sick 2021). This damage then increases 

blood flow to the attachment site which in turn, prompts bone remodeling that alters the 

shape, size, and appearance of the enthesis (Chamay and Tschantz 1972; Woo et al. 1981; 

Thomopoulos et al. 2010; Niinimäki et al. 2013; Larsen 2015; Michopoulou et al. 2017; 

Karakostis et al. 2019; Sick 2021). It is important to note that muscle generated loading 

applies strain to the entirety of the connected bone surface, but the entheses in particular 

experience greater concentrations of loading during physical activity (Niinimäki et al. 

2013; Walters et al. 2019; Bakirci et al. 2020). Specifically, the center of an enthesis will 

experience consistent, predictable loads, whereas the peripheries will experience 

irregularities depending on the direction and magnitude of the force (Zumwalt 2005). 

Further, studies have indicated that the thickness, shape, gradient, and overall direction of 

an enthesis may indicate the primary axis where the mechanical loading occurred 

(Matyas et al. 1995; Benjamin and Ralphs 1998; Zumwalt 2005; Hirschberg 2005; 

Niinimäki et al. 2013).  

Entheses are visibly recognizable on the bone by the presence of surface 

irregularities (i.e., roughened surface, porosity, ridges, and/ or grooves) (Hoyte and 

Enlow 1966; Zelzer et al. 2014; Waghray et al. 2015), and it is important to understand 

that there are different types of entheses based on the attachment type of a muscle 

(Benjamin et al. 2002; Jurmain et al. 2012; Thomopoulos et al. 2011; Villotte and Knüsel 

2013; Walters et al. 2019). Entheses are differentiated by the type of tissue that attaches 

the muscle to the bone and are broken into two categories: fibrous entheses (FEs) and 
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fibrocartilaginous entheses (FCEs) (Niinimäki and Sotos 2013; Villotte and Knüsel 

2013). Fibrous entheses are dense fibrous tissues that link directly to the bone, where 

FCEs have transitional cartilage-like fibre that attaches first into the periosteum (the soft 

tissue sheath covering the cortical bone surface), then to the bone (Niinimäki and Sotos 

2013; Villotte and Knüsel 2013).  

It has been argued that the structural differences between these two types are 

related to differences in the biomechanical requirements of the corresponding muscle 

(Benjamin et al. 2002). For example, FCEs are located closer to the epiphyses and joints 

of the long bones, short bones, and vertebrae, with cartilage tissue to support the 

corresponding muscle insertions (Henderson 2013a; Villotte and Knüsel 2013; Sick 

2021). Whereas FEs are located along the diaphysis of long bones and attach directly to 

the bone to form Sharpey’s fibres, which are perforating fibres that embed into the 

periosteal surface of the bone (Henderson 2013a; Villotte and Knüsel 2013; Killian 

2022). Because their responses to mechanical loading differs, the method used to assess 

ECs of FEs and FCEs also need to differ (Henderson 2009; Villotte 2009). 

While entheses are recognizable as the typical skeletal attachment site and an 

adaptive response to biomechanical stress, they are not without variation in their physical 

appearance (e.g., size, shape, surface texture) (Benjamin et al. 2002; Villotte et al. 2010; 

Niinimäki 2011). The primary variation seen among ECs is the presence of 

enthesopathies. Enthesopathies are alterations to an enthesis that are not always the result 

of increased muscular exertion, but can also be influenced by various pathological, 

clinical, histological, or other osteological changes that occur within the body (Resnick 

and Niwayama 1983; Mariotti et al 2004; Villotte and Knüsel 2013). More often though, 
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enthesopathies are the result of muscular overuse and subsequent injury seen skeletally in 

the form of microfractures, avulsions, and/or tendon ruptures commonly seen on the 

spine and major joints in the body (i.e., shoulder, elbow, hip, knee, ankle) (Resnick and 

Niwayama 1983; Benjamin et al. 2002; Benjamin et al. 2006; Cambré et al. 2018).  

There are two forms of enthesopathies seen on the skeleton, either osteolytic (OL) 

lesions characterized by bone pitting/erosion, or osteophytic (OF) lesions characterized 

by the development of bone proliferation/exostosis (Mariotti et al. 2004; Hirschberg 

2005). Osteophytic lesions are thought to be a strengthening response in bone, while 

erosion and porosity (OL) is a removal response where damaged regions of the 

attachment site are eradicated (Burt et al. 2013). In terms of physical activity, OF lesions 

can indicate an acute injury causing microfractures that prompt new bone growth, and OL 

lesions can indicate inflammation from forceful repetitive movement (Dutour 1986; 

Kennedy 1989; Cardoso and Henderson 2010; Villotte et al. 2010; Alioto 2017; Hafiziani 

2022; Villotte and Santos 2023). Overall, bone mass will increase if the stimulus is 

increased beyond normal skeletal loading, while stimulus that falls below normal skeletal 

loading will result in the removal of excess bone (Parfitt 2004; Martin 2007; Schoenau 

and Frost, 2002: Thomopoulos et al. 2010; Niinimäki et al. 2013).  

2.2.3 Entheses in Clinical and Anatomical Analyses 

The idea that physical activity could affect enthesis morphology was proposed 

before the turn of the 20th century in the anatomical literature and extinct animal studies 

(Gadow 1882; Lane 1888; Gadow and Selenka 1891; Schneider 1956; Peterman and 

Sander 2013). Building on these early studies, Goss (1944) was one of the first to 

microscopically look at muscle attachments, and classified several of the direct 
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attachments we know today. The interest in understanding muscle attachments continued 

to grow, and in the 1950s researchers determined there were two different types, FEs and 

FCEs, as discussed (Biermann 1957; Knese and Biermann 1958; Peterman and Sander 

2013). It was Guiseppe La Cava, an Italian sports medicine professor who coined the 

term ‘enthesis’ in the late 1950s (La Cava 1959; Jurmain 2010).  

Since that time, understanding entheses and enthesopathies in the human body has 

been an objective in both academic and clinical settings to understand patterns of injury 

and disease at the muscle-bone junction (Benjamin et al. 2006). Entheses are of particular 

interest to clinicians who are assessing rheumatological conditions such as SAPHO (i.e., 

synovitis, acne, pustulosis, hyperostosis, osteitis) syndrome (Maugars et al. 1995;  

Nguyen et al. 2012; Rukavina 2015), psoriatic arthritis (Slobodin et al. 2015; Kessler et 

al. 2021), rheumatoid arthritis (Benjamin et al. 2006; Slobodin et al. 2007), 

spondyloarthropathy (Balint et al. 2002; Benjamin et al. 2004; Slobodin et al. 2007), 

calcium pyrophosphate deposition disease (CPPD) (Slobodin et al. 2007; Rothschild 

2017; Cipolletta et al. 2022), diffuse idiopathic skeletal hyperostosis (DISH) (Benjamin 

et al. 2006; Slobodin et al. 2007), as well as other bone forming diseases. In clinical 

settings, the term enthesopathies has been used interchangeably with enthesophytes, 

enthesiopathies, and insertional tendinopathy - which is a specific type of tendinopathy 

that impacts entheses and is one of the most common forms of tendinopathy seen 

clinically (Maganaris et al. 2004; Benjamin et al. 2006).  

The most common type of enthesopathy in living populations is enthesitis, which 

is characterized by pain, tenderness, swelling, and/or bony proliferation at an entheseal 

site (Gladman et al. 2007; Slobodin et al. 2015). Diagnosing the various pathological 
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processes that involve entheses (e.g., various inflammatory, metabolic, traumatic, or 

degenerative issues) can be challenging as they often need to be confirmed through 

imaging (Slobodin et al. 2015; De Lorenzis et al. 2023). This is because the proximity of 

entheses to other anatomical structures (e.g., joints) can lead to potential misdiagnoses 

(Slobodin et al. 2015). The imaging techniques employed in these clinical studies to 

avoid misdiagnoses are radiography (Helliwell and Porter 2007), ultrasonography 

(Mouterde et al. 2014), magnetic resonance imaging (Althoff et al. 2007; Eshed et al. 

2007), and positron emission tomography/computed tomography (Taniguchi et al. 2010). 

While challenging, accurate diagnoses are important especially in cases of chronic issues 

(e.g., arthritis) so early treatment and pain management can be implemented. The interest 

in understanding entheses and enthesopathies has progressed into other disciplines as 

well (e.g., kinesiology, exercise science, bioarchaeology) with special attention paid to 

the functional implications these entheses may have and how they can be interpreted (De 

Lorenzis et al. 2023; Schett et al. 2017; Sick 2021). 

It is important to reiterate, however, that factors other than muscle size and 

activity can influence the development of all entheses, and any enthesopathies present 

(Robb 1998). There are many complex signals and factors (i.e., age, sex, hormones, 

pathology, overall health) within the body that can lead to bone remodeling (Turner 1998; 

Burr et al. 2002; Lieberman et al., 2003; Mariotti et al. 2004; Zumwalt 2006; Hamrick et 

al. 2006; Plochocki et al. 2008; Plochocki 2009; Henderson et al. 2012; Jurmain et al. 

2012; Villotte and Knüsel 2013; Rabey et al. 2015). However, because bone does not 

always respond to all stimuli in the same manner, the impact of these various factors 

coupled with human variation is not yet fully understood when assessing the development 
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of entheses in response to physical activity (Turner 1998; Burr et al. 2002; Lieberman et 

al. 2003; Mariotti et al. 2004; Zumwalt 2006; Hamrick et al. 2006; Plochocki et al. 2008; 

Plochocki 2009; Henderson et al 2012; Jurmain et al. 2012; Villotte and Knüsel 2013; 

Rabey et al. 2015). Therefore, it is critical to understand and consider the role of other 

factors that may impact the development of ECs and enthesopathies to ensure accurate 

interpretations of any boney changes identified on the skeleton (Zumwalt 2006; Hamrick 

et al. 2006; Plochocki et al. 2008; Plochocki 2009; Henderson et al 2012; Jurmain et al. 

2012; Niinimäki 2012; Rabey et al. 2015).  

2.2.4 Bioarchaeology & Entheseal Analyses 

Along with anatomists and clinicians, bioarchaeologists have been interested in 

studying ECs for over a century. Jurmain and colleagues (2012) described the ability to 

understand daily lives, how tasks were performed, and who performed them in the past as 

the “Holy Grail” of bioarchaeology (Pp. 531). There are three main factors that account 

for this continued interest: 1) entheses are easily visible on dry bones, 2) entheses exhibit 

morphological variation (i.e., identifiable irregular surfaces and porosities) that can be 

methodologically assessed, and 3) entheses are consistently under strain in daily life so 

the inevitable changes that occur can provide insight when reconstructing past activity 

(Villotte and Knüsel 2013; Larsen 2015). One of the main objectives of anthropology, 

and specifically bioarchaeology, is to understand and explore past lifestyles using skeletal 

evidence. Therefore, ECs are heavily studied to try and interpret what individuals were 

doing in the past. However, to effectively make interpretations linking skeletal changes to 

habitual activity, one must understand that the relationship between physical workload 

and the subsequent development of ECs is complex (Cardoso and Henderson 2013; 
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Thibodeaux 2014), which has been the focus of many bioarchaeological studies (see 

Robb 1994; Munson Chapman 1997; Hawkey 1998; Lukacs and Pal 2003; Eshed et al. 

2004; Lieverse et al. 2009; Zabecki 2009; Villotte et al. 2010; Becker 2016; Sládek et al. 

2022). In the past, this relationship has been underestimated with the simple assumption 

that the etiology of ECs has one primary influence (i.e., physical activity) (Jurmain et al. 

2012). However, through these abundant activity studies, we have been able to better 

navigate and understand the multifaceted etiology of ECs in various skeletal groups. 

There is a significant body of bioarchaeological literature that focuses on 

connecting entheseal change to behaviour, with some of the earliest being over 130 years 

ago (Testut 1889; Wood Jones 1910). However, the majority of the bioarchaeological 

analyses did not occur until the latter half of the 20th century (Wells 1963; Angel 1964; 

Hawkes and Wells 1975; Dutour 1986). The primary objective of these studies was to 

reconstruct activity patterns to better understand past populations (Kennedy 1983; Dutour 

1986; Hawkey and Merbs 1995; Kennedy 1998; Robb 1998; Molnar 2006; Mariotti et al. 

2007; Villotte 2009; Foster et al. 2014; Baldoni et al. 2016; Palmer et al. 2016). In 

addition to activity patterns, studies have also focused on both the sexual (Hawkey and 

Merbs 1995; Robb 1998; Lieverse et al. 2009) and hierarchical divisions of labour (Robb 

1998; Molnar 2010) within single populations, as well as comparing subsistence 

strategies between different populations (Dutour 1986; Lieverse et al. 2007; Villotte et al. 

2010). Despite being heavily studied, the desire to link a specific activity to a population 

has been criticized in the discipline. Namely due to the oversimplification of the 

musculoskeletal connection; insufficient sample sizes and demographic details (i.e., age 

and sex); the failure to recognize, distinguish, and assess the different types of entheseal 



 15 

interfaces (i.e., FEs  and FCEs); and a lack of population specific occupational data 

(Robb 1994; Jurmain et al. 2012; Foster et al. 2014; Yonemoto 2016; Sick 2021). With 

these criticisms in mind, the interpretation of ECs in bioarchaeological skeletal samples 

continues to expand using new methods to explore physical activity and skeletal variation 

in the past (Robb 1998: Wilczak 1998; Foster et al. 2014; Slobodin et al. 2015; Sick 

2021). 

2.2.5 Review of Entheseal Change Methods  

The primary approach used to assess ECs in bioarchaeology is through 

macroscopic analysis as visible ECs can be quantified on a scale of expression and are 

best seen when individuals, or the specific skeletal element being assessed, has reached 

skeletal maturity (Mariotti et al. 2007; Henderson 2013b). Specifically, standardized 

macroscopic scoring methods use the qualitative appearance of entheses to assign it to a 

predefined category based on the normal range of morphological variation seen in a 

particular enthesis (Zumwalt 2005). Only a few accepted standardized macroscopic 

scoring methods are used by bioarchaeologists, all of which evaluate robusticity of the 

entheses and/or the degree of development of any present enthesopathies (Hawkey and 

Merbs 1995; Mariotti et al 2004; Mariotti et al. 2007; Villotte et al. 2010; Henderson et 

al. 2010; Hendersen et al. 2016; Henderson et al. 2017).  

Hawkey and Merbs (1995) were the first to introduce a standardized scoring 

method designed for repeated use in bioarchaeology, but it has been heavily criticized for 

not incorporating clinical entheseal research or contextual historic data, being overly 

simplistic, and having poor intra and interobserver error repeatability (Davis et al. 2013). 

Despite these critiques, the scoring structure and standardized morphological expressions 
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created by Hawkey and Merbs (1995) have provided the basis for other researchers to 

build and expand on (Sick 2021). For example, Mariotti and colleagues (2004; 2007), 

created a scoring system that assesses similar levels of robusticity, but expands to 

distinguish and separate enthesopathy development into two categories (i.e., OF and OL 

lesions) with corresponding photographic references. This method was tested and 

developed using a historically identified skeletal collection with documentation outlining 

individual age at death, date of birth, sex, and occupation (Mariotti et al. 2004; Mariotti et 

al. 2007). Despite this invaluable contextual data, the method was still criticized for not 

including clinical entheseal and anatomical research (Jurmain et al. 2012; Villotte and 

Knüsel 2013). While both methods (i.e., Hawkey and Merbs 1995 and Mariotti et al. 

2004; 2007) were designed to be used when assessing either FEs or FCEs, the method 

developed by Villotte and colleagues (2010) differs as these researchers focused on 

creating a method that separates the different types of entheses to assess them 

independently. Additionally, clinical and anatomical research was incorporated into this 

method to highlight the different locations, functions, and manifestations of FEs and 

FCEs in the body (Benjamin and Ralphs 1998; Villotte et al. 2010). These two methods 

(Mariotti et al.2004; 2007 and Villotte et al. 2010) have most recently have been used to 

form the basis of a new standardized scoring method (i.e., the Coimbra method) 

developed in collaboration with Henderson (see Henderson et al. 2013, 2016, 2017).  

The Coimbra method has been developed exclusively for use on FCEs and 

separates the attachment into zones for analysis (Henderson et al. 2016, 2017). When 

choosing a macroscopic method to assess ECs, it is important to emphasize that some of 

these methods are designed to evaluate specific types of entheses (only FCEs or FCs), 
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while others can be adapted for use on either one (Cardoso and Henderson 2013; Sick 

2021). This variation is because there is no standard definition of the typical appearance 

of FEs; therefore, some of these methods cannot be used if they are designed specifically 

to assess FCEs. As a result, the two types of entheses need to be scored separately, and 

methods should be modified accordingly based on the enthesis being evaluated (Jurmain 

et al. 2012; Cardoso and Henderson 2013).  

While all these standardized scoring methods (see Hawkey and Merbs 1995; 

Mariotti et al. 2004, 2007; Villotte et al. 2010; Henderson et al. 2016, 2017) are generally 

accepted in bioarchaeology, there are some agreed upon conditions that make these 

assessments more accurate and reliable. It has been proposed that the most reliable data 

extrapolated from ECs come when they can be corroborated using clearly established and 

documented connections to biomechanical load and stress (i.e., physical activity) (Villotte 

and Knüsel 2013). Additionally, despite understanding the impact that biomechanical 

loading has on the skeleton and ECs, and its use in past studies, the scoring of ECs alone 

cannot be used to accurately discern activity in the past (Jurmain et al. 2012; 

Michopoulou et al. 2017). In fact, it has been argued that assessing ECs in connection to 

physical activity and occupation patterns are most effective when observable in both 

living and skeletal samples and are accompanied by population specific historical data 

(Kennedy 2000; Mariotti et al. 2004; Jurmain et al. 2012). For example, occupations or 

activity described in historic data should be clearly characterized in terms of duration, 

frequency, and intensity of the mechanical loading to be able to accurately understand the 

bone response (Luttmann et al. 2003; Meyer et al. 2011; Lopreno et al. 2013). Further, the 

reliability of the occupation types (as described in historical records) the skeletal sample 
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is being compared to is often unverifiable, especially due to the lack of written records 

associated with specific groups in the past (Jurmain et al. 2012; Lopreno et al. 2013; 

Milella et al. 2015; Karakostis 2023). Because of these challenges, the study of ECs in 

connection to habitual activity has slowed down in recent years as only so much can be 

said about a skeletal sample without becoming speculative if these other requirements are 

not met.  

Therefore, to assess ECs in bioarchaeological contexts, the most accurate and 

reliable method is to score one type of enthesis at a time (FCs or FCEs), only assess adult 

or skeletally mature individuals, have accurate and reliable historical data regarding 

occupation and activity details (i.e., duration, frequency, and intensity), and have a 

comparable living population engaging in the same or similar activities as the skeletal 

sample to confirm the biomechanical stress produced by each enthesis being analyzed.  

 

2.3 Electromyography and Bioarchaeology 

2.3.1 Musculoskeletal Interactions 

To understand and interpret habitual activity and occupations using skeletal 

samples, it is imperative to understand the intricacies of the musculoskeletal system and 

how functional anatomy impacts the skeleton. The primary mechanical function of bone 

is to provide rigid levers for muscles to pull against while remaining as light as possible 

for efficient locomotion and movement (Turner, 1998; Tagliaferri et al. 2015). This 

dynamic between bone and muscle is referred to as the bone-muscle unit as there is an 

intimate functional and developmental relationship between these tissues (Tagliaferri et 

al. 2015). There have been linear associations made between total bone mineral content 
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and corresponding lean body mass, specifically that acquiring lean muscle mass directly 

impacts adult bone strength, and the increase in bone strength is preceded by increases in 

muscle mass and strength (Ferretti et al. 1998; Hamrick 2003; Rauch et al. 2004; 

Schoenau 2005; Qin et al. 2010; Cianferotti and Brandi 2014; Jackowski et al. 2014). 

Further, it has been stated that muscle derived forces are undeniably the primary source 

of mechanical loading that generates bone strain (Lu et al. 1997; Avin et al. 2015). It has 

been concluded that changes in bone follow changes in muscle mass due to load and 

stress being applied, thus the bone cells can alter their shape and volume in response to 

changes in force (e.g., during repetitive physical activity) (Russell et al. 2000; Turner 

2000; Burr et al. 2002; Daly et al. 2004: Qin et al. 2010; Cianferotti and Brandi 2014).  

Mechanical loading during physical activity has been stated as the most important 

determinant of bone strength, and low magnitude muscle signals are anabolic to bone and 

muscle which is why physical activity is known to significantly impact bone and muscle 

metabolism (Woo et al. 1981; Cassell et al. 1996; Frost 2003; Parfitt 2004; Martin 2007; 

Thomopoulos et al. 2010; Tagliaferri et al. 2015). Therefore, increases in muscle mass via 

higher occurrences of mechanical loading will impact the interface of the muscle-bone 

unit and stimulate local bone growth by stretching the collagen fibres and periosteum at 

the entheseal site resulting in EC (Kaji 2013; Sartori and Sandri 2015; Tagliaferri et al. 

2015). However, not all physical activity will apply the same biomechanical load to the 

muscle-bone unit (Emslander et al. 1998; Tagliaferri et al. 2015). Bone loading and 

weight bearing activities lead to increased bone density, but the subsequent skeletal 

changes can vary (Block et al. 1989; Cassell et al. 1996: Emslander et al. 1998; 

Tagliaferri et al. 2015). For example, unloaded exercises such as swimming do not impact 
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bone mass, while walking and running have limited effects on bone density (Cassell et al. 

1996; Pettersson et al. 1999; Emslander et al. 1998; Guadalupe-Grau et al. 2009; 

Tagliaferri et al. 2015). In fact, it has been found that the most efficient way to stimulate 

bone growth during physical activity in adults is a combination of high impact (e.g., 

jumping movement), and repetitive weightlifting exercises (Guadalupe-Grau et al. 2009). 

Further, resistance training can also prompt higher rates of bone growth, especially when 

combined with elevated speed of movement and at a high intensity (Guadalupe-Grau et 

al. 2009).  

Simply put, throughout various activities, the muscle fibers change, adapt, and 

grow as the result of changes to the magnitude of stress occurring during muscle 

contraction and extension (Ibata and Terentjev 2021). During this muscle change, small 

electrical currents are generated and fire just before muscle contraction occurs, and this 

electrical currency can be measured and quantified.  

2.3.2 Electromyography 

Electrical currency (i.e., amplitude or intensity) produced through muscle 

contraction can be measured using electromyography (EMG). Electromyography is a 

quantitative method typically used in biomechanics and ergonomics to measure the 

electrical output of a specific muscle contraction, often used to analyze the demand of a 

job or to compare various tasks (Michiels and Bodem 1992; Day 2002; Moser et al. 2013; 

Al-Qaisi and Aghazadeh 2015; Walters 2017). This muscular output is measured in volts 

and is correlated to the amount of force a muscle produces where higher amplitude means 

more force, and lower amplitude means less force being produced (Day 2002). 

Electromyography is a broad term that describes an array of technology that both 
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stimulates and assesses the amplitude produced in a muscle contraction (e.g., surface 

EMG and intramuscular EMG) (Mills 2005). However, the focus here will be on surface 

electromyography which requires conductive sensors to be placed on the skin surface 

over the muscle of interest using standardized guidelines (i.e., SENIAM guidelines) 

(Hermens et al. 1999; 2000). Surface EMG is a commonly used method in kinesiology 

and biomechanics as it does not need to be administered by a medical professional, is 

non-invasive, and carries minimal risk (Day 2002). While EMG can be used on virtually 

any muscle in the body, it needs to be calibrated for each individual and each section of 

the muscle being assessed (Chen et al. 2018; Panariello et al. 2022). The calibration is 

completed by conducting maximum voluntary contractions (MVCs) on each muscle to 

determine the maximum effort capacity of that muscle, which is converted to a 

percentage value (Chen et al. 2018; Panariello et al. 2022). To combine the use of EMG 

with skeletal assessments in relation to habitual activity, three pieces of information are 

required: the frequency, duration, and amplitude of an activity and/or occupation (see 

Luttmann et al. 2003; Rubin et al. 2006; Meyer et al. 2011; Lopreno et al. 2013). By 

applying these three pieces of information, the amplitude data can be used to understand 

the total biomechanical load and stress applied to the skeleton during specific tasks.  

2.3.3 Electromyography in Bioarchaeology 

Surface electromyography has yet to be implemented in the field of 

bioarchaeology; however, its use has been explored in paleoanthropological research to 

better understand lithic production and human evolutionary adaptations to tool use (see 

Shaw et al. 2012; Feuerriegel 2016; Sládek et al. 2016; Walters 2017; Dorshorst 2019; 

Dorshorst et al. 2022; Sládek 2022). The main limitation of these studies when 
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considering their application in understanding occupation and activity in 

bioarchaeological contexts is that the majority do not include the direct use of specific 

skeletal material. For example, only one study (Feuerriegel 2016) used skeletal material 

to assess various entheses and how they could be used to determine which hominin 

species were stone tool makers (Feuerriegel 2016). Feuerriegel (2016) did this through 

recreating stone tool techniques while utilizing EMG to extrapolate muscle strain during 

the recreations. However, the rest of these studies do not include assessing specific 

skeletal material in conjunction with the EMG data. Instead, hypotheses were developed 

to determine the etiology of a particular abnormal skeletal feature, or to try and correlate 

a specific activity to a specific enthesis (Shaw et al. 2012; Sládek et al. 2016; Walters 

2017; Dorshorst 2019; Dorshorst 2022; Sládek 2022). For example, Shaw and colleagues 

(2012) explored humeral elongation in a Homo neandertalensis individual and 

hypothesized spear thrusting could have been the cause of the elongation. Further, Sládek 

and colleagues (2022) wanted to determine if the pattern of muscle activation seen in 

archery could be specifically identified on the skeleton via muscle attachment sites.  

These experimental reproductions of behaviours are certainly an advancement 

when aiming to understand the connection between the musculoskeletal system and 

habitual activity in past populations. However, these studies operate under the assumption 

that because bone remodels in a predictable way, it can be assumed that skeletal 

morphology will also respond in predictable ways which we now know is not the case. 

The commonality between these studies is that they all focus on an abnormal feature and 

try to tie it to a specific activity, rather than assessing a specific activity with EMG to 

associate these data to a specific population using skeletal and contextual data.   
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2.4 Fortress of Louisbourg  

The Fortress of Louisbourg, located on Cape Breton Island in Nova Scotia was 

founded on unceded Mi’kmaw territory in 1713 and was continuously occupied by either 

the French or English until its abandonment in the 1760s (Johnston 1984). While it began 

as a small population of around 149 people, Louisbourg steadily expanded into becoming 

home to thousands, the majority of which were young men serving in the military 

(Johnston 1984; Johnston 2004). In addition to soldiers, the Fortress was home to people 

engaging in many different types of activity, typically repetitive and strenuous in nature. 

These activities were tied to specific occupations such as blacksmithing, carpentry, 

masonry, fishing, grave digging, and guarding which are actively being re-enacted today 

at the Fortress of Louisbourg, National Historic Site of Canada, administered by Parks 

Canada (Balcom 1995; Morgan 1974; Schmeisser 1976; Krause 1988). 

Louisbourg was once the largest French fortress and naval base in North America 

with strong ties to cod fishing and trade which established it as an important stop along 

the Transatlantic trade route (Johnston 1984; Krause 1988; Fortin 2000). In fact, the 

stimulation of the Louisbourg economy was dominated almost entirely by the production 

and exportation of cod throughout Europe and the West Indies (Balcom 1984). Because 

this industry was so labour intensive, the workers in the trade (e.g., rowers, fishermen, 

sailors, etc.) placed heavy demands on the rest of Louisbourg’s local economy for the 

necessary provisions which gave the colony the stability it often lacked in other areas 

(Balcom 1984). Specifically, Louisbourg was home to a dry fishery which means that 

those working on fishing vessels would return to land each day with the cod they 

procured and would need substantial shoreline space to process and store the cod before it 
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could be exported (Balcom 1984; Johnston 2004). Historically, dry fisheries often led to 

more economic stimulation due to the need for shore establishments, this demand 

supported the continued construction and maintenance of fisheries, living quarters, and 

storage buildings which kept many laborers and tradespeople employed (Balcom 1984). 

Despite Louisbourg being the capital of the Ile Royale French colony with a 

thriving fishing economy and community, the wealth generated was mostly sent back to 

France resulting in local hardships (Pritchard 2004; Jonah 2011). Some of the hardships 

were amplified by the constant dampness of the town as Louisbourg is directly exposed 

to the Atlantic Ocean (McLennan 1918; Donovan 1982; Pitcher 2014). While structures 

were relatively sound, heated homes and insulation did not exist aside from fireplaces in 

the 18th century and keeping warm and dry was a constant battle (Donovan 1982; Ostroot 

and Snyder 1996). Outside of climatic challenges, there were few safety procedures or 

equipment associated with any of the arduous occupations which often resulted in 

extremely dangerous working conditions (Pitcher 2014). The majority of Louisbourg’s 

labour force was drawn from the garrison, and hospital records indicate that labour 

related injuries were so frequent that the garrison was almost always undermanned and 

plagued by chronic and acute injuries (Pitcher 2014). Those at Louisbourg were also 

impacted by inconsistent resource availability, specifically the lack of nutrient-rich food 

which would have been physically required by those who were in constant physical 

demand to maintain the fortress (Johnston 2001, 2004). Furthermore, those who were 

able to work endured on average, twelve-hour days with minimal caloric intake (Greer 

1977; Adams 1978; Greer 1979; Ostroot and Snyder 1996; Fortin 2000). Despite these 

challenges, the townspeople relied heavily on the labour force to provide constant fuel for 



 25 

fires (i.e., wood chopping), and to repair and maintain dwellings and the larger 

fortifications (Donovan 1982). Participating in these strenuous activities while underfed, 

injured, cold, and/or mentally and physically exhausted would have been exceedingly 

taxing on these individuals, specifically on their musculoskeletal system. Adequate food, 

hydration, recovery, and sleep are imperative for refueling the body and essential for 

restoring and maintaining healthy muscle function after physical activity; especially if 

there is limited recovery time (Décombaz 2003; Greenberg 2014; Baker 2017). 

Additionally, maintaining body warmth is important as cold, and improperly fueled 

muscles are significantly more likely to sustain injury and reinjury (Mair et al. 1996). 

Therefore, these harsh living conditions would have heavily contributed to 

musculoskeletal changes for most people living at Louisbourg. These living conditions 

are important to note as the impact of the physically demanding work would have likely 

led to significant amounts of muscle strain, biomechanical stress, and subsequent ECs 

among this population. 

The modern-day historic site of Louisbourg is located on the original fortress 

foundations from the 18th century. Started as a make-work project by the Canadian 

government between 1961 and the 1980s, the reconstruction of Louisbourg represents 

only about twenty percent of the original colony footprint (Parks Canada 2023). Within 

the reconstruction there are buildings, yards, streets, and gardens that were replicated 

based on over 750,000 pages of archived documents, maps, and records from France, 

England, Scotland, the United States, and Canada (Parks Canada 2023). Along with this 

robust documentation, are the various archaeological excavations which produced 

millions of artifacts and identified countless structures. Because of access to rich 
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contextual data, historic interpreters employed by Parks Canada can accurately recreate 

daily life as if it was the 1700s by participating in occupation-specific activities using 18th 

century tools and techniques.  

 

2.5 Conclusion 

 This literature review focused on the biomechanics of bone, the intricacies of the 

musculoskeletal system, and the external factors that influence its structural adaptations; 

specifically, entheseal changes and their interpretive value in bioarchaeological research. 

Additionally, this chapter explored the ways ECs are currently evaluated and the existing 

methodological limitations. Finally, this chapter provided a brief history of the Fortress of 

Louisbourg and the occupational conditions that could have influenced the formation of 

specific ECs in this 18th century population. 
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CHAPTER 3 - MATERIALS AND METHODS 

3.1 Introduction 

This chapter will review the materials and methods used throughout this thesis 

research. First, the necessary permissions and access required to assess and conduct 

research with the Louisbourg skeletal collection and historic interpreters will be 

summarized. This will be followed by the skeletal sample information, inclusion criteria, 

the methods used for macroscopic data collection, and how intraobserver error was 

assessed. Finally, this chapter will summarize the inclusion criteria, data collection 

methods, and relevant information regarding the electromyography (EMG) participants. 

 

3.2 Permissions and Access 

All macroscopic skeletal data were collected from individuals excavated from the 

Rochefort Point, Block 3, and Ste. Marie burial sites temporarily curated at the University 

of New Brunswick Bioarchaeology Research and Teaching (BART) Lab. Permission to 

assess these individuals and complete this research was granted by Dr. Amy Scott, the 

University of New Brunswick, Parks Canada, the Mi’kmaq Chiefs of Cape Breton, the 

Anglican Diocese of Nova Scotia and Prince Edward Island, and the Catholic Diocese of 

Antigonish as mandated in the Parks Canada Management Directive for Human Remains, 

Cemeteries, and Burial Grounds (see Parks Canada 2000). All EMG data were collected 

from historic interpreters employed at the Fortress of Louisbourg who volunteered to 

participate in this study. All participants read and signed a consent form for the project, 

which was approved by the University of New Brunswick Research Ethics Board (REB # 

2023-087) (see Appendix A).  
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3.3 Fortress of Louisbourg Skeletal Collection 

The Fortress of Louisbourg skeletal collection is composed of individuals from 

different cemeteries at the historic site. Throughout the nearly 50-year occupation of 

Louisbourg, there were no fewer than 11 cemeteries used (Moore 1974). This study 

however, will only include those from the Block 3, Ste. Marie, Rochefort Point, and 

Larocque burial sites because they are the only individuals that have been excavated and 

are accessible for analysis (for excavation reports see Harris 1974; Parish 2006, 2007; 

Duggan 2010; Scott 2017, 2018, 2019) (see Figure 3.1).  

Figure 3.1: Map of Louisbourg with Block 3 (B3), Rochefort Point (RP), Larocque 

(LQ), and the Ste. Marie (SM) burial sites highlighted. 

 

 

 

 

 

 

 

 

 

 

  

3.3.1 The Block 3 Cemetery 

 The Block 3 Cemetery was the first formal cemetery at the Fortress and was in 

use from 1713 until 1723 and was used by French settlers and garrisoned soldiers 
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(Johnston 1984; Johnston 2004; Scott et al. 2023). This was designated as the parish 

cemetery for the early settlement as a church was to be built adjacent to Block 3 

(Johnston 1984). However, the church never materialized, and the cemetery was 

eventually relocated to Block 34 (1723-1726) as the land was needed for economic 

expansion along the quay (Harris 1974; Moore 1974; Johnston 1984; Johnston 2004). 

Despite the cemetery being moved, archaeological excavations during the 1960s 

reconstruction uncovered a further 26 individuals (Harris 1974: Johnston 1984; Johnston 

2004). These 26 individuals were undisturbed and in the original Block 3 Cemetery 

location indicating that they were buried before 1723 and were part of the original 

community that established Louisbourg (Moore 1974; Johnston 2004; Scott et al. 2023).  

3.3.2 The Ste. Marie Multiple Burial  

In contrast to the Block 3 Cemetery, Ste. Marie was not a formal cemetery at 

Louisbourg but a homestead site, later used for interment. This property was originally 

occupied by the Ste. Marie family until 1745, when in advance of the first siege, the 

homestead was destroyed to clear a line for canon fire (Duggan 2010; Ellerbrook 2014). 

The Ste. Marie multiple burial was discovered in 2006 after a storm uncovered the stone 

foundation of the root cellar (Duggan 2010; Ellerbrook 2014). Forty-five individuals 

were excavated from the root cellar and are believed to represent New Englanders who 

died in the winter of 1745-1746 after the first siege where harsh living conditions 

contributed to a significant number of casualties (Rawlyk 1999; Parish 2007; Duggan 

2010; Dunham 2017; Scott et al. 2023).  
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3.3.3 The Rochefort Point Cemetery  

While located on the same peninsula, the Rochefort Point Cemetery is a separate 

burial ground from the Ste. Marie multiple burial (Dunham 2017). The Rochefort Point 

Cemetery was one of the last cemeteries established (1738) at Louisbourg and was in use 

until the abandonment of the site in the 1760s (Moore 1974; Johnston 2002; Scott et al. 

2023). In use by the French before the first siege, and heavily used during the four-year 

English occupation (1745-1749), both soldiers and civilians were buried on Rochefort 

Point (Moore 1974; Johnston 1984). However, upon the return of the French in 1749, 

Rochefort Point was mainly used for soldier burials (Moore 1974; Johnston 1984). Due to 

ongoing coastal erosion directly impacting the Rochefort Point Cemetery (Duggan 2014), 

rescue excavations of the site began in 2017 with over 230 individuals recovered to date.   

 Prior to the rescue excavations, a section of Rochefort Point was excavated using 

test pits with approximately 11 individuals recovered. This area is likely an extension of 

the Rochefort Point Cemetery currently being excavated; however, further exploration is 

needed to confirm this. For this thesis, the subsample consisting of those excavated in the 

early 2000s will be referred to as the Larocque test pits. 

 

3.4 Methods of Skeletal Analysis 

3.4.1 Skeletal Criteria 

 For this research, only the enthesis present on the deltoid tuberosity (i.e., muscle 

insertion of m. deltoideus) on the humerus was assessed. This is because the deltoid is a 

large, powerful muscle that inserts into a single point with only three possible motions 

(e.g., shoulder flexion, extension, and abduction) (see Figure 3.2) that could cause the 
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entheseal changes (ECs) seen on the bone (Moser et al. 2013; Sick 2021). To be included 

in skeletal analysis, individuals needed both the left and right humeri present with the 

deltoid tuberosity intact and be over the age of seven. Individuals needed to have both 

humeri present so any indications of handedness could be assessed (i.e., asymmetry) as it 

may relate to specific occupations. The age threshold was chosen because children at 

Louisbourg entered the workforce once they were considered to have reached the age of 

discretion, which was around seven years old (Wrong 1897; Johnston 1984; Library and 

Archives Canada 1996; Ostroot and Snyder 1996). 

Figure 3.2: Possible shoulder motions with the arrow indicating the direction of the 

movement and the red arm showing the arm position after the movement.  

 

 

 

 

 

 

 

 

 

 

 

 

Adult age at death was estimated based on changes to the pubic symphysis and 

auricular surface of the os coxa (Todd 1921; Lovejoy et al. 1985; Meindl and Lovejoy 

1989; Brooks and Suchey 1990), while non-adult age at death was estimated based on 

epiphyseal union of long bones, and dental development and eruption (Moorrees et al. 

1963a; Moorrees et al. 1963b; Ubelaker 1989; Schaefer et al. 2009). Sex determination 

was based on morphoscopic traits of the os coxa and the cranium (Genovés 1959; 

Phenice 1969; St. Hoyme and İşcan 1989; Milner 1992; Buikstra and Ubelaker 1994; 
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Bruzek 2002; Walker 2005), and non-adult sex was confirmed through DNA analysis for 

eight individuals (see Scott et al. 2022).  

3.4.2 Skeletal Analysis  

After the skeletal sample was established based on the inclusion criteria, 

macroscopic data collection began on August 28th, 2023 and was completed on 

September 22nd, 2023. Each day, a data collection checklist was completed prior to 

beginning to ensure proper standards and protocol were met. The protocols consisted of 

ensuring analyses took place in a well-lit and distraction free environment (i.e., BART 

lab) with the necessary equipment (i.e., data recording sheets, calipers, lab manual, and 

scoring system) to conduct the skeletal assessments. 

Macroscopic skeletal assessments used a qualitative scoring method based on an 

adaptation of Mariotti and colleagues (2004; 2007) to quantify the degree of ECs seen on 

the deltoid tuberosity on both humeri (see Table 3.1 for scoring descriptions, and 

Appendix B for data recording sheets). The original descriptions and scoring values were 

modified slightly to decrease the number of score options in the hopes of increasing score 

consistency and to streamline the method (Mariotti et al. 2007). There were two steps for 

scoring the ECs; first was to score the overall robusticity of the enthesis on a scale of 1-3 

(Mariotti et al. 2007), and second was to assess the degree of development of each type of 

enthesopathy (Mariotti et al. 2004). Osteophytic (OF) formation (i.e., proliferation) was 

scored on a scale of 0-3, while osteolytic (OL) formation (i.e., erosion) was scored on a 

scale of 0-3b (Mariotti et al. 2004). To help mitigate the limitations discussed in the 

previous chapter (see Chapter 2, section 2.2.4), it was important to score enthesis 
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robusticity and enthesopathy development separately, which is why the Mariotti et al. 

(2004; 2007) scoring method was selected for this research.  

Table 3.1: Entheseal change scoring method (adapted from Mariotti et al. 2004; 

2007).  

FEATURE 

SCORED 

SCORE DESCRIPTION 

 

 

 

Robusticity 

 

1 

-Weak to mild development of robusticity  

-Slight to low development  

-Cortical surface is smooth to mildly rugose 

-Anterior and lateral crests are barely visible 

 

2 

-Mild to strong robusticity development  

-Medium to high development   

-Cortical surface is raised and rugose 

-Anterior and lateral crests (one or both)    

  protrude and alter the bone profile 

 

3 

-Very strong development of robusticity  

-Very high development  

-Cortical surface is very raised and rugose  

-Anterior and lateral crests are very raised and 

significantly alter the profile of the bone (especially 

the lateral crest)  

 

Osteophytic 

Formation 

0 -Absence of exostosis 

1 -Minimum exostosis (<1mm) 

2 -Clear exostosis (1-4mm) 

3 -Substantial exostosis (>4mm) 

NR -Enthesis missing or in doubt 

 

 

 

Osteolytic 

Formation 

0 -Absence of erosion/porosity 

1 -Presence of fine erosion/ porosity (<1mm in length 

or diameter 

2 -Diffuse area of erosion/ porosity, or presence of 

small area (1-4mm in length or diameter) 

3a -Presence of several small areas of erosion (4mm in 

length or diameter) 

3b -Presence of at least 1 extensive deep osteolytic area 

(>4mm in length or diameter) 

NR -Enthesis is missing or in doubt 

 

3.5 Electromyography Participants  

 The second part of this study involved implementing electromyography to assess 

specific 18th century tasks related to shoulder movement. In collaboration with Sarah 
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MacInnes, the Historian at the Fortress of Louisbourg, we worked with various Parks 

Canada employees working at Louisbourg who were interested in participating in this 

study and were adequately trained in the task they would be performing. In total, we 

worked with six individuals who volunteered to perform nine 18th century occupations 

(see Table 3.2). Each of these individuals read and signed a consent form (see Appendix 

A) that outlined the project objectives, what they were being asked to do, and any 

associated risk to them while participating.  

While many tasks and occupations were performed regularly at Louisbourg, the 

selected nine tasks for this project were chosen as they would have heavily engaged the 

deltoid muscle repetitively and therefore, were most likely to cause ECs on the bone. 

Each of the tasks were broken down into various phases based on the different steps that 

would have been required to complete the job (see Table 3.2). For example, wood 

chopping was split into two phases: chopping of the wood and stacking the chopped 

wood. This extra step was done to ensure the deltoid involvement was measured 

accurately when assessing each occupation.  
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Table 3.2: Occupations, phases, and shoulder movement for each task 

OCCUPATION PHASES SHOULDER 

MOVEMENT 

Rowing 1. Rowing in harbour 

2. Dragging boat back onto shore 

Flexion, extension, 

abduction 

Handlining 1. Combination of all actions (i.e., 

tossing line over, unraveling it, 

reeling, and hoisting caught cod 

back into boat) 

Flexion, extension, 

abduction 

Heading 1. Carrying cod 

2. Slice and gut 

3. Remove head 

4. Remove spine and remaining guts 

Flexion, abduction 

Grave Digging 1. Digging hole 

2. Backfilling hole 

Flexion, extension, 

abduction 

Carpentry 1. Planing 

2. Hand saw 

3. Hammering 

4. Auguring 

Flexion, extension, 

abduction 

Hewing 1. Moving timbers 

2. Hewing 

3. Hand sawing 

Flexion, extension, 

abduction 

Masonry 1. Mixing mortar 

2. Wheelbarrow to location 

3. Laying bricks- combination of all 

actions (i.e., setting up scaffolding, 

carry supplies up, load mortar with 

tools, lift brick to wall overhead, 

apply more mortar, hammer in, 

scrape excess mortar, etc. 

repeatedly) 

Flexion, extension, 

abduction 

Blacksmithing 1. Combinations of all actions to 

make a fishhook (i.e., bellowing and 

heating metal, hammering, shaping, 

clamping, and twisting metal, etc. 

repeatedly) 

2. Striking 

3. Filing  

Flexion, extension, 

abduction 

Wood Chopping 1. Chopping of wood 

2. Stacking of chopped wood 

Flexion, extension, 

abduction 
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3.6 Methods of Electromyography Data Collection  

3.6.1 Occupation Analysis 

The electromyography data were collected using the DELSYS Tringo Surface 

Electromyography system, DELSYS EMGworks Acquisition computer software, and six 

isoinertialmonumentum units (IMUs) (EMG sensors) which were used portably via a 

power source (i.e., generator). Before each task began, the pre-data collection checklist 

was completed (see Appendix C) to ensure proper protocol and standards were met. This 

included the required adherence instructions for the IMUs, which consisted of preparing 

the skin surface (e.g., removing excess hair, and sterilizing with an alcohol wipe) over the 

muscle of interest. Once the skin was prepared, an IMU was applied to the anterior, 

medial, and posterior sections of the deltoid on each arm (see Figure 3.3). To accurately 

locate the different regions of the deltoid, SENIAM guidelines (see Table 3.3) were 

followed to ensure proper placement and adhesion so the most accurate data could be 

collected (see Hermens et al. 1999; 2000). Following IMU placement, static maximum 

voluntary contractions (MVCs) were conducted on both the left and right arm of all three 

sections of the deltoid to standardize and calibrate the EMG data resulting in six MVCs 

per participant. Each MVC was five seconds long, with three attempts per muscle section 

plus one minute of rest after each attempt to prevent fatigue, and the highest value was 

used. Standard kinesiological guidelines recommend conducting each MVC for three to 

five seconds at least twice to get an average reading (Konrad 2005). However, it was 

recommended by Dr. Ken Seaman to do a full five seconds with three repetitions to 

ensure a robust MVC reading as most participants were unfamiliar with MVC procedures 

prior to this study.  
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A common concern is the influence that external activities will have on the EMG 

data. For example, if the participant performing handlining also regularly does upper 

body strength training, one might worry it could impact the amount of force produced by 

the deltoid during the task and skew the data. However, the maximum voluntary 

contraction (MVC) measured before data collection prevents this from happening. The 

MVC measures each participant’s maximal electrical activity of each muscle individually, 

and the collected data is then compared against that value to say that their muscle 

produced X% of their muscle’s maximum. Therefore, someone with higher performing 

muscles will not skew the data, as their force output is only compared against their own 

capabilities. Participants performing the same task would show similar amounts of 

exerted force even if their musculature differs drastically.  

One of the benefits of implementing EMG into other disciplines as seen in this 

research is the versatility of the data interpretation. The normalized data can be correlated 

with other data types as an arbitrary unit. For example, the functional occupational 

analyses in this research require the amplitude, duration, and frequency of a task 

(Luttmann et al. 2003; Rubin et al. 2006; Meyer et al. 2011; Lopreno et al. 2013), which 

resulted in the arbitrary unit of percentage hours (%hrs). Therefore, the duration of any 

given task, the number of hours per day the task was completed, and the amplitude of the 

muscular contraction as measured through EMG (see Chapter 4, section 4.4) are required 

for each task to understand the impact it would have had on the deltoid and its skeletal 

attachment across an accurate timeline.  
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Table 3.3: SENIAM guidelines for proper IMU sensor placement on the deltoid (see 

Hermens et al. 1999, 2000). 

 ANTERIOR 

DELTOID 

MEDIAL 

DELTOID 

POSTEIOR 

DELTOID 

 

Starting 

Posture 

Sitting with arms 

hanging vertically with 

palms pointing inward 

Sitting so the trunk 

won’t need to be 

stabilized by the arm 

Sitting with arms 

hanging vertically 

with palms pointing 

inward 

 

Electrode 

Size 

Maximum size in the 

direction of the muscle 

fibers: 10mm 

Maximum size in the 

direction of the 

muscle fibers: 10mm 

Maximum size in 

the direction of the 

muscle fibers: 10mm 

Electrode 

Distance 

20mm 20mm 20mm 

 

Location 

Placed a one finger 

width distal and 

anterior to the 

acromion 

In line with the 

acromion and the 

lateral epicondyle, 

and placed on the 

greatest bulge of the 

muscle 

Center the electrodes 

in the area about two 

fingerbreadths 

behind the angle of 

the acromion 

 

Orientation 

In the direction of the 

line between the 

acromion and the 

thumb 

In the direction of 

the line between the 

acromion and the 

hand 

In the direction of 

the line between the 

acromion and the 

little finger 

 

 

Figure 3.3: IMU placement on the anterior, medial, and posterior deltoid. 
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As discussed, nine tasks were chosen based on the continued use of the deltoid 

muscle group while performing each task. University of New Brunswick kinesiologist Dr. 

Ken Seaman, Sarah MacInnes, and I worked with the volunteers to collect the EMG data 

over the course of two days at the Fortress of Louisbourg using accurate 18th century 

tools and techniques. On July 10th, 2023, we assessed rowing, handlining, heading, and 

grave digging with two of the participants. On July 11, 2023, we assessed carpentry, 

hewing, masonry, blacksmithing, and wood chopping with the remaining four 

participants. Each phase of each occupation was completed five times in two minute 

intervals, or until the task was completed. The length of each set was established by Dr. 

Seaman and I, to ensure adequate data collection across all phases without fatiguing the 

muscle. Additionally, the number of repetitions was recommended by Dr. Seaman to 

ensure a good average reading could be attained throughout each task, especially for tasks 

that took longer than the two minute interval to complete (e.g., mixing mortar for 

masonry).     

3.6.2 Electromyography Processing  

Once data collection was complete, the raw data files were imported into the 

EMGworks Analysis software program to be rendered. The data was processed by first 

converting the raw EMG signal to a root mean squared (RMS) values for rectification.  

The RMS values for the sample motions were then normalized to the peak RMS 

amplitude gathered during the MVC contractions of each head of the muscle to convert 

the values from voltage to percentage of MVC.  This normalized value then provided an 

estimation of the percentage of maximal force required by each muscle to perform the 

task. Normalizing the EMG data against the MVCs allowed us to assess the activity level 
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of a muscle relative to its maximum abilities, which also allowed comparisons to be made 

between various tasks (Al-Qaisi and Aghazadeh 2015). To determine the amplitude value 

for the task, the normalized RMS values for the duration of the task were averaged.  

These averaged amplitude values were then used in conjunction with the macroscopic 

skeletal and historical data to collect the three pieces of information required (frequency 

× duration × amplitude) to fully understand the amount of strain applied to the skeleton 

during specific tasks.  

Once the amount of biomechanical stress was understood, each task was ranked 

based on the highest to lowest amount of force placed on the deltoid per day. Similarly, 

the macroscopic data were also ranked based on robusticity and degree of enthesopathy 

development from highest to lowest. The EMG and macroscopic data were then 

compared to determine the relationship, if any, between the macroscopic and EMG 

rankings and how it may be related to different occupations.   

 

3.7 Intraobserver Error Testing 

 To ensure consistent and accurate data were extrapolated, intraobserver error 

testing was completed for the macroscopic skeletal scoring. Intraobserver or 

interobserver error testing were not completed for the EMG data they are only used to 

assess the error of difference and degree of agreement by a single investigator replicating 

an assessment, or between multiple investigators, neither of which applies to the EMG 

data as it is collected by a calibrated software system (Lohman and Milliken 2019). The 

re-evaluation of the macroscopic skeletal scoring was completed on October 13, 2023, 

approximately three weeks after initial data collection to mitigate memory bias as much 

as possible. Twenty-five percent of the original sample was selected via an online random 
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number generator and anonymized. Each individual was rescored using the outlined 

scoring system (see section 3.4.2) to quantify the robusticity, OF, and OL lesions on both 

left and right humeri. 

 Once collected, both the first and second rounds of scoring were compared using 

the Cohen Kappa statistic (κw) test in the IBM SPSS Statistic 29.0 software program. The 

Kappa statistic was selected as this test evaluates the level of agreement between scoring 

rounds (see Landis and Koch 1977; McHugh 2012) producing a value between <0.00 

(poor agreement), and 0.81-1.00 (almost perfect agreement) (see Table 3.4) (Landis and 

Koch 1977; McHugh 2012).  

Table 3.4: Cohen Kappa interpretation (see Landis and Koch 1977; Mchugh 2012) 

COHEN KAPPA VALUE (κw) STRENGTH OF AGREEMENT 

<0.00 No Agreement 

0.01-0.20 None to Slight Agreement 

0.21-0.40 Fair Agreement 

0.41-0.60 Moderate Agreement 

0.61-0.80 Substantial Agreement 

0.81-1.00 Almost Perfect Agreement 

 

3.8 Conclusion 

 This chapter began with an overview of the permissions and access information 

required for this study. This was followed by a review the Block 3, Ste. Marie, and 

Rochefort Point burial sites, specifically their composition and contextual information 

about their use. Inclusionary criteria and the methods used for macroscopic data 

collection were also discussed. The electromyography data collection and processing 
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methods used in this research were outlined, as well as which occupations were assessed 

through the Parks Canada volunteers. This chapter concluded with a review of the 

intraobserver error testing method for the macroscopic skeletal data. 
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CHAPTER 4 - RESULTS 

 

4.1 Introduction  

 This chapter will present the results of the research beginning with intraobserver 

error testing, followed by the demographic details of the skeletal sample. The 

macroscopic data will then be reviewed, highlighting the various deltoid tuberosity (DT) 

scores and patterns observed. Finally, this chapter will present the electromyography 

(EMG) data collected for each assessed occupation at the Fortress of Louisbourg.  

 

4.2  Intraobserver Error Testing 

To test intraobserver error for the macroscopic data, the Cohen Kappa statistic 

(κw) test was used in the IBM SPSS Statistic 29.0 software program. Overall, there was 

an almost perfect agreement across the robusticity (ROB), osteophytic (OF), and 

osteolytic (OL) lesions on both sides of the body except for the OL lesions on the right 

humeri which showed little to no agreement (see Table 4.1 for first round kappa values). 

The OL assessment on the right side was redone on November 3rd, 2023, after an 

additional three-week hiatus using the same 15 anonymized individuals. The second 

recheck of the data showed an almost perfect agreement (κw= 0.808), which suggests the 

poor agreement during the first round was indicative of the learning curve associated with 

the OL scoring method. Because of the demonstrated learning curve, all OL lesions on 

the right humeri were reassessed across the entire sample and were the scores used 

throughout the remainder of this analysis. While a learning curve would be expected for 

scores on both the left and right side, it was noted that the right humeri in the sample 

showed poorer preservation than the left side which may have exacerbated this issue.  
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Table 4.1: Cohen Kappa values for the initial intraobserver error test of ROB, OL, 

and OF lesions on the left (L) and right (R) humeri  

ASSESSMENT STANDARD 

ERROR 

κw AGREEMENT 

INTERPRETATION 

L ROB 1 to L ROB 2 0.175 0.520 Moderate agreement 

(0.41-0.60) 

R ROB 1 to R ROB 2 0.119 0.877 Almost perfect agreement 

(0.81-1.00) 

L OF 1 to L OF 2 0.173 0.819 Almost perfect agreement 

(0.81-1.00) 

R OF 1 to R OF 2 0.120 0.876 Almost perfect agreement 

(0.81-1.00) 

L OL 1 to L OL 2 0.144 0.663 Substantial agreement 

(0.61-0.80) 

R OL 1 to R OL 2 

 

0.072 0.167 None to slight agreement 

(0.01-0.20) 

1= original data collection, 2=first intraobserver error, ROB= robusticity, OF= 

osteophytic lesions, OL= osteolytic lesions 

 

4.3 Skeletal Analysis 

4.3.1 Skeletal Sample  

Based on the inclusionary criteria (see Chapter 3, section 3.4.1), the skeletal 

sample consisted of 60 individuals with seven females, 45 males, and eight individuals 

whose sex was undetermined due to poor preservation. Age at death fell between 12 and 

60 years, with the average age at death being 27.7 years. For all analyses, individuals 

were divided into two age categories, those younger than the average age at death (n=34), 

and those older than the average age at death (n=26). Ten individuals were from the 

Block 3 (B3) Cemetery (Table 4.2), 14 from the Ste. Marie (SM) multiple burial (Table 

4.3), four from the Larocque (LQ) test pits (Table 4.4), and 32 from the Rochefort Point 

(RP) Cemetery (Table 4.5). Those from the Rochefort Point Cemetery and Larocque test 

pits were combined for all statistical analyses as they are likely part of the same cemetery 

with similar age and sex data (see Tables 4.4 and 4.5). A summary of the sex and age data 

for each burial site is provided below in Table 4.6.   
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Table 4.2: Age and sex data for the Block 3 Cemetery subsample 

BURIAL # SEX AGE (years) 

1 Male 37.5 

3 Male 19.5 

7 Male 32.5 

8 Female 40 

10 Male 32 

19 Male 17.5 

20 Male 27.5 

23 Male 37.5 

25 Male 30 

26 Male 31 

 

Table 4.3: Age and sex data for the Ste. Marie multiple burial subsample 

BURIAL # SEX AGE (years) 

55L28D7 Female 19.5 

55L28E7 Male 37 

55L28E8/F22 Male 42.5 

55L28E13 Male 35 

55L28E15 Male 42.5 

55L28E18 Male 18 

55L28E16 Male 38.5 

55L28F9(D12) Male 21 

55L28F12 Female 44.5 

55L28F18 Male 32.5 

55L28F19=A13 Male 26 

55L28F26=E12 Female 25.5 

55L28F24 Male 24.5 

55L28F29 Male 32.5 

 

Table 4.4: Age and sex data for the Larocque test pits subsample 

BURIAL # SEX AGE (years) 

2-55L24E8.1 Male 25 

2-55L26C7.1 Male 25 

1-55L26C6.3 Male 18.5 

1-55L26F6.5 Male  30 
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Table 4.5: Age and sex data for the Rochefort Point Cemetery subsample  

BURIAL # SEX AGE (years) 

1/2017 Male 16.5 

2/2017 Undetermined 18.5 

3/2017 Male 32.5 

5/2017 Male 32 

7/2017 Undetermined 18 

8/2017 Male 27 

18/2017 Undetermined 32 

19/2017 Undetermined 20 

20/2017 Undetermined 15.5 

21/2017 Male 30 

22/2017 Male 19 

24/2017 Undetermined 20 

25/2017 Male 27.5 

26/2017 Male 32 

28/2018 Male 25.5 

29/2018 Male 17 

39A/2018 Male 20 

66/2019 Male 30 

76B/2019 Undetermined 17.5 

77/2019 Male 47 

84/2019 Male 22 

85/2019 Female 12 

88/2019 Male 27 

89/2019 Male 27 

90/2019 Male 42 

96/2019 Female 60 

97/2019 Female 20 

99/2019 Male 32 

101/2021 Undetermined 13 

102/2021 Male 25 

111/2021 Male 17 

121/2021 Male 25 
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Table 4.6: Summary of age and sex data for the entire sample  

 

BURIAL 

SITE 

 

 

#  of F 

 

F AGE 

RANGE 

(years) 

 

 

# of M 

 

M AGE 

RANGE 

(years) 

 

 

# of U 

 

U AGE 

RANGE 

(years) 

Block 3 1 40 9 17.5-37.5 N/A N/A 

Ste. Marie 3 19.5-44.5 11 18-42.5 N/A N/A 

Larocque 0 0 4 18.5-30 N/A N/A 

Rochefort 

Point 

3 12-60 21 16.5-47 8 13-32 

F= Female, M= Male, U= Undetermined sex 

4.3.2 Macroscopic Scoring Assessment  

The most common robusticity score (see Chapter 3, section 3.4.2 for scoring 

criteria) across all burial sites was 2, with 48.3% (n=29) of individuals having a score of 

2 for their left DT, and 51.6% (n=31) of individuals having a score of 2 for their right DT 

(see Tables 4.7, 4.8, and 4.9). The most common score for OF lesions was  1, with 21.6% 

(n=13) of individuals having a score of 1 for their left DT, and 23.3% (n=14) having a 

score of 1 for their right DT. The most common score for OL lesions was also 1, with 

33.3% (n=20) of individuals having a score of 1 on their left DT, and 41.6% (n=25) 

having a score of 1 on their right DT (see Tables 4.10, 4.11, and 4.12). A chi-squared test 

showed a statistically significant difference between all left and right ROB scores (df = 4; 

p-value = <-.001), OF lesions (df = 9; p-value = .002), and OL lesions (df =12; p-value = 

.002) with the right side having higher scores. 
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Table 4.7: Block 3 robusticity data for both humeri 

BURIAL # 

 

SEX 

 

AGE (years) 

 

ROBUSTICITY 

      LEFT                 RIGHT 

1 Male 37.5 2 2 

3 Male 19.5 1 1 

7 Male 32.5 1 1 

8 Female 40 1 2 

10 Male 32 1 1 

19 Male 17.5 1 1 

20 Male 27.5 1 1 

23 Male 37.5 2 2 

25 Male 30 2 2 

26 Male 31 2 2 

 

Table 4.8: Ste. Marie robusticity data for both humeri 

BURIAL # 

 

SEX 

 

AGE (years) 

 

ROBUSTICITY 

        LEFT              RIGHT 

55L28D7 Female 19.5 1 2 

55L28E7 Male 37 2 2 

55L28E8/F22 Male 42.5 2 2 

55L28E13 Male 35 3 3 

55L28E15 Male 42.5 3 3 

55L28E18 Male 18 2 2 

55L28E16 Male 38.5 2 1 

55L28F9(D12) Male 21 1 1 

55L28F12 Female 44.5 2 2 

55L28F18 Male 32.5 2 2 

55L28F19=A13 Male 26 2 2 

55L28F26=E12 Female 25.5 1 1 

55L28F24 Male 24.5 1 1 

55L28F29 Male 32.5 3 3 
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Table 4.9: Rochefort Point robusticity data for both humeri 

BURIAL # 

 

SEX 

 

AGE (years) 

 

ROBUSTICITY 

       LEFT              RIGHT 

1/2017 Male 16.5 1 2 

2/2017 Undetermined 18.5 2 2 

3/2017 Male 32.5 2 2 

5/2017 Male 32 1 1 

7/2017 Undetermined 18 1 2 

8/2017 Male 27 3 2 

18/2017 Undetermined 32 3 3 

19/2017 Undetermined 20 2 1 

20/2017 Undetermined 15.5 1 1 

21/2017 Male 30 2 2 

22/2017 Male 19 1 1 

24/2017 Undetermined 20 2 2 

25/2017 Male 27.5 2 2 

26/2017 Male 32 2 3 

28/2018 Male 25.5 3 3 

29/2018 Male 17 2 2 

39A/2018 Male 20 2 2 

66/2019 Male 30 2 2 

76B/2019 Undetermined 17.5 1 1 

77/2019 Male 47 2 3 

84/2019 Male 22 2 3 

85/2019 Female 12 1 1 

88/2019 Male 27 2 2 

89/2019 Male 27 2 2 

90/2019 Male 42 3 3 

96/2019 Female 60 3 3 

97/2019 Female 20 1 2 

99/2019 Male 32 3 3 

101/2021 Undetermined 13 2 2 

102/2021 Male 25 1 1 

111/2021 Male 17 1 1 

121/2021 Male 25 2 3 

2-55L24E8.1 Male 25 3 2 

2-55L26C7.1 Male 25 2 2 

1-55L26C6.3 Male 18.5 1 2 

1-55L26F6.5 Male  30 2 2 
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Table 4.10: Block 3 OF and OL data for both humeri 

BURIAL # 

 

SEX 

 

AGE 

(years) 

OSTEOPHYTIC 

 LEFT       RIGHT 

OSTEOLYTIC 

LEFT     RIGHT 

1 Male 37.5 NR 2 NR NR 

3 Male 19.5 NR NR NR NR 

7 Male 32.5 NR NR NR NR 

8 Female 40 NR NR NR NR 

10 Male 32 0 0 NR NR 

19 Male 17.5 0 1 NR NR 

20 Male 27.5 0 0 1 1 

23 Male 37.5 NR NR NR NR 

25 Male 30 0 0 1 1 

26 Male 31 3 0 3a 1 

NR= not recordable 

 

 

Table 4.11: Ste. Marie OF and OL data for both humeri 

BURIAL # 

 

SEX 

 

AGE 

(years) 

OSTEOPHYTIC 

 LEFT       RIGHT 

OSTEOLYTIC 

LEFT     RIGHT 

55L28D7 Female 19.5 0 1 3a 2 

55L28E7 Male 37 0 2 1 2 

55L28E8/F22 Male 42.5 NR 1 1 1 

55L28E13 Male 35 1 2 1 1 

55L28E15 Male 42.5 1 1 1 1 

55L28E18 Male 18 0 1 NR 1 

55L28E16 Male 38.5 2 0 1 1 

55L28F9(D12) Male 21 0 0 NR 2 

55L28F12 Female 44.5 0 0 2 2 

55L28F18 Male 32.5 0 2 1 1 

55L28F19=A13 Male 26 1 0 1 1 

55L28F26=E12 Female 25.5 0 0 2 2 

55L28F24 Male 24.5 NR NR NR NR 

55L28F29 Male 32.5 1 1 1 1 

NR= not recordable 
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Table 4.12: Rochefort Point OF and OL data for both humeri 

BURIAL # 

 

SEX 

 

AGE 

(years) 

OSTEOPHYTIC 

  LEFT     RIGHT 

OSTEOLYTIC 

LEFT    RIGHT 

1/2017 Male 16.5 1 0 2 1 

2/2017 Undetermined 18.5 0 0 1 1 

3/2017 Male 32.5 0 0 0 0 

5/2017 Male 32 0 0 0 NR 

7/2017 Undetermined 18 0 0 1 1 

8/2017 Male 27 0 0 2 NR 

18/2017 Undetermined 32 1 1 0 2 

19/2017 Undetermined 20 0 0 0 0 

20/2017 Undetermined 15.5 0 1 NR 1 

21/2017 Male 30 1 2 0 2 

22/2017 Male 19 0 0 0 1 

24/2017 Undetermined 20 1 NR 0 NR 

25/2017 Male 27.5 2 3 2 2 

26/2017 Male 32 0 0 0 1 

28/2018 Male 25.5 0 0 1 1 

29/2018 Male 17 0 0 1 1 

39A/2018 Male 20 NR 0 0 1 

66/2019 Male 30 1 NR 0 NR 

76B/2019 Undetermined 17.5 0 0 1 1 

77/2019 Male 47 1 1 3a 2 

84/2019 Male 22 1 2 1 1 

85/2019 Female 12 2 1 2 2 

88/2019 Male 27 2 1 3a 2 

89/2019 Male 27 0 0 2 1 

90/2019 Male 42 2 3 3a 3a 

96/2019 Female 60 2 2 3a 3a 

97/2019 Female 20 0 1 0 0 

99/2019 Male 32 2 1 1 1 

101/2021 Undetermined 13 0 1 2 2 

102/2021 Male 25 0 NR 1 NR 

111/2021 Male 17 0 0 2 3a 

121/2021 Male 25 1 2 2 2 

2-55L24E8.1 Male 25 1 NR NR NR 

2-55L26C7.1 Male 25 0 0 1 0 

1-55L26C6.3 Male 18.5 0 0 2 2 

1-55L26F6.5 Male 30 0 0 1 1 

NR= not recordable  
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4.3.2.1 Robusticity  

The robusticity of the left and right humeri were compared within each burial site 

using a chi-squared test. There was a statistically significant difference in the left and 

right ROB scores with the right scoring higher within the Rochefort Point Cemetery (df = 

4; p-value = <.001), but not in the Ste. Marie multiple burial (df = 2; p-value = .05) or the 

Block 3 cemetery (df = 1; p-value = 0.10). However, when accounting for the smaller 

sample size in the Block 3 subsample (n =10), a Fisher’s exact test produced a significant 

difference in the left and right ROB scores for the Block 3 individuals (p-value = 0.48). 

 The robusticity of the left and right sides were also compared across burial sites 

using a chi-squared test. The ROB scores on the left side showed no significant difference 

across any of the burial sites in the sample (RP compared to SM: df = 4; p-value = 0.438; 

RP compared to B3: df = 2; p-value = 0.435; B3 compared to SM: df = 15; p-value = 

0.108). Similarly, there was no significant difference in the ROB scores on the right side 

when comparing across burial sites (RP compared to SM: df = 4; p-value = 0.608; RP 

compared to B3: df = 2; p-value = 0.097; B3 compared to SM: df = 2; p-value = 1.000). 

4.3.2.2 Osteophytic Lesions 

The degree of development of the OF lesions on the left and right humeri were 

compared within each burial site using a chi-squared test. There was no statistically 

significant difference between the left and right OF lesions within the Block 3 Cemetery 

(df = 1; p-value = .567), or within the Ste. Marie multiple burial (df = 4; p-value = .720). 

However, there was a statistically significant difference within the Rochefort Point 

Cemetery in the degree of development of the OF lesions (df = 6; p-value = <.001), with 

the left side consistency having a higher OF score. 
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The OF lesions on the left and right sides were each compared across all three 

burial sites using a chi-squared test. The OF lesion scores on the left side showed no 

significant difference across the burial sites (RP compared to SM: df = 2; p-value = 

0.117; RP compared to B3: df = 1; p-value = 0.171; B3 compared to SM: df = 2; p-value 

= 0.659). Similarly, there was no significant difference in the OF scores on the right side 

when comparing the three burial sites (RP compared to SM: df = 4; p-value = .100; RP 

compared to B3: t = df =4; p-value = 0.558; B3 compared to SM: df = 4; p-value = 

0.558). 

4.3.2.3 Osteolytic Lesions 

The degree of development of the OL lesions on both the left and right humeri 

were also compared within each burial site using a chi-squared test. There was no 

statistically significant difference between the left and right OL lesions within the Ste. 

Marie multiple burial (df = 2; p-value = .110), and there was not enough data to compare 

the left to the right OL lesions in the Block 3 Cemetery as 70% (n=7) of individuals were 

not recordable due to poor preservation. However, there was a statistically significant 

difference between the degree of development of the left and right OL lesions within the 

Rochefort Point Cemetery (df = 12; p-value = .010). 

Finally, the OL lesions on the left and right sides were each compared across 

burial sites using a chi-squared test. When comparing the Rochefort Point Cemetery to 

the Ste. Marie multiple burial, the OL lesion on the left side showed a statistically 

significant difference (df = 2; p-value = 0.004), but the right side scores did not show a 

statistically significant difference (df = 2; p-value = 0.435). However, there was not 
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enough data to compare the left and right OL lesions of the Block 3 Cemetery to the other 

burial sites as 70% (n=7) of individuals were not recordable due to poor preservation.  

4.3.3 Age 

 The average age at death was compared between the burial sites using an 

independent samples t-test and found no statistically significant difference between the 

average age in all three cemeteries (RP compared to B3: t = -1.138; df = 35; p-value = 

0.263; RP compared to SM: t = -1.518; df = 39; p-value = 0.137; B3 compared to SM: t = 

-0.257; df = 22; p-value = 0.800). Despite the known correlation between older 

individuals and more robust entheses (see Chapter 2, section 2.2.2), this result suggests 

that age is not a driving factor for any observed entheseal differences.   

In the first age category (< 27.7 years) (n=34), three individuals were from Block 

3, six from Ste. Marie, and 25 from Rochefort Point. The age range of this subsample was 

12 to 27.5 years with an average age at death of 21.19 years. Within this age category, the 

most common robusticity score on the left side was 1 (50%, n=17). In contrast, on the 

right side, half of all individuals had a robusticity score of 2 (50%, n=17). Along with 

robusticity, enthesopathy changes in this age category were also observed more on the 

right humerus and an overall higher prevalence of OL lesions. Right side OL lesions were 

present in 70.58% (n=24) of individuals, and OF lesions were present in 32.35% (n=11) 

of individuals. Whereas on the left side, 64.7% (n=22) of individuals had OL lesions, and 

26.47% (n=9) had OF lesions.  

Within the second age category (>27.7 years) (n=26), seven individuals were from 

Block 3, eight from Ste. Marie, and 11 from Rochefort Point. The age range for this 

subsample was 30 to 60 years with an average age at death of 36.34 years. Within this 
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category, the most common robusticity score for both the left (n=15) and right (n=13) 

humeri was 2. Similar to the first age category, enthesopathy changes were observed 

more on the right side with a higher prevalence of OL lesions overall. Although, there 

were more OL lesions, the prevalence of OF lesions were much higher in this age group 

than the first. Right side OL lesions were present in 69.23% (n=18) of individuals, and 

OF lesions were present in 50% (n=13) of individuals. Whereas on the left side, 57.69% 

(n=15) of individuals had OL lesions, and 46.15% (n=12) had OF lesions.  

4.3.4 Sex 

Despite the under representation of females in this sample (see table 4.6 in section 

4.3.1), a chi-squared test was run to compare the prevalence of males to females across 

all three burial sites and found no statistically significant difference between subsamples 

(df = 2; p-value = 0.592). The first age category (<27.7 years) contained all eight 

individuals with indeterminate sex, along with 57% (n=4) of the female individuals and 

51.1% (n=23) of the males; the second age category (>27.7 years) contained 42% (n=3) 

of the females, and 48.9% (n=22) of the males.  

In terms of robusticity distribution, males showed mostly bilateral distribution 

with equal scores on both the left and right sides (80%, n=36), six individuals showed 

higher robusticity on the right side, and three individuals with higher robusticity on the 

left side. For females, four individuals had bilateral robusticity (57.14%), three with 

higher scores on the right, and no females showed higher robusticity on the left side. 

Furthermore, six individuals with indeterminate sex showed bilateral robusticity (75%), 

one scored higher on the left side, and one scored higher on the right side.  
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4.4 Electromyography 

The raw electromyography data was input into the EMGworks Analysis software 

which normalized the data by using a root mean squared. The normalization process 

reports what percent of the maximum force was produced each second that data were 

collected. This metric was then averaged across the time recorded for each phase of each 

task to determine the total amplitude representing how much of the deltoid’s maximum 

force was produced during each task. The three sections of the deltoid’s (i.e., anterior, 

medial, and posterior) average were then combined to create the average amplitude for 

the left and right side for each phase of each task (see Table 4.13). 

In addition to the outlined strenuous occupations, some individuals at Louisbourg 

were regularly participating in more sedentary occupations with little deltoid involvement 

(e.g., merchants, administrators, clerks, civil servants, etc.) (Schmeisser 1976). Therefore,  

EMG data was collected during clerical and seated work to establish an amplitude 

baseline as a contrast to the more physically demanding tasks recorded. 

Based on the amplitude data alone, masonry produced the highest force followed 

by carpentry, rowing, and heading. The maximum amplitude recorded was phase one of 

masonry, with 39.37% on the left side, and carpentry with 22.37% on the right side. The 

lowest amplitude (aside from the baseline at 0.45% on the left side) was blacksmithing at 

2.04% on the left side. The average amplitude across all occupations for the left side was 

9.5% and 8.7% for the right side, and the overall average amplitude for all occupations 

combined was 9.2%. An independent samples t-test was run and found no statistically 

significant difference between the left and right side amplitude readings (t = -0.08421; df 

= 24; p-value = .46662), despite all the EMG participants being right handed. 



 

Table 4.13: Occupations, phases, and average shoulder strain across sets 

OCCUPATION PHASES AVERAGE AMPLITUDE 

     LEFT                     RIGHT 

TIME ACROSS 

ALL SETS 

Rowing 1. Rowing in harbour 7.93 20.69 8.7 minutes 

2. Dragging boat back onto shore 4.89 13.92 1.58 minutes 

Handlining 1. Combination of all actions 10.16 8.10 3.98 minutes 

Heading 1. Carrying cod 12.07 9.74 2.86 minutes 

2. Slice and gut 5.83 9.62 4.10 minutes 

3. Remove head 10.83 12.74 3.55 minutes 

4. Remove spine and remaining guts 5.07 18.36 3.53 minutes 

Grave Digging 1. Digging hole 12.57 5.56 9.96 minutes 

2. Backfilling hole 14.78 6.74 6 minutes 

Carpentry 1. Planing 13.20 6.80 5.18 minutes 

2. Hand saw 3.04 6.92 5.21 minutes 

3. Hammering 4.32 22.36 3.95 minutes 

4. Auguring 4.21 22.37 3.96 minutes 

Hewing 1. Moving timbers 4.86 5.41 1 minute 

2. Hewing 6.83 3.25 2.76 minutes 

3. Hand sawing 3.04 6.92 5.21 minutes 

Masonry 1. Mixing mortar 39.27 13.33 8.6 minutes 

2. Wheelbarrow to location 12.31 2.50 1.65 minutes 

3. Laying bricks- combination of actions- lay 6 stones 21.81 11.17 9.93 minutes 

Blacksmithing 1. Combination of all actions to make a fishhook 2.57 1.83 6.55 minutes 

2. Striking 2.04 6.25 4.11 minutes 

3. Filing 5.21 4.38 2.70 minutes 

Wood Chopping 1. Chopping of wood 12.09 5.93 4.7 minutes 

2. Stacking of chopped wood 3.75 2.10 2.70 minutes 

Clerical Work 1.Writing, carrying books, reaching for shelves, etc. 0.45 0.47 5 minutes 

5
7
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 To conduct occupational analyses (see Chapter 5, section 5.3.1 for a full 

breakdown of each occupation), the amplitude, duration, and frequency of each task 

were combined to obtain the total strain value (Luttmann et al. 2003; Rubin et al. 2006; 

Meyer et al. 2011; Lopreno et al. 2013). Specifically, the EMG data represented 

amplitude, the length of time required to complete one cycle of the task represented 

duration, and the number of cycles of the task carried out per day represented frequency. 

The duration and frequency data came from various historic documents detailing what 

these jobs looked like in the past. The combination of these metrics resulted in the 

arbitrary unit of measure used in this research referred to as percentage hours (%hrs). 

Percentage hours represents the percent of an individual’s maximum strain produced per 

day. For interpretation, the %hrs were placed into a strain index with the values 

reflecting the combination of amplitude, duration, and frequency of each applicable task 

(see Table 4.14). 

Table 4.14: Occupational strain index 

OCCUPATION LEFT DELTOID 

(%HRS) 

RIGHT DELTOID 

(%HRS) 

Blacksmithing 35.3 44.5 

Rowing/ Handlining 56.8 74.7 

Heading 98.1 151.5 

Rowing/ Handlining/ Heading 105.9 150.5 

Carpentry/ Hewing 77.1 142.8 

Masonry 278.2 131.7 

Wood Chopping 95.1 48.2 

Administrative Clerical Work 5.4 5.7 

 

When looking at the calculated %hrs (Table 4.14), the occupations producing the 

most strain were masonry with 278.2%hrs on the left side and heading with 151.5%hrs 

on the right side. The lowest strain score was blacksmithing with 35.3%hrs on the left 

side and 44.5%hrs on the right side (aside from clerical work at 5.4%hrs on the left side 
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and 5.7%hrs on the right side). The average across both left and right sides of all 

occupations was 90.4%hrs, with the average strain score on the left side being 93.2%hrs 

and on the right being 87.6%hrs. An independent samples t-test was run to compare the 

left and right %hrs and found no statistically significant differences between strain 

scores (t = 0.00813; df = 7; p-value = 0 .99363). 

When comparing the amplitude data alone to the strain index values which also 

considered duration and frequency, most occupations shifted in terms of their overall 

impact. In both examples, masonry remains at the top in terms of impact and 

blacksmithing at the bottom; however, the other occupations do show varying impact 

when considering duration and frequency (see Figure 4.1). 

Figure 4.1: Pink arrow indicates occupations from lowest to highest strain based on 

raw amplitude, and the blue arrow indicates occupations from lowest to highest 

strain based on %hrs in the strain index 

 

 

4.5 Conclusion  

 This chapter presented the intraobserver error results as well as an overview of 

the skeletal sample. The macroscopic skeletal data was then presented, specifically the 

robusticity and enthesopathy data as it related to age, sex, and side. Finally, the raw and 
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processed EMG amplitude data (i.e., strain index) for each occupation were also 

presented, highlighting the differences between the two.  
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CHAPTER 5: DISCUSSION  

5.1 Introduction 

This chapter will begin with a discussion and interpretation of the entheseal 

changes (ECs) seen in the sample between age, sex, and burial sites. This will be 

followed by an analysis of the electromyographical (EMG) data with consideration of 

historic occupational data to determine the duration and frequency of each occupation to 

combine with the raw amplitude data. Finally, these data sets will be merged to discuss 

what can be learned about the strain produced by the deltoid through the combination of 

these methods and what that meant for the individuals enduring this strain. 

 

5.2 Analysis of the Macroscopic Skeletal Data 

As discussed (see Chapter 2, section 2.2.2), the relationship between robusticity, 

enthesopathies (i.e., osteophytic [OF], and osteolytic [OL] lesions), and biomechanical 

strain are still being explored. Therefore, to interpret ECs in relation to biomechanical 

strain it is recommended to divide the sample by age and sex, and focus interpretations 

on those with asymmetry, and higher degrees of variation among the metrics (i.e., 

robusticity, OL, OF) (Mariotti et al. 2004, 2007). As such, the following section focuses 

on interpretations made from the macroscopic data alone.  

It is difficult to establish what a “normal” enthesis looks like on bone because 

even without added biomechanical strain, the enthesis will be present with visible 

variation between individuals. But we know that even small amounts of prolonged 

biomechanical strain led to higher rates of remodeling and robusticity, so we can 

distinguish to an extent between typical and excessive amounts of strain observed on an 

enthesis (Lanyon and Rubin, 1984; Mays 2001; Lieverse et al. 2007; Mariotti et al. 
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2007; Machicek 2011; Niinimäki 2011; Alioto 2017; Villotte and Santos 2023). 

Accounting for idiosyncratic variation and typical daily use, a robusticity score of 1 (see 

Chapter 3, section 3.4.2 for scoring descriptions) is interpreted as low robusticity caused 

by low amounts of strain, a score of 2 is considered moderate robusticity from moderate 

to strong amounts of strain, and a score of 3 is considered high caused by very strong to 

excessive strain on the deltoid. The exception is if low robusticity scores occur with high 

enthesopathy scores, as OL lesions can indicate inflammation from forceful repetitive 

movement, and OF lesions can indicate an acute injury causing microfractures that 

prompt new bone proliferation (Dutour 1986; Kennedy 1989; Cardoso and Henderson 

2010; Villotte et al. 2010; Machicek 2011; Alioto 2017; Hafiziani 2022; Villotte and 

Santos 2023). For example, Individual 55L28F26=E12 from the Ste. Marie (SM) 

multiple burial had a low robusticity score (1 – low robusticity) but for bilateral OL 

lesions scored high (2 - strong development). Despite scoring low on robusticity, this 

individual would not be interpreted as producing typical or low amounts of force. The 

OL lesions offer an alternative narrative as they indicate that both arms were likely 

experiencing inflammation from overuse injury and/or muscle strain (e.g., pulled 

muscle) that was not given the opportunity to heal. Given this individual’s relatively 

young age (25.5 years), this may suggest they were not properly trained or may not have 

been performing the activity for an extended period as their strength (and subsequent 

robusticity) had not yet adapted likely leading to muscle strain.  

This individual was interred in the SM multiple burial which is thought to consist 

of English soldiers who were buried after the grueling 45-day siege in 1745 (Ellerbrok 

2014; Parks Canada 2024). Because these soldiers spent weeks bombing the town, and 

then had to work rapidly to repair the Fortress buildings they destroyed in preparation 
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for the impending winter season, it is unsurprising they were engaging in unfamiliar, 

difficult labour tasks to rebuild their new home with minimal supplies (Rawlyk 1999). 

This individual is a good example of why it is important to look at robusticity, OF, and 

OL lesions together when interpreting entheses and the contributing factors in their 

development.  

It has been argued that OL lesions are interconnected with robusticity and their 

development on the same side may indicate they developed in tandem to the same 

stimuli (Hawkey and Merbs 1995; Machicek 2011; Alioto 2017). However, when 

looking at the robusticity scores with corresponding OL lesions, no one in this sample 

had unilateral OL lesions on the same side as unilateral robusticity; but four individuals 

had unilateral OF lesions on the same side as unilateral robusticity. This data, therefore, 

stands in contrast to the expected pattern and instead indicates that a stronger 

relationship exists between unilateral robusticity and OF lesions. The contrast may have 

occurred because the relationship between enthesopathies and robusticity is likely not 

static and may shift depending on the individual, the tasks performed, and the duration, 

frequency and intensity of said tasks. For example, to increase bone mass during 

exercise without accruing injury (e.g., muscle strain/tear) requires smaller sessions of 

muscular exertion with recovery periods in between rather than a single uninterrupted 

session (Robling et al. 2002). Further, high intensity high impact exercise and lower 

impact high frequency activities are both associated with increased risk of injury, strain, 

and inflammation leading to increased bone resorption (Scott et al. 2011; Mezil et al. 

2015; Epsley et al. 2020; González-Chávez et al. 2023). Therefore, the importance of 

considering duration, intensity, and frequency of a task is further emphasized when 
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trying to understand why some populations show more OL versus OF lesions in 

conjunction with unilateral robusticity.  

It is possible those at Louisbourg showed more robusticity coupled with OF 

lesions because they were engaging in high intensity repetitive tasks (e.g., rowing) and 

sporadic lower intensity but higher frequency tasks (e.g., billowing while blacksmithing) 

consistently with little to no recovery time. This theory is supported by the idea that OF 

lesions specifically represent an adaptation to injury as the added bone develops to 

modify the amount of load placed on an enthesis where stability has been compromised; 

thereby limiting transmission forces to the injured area directly for more efficient 

healing (Benjamin et al. 2006). Therefore, the higher instances of increased OF lesions 

with robusticity on the same side could mean that the individuals had increased bone 

mass on the same side that experienced injury due to the lack of necessary recovery 

while completing an array of activities in the colony. 

5.2.1 Age  

Age is one of the most significant factors in entheseal development (Williams 

1973; Mariotti et al. 2004; Cardoso and Henderson 2010; Villotte et al. 2010; Cardoso 

and Assis 2018; Mazza 2019; Villotte and Santos 2023). This is especially true for 

enthesopathies, as OF lesions in particular are observed to compound with age to create 

more bone growth. These correlations are supported by studies showing that young 

adults have higher frequencies of OF lesions unilaterally, while older adults have more 

bilateral lesions (Williams 1973; Dutour 1986; Kennedy 1989; Robb 1998; Crubézy et 

al. 2002; Mariotti et al. 2004; Villotte et al. 2010; Machicek 2011; Niinimäki 2011; 

Cardoso and Assis 2018; Villotte and Santos 2023). These changes in distribution occur 

because as individuals progress through life they engage in various tasks that use their 
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muscles in different ways (e.g., using different arms, varied intensity and frequency, etc.) 

that could cause ECs; meaning OF or OL lesions that develop cannot be pinpointed to a 

specific task as they may reflect an accumulation of tasks and subsequent remodeling. 

Further, as these lesions heal and remodel through the life course, they may undergo a 

compounding or leveling effect where the healing process over time builds on existing 

lesions or lessens the appearance of older lesions (Mariotti et al. 2004; Villotte et al. 

2010). Therefore, it can be argued that more developed OF lesions in younger 

individuals, especially when unilateral, relate to greater amounts of workload especially 

near the time of death when compared to bilateral occurrences seen in older individuals.  

This pattern is seen in Louisbourg when looking at the age categories. Within the 

younger age category (<27.7 years), 38.23% (n=13) of individuals had OF lesions 

present with only one of them occurring bilaterally. Whereas 50% (n=13) of individuals 

in the older age group (>27.7 years) had OF lesions present with 38.4% (n=5) of them 

occurring bilaterally. This pattern is further highlighted when looking at the oldest 

(Burial 96/2019, 60 year old female) and the youngest (Burial 85/2019, 12 year old 

female) individuals in the sample set who also exhibit this pattern. Furthermore, within 

the youngest age category (<27.7), 70.5% (n=24) of individuals had bilateral robusticity, 

whereas 84.6% (n=22) of individuals in the oldest age group (>27.7) showed bilateral 

robusticity. The higher prevalence of bilateral robusticity in the older group also 

supports the argument that these older individuals were participating in an array of tasks 

throughout their lifetime. While many individuals at Louisbourg were skilled 

tradespeople who continuously did one job the majority were not as they had to change 

tasks often to make ends meet; as a result, the muscles and subsequent entheses would 

also have to continuously adapt (see Figure 5.1). 
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Figure 5.1: Percent of individuals with each robusticity score in age categories 

 

 

 

 

 

 

 

 

 

5.2.2 Sex 

A consistent theme throughout Louisbourg’s occupation is the unequal sex 

distribution due to the male dominant garrison and fishery (Schmeisser 1976). Because 

of this and the strict patriarchal society typical of this period, historic accounts highlight 

male experiences significantly more than female experiences. While there have been 

individual accounts of a few of the remarkable women at Louisbourg (see Rubinger 

1980; Jonah and Tait 2007; Jonah 2016), there is very little information about the typical 

female experience, especially  when looking at occupations or physical activities. 

Further, census data did not include all females; slaves, servants, wives, or other non-

business female employees were not mentioned unless they were the wife or daughter of 

a property-owning man (Rubinger 1980).  

Working females would primarily occupy domestic labour roles such as 

gardeners, laundresses, dress makers, servants, and wives (Lynch 1969; Adams 1972; 

Morgan and MacLean 1974; Crowley 1990). The majority of the females who were 
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listed as working were also widows, indicating females had to work hard to survive on 

their own (Morgan and MacLean 1974). This is observed in the female EC data in this 

sample, especially when looking at those with recordable enthesopathies. All but one 

individual (83.3%, n=5) had OL lesions, four of which were observed bilaterally, and 

were all scored 2 or higher. It is significant that no females scored lower than a 2 as it 

indicates they were experiencing significantly more skeletal resorption than the male 

subsample that had over 67% (n=21) of individuals with recordable OL lesions scoring 

lower at a 1. Further, 25% (n=3) of the female subsample received a high score of 3a, 

compared to only 8% (n=5) of individuals in the male group. This difference is 

significant as it implies that females in this colony may have been engaging in repetitive 

tasks that produced higher amounts of inflammation with very limited recovery time.  

 When looking at sex within the burial sites, the Block 3 Cemetery stood out as 

only one female was present and was the only individual to have unilateral robusticity 

(Burial 8, female, 40 years). This example contrasts what we have seen as older 

individuals typically have more bilateral distribution. Unfortunately, the enthesopathies 

were not recordable, but the robusticity alone tells us that this individual was likely 

engaging in something different than the others in this group. This individual being the 

only female in the subsample may also indicate a difference in the strain experienced 

during sex-based roles at Louisbourg.  

5.2.3 Burial Sites 

When comparing the three metrics across all burial sites only three individuals 

scored bilaterally in all three categories. This is interesting because it means that only 

5% of the sample had complete equal distribution across both humeri, whereas everyone 

else in the sample had at least one unilateral trait. This tells us that most people were 
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experiencing such consistent strain that very few display the expected levelling effect 

associated with older age. Having consistent unilateral distribution across age, sex, and 

burial sites confirms the historical documentation that everyone at Louisbourg had to 

work hard through all phases of their life (McLennan 1918; Donovan 1982; Johnston 

2001; Pitcher 2014). This in conjunction with the high prevalence of enthesopathies 

observed, shows that individuals were consistently pushing their deltoid muscle past 

normal amounts of strain. Of the 43 people with enthesopathies present, 17 (55.8%) of 

them scored a 2 or higher indicating advanced development. The widespread lesion 

distribution combined with their high degree of development speaks to the fact that these 

individuals were likely working through painful muscle strains, tears, and overuse 

injuries. This is supported by clinical data stating that muscle stiffness following 

exercise, fatigue, or injury without adequate rest and recovery can alter the transmission 

of forces placing more strain on the bone resulting in enthesopathies as a secondary 

consequence (Benjamin et al. 2006). Adequate nutrition, hydration, recovery, and sleep 

are crucial for healing, maintaining, and restoring healthy muscle function; especially 

following fatiguing activities (Décombaz 2003; Greenberg 2014; Baker 2017). At 

Louisbourg however, the population was regularly experiencing poor nutrition, 

insufficient rest from working dusk to dawn, and performing strenuous and repetitive 

tasks resulting in near constant muscle fatigue and strain, which has clearly been 

demonstrated through the high and concentrated ECs. 

Overall, The Block 3 Cemetery showed the least amount of EC suggesting their 

activities were not producing excessive strain on the deltoid. This result was surprising 

as individuals in this cemetery (1713-1723) represent some of the original population of 

Louisbourg who were engaging in various strenuous occupations as they were 
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responsible for building the foundations of the town (McLennan 1918; Harris 1974: 

Moore 1974; Johnston 1984; Johnston 2004). Historic documentation outlines the 

occupations of those sent to Louisbourg and the importance of sending skilled 

tradespeople (e.g., blacksmiths, carpenters, masons, general labourers, etc.) to ensure 

houses and buildings could be erected in an efficient and timely manner (Adams 1978; 

Schmeisser 1976; Crowley 1990). Within this subsample, all but one were male with 

50% (n=5) of individuals scoring 1 for bilateral robusticity and 40% (n=4) scoring 2. 

This indicates an array of movements as soldiers and labourers would work where they 

were needed which often changed, so high amounts of EC may not have had time to 

develop. However, the activities that these individuals participated in before they arrived 

at Louisbourg would have also influenced the degree of EC observed. Further, this 

cemetery was only in use until 1723, and despite the founding group being responsible 

for building the foundations of the town, construction of the fortifications did not begin 

until 1720 when the population had substantially multiplied (Moore 1974; Schmeisser 

1976). Therefore, it is entirely possible that those who were performing the more 

strenuous activities were buried elsewhere, or that the tasks being done outside 

fortification construction at this time were lower in intensity which may have resulted in 

less robusticity among this subsample.   

In contrast to Block 3, the Ste. Marie multiple burial showed higher amounts of 

EC overall. This result was not surprising as this burial site likely represents individuals 

from the New England garrison that took over the Fortress following the first siege 

(1745-1748) and were responsible for rebuilding the Fortress (Rawlyk 1999). However, 

it should be noted that at least one woman and a child were interred with these Ste. 

Marie individuals, indicating that it was not just soldiers interred in this multiple burial 
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(Parish 2006, 2007). Of the 14 individuals in this subsample, only two had unilateral 

robusticity. A 38.5 year old male (Burial 55L28E16) with left side dominance in 

robusticity and OF lesions, and a 19.5 year old female (Burial 55L28D7) with right side 

dominance in both robusticity and OF lesions. While Individual 55L28D7 had right side 

dominance, OL lesions on the left side also had a high score of 3a indicating excessive 

strain on the left deltoid tuberosity. This erosive lesion on the opposite side coupled with 

their young age could indicate the lesion may have been the result of activity; while the 

opposite side was likely healing from a severe muscle injury causing the right side to 

compensate as a result. A muscle injury is this subsample is unsurprising given the 

substantial repairs that were urgently required to make the Fortress habitable. That in 

conjunction with the poor nutrition, high prevalence of disease, and insufficient rest and 

recovery likely made these individuals more susceptible to activity induced injury.  

Finally, the Rochefort Point Cemetery showed the most variation of ECs across 

the sample. As discussed, the Rochefort Point Cemetery was used during both the 

French and English occupations which implies that this subsample likely represents 

individuals that participated in various activities throughout different time periods at 

Louisbourg (Bourinot 1892; Johnston 1984, 2001; Moore 1974). Further, the garrison 

was consistently undermanned during both the English and French occupations, so this 

already depleted group made up a large portion of labourers with most working multiple 

jobs regularly (Schmeisser 1976; Pitcher 2014). Therefore, as most people were doing a 

bit of everything it is unsurprising that the Rochefort Point EC data shows the most 

variation across all scores as well as having the widest representation of age, sex, and 

makes up the largest subsample (n=36). The heterogenous nature of the macroscopic 

data in this subsample suggests that a wide array of activities was occurring, but there 
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may not have been as much overlap as the records indicate. If individuals were all doing 

similar tasks as frequently as implied, it would be expected that there would be more 

evidence of the leveling effect previously discussed as individuals would be using 

different muscles, techniques, durations, frequencies, and intensities and effectively 

allowing the other muscles to rest and recover. Despite this, the data show significant 

variation even when looking at only the robusticity data (see figure 5.2). The robusticity 

score distributions are similar to the Ste. Marie subsample (see figure 5.3), but those 

from Rochefort Point showed significantly more unilateral expression. This difference 

indicates the intensity and frequency of the tasks were similar between the groups, but 

those in the Rochefort Point sample had higher side specific dominance in their 

activities.  

Figure 5.2: Left and right robusticity scores in the Rochefort Point subsample 
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Figure 5.3: Percent of the Rochefort Point and Ste. Marie individuals that received 

each robusticity score 

 

 

 

 

 

 

 

 

 

 

 

The Rochefort Point Cemetery is unique in that it is believed to be home to 

different populations that were interred in the same space at different times which is 

uncommon for the period (Bourinot 1892). Specifically, historic data and recent research 

indicates that those excavated from Rochefort Point are likely New Englanders 

(Bourinot 1892; Parkman 1899; Scott et al. 2022). Therefore, the observed similarities in 

the macroscopic data of the Ste. Marie and Rochefort Point subsamples support the idea 

that these groups may have been a part of the same colonial population and timeframe. 

Because the Rochefort Point Cemetery is being actively explored, it would be valuable 

to examine this subsample on its own once more individuals can be assessed.  

 



  
 

73 

5.3 Analysis of the Occupational, Historical, and Electromyographical Data 

5.3.1 Occupational Breakdown 

 It was customary for most individuals at Louisbourg to work at least 12 hour  

days, seven days a week including Sundays, aside for a few hours off to attend church on 

Sundays (Ostroot & Snyder 1996; Pencavel 2018). Though we know they worked long 

days, it is not specified how much time was taken throughout the day for breaks or other 

interruptions. Therefore, Sundays were not included in the working week to account for 

unknown interruptions that may have occurred during the week. Based on this schedule, 

each occupation will be discussed with task specific historic data specifically outlining 

the duration and frequency which will then be combined with the amplitude data to 

better understand the deltoid involvement of each task. 

5.3.1.1 Grave Digging 

 At least 11 burial sites were used throughout Louisbourg’s occupation, with more 

than 1,100 deaths recorded in the parish records from 1722-1745 and 1749-1758 (Moore 

1974; Johnston 1984). However, these records do not reflect all deaths at Louisbourg as 

only those associated with the church were recorded, excluding those who died in the 

hospital along with numerous unrecorded child deaths (Johnston 1984). Moreover, only 

32 of Louisbourg’s 45+ years of deaths are accounted for, leaving out the first eight 

years (i.e., 1713-1721), and the English occupation (i.e., 1745-1749) (Johnston 1984). 

The four-year English occupation saw over 1,200 deaths in the first year alone, but the 

other years are largely unaccounted for (Rawlyk 1999). Based on these numbers and the 

poor and dangerous living conditions, it is not surprising that some individuals were 

employed as grave diggers at Louisbourg (Schmeisser 1976; Johnston 1984).  
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 Little is known about what this job would have looked like, aside from a few 

remarks about burial depth. English accounts state that French burials were as shallow as 

one foot deep with skeletal elements and coffins visible on the ground surface which 

prompted the English to require all graves to be dug at least two and a half feet deep 

(Moore 1974; Johnston 1984). A first-hand New Englander account noted that so many 

French died from both sickness at the time and the siege itself “that they’d digg’d a hole 

about twelve feet square (and about that deep) where they threw in all together” 

(DeForest 1932, pp. 30-31). Based on this, grave diggers would have been working 

frequently and for long periods at a time, but only seasonally. Despite the clear need and 

physical demand of this job, grave digging in the winter was not possible and resulted in 

those who died over the winter to be left at the Maurepas Gate until they could be buried 

in the spring (Knowles 1746). Therefore, those employed as grave diggers would have 

required supplementary work over the winter months.  

When collecting the grave digging EMG data, a three by two foot hole was dug 

on Rochefort Point in a cleared area of the cemetery. The participant was right-handed, 

but the amplitude data shows that the non-dominant side used more of their MVC (see 

Chapter 4, section 4.4). However, interment practices are still being explored and there 

is not enough historic data to confidently say the duration and frequency of this task, so 

further interpretations of its impact on the deltoid cannot be made at this time.  

5.3.1.2 Wood Chopping 

 Wood Chopping at Louisbourg was constantly required and was usually picked 

up by general laborers. Due to the damp, cold, and dreary environment of this colony, 

chopped wood for fuel was considered as necessary as bread (Donovan 1982; Johnston 

2004). As the population grew, and the supply of lumber in the poorly forested area 
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declined, the need for firewood became insatiable (Fortier 1983). For example, 

individual households had over fifteen cords (1 cord= 128 cubic feet, approximately 

5,000lbs) of wood stored to prepare for the winter months (Donovan 1982). Further, in 

the winter of 1735-1736 alone, the King’s Bastion barracks burned thirty cords of wood 

(approximately 150,000 lbs) (Lindsay 1975; Donovan 1982; Johnston 2004). Because 

this task was not specialized and in such high demand, the individuals likely would have 

been working 12 hour days, six days a week. This was especially true for the founding 

group who arrived at Louisbourg in September 1713 and needed cut wood to build 

shelters and for fuel to survive the first winter (Johnston 2004).  

 It is unreasonable to assume that folks would have spent the entire day swinging 

an axe, so it was important to have the second phase of gathering and stacking the wood 

as to not inflate the data (see Table 4.13 in Chapter 4, section 4.4). The participant for 

this task was also right-handed, but similar to grave digging the overall strain was 95.1 

%hrs on the left side, and only 48.2 %hrs on the right side. Again, indicating the non-

dominant side would have experienced significantly more strain during this task.  

5.3.1.3 Construction Occupations 

 Building and maintaining the town required the cooperation of different trades 

who all played important roles in the construction of public spaces (e.g., hospital, 

church), private homes, and the fortifications (Light 1987; Moogk 2002; Roache-

Fedchenko 2013). The structures in Louisbourg were either half-timber buildings, with a 

wooden frame and mortar filling (called colombage pierroté) or were piquet buildings 

with plaster covering the outer wooden beams (Moogk 2002). However, most residences 

were timber framed on masonry foundations, with only those built by or for the King 

being made entirely of stone (Crowley 1990; Moogk 2002).  
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 Due to economic hardships, most people built as much as possible on their own 

(e.g., laid foundation, dressed the timber, raised the frame) and only hired skilled 

tradespeople when necessary for the more detailed work (Moogk 2002). By contrast, 

there were multiple masons, carpenters, and blacksmiths along with their apprentices 

working throughout the occupancy. Although records indicate numerous skilled 

tradespeople, many were young soldiers helping with these tasks and are thought to have 

exaggerated their level of expertise in specific trades (Schmeisser 1976; Moore 1977; 

Johnston 2001; Pitcher 2014). This detail is important to note as it implies not everyone 

who participated in the trades were specifically trained to do so, and that some aspects of 

each trade could be sufficiently completed under appropriate guidance and supervision.  

 Regardless of the claimed or actual skill level, the town and its fortifications 

needed consistent care. The two and a half miles of walls surrounding the city built of 

stone and lime were on average 30 feet high, and 36 feet thick (Wall 1964). However, 

due to the wet climate and effect of the salty sea water, these walls needed to have the 

mortar replaced at least every three years (Fry 1995; McCreath 2020). As a result, those 

working as carpenters, masons, and blacksmiths were always in demand to help 

maintain the buildings, ships, and the walls surrounding the town (Knap 1895).  

 Tradespeople were also working 12 hour days, seven days a week. However, the 

specificity of the duration and frequency of each trade could not be found in the 

literature or historic records. For example, the average blacksmith would be striking, 

filing, billowing, and manipulating the metal throughout the day, but the time spent 

doing each is not specified. The same goes for carpentry where hammering, sawing, 

planing, auguring, and hewing were all done consistently but no records indicate at what 

frequency. Because of this, each phase was divided equally for a 12 hour day.  



  
 

77 

 The blacksmith participant was right-handed and performed the three required 

phases in the blacksmith forge at the Fortress using 18th century tools. The average total 

time of the data collected was 13 minutes and 36 seconds, which was divided to 

determine what percent of time was spent in each phase, and how many hours of the 12 

hour day would have been spent on each. The amplitudes of both the left and right sides 

were then calculated, and the left deltoid showed 35.3 %hrs and the right showed 44.5 

%hrs. While both deltoids would have been experiencing significant strain, this indicates 

that more was concentrated on the dominant arm.  

 The participant working at the carpentry shop performed the required phases 

right-handed using 18th century tools and techniques, specifically hewing a 12 by 12 foot 

timber beam. Like blacksmithing, the average total time collected (22 minutes, six 

seconds) was divided to determine the time spent in each phase and the amplitude 

averages were calculated using these metrics. The left side showed 77.1 %hrs, while the 

right side showed 131.7 %hrs, which indicates the dominant arm would have been 

experiencing almost double the amount of strain compared to their non-dominant arm. 

On average, masons in the 18th century could work with as many as 125,000 

bricks annually (Crews 2006). They would have also worked 12 hour days, seven days a 

week. Dividing that annual average by 313 days (a year minus Sundays), suggests that 

just shy of 400 bricks were worked with each day. The masonry participant working in 

the mason’s shop at Louisbourg was also right-handed and used 18th century tools and 

techniques to recreate the required phases. One of which was the full process of laying 

stones on the side of a building that needed maintenance. Through this process, we 

learned it takes approximately 1.65 minutes to lay one stone and would take 

approximately 10 hours to lay the average number of stones per day, leaving the other 
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two hours to complete the remaining phases in the day. Using these data to determine the 

frequency and duration, the left side showed a staggering 278.2 %hrs, and the right side 

showed 131.7 %hrs. This result indicates that the non-dominant side would have 

experienced tremendous strain, while the dominant side despite showing less use was 

also under enormous strain when compared to all other occupations. While this clearly 

demonstrates the physical stress masons likely had to endure, it also corroborates the 

value and accuracy of combining the EMG data and the historic records. Based on the 

rate that the interpreter performed the tasks, they would have laid approximately 363 

stones in the 10-hour window, which is just short of what a skilled mason was recorded 

to have averaged in the 18th century.   

5.3.1.4 Rowing, Handlining, Heading  

 Fishermen from Louisbourg used mostly shallops (three person boats) to access 

the plentiful cod fishery along the Atlantic coast (Balcom 1995). Dry cod accounted for 

more than 90% of the value of Ile Royale’s fishery during both French occupations 

despite the fishery being closed for the winter months (Moore 1975; Balcom 1995). The 

fishermen would go out early in the morning, row four to five leagues (1 league=5.556 

km) from shore and return in the afternoon with their catch (Balcom 1995). While the 

fishermen were out, the shore crew would be processing fish from previous days, and 

when the shallop returned to the stage (processing area) both the fishing and shore crew 

worked together to dress, gut, and salt the cod (Balcom 1995). Most of the land around 

the harbour was developed for fish processing with at least 25 dedicated fishing 

properties and at least 15 of them had processing stages (Balcom 1995; Johnston 2004).  

The fishing seasons were from April to September, and November to January 

with individuals working 12-hour days, six days a week, 235 days per year (a year minus 
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Sundays and the months the fishery was closed) (Moore 1975; Moore 1977; Balcom 

1995). In addition to knowing the days worked, export records indicate that on average 

101,520.67 quintaux (1 quintaux= 100lbs) of cod were exported per year and with the 

average cod weighing 10 pounds it was possible to calculate how many cod were caught 

and processed per day (approximately 288 cod/stage/day) (Balcom 1995). 

 The EMG data for rowing, handlining, and heading (those who dress and gut the 

cod) were performed by the same participant in the Louisbourg harbour using an 18th 

century shallop replica, five locally caught cod, an 18th century weighted handline, and 

replica curved steel blades that had been sharpened at the blacksmith forge that morning.  

They rowed out into the harbour against the current, cod were then attached to the 

handline and thrown into the water, once they had sunk the cod were reeled back in. 

After the shallop was pulled back on shore, the five cod were then dressed and gutted 

using the methods outlined in historical documents (see Balcom 1995). 

 Handlining and rowing were combined for interpretation as there was no clear 

distinction of who on the shallop did which task or if they all participated in both. 

Furthermore, heading was calculated based on a 12-hour day on its own, as well as in 

combination with rowing and handling as sometimes only the headers processed the cod, 

while other times the shallop crew helped. Rowing and handlining showed 56.8 %hrs on 

the left side, and 74.7 %hrs on the right side which was the participant’s dominant hand. 

Whereas heading on its own showed a higher value at 98.1 %hrs on the left side, and 

151.5 %hrs on the right side. When combining heading, handlining, and rowing the 

metric was 56.8 %hrs on the left side and 150.5 %hrs on the right side. Overall, the 

fishing-based occupations all showed that the dominant side would have experienced 

more strain to the deltoid than the non-dominant side. Like masonry, the data obtained 
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supports the value and accuracy of combining the EMG data and historic records. Based 

on the rate of the interpreter’s re-enactment of the tasks in the fishery, they would have 

processed approximately 256 cod in a 12-hour period, which is just shy of what the 

export records indicate from the 18th century (approximately 288 cod per day).  

 

5.4 Correlation of Skeletal and Occupational Data 

Skilled individuals in the trades and labor occupations were numerous, but the 

majority of Louisbourg’s workforce were members of the garrison (Schmeisser 1976; 

Pitcher 2014). One of the main driving forces behind this was the lack of appropriate 

compensation (e.g., pay, ratios, equipment) for soldiers which forced many to pick up 

odd jobs to make ends meet (Schmeisser 1976; Greer 1977, 1997; Fortin 2000; Pitcher 

2014). For example, during the early formative years at Louisbourg some soldiers 

worked outside the garrison so often that they became specialized in various trades (e.g., 

carpentry, masonry, wood cutting, blacksmithing) (Schmeisser 1976). Therefore, as most 

individuals likely did a variety of jobs within their lifetime it is not possible to assign a 

specific occupation or task to a specific person based on their musculoskeletal changes 

alone; however, it is possible to identify some specific patterns.   

5.4.1 Handedness  

A note to keep in mind is that as muscular activity increases in intensity and 

duration, so does the rate of muscle fatigue which is directly linked to strain and injury 

(Dugan and Frontera 2000; Nur et al. 2015). Muscle fatigue occurs when muscular 

activity exceeds 15% of an MVC, with fatigue occurring in as little as 2.2 to 5.6 hours 

depending on the intensity of the repetitive task (see Nur et al. 2015). Therefore, in this 

study, any %hrs over 180 (i.e., 15% of the possible 1,200%hrs [100% MVC x 12 hours]) 
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would indicate extreme fatigue and subsequent strain which would create an increased 

risk of bone alteration.  

 Surprisingly, all occupations assessed showed indications of handedness (i.e., 

higher %hrs on one side) that favored either the dominant or non-dominant side. All 

EMG participants were right-handed, meaning any left side dominance indicates the 

non-dominant side experienced greater amounts of strain. This is significant because 

handedness in bioarchaeological studies of activity markers is often assumed to be 

associated with the more robust limb (see Ubelaker and Zarenko 2012; Stock et al. 2013; 

Brzezinski et al. 2024; Osipov et al. 2024). However, the results of this study 

demonstrate there is variation between left and right side deltoid strain depending on the 

occupation rather than the handedness of the individual. For example, the data suggest 

that masons experienced more than twice the amount of strain on their non-dominant 

side at more than 23% of their MVC. As such, in contrary to previous findings, it would 

be expected for a right-handed mason to have a more robust left humerus. This finding is 

significant as it shows the presence of asymmetry cannot be assumed to represent 

handedness, as biomechanical demands of certain occupations may cause side-specific 

skeletal changes regardless of hand dominance.  

 Of the occupations assessed, all showed unilateral distribution with the smallest 

difference between sides being 9.2 %hrs (blacksmithing), and the largest difference 

being 146.5 %hrs (masonry). Despite all participants being right-handed, the average 

%hrs for the left side was 93.2%hrs, while the right side was slightly lower at 87.6%hrs. 

Overall, blacksmithing, carpentry, and the three fishery occupations showed the true 

right handed dominance of the participants, while wood chopping and masonry showed 

left side dominance.  
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 When looking at the macroscopic skeletal data, four individuals showed left side 

dominance for robusticity, 10 showed right side dominance, and 46 showed bilateral 

robusticity (See Tables 4.7, 4.8, and 4.9 in Chapter 4, section 4.3.2). While traditional 

bioarchaeological interpretations of these data may suggest the four individuals with 

higher left side scores were left-handed, it is now clear that this may not be the case. 

These individuals may have been right-handed but show left side dominance because 

they engaged in task such as masonry or wood chopping resulting in a more robust non-

dominant side. Or they could have been left-handed and engaged in tasks such as 

carpentry, blacksmithing, or fishing resulting in a more robust dominant left side. These 

alternate possibilities are important to consider as the classification of handedness is 

much more complex than originally thought. Noting the degree of difference between 

the left and right macroscopic scores may be beneficial as a greater difference may 

indicate more drastic changes in biomechanical stress. For example, an individual with 

robusticity scores of 1 and 3 might indicate more strenuous occupations than an 

individual who scored as 2 and 3. A non-consecutive score (i.e., 1 and 3) between sides 

as opposed to a consecutive score (i.e., 2 and 3) could indicate occupations with a larger 

disparity between %hrs such as masonry or carpentry. 

The historic records do not specify preferred handedness of those who lived at 

Louisbourg, but they often discuss how influential the church was at this time (Johnston 

1984; Johnston 2004). Religion was an integral part of life at Louisbourg, and left 

handedness was connected to the devil according to the Catholic faith (Coren 1993; 

Johnston 2004). As a result, discrimination against left-handed people in the 18th century 

was likely severe; therefore, it can be assumed that most people at Louisbourg were 
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unable to be left-handed (Milenković et al. 2010, 2019). However, the preferred use of 

one side either by personal or cultural influence for tasks (e.g., writing, throwing) do not 

always translate to handedness indications on the skeleton or even during functional 

movements. Handedness observed on a specific enthesis may be on the overall non-

dominant side because of the muscular requirements of the specific movements being 

performed. Therefore, indications of handedness on the deltoid seen during these tasks 

may not reflect the overall handedness of an individual, further highlighting why the 

idea of more robusticity on one side representing handedness may be an oversimplified 

understanding.   

 All occupations showed unilateral distributions of ECs in different patterns, so 

theoretically those engaging in these tasks would reflect these patterns skeletally. While 

it may be possible to match individuals to these distribution patterns, it is important to 

note that definitively assigning an occupation to a specific individual is not possible as it 

is still unclear how each amplitude reading can affect the skeleton. However, patterns in 

the data can highlight potential connections. For example, tasks with lower %hrs would 

have placed less strain on the enthesis resulting in less robusticity so individuals with 

lower scores could be loosely associated with those tasks.  

 Masonry is specifically highlighted in this chapter because these values are 

drastically higher than other occupations, as well as markedly different between sides. 

Whereas most of the other occupations showed more subtle differences between sides 

and tasks. For example, tasks in the fishery (i.e., rowing, handlining, heading) produced 

very high %hrs (see Figure 5.4), but the differences were not substantial enough to 

correlate with robusticity.  
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Figure 5.4: Comparing %hrs for the left and right sides of each occupation 

 
Masonry showed the highest amplitude score and the biggest discrepancy 

between the left and right side with more than double the %hrs on the non-dominant side 

(see Figure 5.3). Individuals working as masons would likely have a more robust left 

side (assuming they were right-handed), but would still show considerable strain on right 

side as it produced 131.7 %hrs. This discrepancy between sides is likely because the 

non-dominant deltoid would be consistently engaged and straining against the bone for 

the majority of the workday as it would have been raised overhead holding the stone 

against the wall while the dominant arm would be applying the mortar, scraping, and 

fitting the stone. As such, a robusticity score of 3 would be expected for the left side or 

at least a score of 2. Based on this criteria, two individuals from the Rochefort Point 

Cemetery showed higher left side robusticity with a score of 3 and a reduced score of 2 

on their right side (Burial 8/2017 - male, 27 years; Burial 2-55L24E8.1 - male, 25 years).  

Burial 8/2017 had no OF lesions and score a 2 for OL lesions on the left side 

which could be indicative of inflammation or injury to the non-dominant side and taking 

the brunt of the biomechanical strain. This is unsurprising as the non-dominant deltoid 
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would be consistently engaged and under strain, with little to no rest throughout most of 

the day. Unfortunately, OF and OL lesion scores could not be recorded for Burial 2-

55L24E8.1 due to poor preservation. While it is unlikely that these individuals were left-

handed and the patterns observed represent occupation specific skeletal changes, left 

side dominance cannot be ruled out.  

Though macroscopic scores cannot yet be correlated to amplitude values, the 

occupational and electromyographical data provided insight to where the tested 

occupations and their %hrs would likely fall in relation to the robusticity scores (see 

Figure 5.5). Furthermore, figure 5.6 shows this data separated by occupation with 

individuals from the sample integrated if they fit within the proposed range of a task 

(assuming right-hand dominance). For example, the robusticity scores of Burial 8/2017 

aligns very well with the masonry values, Burial 55L28E16 is one of two individuals 

that align well with wood chopping, and Burial 1/2017 is one of a few individuals that 

align well with rowing/handlining.  

 Based on the distribution of scores within these charts, many occupations seem 

to fall between scores. Therefore, despite more scoring options creating difficulty in 

observer consistency (see Mariotti et al. 2004, 2007), having sub-categories for each 

score may be necessary to be able to accurately quantify the ECs seen among 

occupations where such high strain and repetition are evident. 
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Figure 5.5: Where left and right robusticity scores would be expected to fall for 

each task in relation to %hrs based on the strain index 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.6: Occupations with %hr scores, with individual examples 
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5.5 Limitations  

5.5.1 Contextual Data 

 Although extensive historical documentation details the economic and military 

successes of Louisbourg, they primarily focus on the privileged, higher status 

individuals within this French colony. Therefore, the occupations and those holding 

these positions are not well documented. This limitation is common when looking at 

past populations as individuals were more inclined to record what they perceived as 

important, which rarely included lower status individuals working dangerous and 

laborious jobs. Finding specific literature detailing these tasks was difficult, especially 

duration and frequency data. As a result, estimations were made for some tasks (e.g., the 

average daily working hours). Further, some tasks (e.g., grave digging) could not be 

included despite being referenced often in the records as there was not sufficient data 

available to draw interpretations without heavy speculation.  

 5.5.2 Skeletal Sample 

 Skeletal preservation was a limitation in this study as only 60 out of over 300 

individuals fit the eligibility criteria. While it is a good sample size for the scope of this 

project, these data likely do not reflect the shoulder strain patterns that would be seen 

across the entire population. Furthermore, poor preservation hindered the ability to 

assess OF and OL lesions in 31.6% (n=19) of individuals further reducing the 

representativeness of this sample.  

 Although the ratio of males to females was never equal in Louisbourg, a sex bias 

is clear and exacerbated in the census and historic data (Schmeisser 1976). The military 

and transient population was primarily male, but females were still underreported in the 
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historic data despite their presence (Schmeisser 1976). Although the sample set reflects 

the unequal sex distribution that existed, the lack of female individuals means that the 

female data is not representative of the population.  

 In addition to the sex bias and preservation issues, age across this sample was 

also not representative of the population that existed at Louisbourg. Despite the military 

and garrison accounting for up to 65% of the population at times, it was exceeded in size 

only by the number of children, with 13 children to every ten members of the military 

(Schmeisser 1976; Johnston 2001). On average there were as many male children as 

fathers with an equal ratio of males over 15 years and under 15 years old, and half of the 

overall female population was also under 15 years old (Schmeisser 1976, p. 20). Despite 

children making up a significant portion of the population, only three individuals in the 

sample set were under 16 years old. Further, biological age estimations do not 

necessarily represent one’s social age, especially when the age of discretion (i.e., seven 

years) permits individuals to be treated as adults with adult responsibilities and 

activities. For example, children as young as 10 years old were armed and serving 

(Wrong 1897; Johnston 1984; Library and Archives Canada 1996; Ostroot and Snyder 

1996; Johnston 2004; Sofaer 2011; Douglas Belshaw 2015). Therefore, this lack of early 

life representation is another limitation of this sample.  

 5.5.3 Methodology 

 Implementing EMG in a bioarchaeological setting was successful in this 

research, but some limitations were evident. Because each person moves and performs 

tasks in slightly different ways, EMG studies ideally include multiple participants per 

task to obtain an average reading to account for the variation of human movement. 

However, requiring historic interpreters to be trained in the specific tasks using 18th 
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century tools and techniques did not allow an average reading to be taken from multiple 

individuals. Despite this being an uncontrollable factor, each phase of each task was 

repeated five times instead of the required three to try and capture any variability in 

movement (Konrad 2005). An additional limitation common in EMG studies is the 

inability to verify if participants exerted their actual maximum force in the MVC that the 

occupational data is then compared against. It is unlikely that participants did not exert 

their true maximum and the MVC values were skewed, but it is always possible. 

 Finally, despite the growing research on biomechanical strain and ECs, the exact 

amount of strain required to cause boney changes is still unknown. There are recent 

animal studies (see Karakostis et al. 2019; Karakostis and Wallace 2023) that have 

attempted to calculate this metric, but until it is better understood, it is difficult to 

associate a specific amplitude reading with skeletal changes in humans. 

 

5.6 Conclusion  

This chapter discussed the ECs seen in the sample set and key factors to be aware 

of when assessing ECs. This was followed by an in-depth breakdown of the historical 

and electromyographical data for each occupation, specifically the duration and 

frequency information for the assessed tasks. Finally, the EC and occupational data was 

discussed, highlighting interpretations made regarding the most strenuous occupations, 

handedness, the relationship between robusticity and enthesopathies, and patterns that 

allowed for tentative connections to be made between individuals and specific types of 

movement. 
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CHAPTER 6 – CONCLUSION 

6.1 Introduction 

 While entheseal changes (ECs) have been studied extensively in the past, the 

goal of this project was to assess them in conjunction with surface electromyography 

(EMG) for the first time in the field of bioarchaeology. The unique research setting 

allowed 18th century tasks to be assessed using authentic tools and accurate techniques 

to create a more precise interpretation of their impact on the skeleton. This chapter will 

begin by revisiting the objectives that guided this research and highlight the information 

obtained from each, followed by an exploration for future research. The chapter will 

conclude with a discussion of the contributions made through this research in 

understanding the musculoskeletal system and its role in interpreting physical activity in 

the past. 

 

6.2 Revisiting the Research Objectives 

1. To examine ECs in the upper limb (i.e., humerus) using macroscopic skeletal analysis. 

The humerus was assessed to quantify the degree of ECs seen in the 

deltoid tuberosity (DT) of 60 individuals from various burial sites at the Fortress 

of Louisbourg. The ECs were scored through assessments of entheseal 

robusticity and of the degree of development of osteophytic (OF) and osteolytic 

(OL) lesions to provide an understanding of the amount of the strain applied to 

the DT. A variety of scores were assigned, in fact, every scoring option available 

within the three features were assigned during this research. Overall, a score of 2 

was the most common, followed by a score of 1, and finally a score of 3. 

Although significantly different levels of strain were visible between burial sites 
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and specific individuals, in general more people were producing low to mostly 

moderate amounts of biomechanical strain at Louisbourg. The lower scores were 

surprising given the many examples of strenuous repetitive labour documented in 

the historical record. However, the observed variation could be a result of sample 

bias as this study represents only a fraction of those at Louisbourg. Therefore, it 

is possible that individuals who produced more strain did not meet the 

inclusionary criteria, were buried elsewhere, or may not have been excavated. 

Further, while the deltoid is one of the prime movers (i.e., muscle that produces 

the primary force driving an action) of the shoulder, Latissimus dorsi, and 

Pectorialis major are also prime shoulder movers that would have been 

experiencing considerable strain during these occupations along with the other 

smaller muscles that act on the shoulder joint (Howe and Hanchard 2003; 

Ackland et al. 2008). Because this study focused solely on the deltoid and its 

enthesis, it is likely that only the occupations that have the deltoid as its prime 

mover would have shown higher ECs. As such, it cannot be assumed the 

shoulder itself produced low to moderate amounts of biomechanical strain during 

these tasks, only that the deltoid did. Therefore, if the same tasks were assessed 

again using EMG with the focus on Latissimus dorsi, or Pectoralis major the 

results and ECs would be significantly different due to the dominant muscle used 

during the action. Furthermore, not all strenuous occupations involve the deltoid; 

therefore, the low to mostly moderate EC scores cannot be used to imply that the 

physical activity and occupations performed at Louisbourg were not strenuous. 

Despite not as many people scoring as high as expected for ECs, those who did 

suggests that excessively strenuous tasks were certainly occurring but not 
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everyone was engaging in them. The observed variation of ECs suggests 

individuals in the sample were participating in different types of repetitive tasks 

causing varying amounts of strain, fatigue, inflammation, and possible injury.  

The enthesopathies (OL and OF lesions) observed in this study also 

varied. The results here show higher amounts of OL lesions overall, and that 

higher instances of bilateral OF lesions can be associated with older age and 

unilateral OF lesions seen in younger individuals can be associated with activity. 

Furthermore, in contrast to the literature that argues unilateral OL lesions and 

higher robusticity can be interconnected (Hawkey and Merbs 1995; Lieverse et 

al. 2007; Alioto 2017), this study shows that a stronger relationship between 

these two metrics may exist when seen bilaterally rather than unilateral.  A 

stronger relationship may instead exist between unilateral robusticity and OF 

lesions instead of OL lesions.  

2. To use electromyography analysis with the historic interpreters at the Fortress of 

Louisbourg to quantify the overall activity produced by the muscle tissue of the upper 

limb (i.e., humerus) during a select number of 18th century tasks. 

In total, nine occupations were analyzed with historic interpreters at the 

Fortress of Louisbourg, National Historic Site of Canada. It was possible to 

successfully quantify the biomechanical strain produced by the deltoid for all 

nine tasks using EMG. The amplitude provided by these analyses were used in 

conjunction with the historic records to ascertain duration and frequency of each 

task. The only task with some uncertainty in frequency and duration was grave 

digging, as there was limited historical data regarding this occupation. Of the 

remaining eight tasks, masonry showed the highest strain (left: 278.2%hrs and 
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right: 131.7%hrs) and blacksmithing showed the least strain (left: 35.3%hrs and 

right: 44.5%hrs). Despite blacksmithing showing the lowest strain, it is important 

to note that the force produced by the deltoid during the task was still substantial. 

Especially when considering the baseline of clerical work (left: 5.4%hrs and 

right: 5.7%hrs) as blacksmithing produced almost eight times more strain. 

Although some occupations were significantly higher than others, the data 

showed that each of the nine tasks exceeded the baseline clerical values by 

considerable amounts and were beyond what is considered “typical” or “normal” 

amounts of biomechanical stress across the board.   

3. To combine the macroscopic and electromyography data to try and understand 

occupational demands and which occupations would have caused the most stress on the 

humerus at the 18th century Fortress of Louisbourg.  

While direct correlations between individuals and occupations cannot be 

made, combining these data types allowed patterns to emerge that helped 

understand which occupations would have produced the most amount of strain. 

For example, masonry produced 155% of the maximum voluntary contraction 

(MVC) per hour, which is 10 times the maximum amount that should be exerted 

to avoid injury. Integrating the data types made it possible to explore what this 

level of strain might look like on the skeleton, specifically on the deltoid 

tuberosity. Further, the three tasks involved in the fishery fell into the middle to 

high range for strain with higher right-side force production. Because the fishery 

was a demanding and constant force throughout Louisbourg’s occupation, it is 

not surprising that many individuals in this study also showed mostly mid ranged 
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ECs implying that many of them may have been working in the fishery to some 

extent.  

In addition to gaining a deeper understanding of the physical impact of 

these tasks, the combination of macroscopic EC data with EMG also provided 

some information that was not expected. Specifically, assessing handedness in 

archaeological populations was previously based on the oversimplified idea that 

the dominant side is the more robust side (Ubelaker and Zarenko 2012; Stock et 

al. 2013; Brzezinski et al. 2024; Osipov et al. 2024), but this research shows that 

this understanding may not be accurate. Because of the unique parameters of this 

study, knowing the handedness of the participants reenacting the tasks allowed us 

to see if the force production matched their handedness. Many of the observed 

tasks did show true right-side dominance, and three showed left side dominance; 

one of which being masonry that produced the highest amount of force and 

would have resulted in the most amount of EC. This clear left side dominance 

during tasks completed by right-handed individuals highlighted that the concept 

of handedness and its manifestation on the skeleton is much more complex than 

previously thought and is highly activity based.  

  

6.3 Future Research 

 Analyzing physical activity in past populations through macroscopic assessments 

of ECs has become quite commonplace; therefore, future research would benefit from 

continuing to approach EC analysis using an interdisciplinary lens. For example, 

correlating specific rates of strain with specific robusticity and enthesopathy 

development scores can be somewhat subjective, so it would be interesting to see if 



  
 

95 

entheses could be viewed in more detail through imaging technologies that make scoring 

more objective and consistent. Further, imaging could also create an opportunity to 

expand the current macroscopic scoring systems to reflect more subtle boney differences 

that are currently scored the same. 

 In reviewing the literature, a common concern when assessing enthesopathies 

and their connection to robusticity and activity is their multifactorial etiology, 

specifically their connection to pathology. Therefore, investigating the role of various 

diseases in the development of enthesopathies may help in the interpretation of these 

skeletal changes by being able to better understand and rule out pathological factors. 

With a greater understanding of their connection, assessing and noting pathological 

lesions on the individual being assessed may point to more accurate interpretations of 

their cause. Exploring this connection may help researchers gain a better understanding 

of the relationship between physical activity and enthesopathies as it could allow 

distinctions to be made between activity driven and pathology driven enthesopathies. 

 It would also be beneficial to use this multi-method approach to assess multiple 

muscles on a single joint to determine which type of activities and movements play a 

larger role in its mobility. For example, this research focused on the influence the deltoid 

has on shoulder movement, but multiple other muscles and bones contribute to the 

function of the shoulder as well. Further, assessing all the prime movers of the shoulder 

joint during the same task could create a greater understanding of their relationship to 

one another and the types of occupations would each be dominant in. Therefore, it would 

be beneficial to see the overall contribution of different muscles creating the same 

movement and the various skeletal impacts.  
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6.4 Research Contributions and Conclusion 

 Overall, this study was the first of its kind to combine macroscopic skeletal 

analysis with a modern population proxy using electromyography. It directly contributes 

to the understanding of the intimate relationship between the musculoskeletal system 

and activity in the past. Electromyography was successfully used to highlight the strain 

produced by the deltoid in select tasks and was able to be correlated to some extent to 

the macroscopic skeletal data. Furthermore, this research provided new insights about 

the interpretations of handedness in archaeological populations. This study also 

supported the established relationship between enthesopathy development and age and 

provided an alternate perspective to the relationship between osteophytic lesions and 

robusticity in the deltoid. Overall, this research provided significant data about the 

relationship between strenuous physical activity and the complexities of the 

musculoskeletal system, as well as the skeletal impact of the arduous tasks that took 

place at Louisbourg. By incorporating unique methods and a rich historical context, it 

was possible to better understand the physical reality of those living at Louisbourg that 

could not have been ascertained through macroscopic data alone.  
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Consent Form  

 

Worked to the Bone: An Examination of Physical Activity Markers in the Human 

Skeleton Using a Multi-Proxy Approach at the 18th Century Fortress of 

Louisbourg, NS 

STUDY BACKGROUND: 

Since 2017, bioarcheological excavations have taken place yearly at Rochefort Point 

cemetery at the Fortress of Louisbourg. These individuals have shown increased bone 

development on specific areas where the muscles attach to the bones, with a specific 

focus on the deltoid muscle attachment site.  This increase in bone development is 

related to repeated use of the muscle likely related to the activity and occupation that the 

person performed repeatedly during their life.  

PURPOSE OF THE STUDY: 

Using electromyography (EMG) to capture data that measures the electrical activity of 

the muscle we can determine the percentage of a person’s maximal force that were 

exerted during specific jobs within the fortress. We plan to capture this data using 

surface EMG while you perform your task as would have been performed during life in 

Fortress Louisburg in the 18th century. This data will provide information about the 

occupations that would have put enough strain on a specific muscle to have caused the 

skeletal changes we are seeing. With this information, we will compare the metrics 

collected to the corresponding muscle attachment site on the skeletons to try and 

understand who was likely to be doing which job during their life at the Fortress.    

WHAT WILL YOU BE ASKED TO DO? 

We would ask that you allow us to collect electrical signals produced during muscle 

contraction from your shoulder muscles while you perform your usual job tasks. We 

would like to do this by sticking small sensors to the back, middle, and front of your 

shoulder on each arm. These sensors simply measure the electrical activity underneath 

them.  They do not cause any type of pain. This will allow us to assess how your 

muscles work during the movements you perform to determine how much force each 

occupation is putting on the shoulder muscle attachment. 

POTENTIAL RISKS TO THE PARTICIPANT 

We will not be collecting any personal information during the study.  We will only be 

collecting the data produced by your muscles captured by using a sticker-like adhesive. 

There is no increased risk of injury beyond the risk of your given daily job.  If you have 

a sensitivity to adhesive, these stickers may cause a mild skin irritation and we would 

suggest you consider not participating if you do have a sensitivity to adhesives on your 

skin. If you provide us permission to capture images and use your image during 

publications or presentations, there is a risk that you will be identifiable to anyone who 

knows you. 
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Faculty of Kinesiology: Approved Research Ethics Application 
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APPENDIX B: Macroscopic Data Recording Sheets 
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APPENDIX C: EMG Pre- Data Collection Checklist and Data Recording Sheets 
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